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KA  LENDAR.   See  CAi.t«MK* 
KALENDS.  See  CAtiKm. 

KEILL  (Dr.  Jo:iv\  rir,;  ht,-  r.n'I-,- 
■rid  phtlafophcr,  was  bosu  jL  Ldu.L:,;i  ;u  1 1\ 
(ludied  in  ihe  univciluy  of  that  city.  His  genius 
Icadipg  him  to  lUc  maihcmatica,  be  made  a  great  pro- 
gicftondcr  Davt'd  Gregory  the  profeflbr  tnere,  who 
was  one  of  the  fiift  that  had  embraced  and  publictr 
taught  the  Newtaoiau  philofophy.  la  1694  he  fill. 
loiMd  hi*  tutor  l»  Ouwil*  vbtn,  being  ndlnitted  of 
Bdwl  CoDege,  he  obtained  one  of  the  Scoteb  eshRn* 
tions  in  that  cot!cg(.  It  is  faid  tic  was  the  firll  who 
taught  Newton's  principles  by  the  experiments  on 
which  they  are  faiindcil :  and  this  it  rcemi  he  did  by 
an  apparatus  of  inllrumcnts  of  hi»  own  providing  ;  by 
which  means  he  acquired  a  great  reputation  in  the  iirn  - 
vetfity*  The  firil  public  {pecimen  he  garc  of  hi^  .'kill 
W  tnatbcantical  mm  plliloTo^lcal  knowledge,  wjn  his 
Xjumuulim  ^Dr,  Buneft  Tbtory  ^  tht  Earilt ;  ^itb 
Jtenurh m  Mr.  tt^hijlot^t  Nevt  Tmotj  ;  which  appeared 
in  tfjqS.  Thefe  thc-arics  were  defi  ntlci!  l)y  tlicir  lefpec- 
live  authors  ;  which  dicw  from  him,  in  i^yj,  An  ICx- 
/miimlkn  nf  tlit  Rffi  ^lioni  tn  lie  'Tl.'cry  rf  //f  Earth, 
together  with  A  Defence  «f  tht  Rtmarh  on  Mr.  IV/.ij- 
ttrt  AlSw  Theory.  Dr.  Burnet  wai  a  man  of  great  hu- 
matnty*  nodeiMion,  and  candour  1  and  it  »-«« thercl'otc 
fitpp<w»d  that  KriU  bid  treated  htm  too  rouglJy,  con- 
fidering  tlie  great  difparity  of  years  between  them. 
Kein  however  left  the  doQor  in  poncf!!oTi  of  chat  which 
has  Hncc  been  thought  the  grtiit  tl.  iri  lcriftic  and  ex- 
ceQcnce  of  hi<  work ;  and  tiiuugh  he  difclaimcd  him  at 
»  philofopher,  yet  aUowcd  biiB  to  be  «  nan  of  a 
Vol.  IL 


inuginatioa.  "Piobapak  fiqra  be,  amy  of  hiiJtadeta 
wOt  be  finryto  be  nndeceiwd  about  fata  tbeory  j  fort  ae 

I  bch'cve  never  any  book  was  (uQcr  of  miOakes  and  er- 
roi-s  in  philofophy,  fo  none  ever  abounded  with  more 
heautifu]  fccnes  and  furjjrifjn^  images  of  Baturc.  Bat 
I  write  otil^  to  tho(c  wiio  might  cxpc^  tu  fmd  a  trve 
philofophy  in  it :  they  who  read  it  as  an  in|;cnioti;  ro- 
mance, will  ftill  be  pleafed  with  their  entertainment." 

The  year  following.  Dr.  MlUington,  Scdicisn  pro* 
Icflbr  of  natoial  pbilofo|iliy  ioOxmind*  who  bad  been 
araoiated  phyficnio  to  khr  WOCam,  fiAAituted  Ke!R 
u  his  deputy,  to  read  the  Teduresin  the  public  fchuol. 
This  office  he  difcharged  with  great  reputation  ;  and, 
the  term  of  enjoying  the  Scotch  exhibition  at  Baliol- 
college  now  cxpinug,  be  accepted  an  iiiYiutiioa  frona 
Dr.  AlJrichi  dean  of  Chriil-church,  to  refidc  there. 

In  1701,  he  pubh'fhcd  his  celebrated  trextife,  intitled^ 
/eiln>du8'io  ad  yeram  Phjjiceim,  which  is  fuppofed  to  be 
the  bcft  and  moA  afeiul  of  aD  iua  performances  The 
firfl  edition  of  tbis  Book  contained  only  fbnrtren  lee» 
tum ;  hut  to  tlif  fccniuJ,  in  I'Oj,  he  added  two  more* 
This  work  was  tlclcrvedly  clUcmed,  both  at  iionie  a;id 
aliroad,  as  the  bed  introduftiun  to  the  I'rindpia,  or  ihc 
new  mechanical  philofophy,  and  vras  rvpnntcd  in  dif* 
ferent  places ;  alio  a  new  edjtion  in  Englifh  was  printed 
at  Londos  10  <  736*  at  the  ioAaacc  of  M.  Maupertiii^ 
who  was  tnrn  in  England. 


Oeinjg  made  FeOow  of  the  Royal  Society,  he  pub- 
IIf}K-<1,  la  the  FHHof.  Tranf.  1708,  a  paper  on  the  Laws 
of  .'\tt  Kiel  lull,  and  its  phyfical  prlncijiUs :  and  hnng- 
offended  at  a  pafl^ge  in  the  Ada  ^ruJitorum  of  Leipiic, 
wt)pc  Nrwtoa'l  daim  to  the  firft  umatioo  of  the  me- 
B  thod 
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thod  of  F1ii\ionfi  VIS  calkd  In  quc^lion,  he  Wfttrnly  vin- 
dicated tiijl  claii  i  ngaind  Leibnitz.  In  1709  be  went 
to  New>£ngbi}d  a>  txcaftuner  mi  the  Palatines;  ami  fooa 
after  liw  ixtunj  in  1 7  lOi  he  was  chofen  Sanlian  profeCBir 
of  agronomy  at  Oxford.  In  1^1 1,  being  attacked  hj 
Leibnitr.,  Iic  entered  the  lifts  with  tfiat  niathciniticiatii 
rn-thi:  JifjKitc  c  r  rivriiig  the  invciit'i)!  iif  Fluxrani* 
Leibnitz  wmic  ^  Icucr  to  Dr.  Hang  Sloaiic,  then  Cfcrc- 
tarv  to  the  R<»j-al  S.n  isty,  recjutriiig  Ktill,  i:i  cffec'l,  to 
maUc  Iiiin  fatibfa^tion  fortlie  injury  he  had  done  him  in 
Ills  paper  rcliitini;  tu  ilu-  jiaffLtgc  in  t!;c  Ai!(t  Kruditorwi : 
he  proteOvI*  that  be  V9%  £ir  irom  afiiunta|  to  himfd£ 
Newton**  incttiod  of  Pitixions  {  and  therefore  defirtd 
tliat  Kcill  ::r";;!:t  T  e  o11:j:;l'J  to  rjtraft  hit  fallV  affcrtion. 
On  the  otiut  hdud,  Kcill  dcliicd  tliat  he  ir.i^ht  be  (Mfr- 
initted  to  jullify  wlialhc  had  sffcrtid.  He  madt  his  (!(.•- 
fence  to  tlic  appruSation  of  Newton,  and  other  miinbti* 
of  the  Society.  A  copy  of  thi»  wa»  fent  to  I.eibnit*  ; 
who,  in  a  fecond  kutr,  remondratcd  ftill  more  loudij 
againft  Kcill's  A.tnt  of  candour  and  fincerity  ;  addilli^ 
that  it  W3i  not  fit  for  one  of  bis  age  and  experience  to 
engage  in  a  dispute  with  an  upflart,  who  aficd  without 
any  aiuhdiity  from  Kcwton,  and  dcfiring  tlui  the  Royi] 
SuAJicty  wuuld  enjoin  him  Clencc.  Upon  this,  a  ijitcial 
committee  was  appointed  ;  who,  after  examining  the 
concluded  tlitir  rtport  with  "  reckoning  Mr. 
Newton  the  inventor  of  Fluxions ;  ard  that  Mr.  Keill, 
in  affcrting  the  fame,  had  been  no  ways  injurious  to  Mr. 
Leibnitz."  The  whcio  procccdinjT  upon  this  matter 
•nay  be  feen  in  Culiina^  Csmmtrtium  M^ohcum,  with 
many  valuable  paper*  of  Newton,  Leibnitr.,  Grc^'ory, 
and  other  i;'.utl,t ni  iiici^iii.  In  the  nicao  limi-  K.-r-l 
behaved  hiniltlf  wiiU  f  u  .it  fmnnefs  and  fpirit ;  v,;»ic!t 
he  alfo  (hewed  afictwau'-j  in  i.atin  qiiftic,  written  in 
17*0,  tu  ficnioullt,  matheuiatical  profcnor  at  ljufil,  on 
aoeonnt  of  the  fame  ufage  (hcnn  to  Kcwion  :  in  tbe 
title-pge  of  which  he  put  the  at  ins  of  Scotland,  vix^  a 
ThilUc,  with  thit  motto,  Nma  me  nrpwif  laa/Ji:. 

About  the  year  1711,  fcvcra!  objcttiona  being  urged 
againft  NVwion's  philofophy,  in  fiipport  of  DctCaries's 
noiinti:!  of  a  [ii.:.n:n,  ILi'i'.]  pul)1i(I'.ed  .1  f);ip»T  in  the 
Philof.  TiHiil'.  I  lie  1\  Lsity  of  M;)ttcr,  and  li»c  Ttnntiy 
of  its  Compoli;l'.iii.  }!.it  wh-Je  he  was  engaged  in  •.'rus 
difptite,  quceu  Atnic  was  picafed  to  appoint  him  her 
Prcipheict  ;  and  he  cothinucd  in  that  place  under  king 
Gcoi^e  the  Firft  till  tlie  year  1716.  The  univerGty  of 
Oxford  conferred  00  bin  the  degree  of  M  Di  in  1713s 
and,  two  years  after,  he  publifhvd  an  edition  of  Com- 
mandine's  Euclid,  vx  ith  aaditioni  nf  hit  own.  In  1718 
he  publifhcd  his  InlrcdulVw  sJ  l^tram  AJironomictn  : 
which  was  afterwards,  at  the  reqnefl  of  the  diichefs  of 
C!iando9,  traiiilaicd  by  himfelf  into  Knglifh  ;  and,  with 
fi-veral  cniendr.lions,  publifhcd  in  1721,  under  the  title 
of  ytn  iKiratl'^ilioit  la  Trut  /IJlrmomy,  5cc.  This  was  hii 
blil  gift  tu  tbe  public  {  being  thia  fummer  feized  with  a 
eidcnt  fever,  winch  termioatcd  his  lifie  Sept.  i,  in  tbe 
50th  year  of  his  age. 

His  papers  In  the  Philof.  Tranf.  above  alluikj  to,  arc 
contnined  in  volumes  26  and  19. 

Keill  (Dr.  ^tfrxr/),  an  eminent  phyficianand  philo. 
ibpher,  and  younger  brother  of  Dr.  John  Keil!  above 
oieiitiooed,  waa  alfo  bum  in  Scotland,  in  1673.  Having 
travelled  ahioad)  on  his  return  he  read  le^^urcs  on  Ana- 
tonf  wttli  fNit  applaufc  k  tbe  luuf csStica  of  Qxfttrd 
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and  Cambridge,  by  the  latter  of  wh'ch  be  had  the  de. 
grec  of  M.  UT.  coalerrcd  upon  him.  In  1703  he  fetdad 
at  NorlhamptOO  as  a  ph)  Gcian,  where  he  dioJ  of  a 
caneerio  the  month  in  1719.    His  ptiWiL  itio.-is  arc 

1.  An  En^lifti  trann.it  uii  <>:  Lemcry's  Chcmiiliy. 

2.  On  Animitl  SecnLiui;,  :iie  quanuiy  of  DUmmI  in 
the  Human  Body,  and  ou  Miifcutar  Alotms. 

3.  A  treatifc  on  Anatomy. 

4-  Scveial  pieeea  in  the  Philuf.  TranCTotuma  ae 
and  30. 

KEPLER  (Johk).  a  very  taninent  aftnmomerand 
mathcaiatfcian,  was  born  at  Wiel,  in  tlic 
Wirtenberg,  in  1571.  He  was  the  difciple  of  hixXi. 
lin us,  a  learned  mathctnT'cru:  □:,^!  .iHr; comer,  of  whom 
he  learned  thofc  fcitnces,  u:<d  b!.i..suit  attcrvrards  profef- 
foi  of  them  to  ihrtc  fucccflive  rmperotl,  via,  MaUhmt, 
Kudolphus,  and  Ferdinand  the  id. 

To  this  fagacious  philofophcr  we  owe  the  firft  difco- 
vcry  of  the  great  laws  of  the  plaoetary  motions,  viz. 
that  the  planits  defcribe  areas  that  are  always  propor- 
tional to  the  time*  \  that  they  move  In  cllipticalorbit*, 
hawng  the  fun  in  one  focus  and  that  tlie  fquares  of 
their  p<  I'iodic  tinus,  ;irc  pr.ip.'i  tioiia!  to  t!if  cubes  of 
tlictr  aa.iu  d.lliitjces;  wliicil  are  ntiw  gent raily  known 
by  the  name  of  Kepler's  Laws.  15ut  as  this  gnat  man 
Hand*  as  it  were  at  the  he^d  of  the  mo<letn  icfor/ned 
allruiiomy,  he  is  hi^rhly  deftrving  of  a  pretty  largt  ac» 
count,  which  we  Ihall  cxtrati  chiefir  from  the  words  of 
that  great  mathematician  Mr.  Machurin. 

Kepler  bad  a  particular  palCon  for  fm.ling  analogies 
and  harmonies  in  nature,  after  the  manner  of  the  Pvtha- 
Uunrj:  1  !  Plit  milU  ;  and  to  this  difpofition  we  owe 
fuel,  vaitubic  Jilcovcriis,  as  arc  more  than  fufficicnt  to 
excufe  his  conceits.  Thrcr  ili.ngii,  he  tclts  lis,  he  anr- 
ioufly  fought  to  find  out  tlic  reafon  of,  from  his  e:irly 
yoiilh  ;  viz.  Why  the  planets  were  \:\  number  ?  Why 
the  dimenfioo*  of  their  orbits  were  fuch  a$  Coperaicua 
bad  dcfcnbcd  from  obfervattons  ^  And  .what  was  the 
analpgjp  or  law  of  their  revolutions  ?  He  fought  for 
the  rwdbns  of  the  two  firil  of  thefe,  in  the  properties  of 
n  jir,l  i  rj  and  plane  t",  li:c>,  without  fuccefs.  But  at 
length  reflccling,  tiui  while  the  plane  rc-ular  figuiYS 
may  be  infinite  in  number,  the  rcg'd:  r  folids  are  onlf 
five,  as  E-Jclid  had  long  ago  demonftrafed :  he  inWr 
gined,  that  certain  myllerits  in  nature  mi^ht  correfpond 
with  this  lematkable  limitation  inherent  ta  the  eflencea 
of  things ;  and  the  rather,  as  he  found  that  the  Pytha- 
goreans had  made  peat  ufe  of  thofe  tivercgiilji  fi  l'js  Iq 
iheJrphihifophy.  lie  therefore  endeavoured  i  j  fun]  fome 
relation  between  the  dimenfiuns  of  ihtfL  a  I  us  and  the 
intervals  of  the  planetary  fpheres ;  thus,  imagining  that 
a  cube,  infcribed  in  the  fphere  of  Saturn,  would  touch 
by  its  fix  planes  the  fphere  of  Jupiter ;  and  that  the 
other  four  regular  follds  in  liite  manner  fitted  the  inter« 
Tsli  that  are  between  the  Ipheres  f>f  the  other  planets : 
he  became  perfuaded  that  th»  was  the  true  reafon  why 
the  primary  planets  wtrc  pricitty  fix  In  nu.nb' and 
that  the  author  of  tijc  vvttlJ  hi:d  detc: ii^iucd  their  dif- 
tanccs  from  the  fun,  the  centre  nf  '(  .j  fy.'.t  m,  from  a 
regard  to  this  analogy.  Being  thus  pofleiicd,  as  he 
thought,  of  the  grand  fccret  of  the  Pythagoreans,  and 
greatly  pleafed  with  his  difcovcry,  he  publifticJ  i:  in 
159'>,  under  the  tide  of  M^crium  Ct^mo«rafi.uutn  1 

aulwas  ibc  Camfi  time  (b  chanaed  with  it,  that  be  bm, 

be 
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W  nould  not  gi<re  up  the  liOBiMir  of  \mmg  fmcotei 
'  wltot  «M  eontaiajKl  in  tint  bookt  fbr  ibe  dcAonte  of 
Suony. 

Kepler  fciit  a  copy  cf  tins  book  to  Tycfso  I5is?ir, 
who  did  not  approve  of  thofc  ahilradt  fptfcubtior.i  con- 
cerning the  I)  item  of  ihc  world,  hut  wn>te  to  Kcplcr, 
iirll  to  lay  a  folid  foundation  iit  obicrvatiuns,  and  then, 
try  afcending  fiom  thrm,  tO'  endeavour  to  coinc  at  the 
cnifis  of  things.  however,  jilcafed  vjth  hit  ge- 

nial, was  very  defirain  of  having  Kcplcr  with  him  to 
alTift  him  in  his  bboort:  am!  1i  r, i:.^;  fi  ttltd,  under  the 
protection  of  the  emperor,  in  Holicrni.T,  Mher«  he  pafiTed 
the  lail  years  o?  Iiii  life,  afur  l.aviiv^  lifl  Ins  fiiit  '.c 
country  oa  fomc  ill  uf.igc,  he  prevailed  0|>ob  Kepler  to 
leave  tlic  univcrfiry  of  Cratz,  and  remove  into  boLcmia, 
with  hit  family  and  libtary,  in  the  year  t6oo.  But 
Tychu  dying  the  next  year,  the  arranging  the  obftT- 
nctona  dey«ved  ntioa  Kc^er«  and  from  that  time  he 
tiad  the  tide  of  Matheraatician  to  the  Emperor  all  hit 
life,  ard  ^a'mc!  c  i:itir.irj!ly  mnrc  ^nd  more  rr]iiit3f R.n 
by  liis  «LiiI;>.  'l  lit  cnipcior  Rudolph  ordered  him  lo 
fiui'h  the  t.tblcs  of  Tycho  Dratic,  which  were  to  !u-  callcJ 
the  Rmiolpijtnt  Tables.  Kepler  applied  diligently  to  the 
w  oik  :  but  unhappy  are  thofc  learned  men  v.bo  depend 
upon  the  good-liumour  of  the  intefilanH  of  the  finances  ; 
the  treafurera  were  fu  ill  affedcd  towa:Ji  our  author, 
tfait  be  could  not  ^ublilh  thefc  table*  till  1627.  He 
died  at  Ratiflxia,  in  1630,  where  he  wa»  fdiciting  the 
payment  of  (he  arrears  of  his  ponficn. 

iCepler  tnadt  many  importaiu  difcoverics  from  'I'v- 
vho'a  obfcrvatiofl»,  as  well  3*  his  own.  He  fmiiiil,  tliat 
ailtonomert  had  erred,  from  tbe  tirlt  rife  of  the  fcieiice, 
in  afcribtog  always  circular  urbiit  nnd  uniform  motions 
to  the  planets ;  tlut,  on  the  contrary,  each  of  them 
movetinan  cUipiis  which  has  one  of  its  foci  in  the  fun  : 
dmt  the  motion  of  each  ia  leaUj  une<]aable«  and  varic* 
Iby  that  ■  fay  fuppofed  to  he  always  drawn  from  the 
planet  to  the  fun  defcribt-s  equal  nrcns  in  eijiiil  tiiiit  3. 

It  was  fome  years  Liter  before  he  diLovntd  the  ana- 
logy there  is  between  thediitaiiLt  s  ui  the  fcveral  planets 
from  the  ftin,  and  the  periods  in  ubicii  they  cotiiplttc 
their  revolutions.  He  eafily  favv,  that  the  higher  pla- 
nets not  only  moTcd  in  greater  circica,  but  alfo  more 
llowly  than  the  nt.-irrr  ones  (  ib  that,  on  a  duuUe  ac- 
count* their  periodic  time*  were  grcalet;  Saturn,  ibr 
example,  revolve*  at  the  dillance  troia  the  fun  tiroes 
greater  tlian  the  (  3i'.!/s  iKftante  from  it ;  ami  tlu'  circle 
dtfcrilxd  by  SaLiirii  is  iii  the  fame  piopoilion;  bm  ?.i 
the  caith  revolves  iu  <iiie  year,  To,  if  their  velocities  «  c  rc 
equal,  Saiciin  ou^ht  to  revolve  in  9  ^ears  and  a  half ; 
whereas  the  prriodic  time  of  Saturn  is  about,  Jrj  years. 
The  periodic  times  of  the  plancta  incrcafe,  therefore,  in 
■  gieater  proportio*  titan  their  diCancca  ifom  tbe  fun  t 
bntvet  not  w  ib  ^rett •  propttrtiea  m the Iqmrca of 
thote  diftancet ;  for  if  that  were  the  law  of  the  motions, 
(ibt  fqHare  of  9  J  being  <)0\  ),  the  ix-riotlic  time  of  Sa- 
turn ought  to  be  above  90  years.  A  mean  proportion 
between  thn  of  the  diftancei  ot  the  plaiifts,  and  that  of 
the  fquaret  of  thofc  di[lance»,  is  the  tme  proportion  of 
the  periodic  times  1  as  the  mean  between  9^  and  its 
Iquare  90!,  gives  the  periodic  time  of  Saturn  in  years. 
Kepler,  after  having  committed  fcveral  miftakes  in  de- 
termining this  analogy,  hit  upon  it  atlaftt  May  the  tf, 
l^iS  i  for  he  \i  fo  particular  at  to  Bientum  thie  precile 


dif  wImb  tie  frand  tbit  **  Tbe  l^arca  of  tic  fak/Bc 

times  were  always  in  the  fame  pruportiiiO  na  ttc  cobei 
of  their  mean  diftances  from  the  fun." 

When  Kcpl  -r  favk-,  according  to  better  ubfrrvationa* 
that  hit  drlpofiuon  of  the  five  rcguiu  lubds  among  the 
planetarv  f^ihcrci,  was  not  agreeable  to  the  intervals  be- 
tween their  orbits,  he  eodnvoared  to  difcover  other 
fchcmes  of  harmony.  For  thii  pmpofe*  he  compared 
the  motion*  of  tbe  iaine  planet  at  ita  greaieft  and  ieaft 
dtftancei,  and  of  the  iKflScRiit  planeta  in  tbchrfewnl  or* 
t^itf,  a:,  tlicy  would  appear  viewed  from  tlie  fun :  and 
here  he  fancied  that  \m  found  a  iimiUrtidr  to  the  divi- 
fiona  of  the  octave  in  muf.  r.  Th  r  ic  w  ere  the  dream*  of 
this  ingenious  man,  which  he  was  To  fond  of,  that,  heai^ 
ing  of  the  difcovcry  of  four  new  planets  (the  fateOitesof 
Jupiter)  by  Galileo,  he  owns  that  bis  iiift  rcflcAions. 
were  from  a  concern  how  he  cmrtd  fave  his  favouiite 
fcheme,  which  waa  tbreitcned  hj  thia  addition  to  the 
numher  of  the  planeta.  The  fame  attacbmect  led  him 
into  a  wiong  jut^j^'mmt  Loncirning  tl.e  fpht.':  of  tlie 
fixctl  ftars  :  for  beiU|;  obliged,  !n  h;j  doftrice,  lo  alluw 
a  vail  fiipinority  to  the  fun  in  the  univcirc,  be  n.  ti!aiii:> 
the  fixed  Aars  withiii  very  narrow  limits.  Nor  did  he 
coniidcr  them  as  funs,  phiced  in  the  centres  of  their  fe- 
vend  fyftem*,  having  planets  revolving  round  them  J  aa 
the  other  folKiwrrs  of  Coptni'tus  have  conclude  thcna 
to  be,  from  their  having  u^t  ia  thciiifid«e%  tnm  thdr 
immeale  diffainee«,and  mm  the  analngyof  mtvre.  Not 
fomented  with  thefe  harmnr^ici,  which  he  had  leartied 
from  the  obfervations  of  Tyciiu,  he  j;:avc  himfelf  the  It. 
herty  10  imagine  ftveral  other  nnal.i'nes,  that  have  no 
foundation  in  nature,  and  are  ovcrth'^owu  by  the  bed 
obfervations.  Thus  from  the  t^iniont  of  Iveplcr,  though  *- 
moft  jnlU|r  admired,  we  are  taught  tlie  tixngcr  of  cfpoul^ 
in|(  principles,  or  hypotliefes,  burr.iwcd  From  almnA 
fcwncca^  and  of  applying  tliein»  with  inch  firecdona,  |» 
natitral  enquiriet. 

A  more  recent  luftance  of  thii  fim^ncfi,  for  oifrovcr-  , 
ing  analogie'i  In-twten  m^ttcTii  of  abflmct  ipecutatiuii, 
and  theconilitutioii  of  nature,  we  fin^l  ir  Htiy;;eii9,  one 
of  the  grent(  il  geometricians  and  aitroiiomcrs  i|n^  age 
has  produce  d  :  when  he  had  difcovcred  that  fatcilitc  x£ 
Saturit,  which  from  him  is  ilill  called  the  Httvgtnjtn 
fateltite,  this,  with  our  mrHtn,  and  the  (owt  latciDitea  of 
Jupiter,  oonpletcd  the  number  of  fix  fecondiry  planeta 
then  difcovered  m  the  fyftem ;  and  hecaufe  the  number 
of  prinwy  pkincl;  vvaj  alfo  (ix,  andtSii*  number  is  called 
by  inathemarielaiii  a  perfcci  nnmbci  (being  equal  to  the 
fum  of  iti  iliqiiut  parts,  i,  ?,  3,)  Hjy^tnswas  hence 
induced  to  believe  that  tbe  number  of  the  planets  waa 
complete,  and  that  it  was  in  vain  to  look  for  any  ixioKb 
Thia  IB  not  raentiooed  to  \idKta  the  credit  of  tbia  gicnt 
nao,  wbo  never  pcfbapa  realbned  in  fodi  a  manner  ea  1 
•Of  other  occnfion;  but  only  to  f^iew,  by  another  in* 
llance,  how  itl-grouiided  reafonings  of  this  kind  have 
alway*  proved.    Fur,  not  long  after,  tlie  celebrated 
CalTini  chlcovcrrj  four  more  iatclLtes  ahcut  Saturn,  not  . 
to  m'  ntioii  the  tw.n  mure  that  hiivc  lately  bcciixiiiciMtered  ' 
to  that  planet  by  Dr.  Herfchel,  wish  unotber  new  pri->.. 
mary  pinnet  and  its  two  fatellit'^.  bcfide*  many  others,  . 
of  both  forts,  as  yet  unknown,  iskicb<  poiSblr  maj  be> 
long  to  our  fyfteou  TIn;  f«n»e-Caflsm'ha«ing  boodtbtt ; 
the  aqakgy,  difcoveredby  Kepler,  betwesn  the  periodic 
timet  MO  tbe  dillaneel  mna  tbe  centre,  talixt  place  in 
B»  \  the 
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the  ItCtrfyStTM  of  Jupiter  and  Saturn,  at  vr«li'M  in  the 
gfcat  fular  fyllem  i  ni«  obfervations  overturned  that 
groun<3'cf»  analogy  wliich  had  been  imagined  belwevn 
th«  mimhcr  of  ^<piaiict>)  bgth  primvry  mad  kcauJmrf, 
t#i  the  nimlMr  fix  t  bat  eftabluhcd,  at  the  latRe  tiriK, 
liiit  KaitiiMiiv  id  tfuir  iT'itii-ri'i,  vvl.'  h  v.!!l  :ir'c".v.i:i!3 
oppc.lr  ti)  ;ijwt:v-i:i  unc  rcjl  j;r:iiL-pk  <;iLi::i--I»,ii  uvtr 

But  to  return  to  Kepler;  liis  ;^at  fjgacity,  and  con- 
tinual meditations  on  the  planetary  inotiuus,  fii^gcttcd 
to  bim  fofne  views. uf  tbc  true  principles  fiom  which 
t1icfeniotu>il»  flow.  In  his'prcfacc  to  tlie  Cummcnlaries 
conceming  the  p!anct  Mnr->,  he  fpeak*  uf  gmity  M  of  a 
power thatHvas  inutual  between  lx>dicr,anfltel!«  m,  that 
the  earth  and  mocni  tinJ  iuw.nL.,  cm'.i  ouu  r,  .-itu!  ivculi! 
meet  in  a  poftit,  fo  many  tinits  i  tar  r  to  tlie  ciu-ih  than 
to  the  moon,  as  the  earth  ii  gri^itcr  than  the  moon,  if 
their  muiont  dij  iwt  hinder  it.  lie  add«,  thai  the 
tidci'arile  from  the  gnvity  of  the  waters  towards  the 
tncon.  But'nftt  liavi^g  Dotlont  liiffidcDtly  juft  of  tbe 
laws  of  iBotioii,  it  feetnt  be  WM  not  abb  to  make  tbe 
bed  tU'c  of  ihefc  thoughts ;  nor  does  it  ap(>car  that  he 
adluicd  to  them  (Icadily,  fmce  in  his  Epitome  of  Aflm- 
noniv,  pul  iuTjed  many  ycais  after,  he  pu  pof.  5  a  phyfi. 
cal  account  of  the  pLiuetary  moiioiii,  derived  hom-dif 
ferent  principles. 

'He  luppoiin»  in  ths'.  trcntife,  tliat  the  motion  of  the 
fan  on  biraxisiis  pnlcivcd  ly  Tome  inherent  vital  prin- 
ciple ;  that  a  eertaia  nriiK^  or  imaaietial  iouge  of  the 
fun,  is  diffufed  with  hUnya  into  the  ambtcnt  fpacc  *, 
and,  vfvolvliig  wi'Ji  l!ic  hui!y  uf  tl\c  fu;i  cm  !iis  axis, 
takes  hold  of  tlif  planets,  and  carritH  thcrn  ilt^ng  with 
it  in  the  hi.T.c  dircAion  ;  like  as  a  loadltouc  turned 
round  near  d-roarnctic  needle,  molus  it  turn  round  at 
the  faine  time.  Tbe  ptanett  KConliogto  him,  by  its 
iiwftiat  oMkavoafa  to  contioue  ui  its  place,  and  the 
■aftioD  of  tbefon'a  image  and  this  inertia  arc  in  a  perpe- 
tual ftniggic-  He-adds,  that  this  action  of  tbe(un»  liJte 
his  light,  decreafes  as  the  diA.ince  increafes  s  and  there- 
fore moves  the  fame  planet  with  greater  celerity  when 
neater  the  fun,  than  at  a  greater  dilUnce.  To  account 
for  the  planet's  approaching  toward*  tite  fun  as  it  de- 
fcends  h-om  t!ie  apbcKen  to  the  pertbclionf  ami  receding 
from  the  fun  while  it  afcetids  to  the  aphdioa  igaipi  be 
fiiMpofea  chat  tbe  fiia  attracts  oae  p«rt  of  eaeb  planet* 
ana  rvpria  the  oppofite  pan ;  and  that  the  pert  attraAed 
ii  t'jrtitJ  towardn  thr  fun  in  t'tie  il.fcent,  and  the  other 
tow:ir(h  l\w  li-u  ir.  the  .liciiit.  By  fupuojitions  of  lUil 
kittd,  h<:  i-ndc-^vcnircd  to  nccuuat  for  aU  tfac  Other  W 
rietiei  of  the  cck'tuai  motions. 

But,  now  that  the  laws  of  motion  arc  better  known 
than  in  Kepler's  time,  it  is  eafjr  to  (hew  the  fallacy  of 
«iCi7  part  of  tbiraecovnt  of  the  planrtaiy  motiona. 
The  pfanei  does  not  -cndeaTotir  to  ikop  ia  confieqtieooe 
of  its  inertia,  hot  to  perfevere  ia  its  motion  in  a  right 
Irnr-.  An  attr.icti.vc  U'rct-  makes  it  dcfcciul  ffoin  t'-c 
aplieliiia  to  the  pcnlithoa  in  a  ciuve  cuncnc  towitrds 
thb  fuin  Iwt  the  repflling  forte,  which  he  liippofcd  to 
begin  nt  t^ie  }icnbeU(U},  would  caufc  it  to  afcead  iq  a 
figure  convex  towards  ttr.  fuu.  There  will  be  ocealioa 
la  Slew  aftcrwarrii,  from  Sir  Ifibc  Newton,  )mw  an  au 
tr^Aibn  or  gravitation  to^rd*  tie  fan,  alooe  produces 
t"ic  tf&<?l5,  which,  nccoTiIl!)[(  ti>  Kepler,  required  both 

attractiTE  and  repeUing  force }  and  that  the  vittue 
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whidt  he  fidribcd  to  the  fan'*  imtgft  propagated  into 
the  planetary  rcgt\)ni,  is  unneceflary,  at  it  could  be  of 
no  ufc  for  this  effccl,  though  it  were  admitted.  For. 
aoivhia  own  miibecy«  irith  which  l>c  cuududes  his 
book,  is  tren'fied]  where  he  fe!l&  us,  t!i«  tlicdifcovcry 

of  f,:Lli  tVi;,:L.  \v.,s  n.-r  wd  f  ir  tht  ftiLXieding  agfs, 
when  the  aiitiior  le  .wjiild  Ix  pl<  aftd  to  rcvcul 

thefe  mylU-ries." 

The  ttorks  of  this  celebrated  author  arc  many  aod 
valuable :  as, 

I.  His  Cofmuprafbital  M^try^  io  1 596. 
z.  Qftiutt  Afinnmyt  in  1 004. 

3.  /lenunt  o/mNe'jj  Stur  in  Sa^itliirhu,  iC')^. 

4.  New  Afir>mf>mj;  or,  CelejtiSl  Phjfici,  in  Commen- 
taries on  the  planet  M  irs. 

5.  Difertaiions  :  witii  the  Nunr'w  S'ukrius  of  Galileo, 
l6io. 

6.  ^'ftu  Gaug'wg  of  irtne  Ct^tt  '615.    Said  lo  be  . 
Written  on  occafiun  of  an  erroneous  MnfincpMSt  of 
the  wine  at  hi*  marriage  bj  the  tevemieofficev* 

7.  JVSrw  E^tmmdtt,  from  1617  to  i6m 

8.  Coptrnican  SjJ!a.,  \\,\(-  firll  of  the,  l6l8. 
y.  HarmcKy  »J tlx  ii'^iU;  and  three  iiooks  of  ConuUg 

1 61 9. 

10.  Ct/mogriiphial  Myjltrif^  ad  edit,  with  Notes, 
1621. 

II.  Coper niean  JJlronamji  the  three  laft  botdUt 

t6as. 

His  Jfirommeal  Ta6lij,  called  the  Rudoiphttie 
Ta'lrs,  ill  honour  of  the  emperor  Rodolpbltti  bitgwt 
and  leaiiicd  patron, in  1627. 

14.  EpUvtiu-  of  tit  Ccpernuan  /tffronomj^  *^^5* 

Befidc  thcfc,  he  wrote  fevcral  pieces  on  vartuus  other.,  • 
branches,  as  C.bran:h^,  Gicmttry  of  SaHJs^  Trigonowulrj, 
and  an  exceUent  tnaufe  of  Dimria,  fin-  that  time. 

Ksri.iB*a  Lava*  are  tbode  hwt  of  the  planetary 
motiona  difisovered  by  Kepler.  Thcfe  difcovcilcj  in 
the  mundane  fyftem,  arc  commonly  accounted  two,, 
viz.  ift,  Thrit  iln;  ijlaucts defcr-be  ;iboiU  ilie  fun,  areas 
that  are  proportional  to  ilic  tiiucs  ia  which  they  arc  de- 
icrlhij,  namely,  by  a  hue  conncfling  the  fun  and  pla-, 
cet :  aii4  2d,  That  the  fquares  of  the  times  of  revola* 
tion,  are  as  the  cubes  of  the  mean  diOanccs  of  the  pla« 
acu  firom  the  fua>  Kepler  difcoveced  alfo  that  tte  oroiti 
of  tbe  pbiaet  s  w  elEpticaL 

Thefe  difcoveries  of  Kepler,  l.dwevpr,  were  only 
found  out  by  many  trials,  in  karciiing  arnoiig  a  great 
number  of  a^in-nioitucal  obfer\'attuns  nnd  revolutions, 
what  rules  and  laws  were  found  to  obtain.  Oa  the 
other  hand,  Newton  has  demon ilraled,  a^rm-/,  a]l  thefe 
laws,  {hewing  t!iat  they  jnud  obtain  in  the  mundane 
(yflcm,  from  the  lu.va  of  gravitation  and  centripetal 
iorccj  njii  the  fir/l  of  thefe  bws  rLfiJling  fiom  a 
eentripetal  force  inging  the  planets  townrds  the  fim, 
and  the  2d,  from  the  centiij  cud  force  being  in  an  in- 
vcrfc  ratio  of  the  fqiiarc  of  the  Jiftancc,  And  the  cl- 
lipcic  form  of  the  orbits,  from  B  piDje£tikforae  regu- 
lated by  a  centripetal  one. 

Kari.aa's  the  dctermiiii.  .,  ;hv  true  fro.n 

the  mean  anomaly  of  a  planets  or  tbe  determining  ica 
pboe,  IB  its  elliptic  orbit,  anfwerisg  to  any  given 
time;  and  fo  named  from  the  cckb.  itcd  afl-onoiner 
Kcplcr,  who  ikA  propoicd  it.    Sec  A  n  0  ma  l  v. 
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The  gtnenl  (late  of  th«  problem  it  this :  To  find 
the  pofition  of  ariefat  Hnr,,itnic|t,  jpafling  tbroagli.ane 
fiftne^iofan  elbpfii!,  (Mta«niaffap  «rea.wi»iEb  tiaU 

be  fn  any  given  proportion  to  tl»«  whiileafea  of  the  «U 

lipfis  ;  u'K:<  h  refills  fr^  nt  tTiit  [)rnpctty,  that  fuch  a 
lioc  f^vec}'  ;  arc,i\  ;(i:it  nrc  p'cpoi '.uinul  ti)  the  times. 

MaiiV  idlutions  l.avf  bttn  this  [;t^ihltm,  lome 

direet  and  goumetncal,  other*  not :  by  Kepier, 
BuUlaia,  Ward,  N«wttia,  KdlB.  M.ichfti.  &c.  Sec  New. 
toD't  PnociBb  lib.  I.  fnw.  jr,  KetU'»  A  (Iran.  Lett, 
sj,  PbiloC  Tianf.  kbr.  vol.  8.  pa.  7  j,  &c. 

In  the  Uil  of  thcfc  place*,  Mr.  Macbtn  obfemi,  that 
many  attempt*  have  been  made  at  difitrcnt  ti'ine^,  but 
with  DO  great  fuccefs  towards  ihc  fuliiii  ni  of  die  pro- 
blem  propofed  by  Kepler:  '!«  divide  the  nrta  of  a  fc- 
niicticle  into  given  patta,  by  a  lino  Jt.uvn  from  :i  given 
point  ia  the  diameter,  in  order  to  tind  »n  univerlal  rule 
rarkbe  atotioa  of  a  body  in  ua  disptic  orbit.  For 
mmmg  dM  fcwral  ■cfhwb  offiscdf  ibne  are  otHj  true 
»  ^pccdation,  bat  are  rnBjr  of  bo  femce ;  otlm*  aie 
not  different  frotn  hi*  own,,  which  he  judj^ed  impro' 
per.  Am!  as  to  the  rert,  they  arc  all  iu  limited  and 
conuned  to  particular  coniitions  and  circumftances,  as 
ftiU  lo  \w:  the  problem  in  general  untouched.  To  be 
PVire  particubvi  it  w  evident,  that  all  condniftiona  by 


piecet  of  wood  or  ivrr"  which  arc  flrtick  by  the  finger*)- 
in  phiyingiipon  the  iiilirument. 

Ksvs-i^oiti,,  the  oMUk  woibir*  or  the  arch  ftooe  hi- 
the  top,  or  unmediately  over  tbe  centre  of  an  arebw  - 

The  Icn^h  of  the  keylliHic,  or  thicknefs  of  the  arvhi- 
volt  at  tup,  is  altowen  bv  the  bell  arcbitcfti,  to  be  about- 

the  1  ;ih  or  M:;h  [.art  u{  ihc  fpaii, 

KILDERKIN,  a  kind  of  liquid  mcafure,  containing 
two  fiikina.  or  i9  gallona,  bcsMiiafav^  or  id.de> 

meafure. 

KING'/rWe,  or  KiH a -ftjit  »  »  f"««  of  timber  let' 
vpiricbt  in  the  middle^  between  two  principal  rafters, 
and  Having  Units  or  braces  going  from  it  to  the  middle 

oft'itti  rafter. 

KJRCH  (CHaijTi  As  FdEDEtic),  of  Berlin,  a  ce- 
lebrated aftronomer,  was  1'  >rn  at,  Gi.beii  in  1694,.  He 
acquired  great  reputation  in  (lie  ubfervatorica  uf  Dant- 
zic  and  Ikrlin.  Godfrey  Kirch  his  father,  and  Marj 
hia  mother^  aUa  acqaiird  con&denible  reputatioik  by 
tbev  afiranomicftl  obferfationt.  Thit  haify  eom* 
fponded  with  all  the  learned  focirtiea  of  Eunipc*  Mld» 
tlieir  aftronomical.  works  art  in  great  repute. 

K[R(JH1-.R  (  At  HAN  Asius),  ,1  famous  phllofupher 
and  luaiiiciuatUcwn,  was  bom  at  Fulde  in  i6ot.  He' 
entered  into  the  focicty  of  the  Jefuitt  in  1618,  andt 


Mechanical  curve*  are  feeming  ibluiioiu  only,  but  tare*    taMgbt  philofophy,  mathematics,  the  Hebrew  and  Sf- 

 ir_-i.i-.   _r  r._:   t«C  Languages,  in  the  univerfity  of  Wiit/burfr,  wttb* 

mot  applaide*.  tiD  the  yeac  1631.  He  retired  to 
Fnoce  on  aceoant  of  the  ravages  committed  by  the 

Swedes  in  Frinciiniii,  nnd  lived  lomc  time  at  Avignon. 
lie  wjij  afterwards  called  to  Rome,  where  he  taught 
niatheniHtic*  in  the  Roniarj  ccjlii.-ge,  coUecled  a  rich  ca- 
binet of  machines  and  aotiquitiea,  and  died  in  i<i8o,  iO' 
the  80th  yar  of  his  agie. 

The  quantity  of  hia  worka  it  inmeofe,  amonntiDg  t»* 
2.1  wlumea  m  nlio,  1 1  to  qoarto,  and  three  in  oAtvo  | 
enough  to  employ  a  man  for  a  j^rcat  pnrt  nf  his  life 
even  to  traafcribe  them.    Moil  of  ihcm  ^re  rather  cu- 
rious than  ufeful ;  mni.y  uf  tlu*m  vifionary  and  fmciful ; 
and  it  is  not  to  be  wondered  at,  if  they  are  not  always . 
accompanied  with  the  ^^reateft  exaAacIs  rad  pjMci— 
fion.    The  principal  of  them  are, 
Prtlufionts  Moj^netic*. 
Primiti^  Gtnmmts  C4iUftnemm  ■ 
Art  magna  Ltuit  H  UfArm, 
A I  u  fu  rg  ia  UHtwrfaUt^- 
Uitlijlui  Famphiliiiti 
OeSfui  jflgyittmiu  ;  4  roliilBca  foBo* . 
Ttineratittm  £x/alieim, 

8.  oiulijhu  MgrptUtm i  4«iiliaMt£gluib 
•91  Mimhtt  jSmturmmu*- 

KNOT,  a  tye,  or  complicatinn  of  a  rope,  eor^,, 
or  ftrinfr,  or  of  the  ends  of  two  together.    Ther^  ' 
are  diseri  luits  of  ktioti  ufed  for  different  purpofcs, '* 
»-hich  may  be  csplaiccd  by  /hewingthe  hgures  of  then 


ality  uoappUcAte  i  that  the  roots  of  infinite  feriet  m, 
on  accouat  of  their  knom  liouutions  in  all  lebaftl^  fe 

far  from  being  fufficicnt  rules,  that  they  lerrelbrHttle 
more  than  exercifea  in  a  method  of  calculation.  And 
then,  as  to  the  nnivcrfal  method,  which  proceeds  by 
a  continued  correclion  of  the  errors  of  a  i;die  poiitioii, 
itia  no  method  of  loiutioo  at  all  in  itfdf ;  becauii:,  an- 
kladierc  be  (bme  antecedent  rule  or  bypotbefis  to  be^^'n 
dvoipetatiDn  (.is  fuppofe  that  of  an  aniform  motion 
about  the  upper  fucus,  for  the  orbit  of  a  planet  $  or 
that  of  a  m  >t:on  in  a  parabola  for  the  peribJIon  part 
of  the  orbit  of  a  comet,  or  fume  other  fuch),  it  would 
be  impofTiblc  to  proceed  one  ftcp  in  It.  Eut  .t^  no  ge- 
neral rule  has  ever  yet  been  laid  down,  to  afUll  this  me- 
thod, fu  as  to  maw  it  alsnjH  operate,  it  is  the  fame 
in  tBe&  a*  if  there  were  ao  method  at  all.  And  ac- 
cordingly in  experience  it  it  found,  that  there  is  no 
rule  now  fublilling  but  what  it  abfohitely  ulelefs  iu  thei 
elliptic  orbits  of  comets ;  for  in  fuch  caKt  there  is  no 
other  way  to  proceed  but  tint  which  was  ufed  by  Kep- 
'  ler :  to  compute  a  table  fuB  foiHe  part  of  the  orbit, 
and  in  it  cxa:iiir,c  if  the  time  to  wnicb  the  place  is 
tt^piiiedf  will  fall  out  any  where  in  t)iaitijp«rt.  So  that, 
Vftm  die  wbok-,  it  appears  evident,  diac  tbia  ]irol]lem» 
Q—tnn;  M»  the  received  o^iaioii>r  hM  nceor  yet  iMcn 
nhnoed  one  ftep'toward*  itatnie-lblMion.  ' 

Mr.  Machin  then  proceeds  to  give  his  o-wn  fobition 
of  thi«  problem,  which  is  particularly  neccll'ary  in  or- 
bits of  a  pre.-t  excentricity  ;  and  he  illutlrates  his  jne- 
thou  by  examples  tut  the  urbits  of  Venus,  of  Mercury, 
<jf  the  i-omet  of  the  year  1682,  and  oftltc  great  cotnct 
of  the  year  i<38o,  fufficiently  Ihcwtng  the  BaiverlaUljr 
oftliemei^.  1 


I. 

2. 

3- 

4- 

5- 
6. 

7- 


open,  or  undrawn,  thus.    i»  Fig.  1,  plate  xiit.  is  a- 
T^mti  hut.    This  is  thefimpleft  of  all.    It  it  ufed  to« 
tyc  at  the  end  of  a  rope,  to  prevent  its  opening  out  t 
it  k  alfo  ufed  by'taylo«t-&c.  at  the  end  of  their  tnreaJ. 

Fig.  2,  a  £m>j>  knot.  Ufed  to  join  pieces  of  rv>nc 
&Ci.  to^^cthev. 

Fig.  2>  ^■^'vw       which  it  the  fame  at  the  laft ; 


KEY,  in  Mufic,  it  »  ecftain  fundancvttf^tote,  or 
tolMi  to  <vhicK  tite  whole  pieae,  be  it  ooHceitOi  fonatSi 
Canute,  i>  ecominodated-i'  witK  wbioi  it  ufu- 
aihr  begins,  but  aiwayt  endik 

JQorj 
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K  N  o  r* 

aiid.  By  drawing  at  a,  Oie  part  it  J  comes 
thriuig)),  and  the  kiwt  i$  loofed. 

.  'Fig.  4,  a  Hi"!  kml.  Thi»  fervcs  atfo  to  ]<>\x\  piece* 
of  c»»rd  .Vc  together. 

F^.  $  is  aaother  knot  fat  Vf  '\9g  eord«  toigctbcr.  Tbia 
u  nfed  wbcii  Wj  cord  ii  often  to  be  loofed. 

Vv^.  6,  a  Ranning  knot,  to  draw  any  \\\\f'.\i  doff. 
Ih-  pulling  St  the  did  ««  the  cord  i*  diawn  through 
tlic  lonp  aod  the  part  «tf  n  drawq  cUife  ahoat  1 
luatn,  &c. 

Fig.  7  is  .-xnothcr  knot,  to  Xjt  any  thing  to  a  fioik. 
And  here  the  end  majr  be  put  thtough  at  oftui  a» 
yon  pkile. 

Fig.  8,  a  Fay  final}  hot.  A  thumb  knot  Is  firft 
nwdc  at  the  end  of  each  pinx,  and  then  the  end  of  the 

otlicr  is  J  J  (Ted  through  it.  Thus,  the  Lonl  a  c  runs 
throii;^h  tlic  loop  </,  and  ^f/ through  e ;  and  then 
drawn  tlufc  by  pullitig  at  a  and  h.  If  the  coda  <  and/ 
be  drawn,  the  knot  will  be  lo«>f«  d  .igain. 

F^.  9,  a  Fj/her'i  in  ft,  or  fi^alfr  Lnct.    This  is  the 

fine  as  the  4tb,  onl^  the  eada  are  lo  be  put  ttvice 
tbrougli  the  ring,  which  in  the  fanner  wa*  but  ohce ; 

and  tlitfn  drawn  cluft. 

Fif;.  10,  a  Mijlii^  inr!,  for  ncn  ;  .inci  is  lo  be 
drawn  cliilc. 

Fig.  1  i ,  a  Barifr't  inot,  or  a  knot  for  cawls  of  wigs  ; 
and  n  to  be  drawn  clufc. 

Fig.  Ill  a  Bowline  Jhul.  When  this  is  drawn  clofct 
Uflaalcet  a  loop  that  wiD  not  flip,  a*  fig.  7  j  and  Icrrea 
to  hitch  orcr  aoT  thing. 

Fig.  13,  a  H^fe  htt,  which  ii  made  whit  the  three 
ftrandsofa  rope,  f)  th.it  it  cannot  flip.  When  the 
rt^  U  put  through  a  hole,  this  knot  keeps  it  from 
fl^piiigtlinNigh*  Wbeii  the  tlMteflmda  aK  wtottght 


1  K  O  E 

round  once  or  twice  more,  after  the  fame  manner,  it  Is 
called  crawmng.  Br  th:smeant!  ;1ic  knot  is  n\adc  lar^-r 
and  (Irongcr.  A  tfiun.l>  knot,  N*.  1,  may  be  apphcd 
to  theiatjeaCeas  this. 

Kmots  neaQ  aUb  the  divifions  of  the  log  tiue,  ukA 
at  fea.  Tbefe  are  nfnally  7  fiithom,  or  42  fcet  afno* 
der ;  but  Ti.jti'd  b<;  SJ  fjtho'.i\  or  50  fvct.  And  then, 
as  many  ktiota  a*,  the  log  line  uim  out  in  Haifa  mi- 
nute, fo  many  miles  does  the  fhip  failio  an  hour  ;  fiip* 
pofing  hrr  to  krrp  going  at  an  equal  rate,  and  allowing 
for  yaw  ,  -.  l  a  ay.  &c. 

KOENIG  (SAMUSt),  a  learned  philofopher  and 
mathematician,  was  a  Swift  by  birth,  and  came  eariy 
iuto  etniueocc  by  1j:3  muthematical  abilities.  He  was 
profttror  of  phil.if(.;iliy  .nnd  natnral  law  at  Franeker, 
and  afterward*  at  Hngiic,  where  he  bccunt  alfo 
librarian  to  the  Stadtholder,  and  to  the  Princcfs  of 
Orange ;  iiid  where  he  died  in  1757. 

The  Academy  of  Berlin  enrolled  him  amonp  her 
members  ;  but  afterwards  expelled  him  on  the  fuUnw- 
11^  occafion.  ftbupertuis  the  prcfident,  had  infcrted 
in  the  ralnme  oF  the  Memoirs  for  1 746,  a  difconile 

upon  the  »  of  Motion  ;  whicli  Kotnig  not  only 

attackii!,  but  .iho  attiibuttd  tl.c  Tiicmoir  to  i^cibnitz. 
Maupcrtiii!;,  I'.i;.  i;  with  the  irr.putaiion  of  pla^iarifm, 
engaged  the  Academy  of  Beilin  to  call  upon  him  for 
his  proof ;  which  Koenig  failing  to  produce,  he  was 
ilruck  out  of  the  academy.  Ail  Europe  was  interett- 
ed  in  the  quarrel  which  this  accafimicd  between  Koe« 
nig  and  Maupcrtuis.  ThefbriMTiraciilcd  tothe  dhIk 
lie  ;  and  his  appeal,  written  with  the  animation  ot  re- 
ft nt  men  t,  procured  him  many  friends.  He  was  au- 
thor of  fbme  other  works,  and  had  the  chara^cr  of 
being  oneof  the  belt  m^tbeiMticiaM  of  tbe  ay{e* 


L. 


LAG 

LABEL,  a  long  tliin  brafs  ruler,  with  a  fmall  fight 
at  one  end,  and  a  central  hole  at  the  other ;  com- 
monly ufcd  with  H  langent-line  on  the  edge  of  a  cir- 
CUmferentor,  to  take  altitudes,  and  other  angles. 

LACERTAr  Lii^arJ,  one  of  the  new  conftell»- 
tions  of  the  northern  bemifpherc,  ad(kd  by  Hevdhu  tor 
tbrAiicld  «o<a»  near  Cephena  and  Caffiopda. 
ffh'a  conftrHatioD  eotttains,  in  HeveBtit's  eataktgue 

lo  ftars.  and  in  Ft.iniPiCtd's  16. 

I. AC' UNA  R,  an  arched  roof  or  cicling  ;  more  cf- 
pecially  the  planking  or  flooring  abnvc  the  porticos. 

LADY-/>iTy,  the  actli  of  Marcli,  being  the  An- 
Jiancialion  of  the  Holy  Virgin. 

LAGMY  (Thomas  Fantst  dtj,  ,«n  eminent 
Fwdi  natlienwtlcia*,  s»as  born  at  Lyoiw.'  Foiurdei''a 
StMli4»  lad  PdQetkf*a  A^ebn,  hy  efeanee  fidlug  fu 


LAG 

liis  w-ay,  developed  his  genius  for  the  mathematics.  It 
^vas  ill  vain  tliat  his  father  dcfigriLd  liim  for  the  law  ; 
he  weiu  to  i'aris  to  deliver  hinifcif  vvholly  up  to  the 
Audy  of  his  favourite  fcience.  In  lOv"'  ^'"^  Abbe 
Bignoii,  proteif^Dr-gcneral  of  letters,  got  him  appointed 
profirflur-royal  of  Hydrography  at  Rocbfort.  Sooo 
after,  the  duke  of  Orlcaas*  then  ngent  of  FraiPQ^ 
fixed  him  at  Faris,  and  made  him  ftib-direAor  of  die 
Oeiicral  Banl^,  in  which  lie  1  !t  ih-  y;  ■-.tell  part  of 
his  foitinie  in  the  failure  of  the  liar.k  lie  had  been 
received  into  the  ancient  academy  in  161/3;  upon  the 
renewal  of  which  he  Mas  named  Aflbciate-geometri- 
cian  in  1699,  and  penlioner  in  1 723.  After  a  lific 
ipCQt  ia  dolie  appUcation,  he  died.  April  12,1 734^ 

In  the  bit  momcnU  of  hn  life,  and  when  he  had 
loft  all  knowkdlee  of  the  pcrfbne  who  fiiRottaded  hia 
8    ^  bed. 
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l>ed,  one  of  them,  throa<Th  eariofity,  tfked  him,  wbct 
it  the  (quare  of  i  j  ?  Tt>  wlilch  he  immLd-Ately  replied, 
•nd  without  feetning  to  know  tliat  he  g-i-f  :iny  anfwer, 

•  144-  . 

Dc  Lagny  particularly  excelled  in  arithmetic,  a'gc- 
hlt  tnd  ecometry.  in  which  he  mnJc  man^'  i:r.pr ovc- 
amilf  snd  difcovcrici.  H«(  m  wcU  at  Leibniu,  iu««nt> 
ed  •  boiary  amhtnetic,  in  which  atHj  two  ficufes  iit 
concerned.  He  rendered  much  cafirr  the  rifulution  of 
aleebraic  equations,  cf(Kcinlly  the  irreducible  c  .fc  in 
cnmc  eqii.Tiions ;  atMl  the  numeral  refiiliition  of  the 
higher  powers,  by  iceaiiiji  of  (hort  approximating  thc« 
orrmt. — He  delivered  the  mcafuret  of  angles  in  a  new 


the  denominators  of  which  are  certain  MuitinomiaI«, 
into  moredmple  onet,  and  by  that  means  facilitate  the 
computation  of  Flucott."  Thi<  ingenious  paper  was 
delivered  to  the  Society  hy  that  eminent  mathemati> 
cian  Thomas  Siropfon  of  Woolwicbi  it  ClKlllBlfaiDOt 
vihkh  will  convey  to  thofe  who  M  aoi  Uienlcl«n 
je«  of  it,  fame  idea  of  its  merit* 
fn  the  year  1755,  he  publiflied  t  ToTimie  of  Aoalt 
lfi:>  pages,  iiitilled  Miillorn/illc^t  I.ucitiratieiu,  The 
title  to  llii  i  ju)}>]ii;ati<)n  was  madt  thoik-t  of,  as  a  means 
of  informin^r  the  worlil,  that  the  (hidy  of  tlic  inaihc- 
niatics  was  at  tliat  un.c  mtUer  the  porfuit  of  hit  lei- 
fure  hours,  than  Lis  {irincipal  employment:  and  in* 


fctCQce.  called  Gonlmrtry  ;  io  whtchhc  mi»fured  angles     deed  it  coDtiuurd  to  be  fo,  during  the  greatcft  put 
by  a  pair  of  compalTcs,  without  icakt»  or  tablc^  to    of  lii«  life ;  for  about  the  year  i7&t  he  was  appointed 
fMtt«uifinir:>i  unci  thus  ga*e»  Mw  appcaraooe  to 
tTigoBometrr.— r7vr/ wrfry,  or  thentcaflire  of  the  tir- 

clc,  was  a'fu  an  objc:!  ut'       attrntron  j  and  lie  cakii- 


liitt.(i,  liy  nira^n  o{  iiitiiutc  fcrifs,  t!ic  rat:  >  of  the 
circumterfr.CL'  of  a  circle  to  iti,  dinn-iCtcr,  to  1:0  placet 
of  figurei. —  He  gave  a  general  theorem  for  the  tan- 
gents of  ndrijlle  aixs.  V^'ith  many  other  curious  or 
otefid  improvements,  which  are  found  in  the  gmt 
BMlltitiidc  of  his  papers,  that  are  printed  tn  the  dif- 
ferent voiumei  of  the  Memotrtof  the  Academy  of  Sci-> 
cacet,  Tia,  in  almoft  every  volume,  from  the  year  1699, 

to  I  '2  0- 

LAKE,  a  co'.lcftliin  of  «a'cT,  isidofcd  ill  the  cavity 
of  fomc  inland  place,  of  ^  cunHderabie  CStent  ittO 
depth.    As  the  Lake  of  Geneva,  5cc. 

LAMMAS-Day,  the  i(l  of  Augtlftj  fo  called,  ac- 
oording  to  fome,  becaufe  bulb*  then  grow  out  of  ita- 
fos,  as  bcinv  too  l.nrge.  Others  derive  tt  fnm  a  Saxon 
word,  (i  >(iif\  loaf-mafi,  becaiifc  on  \\\iX.  day  our 
fBTcfalhcTi  iTiadf  an  offering  of  bread  j>n:parcd  with  new 
wheat. 

It  is  cclcbraU'd  by  the  Rotuilli  clturcb  in  memory  oS 
St.  Peter's  imprifonment. 

LAMPi£DlASt  a  iund  of  bearded  conet,  refem- 
bling  a  boming  lamp, being  of  feveral  lhapet ;  for  fome- 
tiBW  its  lame  or  bine  nm  tncring  upwarda  like  a 
fword,  and  fooietrinet  it  it  doable  or  treble  pointed. 

LAXDEN'  (jolts),  nil  cmiiietit  •r.a(licn-..T;ici:in,  vras 
born  at  Ptiktrk,  iujr  Pctwiborouth  in  Northainp- 
tonlhirc,  in  January  1719.  He  became  very  early 
8  profickot  in  the  mathematics,  for  we  hnd  him 
%  very  idpedable  contributor  to  the  Ladies  Diaiy 
n  1744.;  and  be  was  foon  among  the  foremoft  oftboic 
%rbo  then  coutribnted  to  the  fiipport  of  that  ftnall  but 
lahride -^blieMiott,  in  which  almoft  every  Englifh 
mathemattcian  who  hat  arrived  at  any  degree  of  emi- 
uence  for  the  bed  part  of  this  ttnturv,  ii.is  coti:ciulod 
fur  fame  at  one  time  or  other  of  his  life.  Mr.  Landcn 
continued  his  contr:butiot)s  to  it  at  times,  under  wioin 


i^gcnt  to  Earl  I'iizwitliam,  an  empk>yment  which  be 
refiffn^  «nly  years  before  his  death.  Tliefe  Lu- 
ctdji  jt  s  contain  a  variety  of trafls  relative  to  the  rec- 
ttticatiun  uf  curve  lines,  the  fummation  of  fen'eat  the 
finding  of  llumts,  and  many  otbcrpbioti  IB  tbeki|^!ier 
parts  of  the  mathematics. 

About  the  latter  end  of  the  year  17^7,  or  the  be- 

S'nniag  of  1758,  he  publiflied  prop<>faU  for  piintior 
r  fubKription,f%r  R^An!  jinr.lxfit,  a  new  Bnmeli  oF 
the  Algebraic  art :  and  In  J758  ht  ]:  iWiHie:!  a  fmall 
traft,  entitled  /t  Difcaurfe  oh  the  liylu'iuil  An<t!\fit  j  in 
wfiicli  lie  refolvcd  a  variety  of  problems,  to  u  liich  tlie 
method  of  fluxions  had  ufually  been  ap])l  <.d,  by  a  mode 
of  reafoning  entirely  new:  he  alfo  cutritiaied  thefe  fo» 
lutiona  with  others  derived  from  the  ^uxionary  me- 
thod; and  Ihewed  that  the  filiations  by  his  new  method 
were  eonwioaty  mm  natunil  and  ckgant  than  the 
fluxionarf  onri. 

In  the  pfl  vol.jnc  of  lie  PhiTufophical  Tranfac- 
tioiif ,  *'ur  tiic  vcar  i  76:  ,  he  2i,\c  J  AV:-'  Mtihodof  com- 


^t.'.ij  '/v  S'uwi  (if  II  i^ii.u  number  of  Infiml.' 

f taper  waaaitu  picUiucU  to  the  Society  by  his  iugeuiout 
riend  the  late  Mr.  Thomas  Simpfon. 

In  1764,  he  publiflied  the  firll  book  of  Tbe  ReJ. 
dual  jliuil^n.  In  this  treatile,  brfidrs  explaining  the 
pri. iciplcs  which  hit  new  nnalyfis  \vai>  founded  tM%  he 
iij  plied  it,  in  a  variety  of  problems,  to  drawing  tan- 
gents, and  finding  the  proptitii  curve  line?  ;  to  dc- 
fci  'I'injy  tlirir  invdliiti's  at  d  cvkihiu  finding  the  radius 
of  ciav:;tun',  thiir  i^'-L'ari.l  .ir  j  Icaft  onlinaten,  and 
points  of  co'.Urary  tiexi.ic  }  t<»  the  dclci rnhiaiion  of 
their  cufps,  and  the  dravring  of  afyir.j  tores  :  and  he 
propofed,  in  a  feeond  book,  to  extend  the  applicatioB 
of  uiii  new  aiwlyltt  to  a  great  variety  of  medianicat 
and  phylical  fubic£\i.  The  papers  which  were  to  have 
formed  this  book  lay  long  by  him  ;  biit  be  never  found 
Icifurc  to  put  them  in  order  for  the  pvcis. 

In  the  year  176G,  Mr.  Landen  was  elti^ed  a  Feilow 
of  tlu  Royal  Society.    And  In  the  $8th  vulumc  of  the 


figaatuns,  till  witliic  a  few  years  of  bis  death.  Philofophical  Ti-atifaflloRS,  for  the  year  1768,  he  gave 

Ithaibeen  frequently  obferved,  that  the  hiftorics  of  A  fpedmen  of  a  A .  fiuthJ  of  tomfunnf  CBrvUmtar 
Etcrary  men  confift  chiefly  of  tbe  hiflkny  of  their  writ-  ArtM  /  by  means  of  which  numy  areat  arc  compared*, 
r        __.»^t._  .  *.M      .<«  •  appear  to  be  comparable  by  any  other 

rr.et!.od  :  a  ciiciKT.il.uicc  of  no  frii.ill  import.mce  in  that 
prirl  uf  L.itural  phihjfuphy  \vh;ch  rtlati'S  to  the  dodlv.T.C 
ot'  moti.in.  * 


ingt ;  and  tbe  oMCrvattos  vrat  nevermore  Mly  verified, 

•ban  io  the  prcfcot  article  concerninc  Mr.  Landen. 

In  the  48tb  volume  of  the  Fhilofophical  Tranfac- 
tions,  for  the  year  1754,  Mr.  Landen  gave  "  An  In- 
vcil^gation  of  fome  theorems  which  fugged  fevtrul 
my  imBadtable  properties  of  the  Circle,  and  arc  at 

IbeiiiMtinMef  confideabk  vk  iardahnag  rca&ioM« 


In  t! 


'770.  he 


6cth  volume  of  the  f.^mc  work,  for  the  year 
gave  Sinif  A'tw  Thforom  fot  computing  tJiC. 

Whole  Areaa  ofCutve  I<taes,  where  the  Otdinatea  an 
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aprefled  bjr  TraSfoni  of  a  certain  form,  in  m  afete 
•conciCe  md'degant  manner  than  had  b«cn  done  by 
Coin*  De  Moivre,  and  othert  who  had  conGdered  the 
CitlneA bdbrr  him. 

In  the  6lft  volume,  fcr  1771,  he  hai;  invefligated 
ffvcral  new  »nd  ufct  11!  theorems  lor  comp-itm^  cettatn 
flueuts,  viiicli  arv  aflijfnablc  by  ares  ofahc  cpnic 
fedions.  'l'hi:>  ftfbject  had  been  confidered  bdoic, 
both  bf  Madaurhi  and  d'Alembcrt)  batfomc  of  the 
tbemcau  tint  were  given  by  thefe  cdebtratcd  nathc- 
itiatictana«  bnnc^  in  p3i  i  cxpreffed  fcy  the  difference  be- 
tween an  hvpriholic  ntv  and  its  tangent,  and  that  dif- 
flreiiti.-  l-KK)^  not  dircaly  attainable  when  the  arc  and 
its  tanrciit  both  become  infinite,  as  they  will  do  when 
the  wiiole  fluent  It  wanted,  ahhongh  fiich  fl.uent  be 
ftjitc  ;  ihcfc  theorem*  therefore  fail  in  tbefe  cafes,  and 
the  comr  uution  becomes  itrpr.-idicab1e  without  tirtl.cr 
'help.  TitU.def«£k  Mr.  Lanifeo  ha*  reraoved*  bj  alSjm. 
ing  the  Kmi  of  the  dUKfftnc*  between  the  hypeibolic 
nrc  and  its  ljii;^-er,t,  v. li'U'  the  pu'iii  <<f  c. .r,t;iL'l  Ij  fiip- 
poftd  to  he  nniiivrd  Id  .In  i:il;nitL-  d-rtauci."  trcin  tlic 
vt-rtcx  of  I'lK  curse.  An'.  Iic  cm  li:i'ru!ic  paper  with  a 
'COrious  and  remarkable  propcri)-  relating  to  pendulout 
ilOdie^  which  is  deducible  frum  tliofc  theorem*.  In  the 
fime  year  he  publilhed  jln'mashxrfteBi  »n  Dr.  Sifantrt't 
C»mpmlalim  9ftbeSan*t  Dijanet  from  the  Earth. 

In  the  6$th  volume  of  the  Fbiiofopbtcd  Tranfadions, 
for  i775»  he  gave  the  inveftigation  of  a  General  The- 
■orem,  which  lie  had  promifed  in  1771,  for  fimlinj;  tfic 
Length  of  .nnv  Cni-vc  of  a  Conic  HypfrhoVa  hy  mcaf.s 
-of  two  Elliptic  Arc;  :  .Tinl  lie  ohicrvc*.  ll1.1t  by  tlif  tlic- 
orcms  ihtTc  itivL-l'Jgaied,  buth  the  el.'itl'c  curve  and  the 
curve  of  cqiiiblc  rtccf*  from  a  givtn  point,  nsay  be  con- 
ftmdBd  ia  thofc  caliis*  «4iC(«  Uadbuna  'a  elegant  method 

In  the  67th  vohime,  for  1777,  he  gave  "  A  New 
Tlicory  of  the  Motion  of  bodies  revolving  about  an 
sxia  in  free  TpLiLC,  wlieii  tliat  motion  is  ciil'.urhed  by 
fomc  extraneous  force,  Cither  percuffivc  or  accelcrativc.'' 
At  that  time  he  did  not  know  that  the  fiibicd  had  been 
treated  by  any  perfon  before  him*  and  he  confidered 
'Oflty  the  motion  of  a  fpheret  fpbcroi<l»  and  eyUidcr. 
MAtt  the  pobUcattoA  of  tim  paper  however  lie  wm 
infermed,  that  the  doArioe  of  rotatory  raotion  had 
"been  confide  rt  d  byd'Alembert ;  and  upon  procuring  that 
author's  r;/r  A  1/  M^jhrmatiques,  he  there  learned  that 
('.'.Akri'li^rt  w<is  'lot  the  univ  one  ulit;  had  confidered 
the  matter  before  him ;  ioru'xikmbtri  there  fpcak^  of 
Itime  muthen'.atician,  though  he  daef  not  mention  his 
name,  who,  after  reading  what  had  been  wiittcn  on 
tbe  fubjed,  doitiited  whether  there  be  any  lialid  what- 
eter,  bciide  the  fpherc,  in  whicli  .my  KMt  pifBiqr 
through  the  centre  of  gravity,  will  be  a  permanent  axis 
of  rotation.  Inconfequencc  of  tliis,  Mr.  I,:ii.dtii  tuik. 
up  the  fuhje<5  again  ;  and  tJiini.;li  bt  did  riot  then 
_:;ive  :i  foluttun  to  the  ,f;eiu'ial  .il;.!. .n,  w;,  "  to  de- 
termine the  motions  of  a  body  ot  any  form  wtiatcvcr, 
revolving  without  reftraint  about  any  axis  pafling 
through  its  centre  of  Rrawty,"  he  hdly  removed  every 
doobt  of  tlie  kind  which  had  been  flaitcd  by  the  per- 
fon alluded  to  by  d'Alembrit,  and  pointed  out  (cteiat 
bodies  which,  under  certain  dimentions,  have  that  re« 
marknble  property.  This  p;ij;i  r  \\\  iv,;i,  .;ir,<  r  i^  n  nny 
<Mhcn  equally  ctirioasf  ia  a  volume  ot  Mrrnmn^  which 
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1w  pohltlliea  in  tte  year  17R0.  Th*  vdiin*  U  dfe 

enriched  witii  a  very  cxtenfivc  appendix,  containiiy 
Thtorems  for  the  CaleulaJioa  of  FiuiMi }  which  are  BBOre 
complete  and  extcnlive  than  tbofc  that  are  ftuad  in 

any  author  befoix  him. 

In  r78i,  1762,  at>d  1783,  he  publilhed  three  fnsall 
Trada  on  the  Summation  of  Converging  Scries  ;  in 
wbt^  he  explained  and  fliewed  the  extent  of  fome 
theoicilia  which  had  been  civco  for  that  pnxpofe  bf 
De  Motvre,  Stirling,  and  hit  iild  friend  Thomai  Simp- 
fon,  in  iiurwcr  to  iome  things  wlilcli  he  t!u> :in,(it  had 
been  written  to  llic  difpara^emcnt  of  tliofe  excellent 
matheniaticia:;s.  It  wns  the  opaiion  oF  loirit,  that 
Mr.  Landen  did  not  fhcw  lefs  uwtliematical  Ikiii  in 
explaining  and  illuftratiog  thcfe  theorems,  than  he  has 
done  in  his  writings  on  original  fubjefts  ;  and  that  the 
authors  of  them  were  as  little  aware  of  the  extent  of 
their  own  theorems,  as  the  reft  of  the  woiid  were  befiwe 
Mr.  Landen'a  ingenuity  made  it  obnom  to  all. 

Alio'.it  the  be;^ntining  of  the  year  17821  Mr.  l.m, 
dco  had  made  fucli  improvements  in  his  theory  of  Ro- 
tatory Motion,  as  enabled  hini,  he  tlioii^bl,  to  give  a 
fohition  of  the  general  problem  mentioned  above  ;  but 
finding  the  refult  of  it  to  diifer  very  materially  froM 
the  refult  of  the  fohttion  which  had  been  given  «  it  bf 
d'Alembert*  and  not  being  aUe  to  fee  deariy  where  ' 
that  gentknan  in  hia  opinion  had  erred,  he  did  not 
venture  to  make  hit  own  lolution  public.  In  the  courfe 
of  V  ■  v  ir,  having  procured  the  Memoirs  of  the  Ber- 
lin Ac:KKiny  for  1757,  which  contain  M.  Euler's  fu- 
lution  of  the  problem,  he  toiind  that  ihli  gentleman's 
folution  gave  the  fame  refult  as  had  been  deduced  by 
d'Alembert  but  the  petfpicuity  of  Euler's  manueT  of 
mitiag  mabicd  him  to  ditaover  where  he  had  diffisred 
from  mt  owB>  which  the  eUeortty  of  the  other  did  not 
do.  The  agreement,  however,  of  two  writert  of  fudi 
rtfnblifhed  reputation  as  Eider  and  d'Alembert  made 
him  long  d.ibious  of  the  truth  of  liis  own  foluiioni 
and  induced  him  to  rcvifc  tbe  proecfs  aj:^in  and  again 
with  the  iitmolt  circumfpeilion  ;  .Tiid  being  every  tune 
more  convinced  that  his  own  folution  wai  right,  and 
theirs  wrong,  he  at  length  gave  it  to  the  puhliCf  in  the  ' 
7Sth  volume  of  the  fhihrfophkil  Tranfaftioiit,  for 

The  extreme  difficulty  of  tl»e  fubje^i,  joined  to  the 
concifc  manner  in  which  Mr.  I^mden  had  been  obliged 
to  give  hi*  fi  "11' i<j;i,  [o  conlnii-  it  \\  iihin  proper  liniits 
for  the  Tranladlions,  rendered  it  too  diihcult,  or  at 
lead  too  laborioui  a  tiJk  for  mott  mathentatiri^us  to  read 
it ;  and  this  ctrcumftaacet  joined  to  the  eftabliflicd  re- 
putation of  Euler  and  d'Jslcmbcrt,  induced  many  to* 
think  that  their  folwtioa  waa  right«  and  Mr.  Laat^'a 
wrong ;  and  there  dtd  not  want  attempu  to  prove  it  t 
p  irt  ji  iihirlv  A  lofi;;  a[:d  -ivrtDioiis  piprr  hy  the  leariK-d 
•Mr.  Wildboft,  a  gcatkiiiaii  of  very  diUiit^uiilied  la- 
lei-ts  and  cxpcri<ncc  in  fiich  calculations;  thi:.  paper 
is  ^iren  in  the  Both  volume  ofthe  Phitofophical  Tranf- 
a<^iton4,  for  the  year  1790,  in  which  he  agrees  with  the 
folutiontof  bulcr  and  d'Alembert,  and  agatnft  that  of 
Mr,  Landen.  This  determined  tbe  latter  to  icvilie  and 
extend  hit  f»lution,  and  give  it  at  greater  lt"Cth,^  to 
render  it  more  generally  ondet^lood-    Aboot  this  time 

all')  lie  met  bv  chniice  \v;:li  I'le  late  Tun**  C  ,'*;,■;/. L;r/|. 

fiti^  fi^itM  It  JMmbtmaiUt ;  iu  the  fccoud  part  of 

*  which 
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which  there  u  a  folution  of  tlut  problem,  igreeinr  in 
the  rcfult  with  thofe  of  Enlcr  ind  d'Alfmhcrs.  Acre 
Mr.  Landen  learned  tKat  Euler  hud  reviled  the  folli- 
tion  which  he  had  gi»en  fonnerfy  in  tiic  Berlia  Me- 
moirs, and  gfiircn  it  another  form,  aad  at  greater 
l(Dgth,  in  a  volume  publifbed  at  Rof^och  and  Orjr* 
riluwald  in  176;,  tntitledt  Thtoria  Moiiu  Corponan 
SwSJvrvm  feu  Riptbsnm.  Having  therefore  procured 
thu  book,  Nfr.  linden  found  tbe£une  pnodplei  em* 
ployed  ia  it,  ai)d  of  courfe  the  fame  condufion  rcfult* 
ing  from  tl;em,  n-i  in  M.  Euler'j  funncr  fdlutiSn  of 
the  problem.  Uut  notwilhilandiug  that  there  were 
tho«  a  coincidence  of  at  leaft  four  mod  refpc^lable  ma- 
thematicians againfl  him,  Mr^  linden  was  dill  per- 
fiudcd  of  the  truth  of  his  owb  filiation,  and  prepared 
*-to  defiind  it.  And  at  he  wu  eonWwed  of  tbe.acocr- 
fity  of  explaining  hii  Idea*  oil  the  ftilqcd  norc  fully. 
To  he  now  found  it  neceffary  to  lofe  no  time  in  fcttlinf 
abont  it.  He  Iiad  for  fevcral  years  been  feverely  af- 
jlic\ed  with  tl;c  IJonc  in  the  bladder,  ,Tnd  towards  the 
latter  part  of  his  life  to  fuch  a  degree  as  to  be  con- 
faed  to  his  bed  for  more  than  a  month  at  a  time  :  yet 
tren  this  dieadful  cliforder  did  not  extinjnitfli  !iis  ar' 
dour  for  mathetn.itical  iludics  ;  for  the  fi^cuiiJ  viilumc 
of  bit  Afmiirr,  latdy  pubiUlud,  «ac  written  aod  re* 
Tiled  dariMf  toe  interaii  of  hit  difurdef .  Thu  volnrari 
bcfides  a  lolulion  of  the  ^^cncral  pruMcm  concerning 
rotatory  motion,  contains  the  rcfolunon  of  the  problem 
relating  to  the  inotion  of  a  'i'op  ;  with  i.t  invclligation 
of  the  motion  of  the  Equinoxes,  in  which  Mr.  Landen 
hasfirllofany  onepointolout  thecaufeofSirtfaac  New* 
tpn^t  aiBakc  io  bw  Iblution  of  this  celebrated  proUem  { 
and  fiipM  other  Ji^wn  of  eoitliderable  importancSi  He 
juft  lived  to  fee  thit  work  finilbed,  and  received  a  copf 
of  it  the  day  before  hit  death,  which  happened  on  IJK 
15th  of  J.iniury  lygo,  at  MiltoOi  iKw  rcuibavaqgh, 

ia  the  7  ]fl  vear  of  hi»  age. 

LARRUARD,   the  left  hand  fide  of  a  Ihip, 
•  pediim  Aands  \vith  his  fsce  towunis  the  iicad. 

JLARMIBR,  in  Architc£lurc,  a  flat  fquare 
lier  of  the  cornice  hekrar  the  omafiiinit  md  kit  out 
'  farthefi :  bein^  fii  called  from  ita  ii<e,  which  is  to 
difperfe  the  v.atcr,  and  caufo  it  to  fall  at  3  r?'fl.i;i-e 
from  the  wali,  droj)  I>y  drop,  or,  a»  it  were,  by  tears ; 
larmt  in  Froni  h  ligiufyjag  a  teat, 

LATERAL  Ecj^ATios,  in  A^ebra^  ia  the  fame 
mlKfimplc  equation.  It  has  but  one .  root»  and  may 
jbe  conflmdled  by  ri^ht  lines  only. 

LATION,  is  uArd  by  Tome,  for  the  tfwUation  or 
notion  of  a  body  from  one  place  (o  another. 

LATITUDE,  in  Geography,  or  Navigation,  the 
ciftancc  of  a  place  from  the  t\j  i;it(ii  ;  or  an  arch  of 
the  meridian,  intercepted  bttueLii  lu  zcnitll  arid  tliC 
equator.  ■Hence  the  l^ntitiule  is  eithfr  nurili  or  foutli, 
according  as  the  place  is  on  the  noith  or  fouth  fide  of 
«he  equator :  thnt  London  .is  fold  to  be  in  ji*  ji' 
jRfwwtbiatitnde, 

Cudc«|Muwei«»die  eqantor  «re  called /mwdkb  ^ 
li;]:-u.it,  bkcaufc  they  fltcw  the  latiiudct  ot  phoet  by 
thrir  intdrfc^ions  with  the  meridian. 

'I'he  L,aiitiide  of  7.  plat  e  is  i  qual  to  the  elevation  of 
the j)ok  above  the  horizon  of  the. place:  and  hence 
lilieic  two  tcTMi  are  uftd  ndilletcntlt  fiar  each  otbcr* 

V0&.IX. 


*    TUt  win  he  end^t  from  the 

figure,  wh<  re  the  circ!*  ZHOP  is 
.  the  meridian,  Z  the  zenith  otthe 
place,  HO  the  horiion,  EQjlhe 
.  equator,  and  P  the  pole  ;  then  is 
Z£  the  latitude,  and  PO  tha 
efcvatiuii  of  the  pole  above  the 
horizon.  And  bccauft  Pfi  it  ss 
ZO,  bciflg  tacit  a  quadnwu  tf  the  eomBttm  part  PZ  be 
tiken  from  both«  there  win  remain  the  latitude  Z  E  i= 
PO  tlic  elevation  of  the  j  i^V-. — Tic  n<  •  wm  li.ive  a  me- 
thod of  meafutinjj  the  tin  luv.ti-rt  nuL-  nf  the  earth,  or 
of  detf  rinu:  the  qiiii;ti:\  i;f  a  d  'i^re!:  on  its  fur- 
fact*  ;  fi>r  bv  mc.tfuring  directly  o  irth^vard  or  foiith« 
wTird,  fill  tlie  pole  be  ouc  degree  higher  or  lowcTt 
we  Oiall  have  the  number  of  mikt  in  n  degree  of  a 
great  circle  on  the  fuTfiMD^  of  the  earth  |  and  eonfe- 
queatly  midt^lyiug  that  by  160,  will  give  tlic  m  n;- 
ber  of  mflei  rouna  the  wIiok  circumlcnntc  of  tU- 
earth. 

The  knowledge  of  the  Latitude  of  tlie  place,  is  of 
the  utn\o'.l  cunicf^ucnLc,  111  Ji"0graphy,  navigation, 
and  aAronomy  ;  it  may  be  proper  tltcreforc  to  lay 
down  fome  of  the  beft  way*  of  detemuiiiig;'  it^  boot 
by  fea  and  land. 

"  '  tft.  One' method  1a,  to  find  the  LatTMe  of  the  pole, 

to  which  it  is  equal,  by  mcn:i5  of  the  pole  fl^r,  or  any 
other  c  ire  J  m  polar  ftir,  thi:^  :  Eitlicr  draw  a  truc'rac- 
ridian  line,  or  find  the  times  when  the  liar  ii  on  tiie 
meridian,  both  above  and  below  the  pule;  then  at 
thcfc  times,  with  a  quadrant,  or  other  lit  iuftnimcnt, 
take  the  altitudes  of  the  ftar  ;  or  take  tl(e  fiune  when 
the  ftar  comes  upon  your  meridian  line ;  wbidi  w31  he 
the  greateft  and  Icau  altitude  of  the  ftar:  tlien  (hall 
halftlie  fum  of  the  two  be  the  elevation  of  the  pole, 
or  tlie  latitude  fought.  —  For,  if  ab:  be  the  p.ini  of 
the  liar  about  the  pole  P,  Z  the  zenith,  and  HO  the 
horizon  :  tlicn  is  jO  the  altiti:de  of  the  ftar  upon  the 
meridian  when  above  the  pok,  and  fO  the  fame  when 
below  the  pole ;  hence,  becaufe  aP  —  f P,  therefore 
«0  -h  <0  8  2OP,  hence  the  height  of  the  pole  OF^ 
.or  btitude  of  Z,  b  equal  to  half  the  fum  of  «0  and  rO. 

2^.  A  fecoud  method  is  by  meanj  of  ilie  dcclin.1- 
tion  of  the  fun,  or  a  ftar,  and  one  nicridiar,  altitude 


of  the  f.ime,  tlms  ;  H,i 


with  a  ([undrant,  or  Other 


fcrved,  mull  be 
ol  the  lujn.'uii, 


inilrumeot,  obtervcd  the  xrnith  dilUace  "Ld  of  the 
luminar)- ;  or  elfe  its  attitude  Hi/,  and  taken  its  com* 
plement  Zt/;  then  to  thit  zenith  dilUnce,  add  the 
declination  </£  when  the  himuian-  aad  place  are  Ott 
the  £in)c  fide  of  the  cqaator,  or  luhttaA  it  wheu  on 
different  fidrt,  and  the  fuhi  or  diflerence  will  be  the 
latitut!;-  F.Z  Hi  ;^;hT.  niit'r.ote,  th.it  all  altitudes  ob« 
eov.cfled  to!  icfiaction  and  Ihc  dip 
a.id  fur  tlic  femrdiameler  of  die  Iba^ 
when  that  is  the  luminal^  obi'erved. 
.  Many  other  methods  of  obfcrvlag  and  computing 
the  Latitude  may  be  (crn  in  Kobeitfoa't  Na?igatioil| 
fee  book  5  and  book  9.  See  aUo  tin  Nautk»l  Al- 
manac for 

Mr.  Ricliard  Graham  Cdntrivcd  an  ingcnimn  iu.liu- 
ment  for  taking  the  latitude  of  a  place  at  any  time  of 
the  day.   ike  i'hikol.  Xniif.  N''.  435,  or  Abr.  «oL  tf. 
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Latitodf,  in  Ailioncni)',  as  of  a  ftar  or  planet,  I'l 
!ti  ((iflancc  frum  the  ec]i})ttc,  being  :in  arch  ot  a  circle 
'of  latitiic^c,   reckoned  trnm  the  ecliptic  ytowardt  it* 

£oks  cither  notth  or  fuiith.  MeneCylhe  aftmacmical 
ittiude  i«  fluite  difiierent  from  the  geognptaiodi  tlbc 
former  neanirfng  from  the  ectlptic,  and  tht  htttr 
fn>m  the  et^^iiator,  fo  that  this  latter  arifwi'Ts  to  the 
dcdinnticin  lo  allronomy,  which  ineafu:t.b  from  the 
«<;tiinu<';i;.l. 

The  fiio  haj  no  latitude,  being  alway*  in  the  eclip- 
tic; but  all  the  flun^  have  their  fevrral  lacitudr«,  and 
the  pLinets  are  cniiiiniully  changing  their  latitudes, 
'  icmetimes  nonh,  aud  rooKtiinea  fouth,  croffiog  the 
' ecliptic  from  the  MC  fide  to  the  other}  the  point*  in 
wlikrii  they  croft  the  ecliptic  beinjr  called  ibe  tuiet  of 
ihf  ji'.mtt,  and  in  thtfu  pcrits  it  is  lli;it  tl.c-y  can  paf* 
c>:  r  itic  f.Kc  of  the  fuii,  or  behind  bis  body,  viz, 

n'.u  n  t.'i-  V  come  hoth  10  thu  poinl  of  Ibe  cdSptk  at 
the  fame  time. 

Circfe  of  LxTiTt;  DF,  is  a  great  cirdepafEngtlirouigli 
tliti  poke  of  the  ecliptic,  and  oooleqiicntlj  peipendicu- 
far  to  tt,  like  *•  the  neridiani  are  perpendicnor  to  the 
equator,  and  pafs  through  its  poIc<.  . 
'  Latitude,  of  tht  Moon,  North  afitnJing,  ia  when 
Ibe  proceeds  fiom  the  afcendirtg  nt>de  towarda  her 
northern  limit,  or  grcalcil  elung-atton. 

Latitude,  hforih  dif(tnding,  i»  when  the  moon 
vetlVBa  from  Ikt  northcT  11  limit  tu-tuids  the  defccnd- 
ngnode.  ' 

LatitoBB*  Smuh  dtjcnimgt  is  when  flie  prooeeda 
'from  the  defiaaiduig  node  towarda  her  fontheni  Irmlt. 

Latitud«,  South  apcndittg,  is  \\)nn  (Tic  nturns 
fro  n  l;cr  foutkcm  limit  towai^s  her  afccndin^  node. 

And  the  fiune  ia  to  beunderftood  of  tne  other 

planets. 

HdkeaUtU  LATiTtroB*  of  a  phiiKt»  is  its  latitude^ 
Of  diftanoe  firom  the  ecliptic,  fuco  at  it  would  appnr 
fiOA  th«  fuf  Thii,  when  the  planet  cone*  to  the 
fame  point  of  iu  otbtt>  is  alwaya  dw  lame,  or  ex- 
changeable. 

GciL.—.titc  Latitude,  of  a  planet,  is  its  latitude  as 
fctn  from  the  cjrth. — This,  though  the  pUnet  b»:  in 
the  fame  point  of  its  orbit,  it  not  aluays  the  fame,  L  it 
alters  arrording  to  the  pofltion  uf  the  cnith,  iu  rL-fpcCt 
ilo  the  planet. 

Hic  latitude  of  «  liar  ia  altered  on^  by  the  aher> 
rattoB  of  %ht,  and  the  fecular  variation  of  hriltiide. 

D'^frtnce  <^L Am  vDi,  is  an  arc  of  the  mcridiao, 
or  tljL-  neareft  diftance  between  the  parallels  of  lali- 
tuuc  of  two  places.  Whtn  the  two  Intitudcj  arc  of 
the  fiiBje  name,  cither  both  north  ur  both  fbuth,  fub- 
traft  the  Icfs  latitude  from  the  greater,  to  give  the 
difierencc  of  latitude  I  but  when  they  are  of  difiiereat 
■amei,  add  them  together  for  the  diucn-ncc  of  htitude. 

Latitude,  is  the  niddle  point  between 
two  latitudes  or  places;  and  it  feiuid  by  idling  half 
the  fum  of  the  two. 

Parallax  of  1. AT irvoE.  See  Par  Ati. Ax. 

J\efr,}ii:an  7"  L A T I T I' u E.    See  R  t  r  r.  a  c t  i  o  v. 

LATUiS  Reci  um,  iu  Conic  Sections,  the  fame 
%ith  parameter  ;  which  fee. 

I^A-Boa  Tra^vn/mmt  of  the  hyperbola,  is  the  right 
^mt  bctwcea  the  fcttwei  of  the  iwo  oppoGte  fcAioiiti 
or  dnt  iwt  of  tbcur  coanBaa  ttii  lying  hctweca  the 


two  oppofite  coaes }  as  the  line  DE.  It  ii  the  lame 
as  the  trunivcrlie  lui  of  the  hfpCTboIa>  or  oppofite 
hyperbolas.  ' 

Latus  Ptlmnrium,  a  right  Unc,  DD, 
or  ££,  dnwB  throuj^  we  vertex  of 
the  iMHon'of  a  eone,  wrtbin  the 

fnnr,  jj-inMil  tr)  lt;t;  hafc. 

L-liAGUE,  aiicitcitt  *>f  three  miles 
in  length.  A  n.ititical  Icajjiie,  or  three 
nautical  miles,  is  the  zctli  part  of  a 
degree  of  a  great,  circle. 

LEAP-Year,  the  famea«  Bi»(ez- 
t  I L  E  f  u  hich  fee.  1 1  is  fo  called  Itooi  ha 
leaping  a  day  more  th.-it  year  than  in  a 
common  year  ;  confilting  of  366  days, 
:i:iJ  a  cijiniuon  year  only  of  365.  This 
li.i)i;irin  tAciy  4th  year,  cKcopt  only  fuch  complete- 
ciiitiirici  js  ii'c  nut  t-xai^'y  cl.vitihleby  4;  fuch  as  the 
17th,  18th,  t9ih,  3  lit  &c  centuries,  becaulie  17,  18^ 
19,  21,  fce^  ctmnot  be  divided  hf  4  without  »  i«- 
mkioder. 

-  70jmd  Leap  Teart  t^e.  Divide  the  nunbcr  of  the- 
year  by  4;  then  ifo  remain,  it  is  leap  yr.m;  botif  tiJ*, 
or  t  remain,  it  is  fo  iruuiy  after  leap-year. 
Or  ilu:  rule     foroetioieft  thos  cxpieflcd,  ut  ihcfe 

two  Ricmui  lat  verfcs  : 

Divide  by  4 ;  what's  left  /hall  be, 
For  leap-year  o;  for  paft,  i,  a,  or  3. 
'  if  U  he  required  to  know  what  year  j  790  Its. 

thea  4)>790<447. 

t  rcmiiRt: 

that  1700  i«  the  zd  yew 
~<.j<)  is : 

then    4)179'.  (44.; 
here  o  remaining,  (hews  that  1 796  is  a  kap-year. 
LEAVER.  SeeLavaa. 
LEE,  a  term  ia  Navigation,  fignifying  that 
or  quarter,  towards  which  the  win 

Lee-Way,  of  a  Ship,  is  the  angle  made  by  the 
point  of  the  coropafa  Aecred  upon,  and  the  real  line 
of  the  Ihip's  way,  occalioned^  by  coptiaty  w^ids  wad 

a  roiisrh  fca. 

Alt  fliij  i  arc  apt  to  make  fome  lee-way;  fo  that 
fomethin;;  mull  be  allowed  for  it,  in  cafHnjij  up  the 
log-board.  But  the  Ite-way  made  by  d  tTcrcut  (h'tpn^ 
ooder  fimilar  cizcumttancet  of  wind  and  laiit,  ia  dif- 
ftrtnt ;  and  even  the  fame  (hip,  with  dHferrnt  hdinjr, 
and  having  more  or  Icfs  fail  ftt,  will  h;>ve  rr.urc  or  Ic-^ 


fo  that  I  rrmninlrff,  fficws  lliat 
after  lc.ip-ye.ir.    And  to  fiuJ  what  vi.;ir  I 


lee-way.  The  ufual  allowancts  fur  it  are  tl:;ie,  as 
they  were  given  by  Mr.  John  Bu(-k!er  to  tf.c  late 
j^ciiious  Mr.  William  Jones,  who  firll  publilhed  them 
in  170a  in  his  Compendium  of  PraHical  Navigat'iim* 
I II,  When  a  fhip  is  clofe-hauled,  hat  all  her  laus  litt* 
the  fca  fmooth,  and  a  moderate  gale  of  vriad,  It  » 
then  fuppofed  ihe  make*  little  or  no  lee*way.  «d.  Al- 
low one  point,  when  it  blows  la  frefli  that  the  fmaD 
fails    aie  t.iketi  3J,  Allow  two  points,  \\liea 

the  t<i[ifnil  iniill  be  cloie  rrerc>l.  4tli,  Allow  two 
points  nnd  a  h.ilf,  when  one  tcpu.il  iulU  he  handed* 

f;th.  Allow  three  points  and  a  half,  when  both  top> 
ikils  mud  be  taken  in.  6th,  Allow  four  paints,  when 
the  fore-conrfc  is  handed,  jth.  Allow  five  pointa, 
vrhen  trying  under  the  muelail  only.  8th,  Awmfis 
pdatit  whea  boUi  Pttia  and  ibre>coiiifc»  m  ttkcn  in. 

jtb. 
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9tkt  AllflfiP  ftvm^  ^oNMti  wfara  tht  IbSptntt  trhtDg 

V  u  ith  afl  faHs  handtd. 

VvtKn  the  wind  has  blown  hard  in  cttlirr  quarter, 
and  (hifu  *CTof»  the  meridian  into  tlie  next  quarter, 
the  lec-w«y  will  tx  kfTeoed.  But  in  ail  tljcfe  cal<»,  re- 
fye€t  rauA  b«  had  to  the  roughncb  of  the  fca,  and  th^ 
trim  of  the  Oup.  And  hence  the  mariner  will  be  able 
t9  coiTvd  hit  courie* 

LEGS,  e/a  Tria^k.  When  one  fide  «f  4  triangle 
u  taken  u  the  bafe,  the  ether  two  are  Hbmcdmet 
called  the  legt.  Thr  term  I»  often  ufed  too  for  the 
baft  and  perpendicular  of  a  ri^'ht-angled  triangle,  or 
the  two  iiile*  uboiit  ihr  ri^ht  aiij^Ic. 

UjitrhoUc  Legs,  arc  the  cods  of  a  cuive  line  that 
pMtilhe  of  the  aalvn  of  die  hjpcriiol^  or  iutniig 


LeIBNITZ  (Goim«v*Wn.tiAM>»  an  eminent 

mathematician  and  phUofophcr,  wai  bom  at  Leiptic. 
in  Sasonjr  tu  1646.  At  the  age  ctf  ic.  he  applied 
hioiftlfto  rr.athcmatics  at  Leipiic  anil  Jena ;  and  in 
16^3,  maintaiacd  a  tlicliN  dt  I'r'uuipiis  Itnli'i^Jualknis, 
The  year  following  he  was  admitted  Mailer  ot"  Atiti. 
He  read  with  great  atteatiou  the  Greek  philoibphera  ; 
and  endeavoured  to  reconcile  Plato  with  Aiiftotlc,  *i. 
he  iftcnrmrdf  did  Ariftotle  with  Dei  Qutea.  But  Uie 
flodf  of  tlw  law  wu  his  principal  view  t  hi  vbSch  &• 
cuhy  he  \m  admitted  Bachelor  in  i66j.  The  year 
follon-ing  be  w  ould  have  taken  the  degree  of  Doftor ; 
but  was  rcTufed  it  ou  ptctencc  tiiat  he  wa»  too  young, 
though  in  reality  bccautc  be  had,  ratfcd  bimfeif  fcvc 
ral  eneoaie*  by  reje^ag4he  priiicipkt  «f  AriAotk  tnd 
the.  Scboolnen. 

XJjpontllk  he  repaired  to  Altorf,  where  be  main* 
.  tained  a  tfaefis  J«  Cqfibut  Ptrplatitt  wilh  fucb*  9^ 
plaufe,  that  be  had  the  degree  of  DoAor  conferred  on 
him. 

In  1672  he  went  to  Paris,  to  manage  fomc  affairs  at 
the  French  Court  for  the  baron  Buiiicbourg.  Here 
be  becaoic  ac^aainted  with  all  the  Literati,  and  made 
filther  and  confiderable  progrefs  in  the  Iludy  of  matl:c- 
BUtks  and  nhilofopby,  chiefly*  •«  he  iay.s  by  (he 
^iwlaof  Fil(ca},  Gregorj-  St.  Vinceat,  and  Huygcn*. 
T-  thi?  r  'irfc,  having  obGerved  tlie  imperfcition  of 
Faicai'g  arichmetical  machine,  be  invented  a  nctv  one, 
at  he  called  it,  which  w;<'s  approved  of  hy  thu  Jiiii  il^tr 
Colbert,  and  the  Academy  of  Science*,  in  ^hu  li  lic 
itai  ^crcd  a  feat  a*  a  member,  but  refufed  tiir  oiVci  % 
made  to  him,  a«  it  would  have  beca  necellary  to  em- 
brace the  Catholic  IcUglOD* 

la  i6|3f  be  etna  over  to.  Endand ;  where  he  be* 
caoif  tctpKinited  with  Mr.  Qldenmir|r,  fccrctary  of  the 
Royal  Society,  and  Mr.  John  Coiltni,  a  diftinj{ui(hed 
member  uf  ll.c  .Society  j  from  whom  it  fccms  be  re- 
ceived fome  hints  of  the  nu  iln  d  of  fluxions,  which  had 
been  invented,  in  1664  or  i66j,  by  the  thcu  Mr. 
Ifaac  Newton. 

He  fame  year  he  returned  to  France,  where  he  re- 
fidedtiB  1676,  when  be  again  {^afTcd  through  Kng- 
land,  and  Holhod,  in  hit  jottmey  to  Hanover,  where 
he  propofcd  to  fettle.  Upon  hJa  aTTival  there,  he  "P- 
plied  himlitf  to  cnricli  the  duke's  h'brar^' with  t!it  f  tll 
book*  of  all  kind".  'I'hi:  duke  dyirij;  in  Ina 
fucceflbr  Emeil  Auj!;ufti''',  tlien  IKhop  of  Ol  i.ibur;/1i, 
(beared  Mf«  Leibnitz  the  ^c  ^  vour  a»  hit  ^ircdcccUui- 


bad  done,  and  engaged  him  to  write  tbe  Hi'floty  of  tbq 

Houfe  of  Brunfw'ick.  To  execute  this  talk,  Lc  tra. 
veiled  over  Germany  and  Italy,  to  coUcd  matetiais.  ■ 
While  he  was  in  It  ily,  hr  met  with  a  f  loafant  adven- 
ture, which  ini^lit  have  prosed  a  more  frriolts  alLtir, 
PaOing  in  a  fmali  bark  from  Venice  to  Mefula,  -a 
florin  arofe  ;  during  whi^-h  the  pilot,  imagining  he 
was  not  undcrflotxT  by  a  German,  whom,  being  «  ^ 

heretic,  he  looked- on  as^tbe  aufe.of  the  lempeft* 
propofed  to  flrip  htm  of  hit  domtbt  and  money,  and 

throw  hini  overboard.  LicibuitZ  hr/ariny;  this,  witli- 
out  dacoveiiug  the  leatl  emotion,  drew  a  fct  of  Inajj 
from  his  pocket,  and  began  tiirninj  them  over  uilli 
great  fceming  devotion,  'i'hc  artil  ce  fuec::c^';J  ;  one 
of  the  fiulors  obferving  to  the  pilot,  that,  lis  cc  thft 
man  was  no  licrctic,  he  ought  not  to  be  drowned. 

In  170Q  he  was  admitted  a  member  of  tbe  Royid. 
Academy  of  iicicacca  at  Fana.  The  fame  rear  the 
elefior  of  Bnodenlnirg,  afteiwards  king  of  Pruflla, 
founded  an  academy  at  Berlin  by  his  att^irc  ;  rmJ  i.c 
was  appointed  perpetual  Prefident,  though  li;.'.  afiatr* 
would  not  ptnn-.t  hini  to  ri  :i(!e  (  (jnlbntly  nt  tH.U  place. 
He  projected  an  acadcqiy  of  tbe  fame  kind  at  Prefden  ; 
and  dm  dd^  would  have  been  executed,  if  it  had 
not  been  jNcvrnted  bjr  the  confuGone  in  Paland*  He 
waa  engagedUbewiGe  in  a  fieheme  for  an  onivetiU  brn- 
goagCt  aod  other  literary  projc^^s.  Indeed  his  writings 
had  made  turn  long  before  famotts  over  all  Europe,  and 
he  had  many  I 


icnfiiiri  ani!  rew.iids  c 


oiifeiTcd  on  him. 


BeGdc  the  oifice  of  Privy  Counfelior  of  JuAice,  which 
the  elcdor  of  Hanover  had  given  him,  the  emperor  ap.. 
pointed  hlro,  in  1711,  Aulic  Counfelior ;  and  the  czar 
flUMle  him  Prity  Counfelior  of  Jii|licc,  with  a  peolion, 
of  icoo  diicata.  Leibnits  undertook  at  the  lame  tiaM  * 
to  eftabHfli  an  academy  of  Icteaee*  at  Vienna ;  but  the 

j)!3g;ic  preveiitii!  the  execntion  i(f  it.  However,  the 
empcior,  ai  a  mn.ik  of  his  favuur,  ftulcd  a  pcnlion  on 
him  of  30cx>  flonns,  and  promifed  him  one  of  iooo  if 
he  would  conic  and  rclide  at  Vienna ;  an  offer  he  waa 
inclined  to  coBfily  wilb,  but  waa  piewnted  bjr  bia 
death. 

Meanwhile,  the  Hiftory  of  Drunfivick  beinc  inter- 
nipted  by  other  works  which  be  wrote  occaflonatly, 
be  found,  at  lu's  return  to  Hanover  in  I'l  14.  that  the 

elcflor  had  appointed  Mr.  F.c  i-.:rd  fi.v  ]ii,<s  colltague  in 
writtflg  tiiat  bittory.  The  ekcior  was  then  raifed  to 
the  throne  of  Great  Brsiain,  wKicl;  phicc  l.eibnifr 
vifitcd  the  latter  end  of  that  year,  when  he  received 
particular  maricft  of  fiicudlhip  Irom  tbe  king,  and  w  sa 
6ncquenti]r  at  court.   He  now  wai  engaged  in  a  dif- 

!iute  with  Dr.  Samnd  Clarke,  upon  tbe  fuhje^t  «f 
rce-wiU,  the  reality  of  fpacc,  and  other  pbiIufophic:iI 
fubjc£ls.  This  was  conducted  with  great  candour  and 
learning ;  and  the  papers,  which  were  publilhed  by 
Clarke,  wdl  ever  be  eltecmed  by  mi-n  of  genius  and 
learning.  The  conlroverly  ended  only  with  the  death 
of  Leibnitz,  Nov.  14,  1716,  ivbicli  was  urcafioned 
by  the  gout  and  llonc,  in  the  ';o£li  year  of  his  age. 

Aa  to  hi*  cbarader  and  oerfon;  He  waa  ofamid^ 
d!le  ftature,  and  a  thin  babit  cf  body.  He  Wl  a  ftu- 
('idi;'  ; -r,  nnd  a  fwcct  afpe<5\.  t!ii>u;;h  near-lighted. 
He  was  ind«;!atig3L'Iy  induAriou^  to  the  end  of  his  life. 
He  cat  and  drank  little.  H;n>gcr  aicne  markrd  the 
tiukc  uf  his  tnsada,  aad  hi«  uia  wa»  I'lain  and  ftrong^ 
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He  baJ  n  good  nicnory,  and  It  vf^^  hn\  ccxAd  rf. 
p«tthc-l"ii'-  itl  Ifom  bcgirinirgto  end.  What  lie  wranted 
(0  winanbcr,  he  wrote  down,  and  ncvi  r  read  ii  after- 
wirdt.    He  prafeRed  the  Lutliemn  rrn;n'on, 

hu\  never  vttxA  to  Iermo»» »  and  when  in  hi«  kit  lick- 
ncfs  his  faviriiriie  fervani  defited  to  fettd  roramiiiH 
ilci,  li  .  w  I  '  l  li  lt  permit  it,  r-iying  he  had  no  oce«- 
fum  liii  one.  i  !:■  v.  ,.i  ticvtr  maiticd,  nor  ever  mttempted 
it  but  once,  vl;  "ic  was  aiiciit  50  years  old  ;  md  the 
lady  defiring  time  to  confidtr  ufit,  RJ'. c  him  an  opportu- 
nit j  of  iotag  the  fame  s  he  ufed  to  fay,  that  mar- 
riage wu  a  good  tliin;^,  but  ft  wire  man  uught  to  con- 
fider  ofttaQhtorifc." 

Leibnit.'.  was  author  of  a  great  multitiuk  of  vtitio^t 
fc\cral  of  which  were  puhllfhed  feparatcly,  and  manf 
otl^  '3  in  t'hi  nKnuiiii  ofi'-iiTrc  lit  academies.  Hcinvcnled 
a  binary  ariihir.i:  tic,  TiiiiJ  iiiiaiiy  other  ingenious  matters. 
Hi»  Jaim  to  the  ir.vt  niinn  of  Fluxioni,  nas  been  fpokcn 
of  under  th.it  article.  Hanfchi*is  coUefted,  with  great 
care,  e»ety  thing  that  Leibnitz  liad  faid,  In  different 
paffigea  of  bia  worlei,  upon'  the  principles  of  phHofo- 
phy  ;  tuid  formed  of  them  a  complete  fjftem,  under 
tlie  title  uf  C.  G.  Leihmi*ii  PrSncif  ia  PkU^^UMt  mm 
gcomein.  o  demanjrata  ftc,  172S,  in  410.  Tnere  came 
cut  :•.  collt£^iun  of  our  autli-jr's  letters  in  1-54.  ;ind 
ly^r,  iniitlcd,  Ep'i/loU  ad  Jtw/oj  lieoUgin,  juiiJici,^ 
ikt^i,  fhilofophUi,  milbemaiin,  tijlcric!,  (s"  fhilologicl 
mrgumnii  e  AISS.  auBortt  :  turn  annotatitnihui  fu'u  pri- 
wum  £vul^avil  Chriftian  Corihehut.  But  all  bi»  worlcj 
were  collcdedt  diflribatcd  into  dafles  by  M.  Dutera, 
and  publtlhed  at  Oenen  n  fix  large  \-dumca  4to, 
in  1768,  intitledy  GmAqMS  G»S^  LaMiS  Opmt 

Omnia  He. 

Leiesitziav  PuiLcsnFiiY,  or  the  Philoropuy  of 
Leibnitz,  is  a  fyiU-m  formed  and  publiftied  by  its  au- 
thor in  the  lad  oentnrjr,  partly  in  emendation  of  the 
Caitcfian,  aod  partly  iti  cppofnion  to  the  Newtonian 
phhofophy.  In  this  philofaj)hy,lhr  author  retained  the 
Cartcfian  fubtHe  matter,  with  the  Toiticca  and  oniverfal 
plenum  ;  and  he  reprcfcntcd  the  umverfie  a«  a  macliifle 
ihrit  Ihuulil  proceed  forever,  by  the  laws  of  rr.cdinnifin, 
in  the  moft  petftft  ftatc,  by  an  abfolute  im!«iUbk  ne- 
ceflity.  After  Newton's  philofophy  was  published,  in" 
16S7,  Leibtutz  printril  an  EfTay  nn  the  ccleAinl  mo- 
tions  in  the  A  't.  Erud.  16S9,  where  he  adtnits  the 
.  circulation  of  the  ether  with  DlirCartes,  and  of  gravity 
with  Newton ;  tht)Ugh  he  l»a»  vet  reconciled  thcfe 
jiri;:ci[.If=,  nor  iVil'.vp.  l,r>w  gnvitv  afofe  frOm  the  IB-' 

pulic  of  thib  ether,  jiur  how  tti  accotmt  fat  the  plane- 
lary  revolutions  in  their  refpeftive  orbit*.  Iliu  lyllcm 
i«  alfo  dA^TC,  as  it  does  not  reconnlc  the  circulptiuu 
of  tbe  ether  with  the  fn-e  motions  oi  tl.i-  ^..ir.i-ts  i:i  all 
direaions,  or  with  the  obliquity  ol  the  plants  of  the 
planetary  orbiU  \  nor  refolre  oilkcr  objections  to  which 
the  }.v  potheCs  of  the  vortices  and  plenum  it  liaWe. 

Soon  after  the  period  juft  mentioned,  t&e  difpute 
commenced  coiiv:':rnint'  tit  ir  vetition  of  the  method  of 
Fhtxions  which  led  Ml  I.Lihuirz  to  take  a  wry  de- 
cided  part  in  oppofition  to  thr  philofophy  of  Ncw  t'in. 
From  the  poodnefs  and  wifdom  of  the  Deity,  and  his 
principle  of  a  fujicirni  rtafon,  he  toi  cl  .dLcl.  that  the 
univcrfe  wai  a  peifeft  work,  or  the  bell  that  could 
poffihiy  haw  heeo  made  j  tad  that  other  things, »  hich 
air  evil  or  iticommo(!ioii»,  were  pennittcd  to  Otceflair ■ 
confe^ucnces  of  what  was  beE  i  tbit  the  niiUiU  Ijf- 


tern,  coiifitlfrt J  as  a  pcrfeft machine, can  ne-tr  fall  into 
dilori'.r  r,  ijv  rfrjinr-,:  to  l;c  IlI  lijjht  ;  nud  to  fu;)p<ife 
that  God  inierpofes  in  it,  in  to  Icffni  the  (kill  of  the 
nntbor,  aod  the  perfcftion  of  his  vrork.  He  exprefsly 
charget  an  impiotis  tendency  on  the  philofophy  of 
Newtbn,  becaufe  he  alEtrtti  that  the  &bric  of  tlie  unj^  ' 
verfe  and  courfe  of  natt^iv  conid  aot  continuc  for  ever 
in  ftt  prelent  ftate,  but  inproeefsof  time  would,  require • 
t"  he  rc-L'tla'jliriKi.l  <ir  icii'-ivid  I>y  tlu-  li-vnd  of  its  firft 
framer.  The  pt-rfi  'tion  of  thr  liniw:!'.  ,  i;i  confequence 
of  which  it  iscsip.ilk  of  cot  t  tor  ever  by  mecha- 

nical laws  in  its  prefent  llate,  led  Mr.  Leibnitz  to  dif* 
tinguith  between  the  quantity  of  motion  and  the  force 
of  bodies ;  and,  whilft  he  owns  in  op^Gtton  to  l>ca 
Cartet  tbat  the  fonuer  Tarin,  to  maintain  that  the 
quantity  of  Ibree  ia  for  ever  the  lame  in  the  unirerfe  ; 
and  to  meafurtf  the  forces  of  bodies  by  the  fquares  of 
their  velocities. 

Mr.  Leibnitz  propofes  two  principles  as  the  founda- 
tion of  all  our  knov.  lcd;^i.- ;  tiiL-  iirl)  ,  that  it  is  impolB>' 
ble  for  a  thing  to  be,  and  not  to  be  at  the  fame  time^ 
which  he  fays  is  the  foundation  of  fpeculativc  truth 
and  fiecaadlyi  that  nothing  i»  without  a jM^tiitO'  nafim 
why  It  flmind  be  fo,  tvther  than'odierwi/e ;  and  by  thfr 
principle  he  fuys  wt-  make  a  tranfitinn  frctn  nbfii-ai^cd 
tiutiia  to  natural  philulophy.  Hence  he  concludes  that 
the  mind  is  naturally  deiennincJ,  in  its  volitions  and 
cledlotis,  by  the  grcatcfl  apparent  gotxl,  and  that  it  is 
impoflihle  to  make  a  choice  between  things  perfeftly 
like,  which  he  cdls  Indifiern'thtet ;  from  wbeocc  he  in* 
fart,  that  two  things  perfeAly  like  could  not  bane  been 
prodnced  even  .by  tbe  Deity  himfeif :  and  one  rcafon 
why  he  reicdaa  vaentim,  is  becaufe  the  parts  of  it  muft 
be  fappofed  pcrfcflly  like  to  cnch  othfr.  For  the 
fame  rtafon  toa,  he  rcjeds  uionis,  and  all  ftmilar  parts 
of  matter,  to  c.'.ch  of  which,  !hr'ij;;ti  divisible  <i</  infini- 
tum, he  afcribcis  a  monad  (Adt.  Lipfite  1698,  pa.  435) 
or  aftivc  kind  of  principle,  endued  with  perception  and 
appetite.  The  eifence  of  fubftaoce  he  places  in  a£^ioA 
or  aftivity,  or,  as  he  exprcffcs  it,  in  fomething  that  la- 
between  atting  and  the  faculty  of  afting.  lie  afHrms 
that  abfolute  reft  is  impoiHble,  and  holds  that  motion, 
«ir  a  fort  of  n'lfus,  \:\  c.IluiuI  to  all  material  fubflances. 
Each  monad  he  dcfcribcs  «$  reprcfcntatlve  of  the  whole 
univcrfe  from  its  point  of  fight  j  and  yet  he  tells  us,  io  - 
one  of  his  letters,  that  matter  is  not  a  fubftance,  but  a 
fuhjlantiatum,  or  phmomtni  hien  fondt.  See  alfo  Maclau- 
rin's  View  of  Newtoo'a  Philalophical  Difcofetieik 
book  1,  chap.  4. 

LEMMA,  is  a  term  chiefly  ufed  by  matlifmaticians,. 
and  lij^iiihc";  a  prujjolttion,  previou'lv  hud  down  to 
prcpnrc  the  way  for  tlie  more  cafy  apprchcnlion  of  the 
dcnionflralioa  of  fomc  tho>rcm,  or  the  cooilrufUon  gf 
Ibmc  probkn. 

LEMNISCATE,  tlic  rwmc  of  a  curve 
in  the  form  of  the  figure  of  8.  Jf  we  call 
AP,  .vj  P  Qj^j' ,  and  the  conftant  line 
AB  or  AC,  0;  the  equation  «f  =■ 
"'/aa  —  xx,  or  —  expltfl^ 

ing  a  line  of  the  4th  decree,  will  denote 
a  letnniicatc,  having  a  double  point  in  the 
point  A.  Thirc  may  be  other  Icmnif- 
caus,  as  the  cUipfe  of  Cafiini,  &c ;  but 
that  above  defined  is  the  fiatpleftof  them. 
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It        ai^cari  thit  tfau  cuitc  U  y^dribWi  Wot 
igr  s  4rV^^— «*>  thenfot  tlic  flnioB  of  tke 

wluch, whien  X  is  =  ^  becomci  bardf  )«*  s  A  QB. 

IfMS^apieoeofglaitorodNirtfMi^ttrcnt  (ubftnnce; 
Ittiiwhttiro  InrfiicM  fo  formed  thaf  the  nys  of  light, 

in  paliirj'^  throi;,;''.  it,  hive  their  diref^ion  chriogcd,  aiid 
made  to  couvcrge  and  tend  to  a  p*nnt  bcyonil  the  Ici»«, 
or  to  bccnmc  paral!;!  after  conver;,;in^  or  diverging,  or 
laflly  lo  diverge  as  if  thcj  had  proceeded  from  a  point 
before  the  lens.  Soow  Icnfei  arc  cunvcx,  or  thicker  io 
the  middle }  othera  aueut,  or  thiaoer  ia  ti^  middle  } 
while  othot  are  |iluo*«aneS(  or  plaiio<onam  |  and 
fome  again  WK  eomft  «»0M  lide  and  concave  oa  the 
«ther,  whidi  are  oBed  iMaifenTcf,  the  propertica  of 
which  fee  under  that  word.  When  the  particulur  fi;,n're 
is  i>ot  confidered,  a  lens  that  i»  thickeft  in  tlic  middle  ii 
c.ilicd  a  convex  lens;  and  that  which  is  t!iinncf\  in  the 
middle  is  called  a  concave  lens,  without  farther  diiUnc- 
tion. 

Tbe&  fcTcnl  fonns  of  knfta  aic  icsttftated  in-thc 
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where  A,  B'areoMves  lenfes,  and^D,  E  are  con- 
cave ones;  alfo  A  ia  a  phtao-convcx,  B  it  conrcxo-con- 
TO((Ctt  plaiUMWicave,  D  isooncavo-concatr,  and  £  i* 


In  ever  J  lent,  the  riflitliiicperpendicdar  to  the  tw»< 
lbfiice«,tscaIlcdtheAxbortheI<ii*,a«PG ;  thepointa 

where  the  axis  cuts  the  furfacc ,  arc  L-altcd  the  Vertices 
of  the  L>ns;  alfo  the  middle  puiut  between  them  it 
called  the  Centre  ^  aad  ihtdiftaacebetwieea  tbcinf  dw 

Diannctcr. 

Some  coafiite  lenfea  within  the  diameter  of  half  an 
inch ;  and  fuch  aa  exceed  that  thidutefii,  thermal!  Len* 
^QihrGlallM. 

]^cafiw  are  ehber  blowB  orcrouDd; 

BftwH  Lenibs,  are  fmall^bules  of  glaft,  melted  ur 
the  flame  of  a  Lamp  or  taper.  See  Microfcope. 

Gr«ttff</ Lenses,  are  fuch  as  are  ground  or  rubbed 
Into  the  dcfired  ftiapc,  nnd  then  polifhcd.  Fora  method 
of  grindinff.  them,  and  defcription  of  a  inaduac  for  that 
purpolr,^  fee  nSiaL  TitaL  troL  xli..  pa.  $55,  or  Abh* 
aai.  a8i* 

MnrohreMfirA  d^vend'lbnethinr  relative  to  dw 
nature  of  lenfes  ;  but  wc  arc  chiefly  indebted  to  Kepler 
for  explaining  the  doftrinc  of  refradion  through  me- 

diunn  of  different  furms,  tlit:  chief  fubftancc  oT  which 
i»;  be  ^Mnprcbcikded  ia  the  caiiu  Ci^on'iag^ 


Let  DA  be  a  ray  of *I!g4it  falling  upon  a  concB 
denle  medium,  having  its  centre  at  £.  Wlien  the  ray 
anivea  at  A*  it  will  not  prooecd  in  the  fimc  diieftioa. 
Aif  hat  it  wiD  be  there  bent,  aifd  tbrawarinto  a  direc- 
tion AT,  nearer  the  perpcndlc  .lir  AE.  In  the  fame 
manner,  another  ray  falling  uii  13^  at  aji  equal  diftancc 
on  the  other  li.ie  uf  the  vertex  C,  and  parallel  to  tha 
fornuT  ray  D  A»  will  be  refratted  into  the  fame  poioCi 
T.  Aivd  it  wiU  alfo  be  found,  that  all  the  intenacdillft 
parallel  rays  will  converge  to  the  liuie  point,  Terf' 
nearly. 

On  the  Other  haad,ifthe  lajs  fall  pan^lrl  nn  theim 
fideef  thiajeaiei  nMdiiim,aifb  t\n  ]„  v,  they  wiU 
tend  from  the  perpendicular  EA/.  .1:1!  L  jr'ivci7;e  10  a 
point  T  in  the  air,  or  any  rarer  nicJuim.  Ailu  tlic  ray 
incident  oa  B,  at  the  fame  diftancc  fiuin  the  vertex  C, 
will  converge  to  the  lame  placs-T,  together  with  all  tha. 
"  "i  pvaBel-nf  •»  • 


Since  tKereAic      netaade  to  cooverge  when  they ' 
aaft  either  £reiD  aiwcr  or  a  denfcr  medioai  termiitttcd 
tj  a  eoavex  fitriaee,  and  eooverge  again  when  they  paft 

from  the  lame  medium  convex  towards  the  rarer,  a 
which  is  convex  on  both  fides  mull,  an  both  account*, 
make  parallel  rays  cunvctgc  to  a  point  beyond  it.  ThlU|» 
the  parallel  ray  a  between  A  and  fi,  (ailing  upo* 


the  convex  furface  oPthe  glafs  AB,  would  1 
medium  have  converged  to  T  ;  bm  tliLit  incdiuin  being 
terminated  by  another  convex  furfac'.,  thry  will  be  made 
more  coo«ci;miig,  and  be  colkCkd  at  fome  pUce  F» 
amer  to.^helena,. 


Again,  to  explain  the  effe£b  of  a  concave  ghfi,  Irt 

AB  ce  the  concave  fide  of  a  denfcimediuin,  the  centre 
of  coacavity  being  al  £. .  Is  thit  cafe,  DA  will  be  re- 
'  Jmaed 
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4nAed  tMnnnis  tbe  perpendicular  EA;  and  fo  fikemfe 
«ri&  tbe  Mf  incident  at  B ;  ia  canfeqfleno*  of  wliick 

th«y  wWI  diverge  from  one  anotlier  wntnfn  tbe  denfe  nue-' 

diuiii.  lilt-  int-.-rrrirdi-ito  rayj  will  ;;lfo  d?Vtrpc  mo-c 
■or  IcU,  a>  thry  recede  from  the  axU  TC  j  which,  bc« 
inf  in  Uw  pe^pcndicttlir,  will  |»»  ftiaigfat  od» 


If  l!ic  ray*  be  pantile!  witliiii  the  dtnTc  mct'I'im,  t'-.c-v 
(will  diverge  when  clicy  pafi  from  thtncc  into  a  rarer 
jiiedium,  through  a  concave  finfacc.  F<»r  the  ray  DA 
will  be  (cffudod  from  tbe  perpendicular  A£,  u  will 
^Ub  tbe  ray  that  it  incident  at  S,  tqeetbcr  with  all^ 

tnto.nu'Jiatc  lays,  vn  proportios  to  ueir  dafiaBOcAsOl 
the  ojiis  or  ccutrol  ray  TC 


Tlicrcfnrf,  if  a  ilfnfc  mciHum,  as  tlie  pbfs  AB,  he 
ternii:iuted  by  two  (.viDcavc"  fut faces,  pariHr!  rays  paiT- 
ing  through  it  wiil  be  made  to  diverge  by  both  the 
fi«»  of  it.  Thus  the  hrll  furfacc  AB  will  make  tlicm 
diverge  a>  if  tbey  had  come  from  the  point  T ;  and 
with  die  dk6t  of  thefccond  furfrce  added  to  this,  tiiey 
will  diverge  as  from  a  nearer  point,  F. 

It  was  iCcplcr,  who  by  thele  invt-Rigations  firft  cave 
a  clear  explanation  of  tlie  effedt  of  Icnfc*,  in  making 
the  rays  of  a  pencil  of  light  converge  or  diverj^c.  He 
fhevvtd  thai  a  plitio-convex  lens  iiiakts  niys,  lliat  were 
parallel  to  its  axis,  meet  at  the  ditlance  of  the  diameter 
of  the  fphcre  of  convexity  ;  but  that  if  both  fideg  of 
the  lena  be  cqnaUy  coQ«ex»  the  taj*  will  have  their  ia- 
«us  at  tbe  diHanoe  of  the  ladtm  of  the  ctrde  corre- 
fpondifip;  to  thit  degree  of  convexity.  But  he  did  not 
iavclH^au-  any  rule  for  the  foci  of  lenfet  uncquallf  con- 
vex. He  only  fayS|  in  gt  nLinl,  thaL  they  i'.il!  Ibirr- 
H-here  in  the  medium,  betweeu  the  loci  beiongntg  tu 
the  two  different  degrees  of  convexity.  It  is  to  Cavalerius 
tliat  we  owe  thi»  invt-lligation  t  he  laid  down  this  iule» 
As  the  fum  of  both  the  diameters  is  to  of  them,  fo 
ii  the  other  to  the  diftanoe  of  the  focus.  And  it  ia  to 
be  noted  that  mil  thefe  rale*,  concerning  con  rex  lenlet, 
arc  applicr.Wt  lo  thof::  that  art  cuncai,-,  With  th's  ilif- 
fcrenee,  U»at  ttu  focus  is  on  the  contrary  tide  of  the 
glafs.  See  Moiituch,  vol.  2,  pa.  176}  or  Frieftlcjr'i 
Hift.  of  Viiion,  pa.  65,  4x0. 

Upon  thi«  principle  it  was  not  dificult  to  find  the 
Sod  of  pencik  of  rays  itTuing  from  any  p<jint  in  the  ixit 
of  the  lent;  (incethnfe  that  are  parallel  will  meet  in  the 
focus;  and  if  they  ifliie  from  the  focus,  they  a^iU  be 
paiiiilKl  un  the  other  iule.   If  they  iflue  froa  a  point 
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between  the  focus  an  J  she  glafs,  they  will  contintie  to 
diveige  afierpaiiing  the kai»biit  lf:fs  than  b4^urc ;  while 
thole  diet  come  from  beyond  the  kcat,  will  converge 

after  piflin^  llie  ^^lais,  .uiJ  w'M  nirct  in  3  place  b«yoi>d 
the  oppofilc  focus.  Tlx-,  phili .fopher  particularly  oh- 
fcrvcd,  that  ray  which  iii  frotr.  twice  the  dittance  of 
tliC  focus,  will  meet  at  tlie  lame  dllUncc  on  the  oiiier 
fide.  The  raoft  important  of  thefe  obfcrvations  have 
been  already  iUuftratcd  by  proper  figures,  and  from 
them  the  teft  may  be  cafily  conceived.  Later  optical 
writers  have  alligncd  the  diftances  at  which  rajra  will 
ineet,  that  HTue  from  any  other  place  in  the  aiu  of  a. 
Icn.i ;  but  Kepler  was  too  much  intent  upon  his  aftro- 
nomical  axid  other  purfuits,  to  give  much  attention  to 
ri.jiiittry.  Kut,  from  the  whole,  Montucla  gives  the 
following  rule  concerning  thin  fubjeA  :  A»  the  exccfs 
of  the  dillance  of  the  objeA  from  the  glafs,  above  the 
diAaaoe  of  tbe  fociu,  is  to  the  ddlancc  of  the  focus ;  fo 
ii  this  dlftaBCCt  to  the  place  of  convergcncy  beyond 
the  glafa.  And  the  fame  ruk  will  fiiMl  tbe  point  of 
divrrgeacy,  when  the  rays  iffue  from  any  phce between 
the  lens  ani  the  fiyci.-j:  for  then  the  exccfs  of  Jif- 
tance  of  the  .ibjt  L't  from  tlie  j;lafs,  above  that  of  lhe_ 
focus,  ij  negritivc,  whi^h  is  tde  l-imc  diftaace  taken  the 
contrary  way.     Moiiti.cla,  vol.  a,  pa.  177. 

Ar:d  fror.i  the  prii.ciulc  above-mentioned,  it  will  not 
be  difficult  to  underllaad  the  appUcation  of  lenfea,  in  the 
latiomile  of  tdefeopea  and  micrafcopes.  On  thefe  pria«' 
ciples  too  is  founded  the  ftruQure  of  refrafling  burning^ 
^lalTes,  by  which  the  fun's  light  and  heat  arc  exceed-  , 
ingly  a'.J;,fmcntcd  in  the  focus  of  the  lens,  whether  con- 
vex or  plaiio-couvcx }  iinec  the  rays,  talhnj^  parallel  to 
the  axis  of  the  lens,  are  reduced  into  a  much  narrower 
compals  I  fo  that  it  is  no  wonder  tbcy  burn  fome  bo- 
diet,  nidt  othcNi  aad  piodnoe  other  cxttaovdiMiy  phe* 
nomctia* 

In  the  PhiloC  TrwuL  vol.  xvii.  ^60^  or  the  Abr.  i. 

19 1,  Dr.  Halley  gives  an  in^cn  101$  iovc!!lgatioa  of 
the  foci  of  rays  refraded  through  any  lenfo,  nearly  M 
foUowa :  - 


Let  BEL  be  a  double  convex  len^  C  the  centre  of 
the  fc;;n-.CMt  EB,  and  K  the  centre  of  the  frg;:ncnt  EI,; 
l>L  the  tbickncfs  or  diameter  of  the  lent,  and  I)  3 

fwliii  in  the  axis |  it  U  required  to  find  thepoint  F,  or 
ucus,  where  the  raya  proceeding  from  D  (hall  be  col« 
kAedt  after  being  rcfraSed  through  the  lens  at  A  and 
«,  point*  verf  near  to  the  axis  BL   Pot  the  diftance 
DA  or  DBssf^,  the  nditis  CA  or  CB=r,  and  the  ra- 
dios Ka  or  Kt.=  R;  airo  ttic  thickr.t Ts  of  the  Irns 
Blj    /,  and  m  to  n  ttit-  ratio  of  the  tiiic  ot  tlie  angle  of 
ineiJcncc   D  \G  to  the   iiiie  ot   the  rcfr.^itcd  ar.glc 
HAG  or  CAkVI  j  or  m  to  a  will  be  tbe  ratio  of  thofc 
aiielis  themfclves  nearly,  fince  very  fmall  angles  are  to 
eaoi  other  in  the  fame  ratio  as  their  fines.  Hence 
'm  is  as  the  angle  DAG  or  DAC, 
n  is  as  the  angle  HAG  or  MAC, 
and  becaufe  in  thit  ca»  Ac  hdes  arc  as  their  opoo. 

fit* 
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ffte  angles,  tliorefore  DC  :  DA  : !  ^DAC  :  ilC, 
«r  d+r  I  J  i     m  -,  •YT'  ^^^^  **     ^  > 

fcn  Ait  ttke  «  or  (be  ^  MAC^ 

keace  again  ^.M  :        :  t  CA  1  MA  or  MB» 


,     ,        —  (Ai  — rn 



_"r_=MA 


ni  —  n,d — nr 

or  MB  ;  which  fhetrs  in  what  putnt  the  rays  would  be 
c»nnfled  after  oue  rcrradtion,  yiz,  when  tir  is  Icfs  than 

K—n.d.  liut  when  nr  h  =  m — o  .  </,  the  point 
would  be  at  an  inhnitt:  (!ift.\iicf,  or  llic  r,-\y»  will  be 
parallel  to  the  axis ;  and  when  nr  is  greater  tlian 

m—m  ^Jt  thtn  MB  u  negative,  or  M  JUb  oa  the  other 
fide  of  the  knt-bmnd  D^and  ibe  nnfaftill  iK»tiniie  to 

£verge  after  the  fim  refnUftlon. 

The  point  M  bciiig^  now  found,  to  or  from  vvliicJi  tViC 
rays  proceed  after  the  lirll  tcfiaciiuii,  antl  BM  — DL 
being  thus  givi-n,  which  call  1),  hy  a  \i\vrvh  like  the 
former  it  follows  that  FL,  or  the  tocal  didaiicc  fought» 
nDR 

MCQual  to  —  ■   ■— ^  —/•   And  here,  initcad  of 

^  m-o.D^MhH 


-LB 


or 


'  — /•  end: 


t—n .  d  —nr 

futtiag  /  for^"  ^,  the  fame  tbearev  will  BeoooM 
•fti^  ^mtb  +  tifrt}  X  K  

mdr  +      R.  —  mpr^  —  m  —  n  .  dl  +  art 
the  focal  diftance  (ought,  in  ht  moft  ^neral  form,  in- 
ehidioK  the  thickneft  of  the  fait  |  beans  the  univerfal 
nk  for  the  foci  «f  double  coovex  i^Uau  expofed  to 
diverging  rays. 

Bet  if  /  the  thickneft  of  the  lens  be  njeAcdf-w  ROfc 
{cniiLle,  the  niK  will  be  much  IhorteTf. 

If  thflndbre  tbcleiM  eonfift  of  ghds,  wfaofe  rdhAiaa 
i.»jto»,.ifillbe^^^^-^=/.  Airfifit 
'  fee  of  «atcr,L  whole  lefioAioiiU       to  |,itwiUbe  ' 
—  rr-  ^  A  Bitt,  if  tbc kiH cooU  beaaadeof 

«r+«;K  — jrR  ' 

-  diamond,  whofe  Tcfiafiioii  it  1*5  to  tf  it  would  bo 

2drR  —  r  ' 

If  t!ia  incident  mjrs,  infiead'of  dtnrging,  be  con- 
verging, the  dtftaoce  DB  or  </win  be  oegative,  and 
the*  the  tiieorcm  tat  a  doable  convem  i^huo  ku  wiU 
.        ^zdrK  2drK  .  ... 

J   '  jn         or^-.  ,-  ■       as  /,.  in  which 
c^rt  tTicrefinre  the  focoi  is  iilmqrt  ob  the  odicr  Mt  of 

ihc  I'lafs. 

;\r.  !  if  the  rays  be  parallel,  as  omln^  from  an  i::tl- 
nitt  di fiance,  or  nearly  fo,  then  will  be  negative,  as 
Kelt  at  the  tenni  in  the  theorem'  ill  which  it  n  found  ; 
md  therefore,  the  other  term  fr^  will  be  nothing  in 
tt%cft  of  tboife  iafimu  cenmf.nd  by  omtttiog  it>tlii6 


AndhereSfrwRfOr^ArtliQ  fidi»of  the  gUTi  hv 
of  eqial  oonvoitys  lUe  hft  wiB  heoove  btrdj  oor 


barely  r  =>/  the  focus,  which  tbcrefine  il  in  the  < 

tre  of  the  convexity  of  the  leos.  "  ' 

If  the  lens  be  a  incnifcn»of  tKcB^  aukidg.J*' 

negative,  the  theorem  is 

-  2^rR  aVrR  

for  diverging  rays, 

-  2drR  aJrK  , 

-dr  +  rfR  -  arR      _dr         +  irSL  "'^ 

for  converging  rays, 

,    —  2rR       irR  „  , 

and   =  or  5-  =  /  for  parallel  ray«, 

—  r+  R     r  —  R  •' 

If  the  lens  be  a  double  concave  glafs,  r  and  R  will  be 
both  oegatiVe,  and  dicn  tlie  tbeoran  becomet 

lb-  -iTrfR-*-  ark"-^^  diwii"g  mpt  alw^»  Bcgativejt 


:  /(br  conieiging  laya  ft 


dr  +  ,/R  X  J'  R 
and  — ^—5 —  =  /  for  parailL-1  rays. 

And  here,  if  the  radii  of  curvature  rand  R  be  eqoal^ 
this  laft  \vi!l  be  barely  —  r  =/ for  parallel  raya  ihuiog 
on  a  double  concavr  p^hfi  of  cijual  cmrvatute* 

Laftly,  when  lb L  k-.n  it  a  puno-«aaKs  ghd*';  ibea^ 
r  being,  mfinite,  the  theorem  become* 

J        =  /for  oonveigiiig 

and  2R  =/ for  parallel  rays. 

The  theorems  for  parallel  rays,  as  coming  fron»  aa 
infinite  diilancc,  t^ke  place  in  the  common  rcFradln^ 
tekfcopc5.  And  tlioic  for  converging  rays  are  chiefly 
ofuu  lu  Jciermine  the  focus  refulting  from  any  fort 
of  lens  placed  in  a  telefcope,  between  the  £)Gue  of  the* 
obje^t-glafs  and  the  glafs  itfelf ;  the  dlSaooe  between- 
the  faid  (bctta  of  the  objeA-ebds  and  the  interpofed 
lens  being  nwde  =  —  1/;  wnile  tho&  for  diverging 
rays  are  chiefly  of  ufe  in  niicrori.()pL!i,  trading  glaib^' 
and  other  cafes  in  wliich  near  nbjects  are  viewed. 

It  is  cviiii  itt  that  tlic  f(>rcvT<ii»g  general  theorem- 
will  rcr\e  to  (ind  any  of  the  other  circumilances,  aa 
wlU  the  focus,  by  confidering  this  as  given.  Thtn, 
£Driailancet  fnnioiie  it  be  required  toiiM  the  dillaiice 
at  whidi  an  oejeft  being  placed,  it  (hdl  by  a  given 
lens  he  r«prtrcntcd  as  large  us  tiie  obje£t  'tl'  If  ,  ivhich- 
is  of  fjuf^'ular  ufe  in  vIcwinc.F  and  drawii,^  n,t;n,  hv 
tmnfmilting  llic  imapt  through  a  glafs  in  a  dart 
room,  as  iu  the  camer^t  obicui'a,  which  gives  not  un'.y 
the  true  figure  and  Ihades,  but  the  colours  theinfclvrs  as 
Ttvit^  the  life.  Now  in  thiacafe^^ i*  wlikhm^kee 
tba  tJteoRtt  keaom^i!!irBLjmd*r-^,4^K''fA^  and 

tlii* 
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But  if  tlie  tK'o  conveniiicf 


belong  10  equal  fphcrcj,  fo  at  tliat  i-  ^  R,  tinn  »t  it 
■  d^ff,  or  5=  tr  when  the  leiwig  zlil*.  tfut  if  the 
•objea  be  pUced  at  the  diaouter  «  tlu  £iBlu:re  4iilmt 
■Xtom  the  lens,  then  the  fban  wiB  be  a*  we  diftant  on 
«he  oUipr  fide,  and  the  ima(re  as  Uri^e  »  tin  uSV  a. 
But  if  the  gtaft  were  a  plano-convc.;,  the  1  ua:  Jil- 
•tancc  would  be        tw  ice  as  nnich. 

Again,  rccuirin^  to  t!se  full  j^tueral  tlii'iircin,  in- 
cluding /,  the  tliick  Hi's  uf  UiL-  1'  1.";,  ;  let  tlic  kns  be  a 
whole  fplu-rc  ;  thoii  /  — .  ir,  and  ;  =  R  ;  and  hcac«  the 


theorem  reduce*  lo 


Tif'.lr  —  indr—  tnpr 


And  here  if  d  be  infinite,  the  thoorein  ctmtnicls  to 
— ,„       •  :  r  =  f\ot  for  glttfc  ir  »«/: 

fhewing  that  a  fphere  of  glafi  colleAt  the  fnn'i  tws  at 
half  the  radius  of  the  fplicn-  v.'tfuivt  it.  And  tir  a 
fphere  of  water,  the  fvjcus  is  at  iLt  dti'uuce  ul  a  whole 
iradius. 

For  another  example ;  when  a  Ucmifphere  ii  expofc^ 
to  pttaUd  ray* ;  then  J  and  R  bring  iRfimte»  and  i^r, 

kU  thaiwcw  beaimCT        'r.  =  r:./. 

That  is,  Ii\glaf»  it  is  ir,  ar.i  in  w  .iur  >  >  . 

Several  other  corollarici  jjiay  Lc  dtducxd  from  the 
foregoing  piincipltj.  A», 

lU.  That  the  thickneft  of  the  lent*  being  mf 
fioaU,  the  focui  will  remnin  ilic  fame*  whether  the 
-ODC  fide  or  the  other  be  cxpored  to  the  nys. 

sd.  If  a  luoiinotit  body  be  placed  in  a  focus  behind 
«  Icni,  wlutlu-r  phno-ronvjx,    or  convex  on  bdtli 
t^dcs;  or  whether  tquilly  or  unequally  ft);  the  rays 
t'ccomr  parallel  afttr  u  f;a.!t;nn,  .is  the  tcfr.if^td  rayi 
become  what  were  bcfojc  the  inctdent  rays.  And 
■hence,  by  means  of  a  convex  Icnn,  or  a  little  glab 
bubble  full  of  water,  a  very  intfnfe  light  may  be  pro* 
^jcfled  to  a  great  diftance.   Which  wmiflies  i^  with 
the  ftraAufc  of  a  lamp  or  hntcm,  to  throw  an  intenft 
tight  to  an  tremenfe  diftance :  for  a  lens,  convex  on 
"both  Ti'lfi,  lieinji;  pl.iccd  f)jip'ir;t',-  tn  a  coiicnvc  mirroi, 
if  theic  he  plaetil  a  li^Ulcd  eantiit  or  wick  in  ihccotn- 
TTion  focus  nf  both,  tlic  rays  reflctted  back  from  the 
mirtor  to  tlie  lens  wiil  he  parallel  to  each  other  ;  and 
after  ttfriAwn  will  coaverge,  till  they  concur  at  the 
-diftance  of  the  vadiiu.  after  which  they  wiU  again  di- 
verge.  But  the  candle  being  Kkewtfe  in  tite  loeua  of 
the  lens,  the  rays  it  thm-.v;  on  the  Utu  wi'l  be  p^iral- 
Itl ;  and  therefore  ;i  vtiy  intrnff  Ui^hl  nu'fting  with 
sinotlier  ctrially  irtinfr,  ^x   tlic  I'.ilkuncc  ot'  the  din- 
-WKter  from  the  leni,  the  light  will  be  furprifmg :  and 
though  it  aftcrwaMbdccrcale,  yet  the  paiallel  and  di- 
verging  rays  going  a  hmg  way  tBgetbcr»  it  wiU  be 
very  ^reat  at  a  great  dillance.    Lantema  of  thic  kind 
are  of  confidemble  fcrvice  in  the  ni^ht  time,  to  difcover 
remote  objcdls ;  and  are  ufed  with  {kccelii  by  fowler* 
n^d  lilhermen.  to  coOcft  tbcir  prey  together,  tint  b  it 
«i<iy  be  taken. 

If  it  be  required  to  have  the  light,  .u  liic  fame 
itiiriei  tranfmittcd  to  Cercnl  viaectt  u  through  fm> 
«il  btrnt,  ft^ihe  Buatber^r  leafiitudttiffOisinift 
^)ie>inocal!adt 


3d.  The  lm.tgcs  of  objoas  are  (hewn  twnertol  ?n  tV» 

focus  of  a  convex  lens:  uor  is  tlio  focu.!  of  tlie  fui.'s 
rays  any  thing  elfe,  in  effctft,  but  the  ii-ajc  of  the 
fun  inverted.  Hence,  iu  folai-  eelipfcs,  tlic  d  n'l  im.ige, 
cclipftd  as  it  h,  may  be  burnt  by  a  Urge  knj  on  a 
board,  Bcc,  and  exhibit  a  very  entertaining  phenomenon, 
4th.  If  a  courave  mirror  be  £o|ibccdt  as  that  an 
invrrttd  image,  formed  by  refiaAien  through  aleiHt 
be  fi  !  ij.tv  .  t:i  tlic  centre  and  the  focus  or  even 
in-yani  iLic  Cwi,'.i>,  it  will  again  be  inverted  by  reflec- 
tion, aiid  fo  appear  ereit ;  in  the  iiitl  c.iU-  li^yonJihe 
centre,  and  ii(  iIk  Utter  ^between  the  centre  and  the 
fucui.   And  on  thefe  pnneipfei  |he  caaient  obfem  ia 

conftnuled. 

;t!i.  Tlic  imajc  of  an  object,  delineated  beyond  a 
eniivex  IcnA,  it  of  fuch  a  magnitude*  as  it  woul4  be 
of,  were  thcohjeA  to  (bine  into  a  dark  room  through 
a  fmall  liolc,  upon  a  wall,  at  the  fame  diftanee  fironi 
the  hole,  a«  thtf  fi>c  :<  is  from  the  leiu.— When  an 
objed  is  lefs  (i  O  i  from  a  lens  than  the  fociu  of 
parallel  rays,  the  ditlancc  of  the  image  is  greater  than 
that«>f  the  <J>jcCl ;  utiierwifc,  the  dillanct  of  the  i:ii  .^e 
■it  lefa  than  that  uf  the  objcft :  in  the  former  cafe,  - 
thcKforc,  the  image  it  latgtr  than  the  «bjed ;  ia  the 
tatter,  n  is  lefi. 

•  When  the  images  are  left  than  the  cftijeAs,  they 

will  ;ip|H;ir  t.iore  (iiitin^l  .Tnd  vivid;  bccaufc  then  IQOre 
rays  arc  a4:^:uir.u!.ttnl  iiuo  a  given  (pace.  But  if  the 
images  be  made  greater  than  the  objei>s,  they  will  not 
appear  diilinflly  ;  becaufc  in  that  cafe  there  are  fewer 
rays  which  meet  after  rcfraftion  in  the  fame  point ; 
whence  it  hamKn*,that  rays  jjrocccding  from  different 
points  of  an  abject  tenninaie  in  the  fiune  point  of  .in 
HTi.^ge,  which  is  the  caiifc  of  confulion.  Hence  it 
aj)[)cais,  that  .fie  fnme  aperture  of  a  lens  maybe  ad- 
niittiil  in  ever.'  cafe,  if  we  w.julJ  keep  off  the  rays 
which  produce  confulion.  Howe  er,  though  the  im.ige 
be  then  more  dlftincl,  vvh(  ;i  no  lays  are  n  lir.ittca  but 
thofe  near  the  axis,  yet  for  w^rt  ot  r;iys,  the  image 
is  apt  to  hr  dim. 

6th.  If  the  eye  be  placed  in  tlic  focus  of  a  convex 
lens,  an  olijeft  viewed  tbrou^  it,  appears  ercft,  and 
enlargtit  in  tlic  r-ilio  of  the  dillance  of  the  objeA  frottt 
the  eye,  to  tl.  ii  of  the  eye  from  the  kas.if  ttbe  near; 
but  infinitely  if  remote. 

7th.  An  ol>jec\  vicivctl  through  a  concave  leni,  ap- 
pears cred,  and  diminifhcd  in  a  ratio  compoundetl  of 
the  ntioa  of  the  fpacc  in  the  axis  between  the  point 
«ftneideflee,  and  the  point  to  which  an  ob^ue  ray 
would  pafs  without  rc{Tildian«  to  the  ^acc  i«  ^ 
axis  between  the  eye  and  the  middle  of  the  objeft  ; 
am!  the  fpnce  in  the  hm^-  axis  hLtwecn  "^^'^ 
the  point  of  incideuct,  lo  the  fpicc  between  the  mid-.  , 
die  of  the  objea  and  the  point  to  which  the  oUiqM 
fay  would  pafs  without  refraftlon. 

Hnallv,  it  may  bt  obfcrved,  that  the  very  fmaU  mag- 
nifying glafics  ufad  ia  microfcopes,  moft  properly  come 
under  tlie  denomlnatton  of  lens,  as  they  moll  rpproach 
to  the  ti>;i;re  of  the  lentil,  a  feed  of  the  v^h  orpe* 
kind,  hoiiv  whtricethe  name  i«  derived ; but tbe  feadiDg 
glaiTeS,  and  burni:.-  i;la:lls  ar.d  tbnt  magnipT,  COWe 
under  tl»«  iamc  dciiuu»iii.itiou  ;  for  their  furface*  are 
conve.'c,  abhoiwh  lefs  fo.  A  drop  of  «-«er  is  a  lens,  and 
it  wiU fcrrt  ai one*  atwl  numy  have  ufcd  it  by  wa^ 
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lens  [a  tlieir  inicrolcopes.  A  drop  «f  any  tranipaitnt 
fluid,  indaled  between  two  contavc  glaGls,  acquires  the 
fhnjie  uf  a  len«,  and  ha«  all  il»  properties.  The  crydal- 
linc  humour  of  the  eye  io  a  lens  exailly  of  this  kind  ;  it 
it  a  Imall  qii:\i):!t  v  cf  a  tranHueent  Jl  ;u!,  c  jiitained  bc- 
twcca  two  concave  and  trniifparer.t  membranea,  called 
tW coats  of  the  cjc  ;  and  it  acts  as  the  lent  BUidc  of. 
mtcr  would  do,  in  aa  equal  degree  of  convexity. 
'  LEO,  tie  Lhiit  m  cenfiderable  coaftellation  of  tlie 
northern  benHTphi-rc,  being  one  of  the  48  old  conltcl- 
larlon^.aiid  th«  >th  iij^u  of  the  zodiac.  It  it  marked 
thus  Jl_,a3  3  rude-  Ikt-rch  of  the  animal. 

The  Greeks  siLlcd  that  tliii  was  the  Ncmzan  lion, 
vdiich  had  dropped  from  the  moon,  but  being  (lain  by 
Iferculett  was  raifcd  to  tlic  heavens  by  Jupiter,  incoin- 
Ohenwration  of  the  drradfal  i'ni:(lfc>,  and  in  honour  of 
dut  han.  But  the  hlcfoglypliiatl  i»catiii|g«f  thia  figilt 

^epidod  by  the  r^jvptinn^  Ion/  bc£b*e  the  inveatioa 
of  tiic  fa!)!c3  of  ilvTCulcii,  wai  probably  no  more  than  to 
ftjMiify,  by  the  fury  uf  the  lioti,  Uil- wokot  beats  occa- 
Ik-tR'J  by  die  fuo  when  he  entered  dnt  psrt  of  iJic 
ecliptic. 

The  ftars  in  the  condellatinii  Leo,  in  Ftolooiy'*  ca- 
talogue are  27,  bcfulcs  H  unformed  oiie«,  now  counted  iu 
liter  times  in  the  conttclkiion  Coma  Berenice*,  in  'I'y- 
cbo's  3(4  in  that  of  UcveiitM  49,  aa«l  in.  fluifteed't 
97 :  one  of  ttiem,  of  rhe  :firft  magaitiide,  hi  tfie  breaft' 
o:  iht  Lion,  fi  cslkd  R^guluf,  totd  Cm  Leonui  or 
Lio:;'s  Heart. 

Leo  Minor,  tit  Litllc  J  Jon,  a  confttilinon  of  the 
nortlicm  hemifpl>erf,  and  one  of  the  new  ones  that 
Mrerc  formed  out  of  what  were  left  by  the  ancients,  un- 
der the  name  of  i>lcihB  Informet,  »r  unformed  ftaia,  and 
added  to  tbe  4B  oidona.  It  aootaini  llvt  la  Fbmo 
ikcd't  catnkfue. 

Cw  Ltowttt  lam*!  heati,  a  fiscd  fiar,  of  the  firft 
irajriiir  uic,  ip dw fipi  J^o^  called  aUo  Rcguliia,  BaC- 

\x\M,  if. 

LLi'US,  t) f  If.  I  ',  n  coiif!t_lljtioii  ;  f  till.-  Uiuthcrn  hc- 
mi^^rc,  and  00c  of  the  48  old  conltcilatinns. 
-  IVGftdsaftUed,  tint  thit animal  waapJaced  in  the 
iienvcnt,  near  Orion,  at  beioff  one  of  tbe  tuitnals  whicK 
he  hooted.  But  it  it  probable  tbcir  maften,  the  Egyp* 
tlant^  had  fime  oiber  meaning  in  tliia  hierogly]>hic. 

Tie  ftart  in  tlte  cMtftellaii  on  Lepuii,  in  Ptolomy'a 
catalocne  aic  12,  inTvcim's  13,  and  11  Flamllecd'i  i<). 

LEUCIPPUS,  J  csltbrttt  i  CuLck  philofopher  iiud 
mathematician,  V.  Ii:>  floiirinuil  about  thi-  428ihyearbe- 
fete  Ckrift.  He  was  the  &til  author  of  the  iatnout 
bkem  of  atomt  and  vacuums,  and  of  tllC  bypotbefia  of 
wMmtf  finoc  attfibotcd  to  the  modem. 

LEVEL,  m  mfttament  okd  to  make  a  Hat  parallel 
to  the  horicon,  and  to  continue  it  out  at  plcaftire  ;  and 
by  thh  means  to  fmd  the  true  level,  or  the  diflcrcacc 
c{  afceat  or  defcent  between  two  or  more  plaoea»  for 
-conveying  water,  draining  fei.s,  flkc. 

Thire  are  fevcraliuilrumenta,  of  diiTerent  contri^-ance 
«ad  matter,  invented  for  the  pcrfc^>ion  of  levelling,  as 
tnay  be  fecn  in  De  la  Hire's  and  ricruirfi  ircatifcs  of 
LemUafl^  in  fiirao't  treatifc  on  Mathematical  Indm- 
mentis  dfo  ia  tbe  FhJlaC  Tiaof.  and  the  Memotn  de 
I'Acad.  «cc.  But  th^  pay  be  zeducedto  tbe  fbUow- 
itt^  kinds. 

//'a/ir-LtvEl,  lli.'.t  vliich  (IckVS  t1ie  lioii/cnt.il  line 

•tj  means  of  a  furfacc  of  water  or  other,  fluid  j  ibundcd 
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on  tbia  principle,  thtt  water  dbnft  pJacn  itftif  krdcr 
borisontal. 

The  mofl  fimplo  kind  is  ma<.k  of  a  long  wootlen  trough 
or  canal;  wiiich  being  i-qu.iliy  filled  with  w.ittr,  its  fur- 
face  (hews  the  line  of  level,  Aud  tliis  is  the  ciioiubalet 
of  the  ancienti,  defcrihcd  by  V  itruvius,  lib.  viii.  cap.  6* 

TIiL'  water-level  is  alio  made  with  two  cupslittcd  tO 
tbe  two  ends  of  a  llraigla  p*pe,  about  ah  inch  diane> 
ter,  and  3  (»r  4  foot  loog,  by  meant  of  which  the  water 
oommuiiicatrs  from  the  one  cuj)  to  tl.^-  ctlK^  ;  thk' t'vi 
pipe  being  moveable  on  i:<i  (land  by  means  oi  abaii  and 
locket,  wtien  the  two  cups  fliew  equally  full  of  WaMT* 
llieir  two  fiirfaces  mark  the  hue  of  level. 

'I'his  inllrument,  inftcad  of  cups,  may  alfu  be  made 
with  two  (hort  cybitdcrt  of  glafs  thrtc  or  four  inchct 
long,  faflened  toeach  esircmity  of  the  pipe  with  wax  or 
muic  The  pipe  it  lUled  Mith  common  or  calour«d 
water*  which  fliewtitfidf  through  the  cylinders  by  meant 
of  which  the  Hue  ofLeve!  J;^ri:  .i-^ii  ;  I'l.  l.ti^I.t  of 
the  water,  with  nfpc^l  to  Uic  ci;.tn.  i  t  :fii  l  anh,  being 
always  the  fame  in  both  cyliiiJrri.  'i  ;!;::  tcvtl.  though 
very  fimple,  is  yet  very  commoUioui  for  knelling  fiuall 
didances.  See  tbe  ntcifiod  of  preparing  and  uiiiig  a  vn* 
ter-level,  and  a  mercuiial  Level, aiinciced  to  Uavit'toua* 
drant,  for  the  fiube  paipofe,  b|r  Mr.  Lrigi^  i»  ttmL 
Tno£  voL  xt.  ^tf,  or  Abr.  t lii.  562. 

.^r-LtriL,  that  whidi  Akwb  the  line  of  Level  by 

mf.-ini  nf  a  h'Milc  of  iiir  ii.clofcd  with  fonic  flt;IJ  in  .» 
j^lafs  tiiho  uf  Jill  jiiiii  tn  ;iiin.itf  !cBj»th  and  thIcLticiii,  and 
havini;  it*  two  ends  I.l  ,  ii.tiu  :dly  lt..K\l :  an  invention, 
it  is  LiJ,  of  M,  Thcvcuoi.  When  tlie  bubble  Axes  itfelf 
at  a  rcrtiiiu  mark,  mode  e)Hi6tl^  in  the  middle  of  the 
tube,  the  cafe  or  ruler  in  which  it  it  liiieit  i*  the*  letd. 
When  it  is  not  IcTci,  the  bnbbte  wilt  rife  to  one^end^ 
This  glaft-tnbe  may  be  fet  in  another  of  bsab,  having 
an  aperture  in  the  middle,  wherv  th.c  bubble  of  air  may 
be  obfcr.xJ. — Tilt-  li(ji(or  wi:li  whLh  tube  is  llilal, 
is  oil  oi  tartar,  or  aqua  fL-curida  ;  thufe  not  being  liable 
to  freeze  a^  cornmon  water,  nor  to  rarefn£boa  and coa> 
dcnfation  as  fpirit  ot  wine  is.  ' ' 

There  it  one  of  ihefc  inftruments  with  fights,  being 
■n  improvement  upon  that  tall  deicrtbed,wlucb|  1^  die 
addition  of  other  apparatua,  beeomct  mote  cttft  and 
commodious  It  conllfts  of  an  air-Lev .1,  n'  i,  1, 
PUtr  Xiyj  about  8  inches  long,  and  about  two  thirds 
of  ar.  inch  in  diameter,  fet  in  a  brafs  nitu-,  J,  having  an 
apciture  in  the  middle,  C.  The  tuUs  are  carrie<I  in  « 
(Irong  llraight  ruler,  of  a  foot  long;  at  the  ends  of  which 
are  fixed  two  fights,  3,  exaftly  perpendicubr  to  the 
tubes,  and  of  an  equal  hriglit,  liavi:ig  a  fquare  hole, 
formed  by  two  filleti  of  bralt  crofliog  each  other  at  tight 
•nglet ;  in  the  middle  of  which  it  drilled  a  my  bnidl 
hole,  thriMigh  which  a  poiiit  on  a  level  with  the  inllru* 
ment  16  fecii.  The  brafs  lube  is  r.;(lc'f.d  to  the  ruler  by 
means  of  two  ffrcws ;  the  one  oi  which,  marked  4, 
ftrvcs  to  taifc  or  dcprcfs  the  tube  at  pleafure,  for  bring- 
ini;  it  towardu  a  level.  The  top  of  the  ball  and  fockct 
is  in'cttol  to  a  fmall  ruler  that  fprings,  (nic  end  of  which 
is  Lllcncd  with  fprings  to  the  grvat  ruler,  and  at  the 
Other  end  it  a  fcrew,  (intring  to  laifie  and  deprcit  the 
inllrnraent  when  nearly  lerrl. 

IJiit  il:I:i  iiiflrumerit  is  (till  li  f  cr  ii^modio'JS  than  t!ie 
following  one :  for  though  the  holes  be  evcf  fo  Imall, 
yet  ihey  will  dill  take  in  too  gitnt  •  fpncc  to  determine 
tbe  point  of  Level piccifcij'. 

J>  Fig. 
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1: :  ?.u<\  ii  poflc(rc8 
i liveried  by  turning 
and  if  then  the 
opera- 


Fig.  2t  i(  a  Lroel with  Telefcopic  Sights,  firft  invented 
liy  Mr.  Hu^gcnt.    It  is  like  the  tall ;  with  this  diffit* 
trace,  fhat  inftead  of  plain  fight9,  it  copies  a  tdefeope* 
to  dcterniiie  tx&Q.ly  a  point  of  Level  at  a  confidcnible 
diftance.  The  fcrcw  3,  t»for  raifingor  lowering  a  liitlc 
fork,  for  canning  tlie  hair,  and  makin;^  it  agrre  with 
the  bi.Hi'c  of  iif  when  the  inllrumcnt  is  Lovil  ;  and 
the  ftitu  4,  is  for  making  the  bubble  of  air,  I)  cr  E, 
agree  v.  lth  the-  tclcfcore.    The  whofe  is  fitted  to  s 
bul  and  fockrt,  or  otner\vife  moved  by  jolntj  and 
fiwews.— It  may  be  obfervcd  th»t  a  ttlcfcopc  may  be 
added  to  any  kind  of  Level,  by  api^ying  it  upon,  or 
pantllet  to,  the  bafe  or  mler,  when  tfcere  it  occalion 
to  take  the  lev L'!  of  remote  oh]r'. 
tku.advantagr,  that  it  niny  be 
the  nilcr  and  tiltknpi'  half  round  , 
hair  cut  the  fame  point  that  it  did  before,  the 
tlon  isjtift.  Many  varieties  and  imptwrements  of  this  in- 
nnimcnc  have  been  made  bv  the  toon  itwdcni  cmtkiani. 

Dr.  Dcfajftilicts  propoled  a  aucbine  for  taking  ibe 
diRerciweorLevel,  which  contained  t!  i-  v.  Iiu  iplL-s'.joili 
wii  barometer  and  thermomtter;  but  it  is  not  aciu- 
ntcin  pt;i5\;ci  :  Philof.  Tranf.  vol.  xsxiii.  pa.  165, 

Mr.  Hadky  too  has  contrived  a  Spirit  Level  to  be 
filed  to  a  quadrant,  for  taking  a  meridian  altitude  at 
fea,  when  the  liorizon  is  not  vifiblc.  See  the  delcrip* 
tion  and  figure  of  it  ia  the  Wiibf.  Tranf.  vol.  xxxvifi. 
'^7»  Abr.  viii.  357.  Variottt  other  Spirit  Levels, 
and  Mercurial  Levcl^  are  alfo  invented  and  nfed  upon 
dJlTerent  occafiong. 

Rrf.B'it,!;  I.ivj  i.,  that  made  bv  means  of  a  pretty 
kng  furtace  of  water,  reprefentine  the  fame  objett 
inverted,  which  we  fee  ered  by  the  eye |  lb  that  ikt 
point  where  thefe  two  objeds  appear  to  meet*  W  XM  m 

r     ^  P*"  iwftce  of  the  water  ii 

found.  Thia  !•  tlie  invention  of  51.  Mariottc. 

There  it  another  rcflefting  Level,  confillitif^  of  a 
pohflicd  metal  mirror,  placed  a  littk-  bcfon-  tlic  ub- 
jea  glafs  of  a  telrfiope,  fiifpeiulcd  pcipcndiculaTly. 
This  m  rror  muft  be  fet  at  an  .nngle  of  45  degrees; 
in  which  cafe  the  perpendicular  line  of  the  tclcfcopc 
beei>Bi«aiiorizont.inuie,  or  a  line  of  Lcivt.  Which 
15  the  invention  of  j^.  Caflini. 

>f/7/V/fry  JW-Level,  i»  in  form  of  a  fqu.ire  (fig.  7), 
naviog  >ta  two  legs  or  1  r,  1,1  liis  an  cq'ial  It-i^rth  ;  sH 
the  junAion  of  whith  ji  a  imall  hole.  In-  w!mh  liaiigs 
-  pljmnui  pl  'ving  ou  a  ptrprndiailar  liiir  in  the  Olid- 


die  of  a  tjiiadrant,  which 
that  pcint  into  45  degiecs. 


:s  divided  hotli  w-.iys  fiuui 


bore,  the  plaounet  <hew»  the  angle  of  deration,  0^ 
the  Kne  of  Level.  See  Gmnfr'i  QcAPaaNT* 

C«ifMtr*i,  Bricyaytf*t,  or  PamiPt  Levbl,  confiftr 
of  a  long  ruler,  in  the  middle  of  which  fa  fitted  ht 

light  angles  ar  i;hcr  hrcadrr  pi<'"i^,       tl,;-  top  of 
which  is  fattened  a  plummet,  vhicli  uln:n  !t  hangs 
over  the  middle  line  of  the  2I  or    ip^i-bt  piece,, 
(hews  that  the  bafe  or  long  lukr  is  horizontal  ov  Level. 
l-,g.  8. 

AfaJiM*$  Lavft.,  is  compoled  of  i  rules,  fo  jmu'.id 
at  to  form  an  ifofcdet  triangle*  femcwhat  lie 
Roman  A;  from  the  vertex  of  ndiicb  it  fufoendcd- 
a  plummet,  which  hanjrs  directly  over  4  mark  in  tne'nikid- 
dlc  of  the  bale,  wluci  tlii-^is  hori/'jiiii-.l  or  Ixvel.  Fig.  8. 

Plumb  or  i'induium  Ltvit,  laid  to  be  invented  by 
M.Picard!  fie.  10.  This ftiews the  hoiizontnl  line  by 
means  of  another  line  perpendicular  to  that  dcfcribcd 
by  a  plummet  or  pendulum.  This  Level  confifts  of  tw* 
len  or  bnmchet*  Mned  at  tight  anslo,  the  one  of 
wMcfc,  of  about  18  ittehet  long,  camci  a  thitad  ami 

plurr.nwt  ;  the  tlucaJ  Icing  hung  near  the  top  of  the 
Liaiich,  :it  tt.c  poir.t  2.  The  middle  of  the  branch; 
\\\axt  the  tlirtrul  pafftS  is  hollow,  li»  that  it  ir ay  hang 
free  every  where :  but  towards  the  bottom,  where- 
there  is  a  fmall  blade  of  fiUer,  on  which  a  line  is  drawn 
peipendicniar  to  the  telcfcope,  the  faid  cavity  is  wm- 
«d  by  two  piece*  of  brali,  with  a  piece  of  glafs  G,  t» 
fee  the  plummet  through,  forming  a  kindoforfettop"** 
vent  the  wind  from  agitating  the  thread.  The  telefcope,- 
of  a  proper  length,  is  fixed  to  the  other  V-g  of  the  in- 
flnjwpnt,  at  right  angles  to  the  per{ic;^JicuIar,  a^d* 
h:iv;in;  ^  li.iir  ilrctched  horiy-ontally  •  ofs  thc  focus 
of  the  objett  glais,  which  determines  the  point  of 
Levd,  when  the  ftring  of  the  plummet  hangs  ni,.' a  il 
die  line  on  the  lilver  blade.  The  whole  i»  fixed  by  a 
ball  and  focket  to  tti  ftand. 

rig.  12,  is  a  77./  LevEt ;  which  being  fufpend- 
cd  by  the  ring,  die  two  fights,  when  in  cquaibrioip 
w;U  bt  horizontal,  or  in  a  Level. 

home  other  Levtis  are  alfo  reprel'entcd  in  plate  mf. 
LEVELLING,  the  art  or  ad  of  finding  a  line  pa- 
rallel to  the  horisson  at  one  or  more  ftatioiif,  to  deter- 
mine the  height  or  depth  of  one  place  tvith  refpcd  to- 
another  5  for  laying  out  grounds  even,  iCgidttiOg  dc-- 
fccuis,  drainirig  morrlTrt,  conduding  water,  &e. 

Two  or  moic  places  arc  on  a  true  level  when  they* 
arc  equally  diftant  from  the  centre  of  the  earth.  Alfo 
one  place  is  higher  than  nnother,  or  out  of  K  \  tl  with' 
it,  wiien  it  is  (jrtlicr  fi-om  the  centre  of  ihc  • 
and  a  line  i<3  i.'.ily  d=ftat;t  from  that  centre  in  all  ila 


Hence,  hecaufc 


This  inftrumcnt  may  be  ttCcdonotherocc  ifions,  by    pointa,  is  eallad  the /me  c/'l»w Hei  . 
placing  the  ends  of  its  two  branches  on  a  plant ;  for    the  earth  »  rennd,  that  line  mwft  be  «  curve,  and 


tUe  iriid- 
tn  Level. 

I9  <;n  the 
tu  r.ny  pn>- 


vben  the  plummet  plays  p-Ji  pcndii  ulaiiv  < 
dledmrran  of  the  qoadraut,  the  plane  i*  t  ... 

Toufeit  ill  Gunnery,  place  the  two  end 
piece  of  aitilkrv,  which  may  be  raiftd 
pofcd  ii<\;l.t,  by  means  of  the  phinimet,  wKich  will 
cut  the  degree  above  the  Ltvtl.  But  this  fuppofca  the 
Mitfidr  of  the  cannon  is  parallel  to  tt«  axis,  which  is 
not  always  the  cafe  {  and  therefoix-  thry  ufe  anoth.r 
inRrument  now,  either  to  fet  the  piece  I.e.tl,  or 
eli  v;;;f  it  at  any  a"..idc ;  nsmcly  a  Imall  q-.jadraat, 
wfh  one  of  its  radii  coniinicd  out  lirclty  long, 
which  brinfp  put  ipito  the  infidv  of  tlie  cyunJrical 


ni;ikc  a 
paraUel 


umfcrrncc,  or  at  Icaft^ 


part  «)f  the  < :  ■  t'l''  cue 
ti)  it,  <>r  conn  i.;i  ical  with 
It;  as  the  line  BCTG,  which  hns  - 
all  its  puiiite  emially  diftant  from  /  y 

A  the  centre  of  the  eaith  j  coo- 
fidcring  it  as  a  nerftit  globe. 

But  the  Vnc  of  fight  BDE  &e 
givi  n  h  v  the  operations  of  levels, 
IS  a  tanpeiit,  or  a  ri;;ht  line  per- 
pendicular to  the  fcmidiametcr  of 
the  earth  at  the  point  of  cootadl 
B,  rifing  always  higher  above  the  true  line  of  Kvrf, 

tUe 
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-fiirtlier  the  di&anoe  i$t  it  called  tlie  apparent  line 
of  Irotl.  ThiUf  CD  j»  the  Infljjht  of  ihc  .ipp.ircnt 
Indi  vbove  die  tnte  lerel*  at  the  diftance  JK!  or  £D ; 
alfo  EF  M  the  eseeft  of  hf'gM  at  F ;  and  GH  at 

G;  S:c.  TIic  J^ITtrrcncc,  ][  ts  fvl.!ciit,  i'--  .i!'a.i\ ',  rfjn:,! 
to  t.'ic  rxcffs  of  tbtr  fccant  ot  t:ii:  uicli  of  dK";H;;Cv 
|ix>vc  t!ic  i.iuius  of  tlikj  c.irt'i. 

The  cota.non  methods  of  kvelling  are  fulTicicnt  for 
bymg  pavements  oF  wa)k^  or  Ibr  convey  !ng  natpr  (o 
Iknpil  4iibinccs  -5cc  :  but  in  moi'e  cxtcnfivc  opciitions, 
.at  ta  kweUing  the  bottoms  of  catinls,  which  ui  c  to  cun- 
Wf  mter  to  the  diAaacc  of  many  milea,  and  fuch  like* 
ihe  dtfierenoe  hetween  the  true  and  the  apparent  kvel 
muH  be  taken  into  the  account. 

Now  the  diffirence  CD  between  the  true  auJ  appa- 
rent Ic^rl,  .nc  uuy  didaiicc  BC  or  BD,  may  be  found 
.thua:  By  a  vvcllknoirn  property  oFlhc  circle  2AC  + 
iCQ :  BD  : :  DD  t  CD  %  or  becniife  il'c  dumeccr  of  ilic 
■fanh  ia  fo  ^reat  with  rcfpcd  lo  the  hue  CD  at  ali 
.  'dtftaoeea  to  which  an  operation  of  Icvclliug  commonly 
-extends,  that  2  AC  may  be  biely  taken  for  :AC-|- 
CD  In  that  pvoportioa  without  any  fealiblc  error,  it 
wQl  be  aAC  i  BD : :  BD :  CD  whidi  dieicfbie  is 

*    BD«     BC*      .     ......  , 

as  or  ^^jg  neany  j  that  it«  the  difference  be- 
tween the  true  aad  appamt  level,  is  equal  to  the 
fquarc  of  the  diftanee  octwcMi  the  places,  divided  by 

the  diameter  iIjC  i-ait'i  ;  inuj  i_ui:K  i;iiri;!ty  it  it  al- 
ways pioport  lot; -..1  tLj  UlC  luU-llU  i>f  lllC  lllll.lllCl-. 

Now   [Ll-  dkMlictiT  of  t]»e  C.rth  Ixi".;^  r;c;ir",y  79.8 

jnik«;  if  wc  hril  take  RC  —  i  mile,  then  lltt 
Bt*  I 

 -.becomes   r  of  a  uuie,  which  is  7*062  inches, 

2  AC  7y58 

or  aim  oft  8  inclics,  for  the  height  of  the  apparent  above 
tilt  true  IcvL'l  at  the  dillnnci:  ot  one  mile.  Hence, 
proportiuuiug  the  excelTcs  in  altitude  accordine  to  the 
fqaarcs  of  thcdiftances,  the  following  Table  is  obtained, 
licwin^  the  height  of  ilic  apparent  above  the  true 
kvd  for  cmy  100  yanis  of  diftance  on  the  OM  hand, 
and  fiir  cweiy  aule  on  the  other. 


Dill. 

Dif.  of  I-evel, 

Dilt. 

,L)i>.  ot  LcvcJ, 
1     or  CD 

or  BC 

or  CD 

or  BC 

Yaidt 

1 '  lachCT 

Mdet. 

J*eet  Jloc. 

100 

0-026 

i 

0  o\  .. 

200 

o'jo3 

* 
« 

02" 

3C0 

0-331 

0  4i 

400 

0-41 1 

1 

0  8 

0-643 

2 

2    8  j 

6co 

0-925 

3 

6  0 

7C0 

1-260 

4. 

10  7. 

800 

«-64S 

1 

.6  7 

9CO 

23  1 1 

j  ic:o 

2-570 

1 

i*  6 

I J  CO 

31 10 

42  6 

1200 

3';°' 

9 

5i  9 

130a 

4'344 

10 

66  4 

X4CO  • 

J.038 

1 1 

f  0  3 

I5CO 

12 

9S  7 

6*500 

'3 

I la  3 

1990 

»-4»5 

130  I 

3y  laeaM  of  tlteicTthktif  icduAioii^  we  caa  wiw 


level  toaliBwft  any  diflaace  at  one  operation,  which  the 
ancicntt  OOuM  not  do  but  by  a  great  multitude ;  Sati 
being  nnacqiui'ntcd  with  the  oone&ion  anfweria|[  to 
anydiftatice,  th<-y  only  Icretled  from  one  ao  yardt  n» 

nri'ilKi'.  v.iK-11  :lir-y  li.'i!  occurioii  to  CQBtilUW  the 
^vt>r"-  'u  funic  civiliitrabli.'  cx-.L-nl. 

Tln'^  t?.b!:'  vvi^l  .:riiivi.'i  icwrnl  uhfii!  p'.n  fHiff!;.  T'lniJ, 
firll,  tu  Uad  the  litiithi  of  the  apparcoi  Itvd  above  the 
true,  ut  any  dillurcc.  If  the  given  dillancc  be  con- 
tained in  ttu-  t.nbV,  the  corrc^ionof  level  is  found  on 
the  fame  line  with  it:  ihutat  the  dillance  of  looa 

Sardst  the  corrcdion  it' S'S7»  vt  two  inchea  and  a 
aV  nearly  ;  and  ni  the  diAxnce  of  la  mOes,  it  it  6S 
feet  4  inctics.  !  if  tl.i'  cxifl  diftancc  he  not  found 
in  the  table,  then  muitiply  the  fquare  of  the  dillance 
in  yards  by  2*$7,  and  divide  by  looooco,  or  rut  uff 
6  places  on  the  i  ight  ivt  drcioiala ;  the  reft  arc  inciief ; 
or  multijfly  the  fqnsve  of  the  diflasce  in  miles  by  66 
feet  4  tiichea,  and  divide  by  soo.  indly,  To  ibd  the 
extent  of  the  vifible  horiaon,  or  how  fir  can -be  feen 
from  any  given  height^  qo  a  horizontal  phiie,  as  at  fea. 
&c.  Suppofe  the  eye  of  an  ohfcnrer,  on  the  top  of 
a  fhip's  null  at  fea,  be  at  the  height  of  130  feet  □bo'^r 
the  water,  he  will  then  fee  about  14  miles  a!!  around. 
Or  from  the  top  of  a  cliff  by  the  ica-fide,  the  height 
of  which  is  66  feet,  a  perfon  may  fee  to  the  diftancc 
of  near  10  miles  on  the  furfacc  of  the  fca.  Alfo,  when 
the  top  of  a  hiU,  or  the  light  in  a  liffhthoufe,  or  fuch 
like,  whofe  height  it  130  feet,  firlT  comet  into  the 
vii  v.-  of  an  eye  on  board  a  fhip  ;  the  table  fhews  that 
the  didanoc  of  the  fhip  from  it  is  14  miles,  if  the  eye 
be  at  the  furface  of  the  water ;  but  if  the  height  of 
the  eye  in  thu  thip  be  So  feet,  then  the  (hllauce 
will  be  increafed  hy  near  11  miltt,  maklMigia  aU  about 
25  miles,  diftance. 

3dly,  Siippo&  a  fpring  to  be  on  one  fide  nf  ■  hfll* 
and  a  houfe  on  an  oppofite  hill,  with  a  «alkr  betnispea 
thein  ;  and  tliat  the  fpring  feen  from  the  1ioo4  ap> 
pt.iis  by  a  lev  cllir..;  i'llt' iiir.t  r.t  t.ibe  uii  a  level  with  the 
fouisJalion  of  liii;  (u»ile,  vvlucli  lupp  iff  ij  ,it  \\  niilc 
didanec  from  it ;  then  is  the  fprini;  -S  iNtlics  aLuvc  the 
true  level  of  the  houfe ;  and  this  difference  would  be 
barciy  fufficient  for  the  w-ater  to  be  brought  in  pipes 
from  the  fpring  to  the  houfe,  the  pipe*  being  hud  aM 
the  way  in  the  grotind. 

4th,  If  the  hel  .  ;i'  nr  diftanoe  eJtcccd  the  Kmils  of 
the  table:  Then,  liiil,  if  the  diftance  U  givcu,  divide 
it  by  2,  or  by  3,  or  by  4^  &c,  till  the  quotient  come 
within  the  diHanccs  in  the  table;  then  tike  out  the 
lici^^lit  ;u-U\<rinc:  to  ;l;e  q.uiient,  and  mi;!tij-!y  it  by 
the  fquare  of  the  divifor,  that  is  by  4,  or  9,  n;  lO,  fee, 
for  the  height  required  :  So  if  the  top  of  a  liiil  be  juft 
fccn  at  the  diftapcc  of  40  miles  \  then  40  divided  by 
4  K'^'c*  10,  to  «hich  in  the  cable  anfwert  66j  fm, 
which  Iwing  multiplied  by  16,  the  fquare  of  4.  givct 
1061,'  feet  for  the  hei;;Iit  of  the  hill.  But  when  the 
height  is  given,  divide  it  by  one  <if  i^uft  fiu^uc  :ii;m- 
bers  4,  Q,  1(1,  2,,  otc,  tilt  the  quotient  come  within 
tiie  limits  of  the  tabic,  and  multiply  the  quotient  by 
the  fijuare  root  of  the  di^ilor,  that  is  by  2,  or  3,  or  4, 
or  5,  Sic,  for  t!»c  dillance  fought :  S<f  when  the  top 
of  the  pike  of  Tencriff,  faid  tu  be  almoft  j  milea  or 
I  $840  feet  high,  Juft  comet  into  view  at  mi(  divide 
15840  by  22),  wrlht  fqoatcof  Ij,  andtbcqaotient 
D  4  it 
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il  70  neartf  |  to  which  to  the  table  *n(mn,  by  pro- 
'portion,  nearlf  lolmflcst  thea  mnltiplyiag  io|  by 
1 5*  gtvcf  154  mun  and  f,  for  the  oiftuce  of  the 
buL 

Of  tie  FrOke  tf  LnMig, 


.  The  operaUoB  of  Levelling  ii  aa  follows.  Suppofc 
the  height  of  the  point  A  on  the  top  of  a  mountain, 
above  that  of  B,  ai  the  foot  of  it,  be  requirtd.  Pbee 
the  level  aSniit  the  middle  dillancc  at  D,  and  fet  up 

pickets,  pult^,  or  flufTs,  at  A  and  B,  where  pcrfons 
iSuiL  attend  with  fi^iiials  for  laifm;^  and  lowering,  on 
tibe  iiud  polci,  littii-  r.iui  ks  uf  palleboard  or  other  mat- 
ter. The  level  having  been  pl.sccfl  horiionuDy  by  the 
bubble,  &c,  look  towards  the  ilafl'  AE,  andcauwthe 
pcrfon  tliere  to  raifc  or  lower  the  mark*  till  it  appear 
through  the  telcfcope,  or  llplits,  &c,  at  E  :  thenmea* 
fure  exactly  the  pei  pcr.dk  uhr  height  of  the  point  E 
above  tlic  poiiu  A,  wUieli  I'lippofc  5  fctt  8  inches, 
fct  it  Jduh  ill  \our  btKik.  'I'lieti  turn  your  view  the 
other  way,  toward*  llie  pole  13,  and  caufc  the  pcrfon 
there  to  raifc  or  lower  hi«  mark,  till  it  appear  iti  the 
viTuail  line  aa  before  at  C  ;  and  mcafuring  the  height^ 
C  above  A,  which  fuppofe  15  feet  6  inches,  fet  thti 
ip  jam  book  aUb»  ioimediacdr  abofc  the  aia»> 
ber  of  the  firft  obfervation.  Then  ftibtraA  the  one 
fi-om  the  other,  and  the  remniiidt-r  y  feet  10  inches, 
•■111  be  the  difTciencc  of  level  between  A  and  Di  or  the 
height  of  the  point  A  above  the  point  15. 

If  the  p  j'ui  D,  where  the  inllrumeut  is  fixed,  be 
eicaAly  in  tlic  middle  between  the  jpoiata  A  Md 
there  will  be  no.  necelfity  for  reducing  the  muent 
levd  to  die  tme  one,  the  vifual  ny  00  both  ude*  bc> 
iiig  raifed  equally  above  the  tnK  levcL  But  if  aol^ 
each  height  mull  be  corrcded  or  reduced  acconling 
to  its  dilTance,  before  the  one  conxiSed  hcigbt  it  fuh» 
tia&cd  from  the  other ;  as  ia  the  caie  following. 


or  iircpi!ar, 

iicc  rl:'-i;ing 


Wbcn  the  diflance  is  \cry  contld^-niliK 
jb  that  the  operation  cannot  be  clTecteJ  a:  o 
of  the  level;  or  when  it  is  required  to  know  if  there 
be  a  fufficient  defccnt  for  conteying  water  finom  the 
Spnng  A  to  the  point  B ;  it  wiU  be  oecdbiry  to  peN 
Ibrm  this  at  fereral  opmtion*.  Having  cfaolen  a  pro- 
per place  for  the  firfl  ftatlun,  as  at  1,  fix  a  pole  at  the 
point  A  near  the  fpring,  with  a  proper  mark  to  Aide 

«e and  down  it,  aaLi  «sd  meafure  tbediftance  fim 


A  to  I.  Then  the  level  bewg  adjuaed  in  the  point  I» 
let  the  narie  L  be  raffed  or  lowered  tiH  !t  ft  fec» 

through  the  telcfcope  or  fights  of  the  level,  and  mea- 
fure the  height  AL.  Tlien  having  fixed  another  pole 
at  H,  din  rt  the  level  to  it,  and  caiife  the  mark  G  to 
be  moved  up  or  down  till  it  apj>ear  through  the  inftro- 
mcnt :  then  meafure  the  height  GH,  and  the  diftance 
from  I  to  H  ;  noting  them  down  in  the  book.  Thi* 
done*  remove  the  Uvcl  forwards  to  fome  other  emi- 
nence at  £t  fntia  whence  the  pole  H  msr  be  viewed* 
aialfo  another  pole  at  D;  then  having  ailjnfted  die 
Icvtl  In  thr  pnim  E,  look  bic^:  to  the  pole  H;  and 
maua^iiiij  tlic  innrk  as  b-jfnrc,  llie  viAul  ray  will  give 
the  point  1';  th.n  mnfuri  ttie  tluhiiu  e  HE  and  the 
height  HE,  note  them  down  in  liic  book.  Then, 
turning  the  level  f/a  look  at  the  next  pole  D,  the  vt- 
fual  ray  will  givi  the  point  D ;  there  meafure  the 
height  of  D,  and  the  diltance  £B,  eatering  them  a 
tbebook  as  before.  And  thiis  proceed  from  one  Ibh 
tion  to  another,  till  the  whole  is  completed. 

But  all  thcfc  heights  mull  be  corret^ed  or  reduced 
by  the  foregoing  table,  according  to  their  refpeCtlve 
dlftancet;  and  the  whole,  both  diflancci  and  heights, 
with  their  conccUoB%  catered  in  the  book  in  the  ful> 


Back-J^!tu 

Difts.  Ht». 

ydi  ft  in. 
fA  ibjojAL  II  3 
EH  94o|HF  10  7 


Cor; 

Ire 

2'X 


i  596! 


1 1  10 


a  I  0-& 


9'» 


Fore-Jigbts. 


Dift*. 

in  12'.: 

KB  <>c; 


116: 


Htv 

ft  in. 

")  5 
BD    S  1 


fin 


a?  6 
6- 


2 ')  II  'f, 
SI  c 


Whole  Dif.  ol 
)      levtl  jiri 


tors 

ine 
4-3 


6-1 


Ihving  fummed  ap  all  the  cotomnt,  add  thofe  of 
the  diifainccs'togetheri  and  the  whole  diftanctf  fioni 
A  to  B  is  475;  yards,  or  2  miks  and  3  quarters  iKai^ 

ly.  Then,  the  fums  of  the  comdions  taken  from  the 
fums  of  the  apparent  heights,  leave  the  two  corrtftcd 
heights  ;  the  one  of  wliiefi  Itliig  taken  from  the  other, 
leaves  5  feet  ii'i  inc.  for  the  true  dincrencc  of  level 
fottriit  between  the  two  places  A  and  B|  which  ia 
at  the  rate  of  an  inch  and  half  nearly  to  every  tOft 
yardt,  a  quantity  more  than  fufficient  to  caule  the 
water  to  run  fiom  the  fpriny  to  the  boufc. 

Or,  the  operation  may  be  otlicrwifc  performed,  thus: 
Inftead  of  placing  tlie  (evel  between  every  two  po!<-», 
and  taking  both  baek-iights  and  foi-t  fights  ;  plar.t  it 
firft  at  the  fpring  A,  and  from  thence  obferve  the  level 
to  the  firll  pole  ;  then  remove  it  to  this  pole,  and  bb- 
fcTvcthe  2d  pole  ;  next  move  il  to  the  2d  pole,  and  ob- 
ferve the  3d  pole;  and  lo  on,  fromooeBolc  to  anodier» 
always  taking  forcward  Cifhts  or  obKrvadoM  only. 

add  all  ibt  comAed  beights  to 


Aad  tbnit  thakillt 


ights  to- 
gether,. 
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Ether,  and  the  fam  will  be  the  wUol^  diiTcrence  of  Icrel 
jglit. 

JDr.  Hdler  fuggefted  a  new  method  of  levelling  pcr> 
ftctoel  wholly  by  means  of  the  barometer,  in  which 
the  inercury  »  found  to  be  fufpended  at  6k  awch  tlie' 
]e&  height,  at  the  place  is  farther' rcnrate  film  the 
centre  of  ihe  earth  ;  am!  ln-mc  the  different  height*  of 
the  nicrtury  iu  ivvo  places  j^ivc  the  difference  of  !c\tI. 
Ilismethod  i»,  infaft,  no  other  than  the  methtjd  of  mca- 
^og  altitudes  by  the  barometer,  which  hai  Uteiy  been 
So  fucccfsfully  pradlifed  and  pevfedcd  bf  M.  De  Luc 
lod  othcn  (  Mt  thoiwh  it  iervea  rery  weU  for  the 
heights  ofhiflit  and  otSo-  confiderable  ihitudet,  ft  it 
not  accurate  eooagh  fbrdetenniinfig  iinall  altttudes,  to 
iDchet  and  parts.  See  the  Barometrical  Mcafuremcnt 
of  Altituilcs. 

LivELi.iNG  Pales,  OT  Slavf-s,  are  inftrumcnU  iifcd 
in  levelling,  ftrving  to  carry  the  mark»to  be  obferved, 
ud  at  the  fane  time  to  n-.eafure  the  heights  .of  thofc 
■ults fraa  the  gKOunc'.    They  ufually  confift  each  of 


t'loMF  ikkhJcd  raleni  made  to  Aide  over  each  othcr^ 
lad  divided  into  fert  md  inehct,  kc, 

LEVER,  a  flraight  bar  of  iron  or  wood,  &c,  Tup- 

efcd  to  be  inflexible,  fupportcd  on  a  fulcrum  or  piup 
■  fiMde  pointt  110111  wjiidi  all  the  pmrt*  aremovi^ 

The  Lever  is  the  firft  of  tliofe  fi-.nplc  maLliinc.i 
called  m^  hauit^povMtrtt  as  bein?  the  (implcft  of  them 
all  i  and  i»  dudqr  ufed  for  Httlng  gKtt  mnghti  to 
fanU  hcizbts. 

H<— ^1  4  ^ 
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The  Lever  is  of  three  kind*.  FiHt  the  common 
fcrt,  vhCR  the  weight  intended  to  be  niifed  u  at  one 
end  of  itt  owr  flrcagth  or  another  weight  called  the 
power  is  tt  the  Other  end,  and  the  prop  or  fulcrum 
li  between  them  both.  In  Airring  up  tKc  fire  witli  a 
poker,  \vc  rnjike  ufe  of  thii  Lever;  the  p<  kiri-  is  the 
I^cr,  it  rcll:-  upon  one  of  the  bars  of  the  jM"n!e  r.s  a 
prop,  the  incumbent  tae  is  the  weight  to  be  over* 
come*  and  the  pnflure  of  the  hand  on  the  other  end  >•* 
the  force  or  powcT*  Id  thii^  aa  in  all  the  other  ma- 
ehtnc%  we  have  ody  to  tncrafedie  dSbnce  het«eea  the 
force  and  the  prop,  or  to  decrcaic  the  difiance  belu-ecn 
the  weight  and  tiic  prop,  to  give  the  operator  the 
greater  jxiwer  or  efFctl.  To  this  kind  of  Lever  rriay 
alfo  be  refcned  all  fci{Iiii8»  pioccrs,  fnuScrt,  &c.  The 
fleel-yard  and  the  coounoo  bidwGC  irc  alfo  I<ewrt.of 
thia  kind.  " 


V  5 


In  ti  e  r^vcr  of  i}  e  3(1  kind  the  prop  i»  at  one  end, 
the  fores     pwwer  ai  the  other,  ,and  the  weiglu  to  be- 


raifed  is  between  them.  Thus,  in  raifing  a  water- 
plug  in  the  ftreett,  the  workman  puts  hin  iron  bar  or 
Lever  through  the  ring  or  hole  of  the  plug,  till  the 
end  of  it  reaches  the  grournl  on  the  other  lldc; 
^en  auking  diat  the  prop,  he  Ufn  the  plag  with 
h»  finve  or  Hrength  at  ine  other  end  of  die  Lever. 
In  this  Lever  tcu),  llie  nrtrer  [lie  weiehl  is  to  the 
prep,  or  the  fartticr  tlir  puwer  .irrm  tne  prop,  the 
greater  is  the  tfTe^l.  'I  d  tlirs  ^tl  kiiii  of  Levtr  tna)- 
alft)  be  referred  the  oars  an  l  mdiler  of  a  boat,  ihc 
madg  of  a  fl  ip,  cutting  kniv;;  fived  at  one  endf  md 
doora,  whofe  hinge*  ferve  «s  a  fulcrum. 

la  dw  Lever  3[  the  third  kind,  the  power  aAi  he^ 
twecn  the  weight  and  the  propt  foch  aaa  laddernifed 
by  a  man  fomcwberc  between  the  tnra  endib  to  rear  tC! 
againft  t  wall,  or  «  pair  of  toqg«f  Ac 


tlil  J' 


I 

I 

o 


It  Is  by  this  kind  of  Lever  too  tliat  the  mufcular 
motions  of  animals  are  perfnrmcJ,  tlic  roufclcs  being 
iulerted  much  nearer  to  tlie  ccnirc  uf  motion,  than  the 
point  where  is  placed  tlie  tcntre  of  gravity  of  the 
weight  to  be  nifcd  ;  fo  that  the  power  of  the  mufclc 
is  many  times  greater  than  the  weight  {t  it -able  X»- 
fnfUtn.  And  in  this  third  kind  of  Lever,  to  produoe  a 
bahnce  between  the  power  and  weight,  the  power  or 
fiirce  mufl  txceed  the  weight,  in  the  (iaroe  proportion 
a*  it  is  nearer  the  prop  titan  the  weight  is ;  whereas 
in  the  other  two  kinds,  the  power  ii  thr.n  the 
weight,  in  the  fame  proportion  as  its  liillauct:  is  greater; 
til  !t  is,  univerfally,  tkv  power  and  weight  are  each  of 
them  reciproeally  as  their  diAancc  from  the  prop;  aa- 
is  demonltr.ttcd  below. 

Some  autbors  make  a 4th fott  of  what  ia  called 
bended  Lever ;  fucb  as  a  baouner  in  drnring  a  tiaO, . 

lo  all  Lcvcri,  the  inivfrfa!  proj)erly  is,  th&t  tLc 
rfl^ci  of  either  the  weij-lit  ur  tin  pouer,  to  turn  the 
Lever  alwut  ihc  fulcrum,  is  directly  a»  its  iiitrnlity 
and  its  dillancc  from  the  prop,  that  is  as      where  d ' 
denotes  the  dillance,  and  (  the  intenfity.  ((reagib«  or 
weight,  &:c,  of  the  airent.    J' or  it  is  evident  that  at 
a  duuhk  di&uwe  it  will  have  a  double  cffcS,.at  a  tri. 
pte  dtfiancea  triple  effird,  and  To  on  1  alfo  that  a  double 
inteniity  produces  adoubk  tfTtfl,  a  triples  triple,  iiud 
fo  on  :  therefore  univerf.i'.iy  t!ic  effcdt  is  as  «*Vahc  pro-, 
dwft  til  the  two.    In  hkij  m.iiiner,  if  D  be  the  dilViincc 
ofanotiier  power  or  agent,  whofe  inteafity  is  I,  thcn't 
)•  DI  theencA  of  tlup  alio  to  move  the  Lever.  And' 
if  tbefe  two  agenu  aa  againft  each  other  on  tb$  Lever^ . 
and  their  eScas  be  fuppofcd  equal*  or  the  Lrvvr  kept 
in  etjuihijno  by  the  equal  and  contrary  cffefts  of  thrfe 
two  agents;  then  is  DI  =  /ff,  which  equation  rcfohes 
into  tins  analogy,  \\i ,  D  :  1/  :  :  /    I ;  th.-.t  i'i,  tlie  di- 
IlAncet  of  the  jigcols  from  the  piojp,  arc  reciprocally. 
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Ifr  mtetmf  a«  their  intenfn!>,-s,  or  the  povrer  i»  to  the 
weight)  u  the  dilUoce  of  the  ktur  u  to  the  4iiUnc« 
of  the  fbrnow 

Writers  on  mechanics  cominonly  dcmonftntc  thi» 
pioportion  in  a  very  ahfurd  manner,  viz,  by  fiippofing 
the  Lever  put  into  motion  about  the  prop,  and  then  in- 
ferring that,  becaufc  the  momenta  of  twa  bodies  arc 
equal,  when  placed  upon  the  Ixver  at  fiich  diflanccs, 
tbatthefc  diftanccs  arc  reciprocally  proportional  to  the 
weights^  of  the  bodies,  that  therefore  lliis  is  a)fo  the 
proportion  in  c«£e  of  an  ec^iulilMium  ;  nhlc  h  it  an  at- 
tempt  abfiin]l7  to  deirioBftrate  a  thing  fuppofing  tlic 

contrary',  th:il  h.:,]v  ij  at  tx'X,  hv  tii;.;;.,:!nj;  it  to  be 
in  motion.  1  flull  tlicniurL  gnc  here  a  new  and  ut»i- 
vcrfal  dcmonilration  of  the  property,  oa  the  purepna» 
eiples  of  reft  and  prcfliirc,  it  force  -J 
only.  Thui,  hi  PW  be  a  lever,  \f 
C  the  prop,  and  V  imd  W  any  two 
foreea  lAinc  on  the  lever  at  the 

flints  P  and  W,  in  the  diraitioiw 
O,  WO ;  then  if  CE  mtd  CD 
be  the  perpcndlcul.ir  dillance?  of 
the  direAions  of  thcfe  force*  fn»m 
the  prop  C,  it  i.  to  be  demon- 
ftrated  that  f  :  \V  : :  CD  :  CD. 
In  order  to  whieh  join  CO,  and 
dr»w  CB  paislid  to  WO,  and  CF  puattd  to  FO. 
Then  w3l  CO  be  the  d!reft?on  of  the  preflbre  on  the 
propt  Otbcrwife  there  could  not.  be  an  eqjilihtium,  for 
the  dircfiions  of  three  force*  that  keep  eaeh  other  in 
et]inl:1)ii(:in,  mud  ncceflarily  meet  in  the  fame  point. 
Ami  becaufe  any  three  forces  that  keep  eath  other  in 
equilibrium,  arc  proportion.il  to  the  tliree  iidis  e»f  a  tri- 
angle fomcd  by  drawiiijj  line".  p.ir.iUtl  to  the  dircc 
tions  of  thefc  forces ;  therefore  the  forces  on  P,  C, 
«nd  W,  aire  as  the  three  lines  BO,  CO,  CB,  whicli  are 
fn  the  0iaie  direfHan,  or  parallel  to  th«n ;  that  i»  the 
force  P  is  to  tlic  fotXL  VV,  as  BO  or  its  equal  CF  is 
to  CB.  But  the  t-.va  iWas.^jle*  CDF,  ClIB  arc  tini- 
hir,  and  hkte  their  like  fides  proportional, 

viz,  CF  :  CH  .:  CD  :  CEi 
and  becaufc  it  Wms  CI'  :  CB  : ;  P  :  W  ; 
therefore  by  equality  P :  W  : :  CD  :  CE ; 
that  it.  caeh  force  is  reciprocally  proportiotia]  to  the 
diltance  of  tt«  dire£Hon  trom  the  fulcrum.    And  it 
will  he  found  that  thi»  demonflrstion  will  fervc  alfo 
fur  "he  other  kinds  of  Levers,  h)-  di; .^\  "ng  the  lines  as 
<i>uttcd.    Hence  if  any  given  smce  1'  be  applied  to  a 
Lever  at  A  j  its  effect  upon  the  Lever,  to  turn  it  abtJitt 
the  centre  of  mctisn  C,  is  as  the  len|{th  of  the  arm 
CA,  and  tiie  fmc  of  the  anule  of  dineAion  CAE<  For 
Iheperp.  CE  is  as  CA.X  Im.  ^A. 

In  any  analogy,  becaufc  the  produft  of  the  extremea 
is  eqi;al  to  that  of  the  means  ;  thcrc'Vr  ;■  xl.r  ;im  l-jct  of^ 
the  power  bv  the  dillauce  of  its  diiucuou  ii  equal  to 
the  prodncJ  of  ;hc  \vtij;ht  by  the  dill.inceof  its  direc- 
tion.  That  i»,  P  X  CE  =  W  X  CD. 

If  the  Lfcvvri  with  the  two  weights  fixed  to  it,  be 
nadfe  to  move  about  tbe  oentte  C ;  the  numentum  of 
the  power  w3l  be  equal  to  that  ofvhc  weight ;  ood  the 
weights  w31  berecipracaUjr  pvopoitioiid  to  thdr  vdo^ 
ftttict. 


When  dw  two  forces  aft  perpendkuhrly  on  th« 
Lever,  as  two  weights  &c ;  then,  in  cafe  of  an  eqnifi> 
btinnit  E  coineides  with  P,  and  D  with  W  ;  and  the 
diilanccs  CP,  CW,  t.tkoii  on  tlic  Ltver,  or  the  dif- 
tances  of  the  power  aiul  uti^lit,  fiL.rn  the  fulcrum, 
are  reciprocally  propoitioual  ti>thr  ]>o'a>  !  a^nl  ^^  cigl)t. 

In  a  Ibaight  Lever*  kept  in  euuilibrio  by  a  weight 
and  power  ailing  perpendicularly  upon  it ;  then,  of 
thefc  three,  the  powcr^  wei^t,  aiid  preffure  on  the 
prop,  any  one  It  tt«  the  £ftaaoe  of  the  other  two. 

And  hence  too  P  + W  :  P  : :  ED  :  CD  , 
and  P  +  W  :  \V  : :  ED  :  CP; 
that  is,  the  fum  of  the  weights  is  to  either  of  them,  as 
ftuu  of  tliat'  dtitancct  is  lo  the  diklaucc  of  the 
'  other. 


Alfo,  if  fevctal  weights  P,  Q^,  R,  S,  &e,  aft  on  a 
flraight  Lever,  uml  keep  it  ineqiiilihrio  ;  then  the  fum 
of  the  products  on  one  fide  of  tlic  prop,  will  be  equal 
to  tbe  fum  on  the  other  iide,  made  by  multiplying 
ekuh  weight  bv  its  diftancc  from  the  prop  i  viz, 
P  .  AC  +  O  .  EC  ^  R  .  DC  +  S  .  EC  &c. 

Hitherto  the  Leeer  has  been  conlidered  as  a  mathe- 
matical line  void  of  weight  or  gravity.  But  when 
its  weight  is  eonriclcrcd,  it  is  to  be  done  thus  :  Find 
the  weight  and  tiie  cent)  e  of  gravity  oftlie  Lever  alone, 
and  then  confider  it  as  a  matliemiitieal  line,  hut  hav- 
ing an  equal  weight  fufpcnded  by  that  centre  of  gra» 
viir  ;  and  fo  combine  it»  cffed  with  tholir  of  the  outer 
wei|;hts,  a5  above. 

Upon  the  foregoing  principles  i]i  )>ciif!i  the  nature  of 
ieiLi  and  beams  for  weighing  ill  boJi\>.  For,  ii  the 
dillanccs  be  equal,  then  will  the  weight..  I'c  i<i.ial  alfo  ; 
which  gives  tiie  e<)iillru4Uon  of  the  common  fcalrs. 
And  the  Roman  Dutera,  or  ftcel-yard,  is  alfo  a  Lever, 
but  of  unequal  .nrm.s  or  diilances*  fo  contrived  that  one 
weiglit  only  tn^y  feive  to  weigh  a  great  many,  by  Aid- 
ing it  huckwaids  md  forwards  to  diiTercnt  ditbnces 
upon  the  longer  arm  of  the  Lever,   Sec  Balance, 

A];v>  upon  the  piineiplc  of  the  Lever  depends  al- 
moll  all  other  meehuuieaS  powers  and  cfTcifts.  See 

W'Hf  i  i.-AND-AXL£,  PuLLty,  U'tnnE,  ScRTW,'  &c. 

LEVITY,  the  privation  or  want  of  weight  in  any 
body,  when  compared  with  another  that  is  heavier; 
and  in  thii  fenfe  it  il  oppolcd  to  gravity.  Thaa 
cork,  and  mod  forts  of  wuod  that  float  in  \^■atcr,  h;:ve 
levity  witli  refpcift  to  water,  that  is,  are  lefs  heavy. 
The  fchools  maintained  that  tlicreis  fuch  a  tliin<^  as  pnii. 
tive  and  abfolutc  Levity  ;  and  to  this  they  imputed  the 
nfe  and  biioyan<:y  of  Inxlies  lighter  in  fptcie  than  the 
bodies  in  which  they  l  ife  and  float,  hut  it  is  now  well 
known  that  this  happens  only  in  eonfcquence  of  the  hea- 
vierand  denfer  jid, which,  hy  its  fupcrior  gravity, gains 
the  lowell  place,  and  raifes  up  the  lighter  body  by  a 
fiircf  i-L[',;  \hv  I'liFfreiue  ^if  liieir  gravi- 

ties.   It  was  dcmunitratfd  by  Archimedes,  il-.i'  ;i  (oijd 

bodj  will  Aottanjr  wboe  to  »  flaidof  the  ftme  fpecific 
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t«   r^-r^fft,^  dktt^gbter  body  will  «]«vtyt  be  niftd 

mp  in  It. 

^*  LEUWENHOEK  (Antokt),  a  ccJcbrafcd  DutcU 
fiwMoplier,  was  born  at  Delft  in  1632  ;  and  accjuired 
•  gictt  Ttpaution  throughout  an  Europe,  by  His  ex- 
fOtamlt  and  difcomies  in  Natural  HiAory/bf  meant 
«f  tliie  niKrofeope.  He  part  icularly  excelled  in  maLin^ 
glaflcs  for  microfcopcs  and  fiu  ciarle*;  and  he  was  a 
Kcmbcr  oi  moft  of  the  literary  <ot.ict!f»  of  Europe  ;  to 
whom  he  fent  many  mtrr.nit*.  TJiof-  -'l  ilif  l'h;li>li) 
^cal  Traniii6tion«,  and  in  the  Faiii  Memoirs,  extend 
AiOttgh  many  vulumcti ;  the  fbnacr  wctc  evtra^Hlp 
nd  pi^&i^  Kt  Leydnip  in  17a*.  H<  died  in  l7J|t 
at  91  ycara  of  ige. 

LEyDEN  Phial,  id  Elr^ricity,  is  a  f:r»r«  pbial 
•rjar,  cx>-Ated  both  wkhm  and  without  with  tinfoil, 
cr  fome  irtlKrr  conducing  fiibftance,  that  it  may  be 
chsr^i'cil,  »i\d  t:nplgyc(l  in  .t  vancry  of  ufeftil  and  en- 
I  t  ir  ng  expcrimenti.  Or  rfcn  (hit  gfkfs,  or  any 
other  lhape,  lo  coated  and  ni'cd,  has  alfo  received  the 
{use  denominatioo.  AUb  a  vacuum  produced  i»  Ibdr 
ajar*  icca  haa  hen  naoMd  the  Leydm  fmmm. 

The  Lcfden  Bital  hn  been  fe  caRcd,  beeoufe  tl  ti 
fcid  that  M.  Ciinietis, 

trived,  abont  the  ck)fe  of  the  year  1745,  lo  aucimv.i- 
bte  the  eleftricu!  power  in  i;l:ifs.  ant!  iiie  It  in  this  way. 
Biit  Dr.  Prit  !\ky  affirtu  that  tl»H  difcovcry  was  fulV 
made  by  \  o;>  Kkit*  ,  dean  of  the  cathedral  in  Camin ; 
who,  on  the  4.tW  of  November  fent  an  account 

of  it  to  Dr,  Livberfcaba  at  Bcrfaa  t  however,  tliofi;  t» 
whom  KiciA'*  Mcownt  ooinmunicabid.  could  not 
ftoeecd  in  perfonDinr  bia  apetnrfenta.  Tbe  cl^f  di» 
aiunilances  of  thi*dileovcry  areflaOed  bj  Dr<  PHclUej 
ifl  the  following^  mannerir 

FlofeiTor  MutTchciibrotlc  ami  bi»  frieridj.  olfcrvinjj 
that  elcftnlicd  bodica,  when  expofcd  to  the  common 
aimofpJiere,  which  is  always  replete  with  cendu^ng 
particles  of  various  Irinds,  foon  loft  the  moll  part  of 
their  cledricity,^  imagined  tliat  if  the  electrified  boi 
dica  flMndd  be  termiaatcd  on  all  fide*  bf  ongiaal 
akfiricit  they  roigfit  bv  capable  of  receinn|[;  a 
Sronger  power,  ard  retaining  it  a  Inngcr  time. 
Glafs  bcin;^  the  mtfl  convei.ient  flc^t-ic  for  this 
purpofe,  ai;d  water  the  nvill  cotivenmit  tinn-clcc- 
Uic,  they  at  f.rll  made  thefe  experiments  with  w^tcr 
in  glafs  bottles:  but  no  oonfiderable  difcovcry  \v.u 
a»de,  till  M.  Cunxu<i,  happening  to  hold  bit  oiaia  vcf> 
fel  in  one  band,  containing  water,  whidfl  bada  ccm- 
mHakatkm'  mth  the  prinie  cowhifior  by  means  of  a 
«ire;  and  with  the  other  hand  difetigagtng  it  from 
the  coijduflijr,  r.]\t:\)  lie  H-ppofed  the  water  had  re- 
ceived ^  ttiuch  clt^trieity  ris  t;ie  machine  couid  give  it, 
was  furprifed  by  .t  hik!  niu  i peeled  (htick  in  In's 

ancs  and  breaft.  Ti»i*  cjipefinient  vas  repeated,  and 
the  fitft  accounts  of  it  publifhtd  in  Holland  by  Meffrs. 
AUaoMmd  and  Mt;(rchenbroek ;  by  the  Abb6  NoQct 
and  bfl.  lionnier,  in  France  |.  and  Df  MdTrt.  GrKlaib 
aad  ftagger*  in-Gennaiij.  M.  Gralath  contrived  to 
Incteafc  tbe  ftmij^tb'  of  the  fhock,  by  altcrlrg  the 
fh;>pe  .ind  f  /e  of  tin  ^nj  alfo  by  chargii;g  fe- 

verjl  phijl.i  at  the  tame  l;uit,  io  as  to  form  what  is 
«»w  called  the  ilefirifalbaltfy.  He  likewifc  mvide  the 
Oiock  lo  pafs  through  a  nr?r.?  cr  (;f  pcrfoiit;  connected 
in  a  circuit  from  the  onilid^  tu  ilu-  i^jfule  <  1"  the  phial. 
Uc  aUb  swerved  that  a  cracked  phial  would  agt  re- 
.3 
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r;''.v-  3  v-l.^.r/r:  and  he  dtfeoiCnd  wblt  il  Itttr  Callbd 

the  Refiduum  of  a  chargt. 

Or.  Watfoii,  aliout  this  tipie,  obferred  a  c!rcuni> 
ftaaee  attending  the  operation  of  charging  the  phial, 
which,  if  purfited,  might  have  led  him  to  the  difcovety 
which  was  afterwards  made  by  Dr.  Franklin.  He 
fays,  that  uhcn  the  phial  is  well  clcAcified,  and  yon  ap- 
ply your  hand  to  it,  you  fee  tlic  fire  flafh  from  the 
otitfije  of  the  g!af»,  wherever  yoti  touch  it,  and  it 
I  '-ickles  in  your  hand.  He  alTu  obfei  vcd,  that  wlmi 
a  Haxk  wire  only  was  faftencd  about  a  phial,  propcily 
lilka  with  warm  water,  and  charged  ;  upon  the  ia- 
llant  of  ita  exploiion.  the  clt^lncal  currufcationa  were 
ieea  to  dart  Irom  the  wirei  and  to  illuminate  the  wa^ 
ter contained  in  the  phial.  He  Hkewife  found  that  the 
flroke,  in  the  difcharge  of  tla-  phial,  u-as,  eif/<r//  pafi- 
tuj,  as  the  poipts  of  contaft  of  the  n  jii-elcclricj  of  the 
outfide  of  the  ghfs  5  whicli  U  J  to  the  nietli  jd  of  eoat- 
ing  glal'u  t  in  ccnfeq  ience  of  which  he  made  exjK-ri. 
menis,  fiom  whence  he  concluded,  that  the  cffedt  of 
the  Leyden  phial  was  greatly  incrcafcd  by,  if  notduefly 
owing  to,  the  number  of  poiota  of  noa-elcdiic  in  eon* 
taA  within  the  g1a&,-  and  tbe  deefitjr  of  the  nMter 
of  which  theft  points  eoiififled;  provided  the  mattcf 
was,  in  its  own  niunre,  3  icaily  conduftorof  eleftricfty. 
He  farther  obfer.ed.  that  tl.o  explof;  in  vva?  j:rcater 
from  hnt  water  im  loicd  in  glaffes,  than  from  cold,  and 
frotn  his  conr^d  j.trs  warmed,  than  when  cold. 

Mr.  Wiiion,  in  1746,  difcovcred  a  method  of  giv- 
nig  the  (hock  to  any  partlcul.ir  part  of  the  body,  with- 
out aifefting  the  rell.  He  alfo  increaftd  the  ftrcn^' 
of  the  fhock  by  phmging  the  phial  in  water,  wfaldk 
jjive  it  p,  r:^at  of  v.aiei  on  the  outude  as  high  as  it  Waa 
lilkd  within.  lie  hkewife  foiiiid,  that  the  law  of  ac- 
CumuUtion  of  th.e  clc^tr:>:  mdlter  in  tlii."  I.rydrn  phial, 
was  always  in  proportion  to  the  thinncf  .  ot  the  gla&, 
tlie  furface  of  the  glafs,  and  that  of  the  roa  elcfirics 
in  contaA  with  its  outll  k  and  iofidc.  He  made  alfo 
a  variety  of  other  cxpcr;.iiciiCs  wttb  die  Zjcydcn  pbiat*- 
too  TiMi!^  here  to  be  iclattd*- 

Mr.  Canton  found,  that  wKeM  a  charged  phial  waa 

plartd  i;])Ou  eltC^rie-,  ;!ie  wire  aiid  i:oatiiii;  would  give 
a  fpirli  01  tivo  ;.iu:;:ati;y,  aiid  th^^t  hv  a  continuance 
of  xite  operation  t!i;  [(h  ,d  wo  iM  he  dlfi  K.ngcd  ;  though' 
he  did  not  obfenc  that  thefc  alteinatc  fparks  proceeded 
from  the  two  oonttary.  dtiAficittet  dilcovetcd  by  Dr.- 
Franklin. 

The  Abbic  Nollet  nude  feveral  experinenta  with-, 
this  phiat  ^He  received  a  Ihock  finom  onC|  out  oP 
which  the  air  had  been  exhaufted,  and  into  wl  v'ch  tbe 

end  of  hi*  condu^or  had  been  inlcrtcd.  I  !-  .fcribrd' 
the  force  of  the  glafs,  i.n  giwng  a  ftiock,  tu  that  pro- 
perty of  it,  by  which  i.t  retains  it  more  llr.)ii-;y  ttian 
condiiJlorg  do,  aad  is  not  fo  cafily  divcHed  of  11  aa  they 
are.  It  was  he  alfo  who  firll  tried  tbe  -effeft  of  the 
ckwiric  (hoci  on  brute  aainsaU :  and  he  enlarged  the 
circuit  of  its  conveyance. 

M.  Monnicr,  it  has  i^m  fald,  waa  the  firft  who  dif> 
vrred  that  tiie  Leyden  phial  would  retain  Its  deflricity 
for  a  cotilid'.rable  time  after  it  w.n  chnrgcd;  and  that 
in  time  of  fr<  ft  hr  foimd  it  continued  for  3^  hours. 
It  is  remark,  hie  tm.  'hat  hotU  the  French  and  Enj;- 
lith  philofophcrs  made  fcvera!  f  xpfrimcnts,  which,  with' 
a  fnull  degree  of  ittcntion,  would  liave  led  them  to  the 
difiievery  oi  the  different  ({ualitia  of  tile  ekAiicity  mi 
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the  contrary  fides  of  the  glaf*.  But  this  Jifct  vcry  >ias 
rcfrrvtil  for  the  ingenious  Dr.  Franklia  ;  u  lio,  in  cx- 
pUioiBg  the  method  of  chamng  the  Liey<ica  phial, 
obferret,  that  wben  oat  fide  m  the  glafs  is  drih-ificd 

plu*,  or  pofitively,  the  other  fitte  is  elctirificil  uiiiiu?, 
or  negatively :  fo  that  whatever  quantity  of  lire  is 
thrown  upuii  one  fide  of  the  glaf*,  the  fame  quantity 
U  drawn  out  of  the  other  ;  and  in  an  miclnrged  phial, 
none  can  be  thrown  into  the  infide,  when  nom-  can  be 
t^ken  from  the  OUtfide;  und  that 'there  h  reuDy  no 
nwre  eleftric  6k  Id  the  ^ial  a^tcr  it  is  (.harmed  than 
before ;  all  that  can  be  done  by  chjirgiagt  beinj;  only 
•to  take  from  one  fide,  and  corivey  to  the  other.  Tfr, 
Frankl'n  nT'o  obr«-rv(,-d  th.it  );Urs  w;.-.  vii>t  5-)>prrv:ou* 
to  cl-'.'tnilty,  ai;d  tli.'t  a-,  t'uc  v4aJi„irj;a  to^-lJ  not 
berell  'icJ  !<i  tlij  Lli.iru;.  !  phial  by  .my  internal  com- 
Siuoicatiun,  it  muft  rac  jir.sily  be  done  by  condiidtora 
externally  joitiing  the  ir^liii  and  the  ouliidc.  Tlitk: 
capital  diCconrriM  he  nuwle  by  ubferving,  th^t  when  a 
phisd  was  charged,  a  cork  bail  fufpcnded  by  Hlk,  waa 
attracted  by  the  outfide  coatlne,  when  it  was  repelled 
by  a  wire  communicating  with  the  infidc,  and  rue 
%erfj.  But  the  truth  of  thi<  printiple  appeared  more 
evident,  when  he  biought  the  kn-^b  of  the  wire,  com- 
municating with  the  outfide  ct)aling,  wiihiii  a  few 
indies  of  the  wire  communicating;  with  the  infuii:  cu.>t< 
in^,  and  fufpcnded  a  cr>rk  b  11  bctu xl-d  tlum  ;  fur 
•thea  the  bait  was  atti»ded  by  them  aitcniatcly,  till  the 
pb^^I  WBi  difdtarged. 

r>r.  Fraiikuu  iilfi.  Hifwed,  that  whcr.  f ^r,,l  v.,;: 
charjjcd,  i.nc  fnic  lull  exactly  as  mui.li  u,  la.  ut'..'^, 
gained,  iu  rut'crme  the  equllibiium.  Hanging  a  tiiu 
linr')  thread  near  the  coating  of  an  elcclricat  phial,  !ie 
obfcr^-cd  that  uhcnever  he  brought  hit  finger  near  (he 
wire,  the  thread  wa>  aitradted  bjr  the  coating  $  fur  3« 
the  fire  was  draivn  from  the  inude  by  tottcLln^  tlie 
wire,  ilic  outfide  drew  io  an  equal  quantity  by  tiie 
thread.  He  likcwifc  proved,  that  the  coating  on  one 
liJe  of  a  phial  received  juil  as  much  elcftriclty,  a»  was 
emitted  from  the  difcliaree  of  the  other,  and  tliat  in 
the  fiillo'.Cing  m.inncr : — •lie  infulated  his  iiibbcr,  and 
llun  hanging  a  phial  to  his  conduflor,  he  found  't 
could  not  be  charged,  tvcn  when  his  hand  was  htl-i 
.coiUlaatly  to  it  {  Decauf:,  thouch  the  ck^kiic  hrc 
might  the  outfide  of  the  pnial,  there  waa  Hone 
c.ilk  ":^i!  fjy  t'l,- I  al^^L-r  to  he  conTeyed  to  the  infide. 
Ik  dur.;  tugl;  U'.wiy  his  hand  from  t!)C  phial,  a-id 
forming  a  cotpmunication  by  a  wire  from  i:n.'  cutli  lc- 
coatiog  lu  the  infulated  rubber,  he  found  tU<il  ii  wus 
xJMUI^d  v.'ith  cafe.  In  thi«  cafe  it  was  plain,  that  the 
vry  fame  fire  which  kfi  the  oinfj''f  t'ntitip,  was 
coBwyed  to  the  inl^e  by  the  way  <  f  tlic  nyl  l  ir,  the 
globe,  the  coiiduflor,  and  the  wire  of  the  phiaL  Thia 
ntw  theory  of  charging  the  Lryden  phial,  led  Dr. 
f  ranklin  to  obfcrvc  a  gu.U' r  v.;  .;ty  L.f  ia^t^,  rtT.;;iiig 
both  to  the  charging  and  dirvliai^Mi  j^  i:,  l::^n  uli.tr 
f  hilofijphcrs  had  attended  to.  An  1  tins  mi.>  In,  that  it 
takes  in  at  one  furfacc.  what  it  lofcs  at  theotlicr,  led  ])r. 
Franklin  to  think  of  cliarging  fevtral  phials  together 
'With  the  fame  trouble^by  coooediag  the  outfide  of  one. 
withlhetnfideofanotha-i  by  witid  tbefitre  that  waa 
driven  f  .it  i  f  the  firfl.  »vould  be  received  by  the  fie- 
•cond,  cf^  .  By  thii  means  he  found,  that  a  great  num- 
-bcr  ol  i^rs  might  be  charged  unh  th-j  f.mi'  lah-jui 
40ac  only  \  and  that  they  might  be  clur^ed  ei^uaUy 


high,  wore  it  not  that  even'  one  of  them  recctvei  tke 
nci^•  fire,  and  lufes  its  old,  with  fame  reIiJCiance»  dtf 
rather  that  tt  gircf  fome  fmail  refiiUnce  to  the  cfaar]g' 
ing.   And  on  this  principle  he  firA  conllnided  aa 

t'.ec\riea!  h:it!t  rv. 

W'iicn  Di.  Fiaaklin  firil  begi:i  Iu-»  r spci  i^ucuLj  ofl 
tliC  Lcydeii  p!)tal,  he  ini.-vi«iii<d  tli.it  the  electric  fire 
wa.s  a!!  cro.kJcd  into  the  fubilance  of  the  noneledric, 
in  coiitad  with  tliC  |;lala.  13uc  he  afterwards  found, 
tliat  its  power  of  gifing  a  fiiotk  iay  io  the  plafs  iuiel^ 
and  in  t  in  the  coating,  by  the  rollowtiig  inj,^enioo» 
analylU  of -the  phial.  'I'o  fii.d  where  the  lirength  of 
the  charged  bottle  lay,  huung  placed  ii  up<>ti  a  gUf*, 
he  firJl  ;:  t)k  oiit  the  cork  and  the  ^vire  ;  hut  not  find- 
><ig  the  virtLiL  in  ihim,  he  touched  the  ojtfide  ciiial- 
ing  uiih  one  liand,  and  put  a  finger  of  the  other  into 
the  mouth  of  ilit  bottle  ;  when  the  lliock  was  fdt 
quite  Ilrong  as  if  the  curk  and  wire  had  been  in 
it*  klc  then  chat]{vd  the  pltial  t^ain,  and  pomiag 
out  the  water  into  an  empty  bottle  which  was  infii* 
lated,  lie  exjjeclcJ  that  if  the  fcrcL-  rcl'i  led  In  the  wa- 
ter, it  wo.ild  give  the  ihock ;  bi.'.  iju  lojiid  it  gave 
noire.  He  therefruc  concluded  that  jh<-  elecliie  fi.c 
m-,i!l  either  h.T.c  been  I''-  in  deir..ung,  or  muit  ro- 
mjia  ::i  lire  hotile  ;  and  the  uc  found  to  be  trues 

fv-r,  upon  liihiig  the  charged  boiile  with  fielh  water* 
lie  ftut'd  the  li'.tK:k,  and  wa*  faitsnt-d  that  the  power 
of  giving  it  rclidcd  in  the  glaft'  itiieUl  ^'lie  lame  ea- 
pennieui  W3«  made  with  panes  of  gbft,  laying  the 
CijaVii.g  on  hglitly,  and  chatg'uy;  it,  .(s  tht  w.i'.cr  liaj 
Ixeti  bei  >re  charged  ii)  the  bouk,  wlicu  tiie  rtiult  wal 
])r(.ei!-!y  the  hiine.  He  alto  proved  in  other  ways  th:il 
I'.ie  ehcbic  lire  reiided  in  the  glafa.  See  Franklin^* 
Letters  ai.d  Obferv^tiona,  &c.  Alfo  FrielUey's  tfift. 
of  iOettricity^  vd.  i|  pa.  I9i(  tx. 

From  tbi«  account  of  Dr.  Franklin*a  method  of  ana« 
lyzing  the  Leyden  phi.ll,  the  manner  of  charging  and 
difeh.ir^ing  it,  wiili  the  real'onuf  the  procefs,  arc  cafily 
undeiiloud.  Thus,  pla'jin^  a  coated  phial  near  tin  [  liu  c 
Ci>ndu-l  'r,  fo  that  the  kuj'o  of  it*  wire  may  be  in  cosi- 
tacl  with  it  ;  then  upon  turning  the  wtnch  of  the 
michine,  the  index  of  the  elcclri>meter,  E,  fixed  to  the 
eondu^ior,  will  gradually  tiic  .is  far  a&  9«^°  nrartv,  and 
there  reft ;  whioi  Ibewa  that  the  phial  has  received  its 
full  charge :  then  hoildiog  the  difcharger  by  its  gLifs 
handle,  and  applying  one  of  it-<  kiu  ii.  to  tin  ^ii  ti:  1r 
coating  of  the  phial,  the  other  b>iiij{  bru  m  r  tl<e 
kuu'j  Li'  til--  wire,  or  near  the  p.:'nu-  i,i,;,t;ii  nhie-li 
commuiiii  lus  with  it,  a  report  will  be  lieard,  and  lu- 
minous fp::;  '.:.  will  bc  fecn  between  the  dii'cbarger  and 
the  conducing  fubdances  comreuntcating  with  the  fidiM 
of  the  phial ;  a:id  by  thii  operation  the  phial  will  be 
difcbarged*  Out^  inftead  of  ufing  the  difcharger,  if  « 
perfon  touch  the  outfide  of  the  phial  with  one  hand, 

1  l)r:i;;_;  tlic  other  hand  near  ilk:  wire  of  the  phial, 
lite  i^K.c  i^i.\V  i:id  repart  will  take  place,  and  a  ihock 
will  be  felt,  all;. the  wrilli  and  elbows,  ,Tud  the 
bread  too  when  the  (liitck  is  llrang:  a  ihock  may  alio 
Ik  given  to  any  fingic  part  of  the  body}  if  tbit  pare 
abnc  be  brought  mto  tlic  cireuit.  If  ■  number  of 
perfims  Join  hatids,  and  the  firft  of  them  tewA  the  out* 
iide  of  the  phial,  while  the  lafl  touches  the  wire  com- 
municating with  the  infide,  they  will  all  feel  the  ihock 
;i*  tljC  i,iii;e  ticr.e.  I;  t.ie  cualed  phial  be  hJd-t^y  the 
«ue,  and  the  outiidc  coaling  bepiefcnted  to  the  prime 
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eQnd*i6or,  it  wilt  ht  charged  aa  readily  (  iMit  onlf  wth 
thk  diffcrtnce,  that  in  this  cafe  the  outfide  wtUbe  poli- 
tivc,  xiMf  the  infide  negative ;  alfo  if  the  prime  con- 

daftor,  hy  bcr'nj^  connected  with  the  rubtKT  of  the  ma- 
chine, l»e  cktln  tied  ncgativt  ly,  ihe  phial  will  be  charged 
in  the  lame  manner  ;  but  the  lldc  that  touches  the  con« 
(!udaT  vriU  be  electrified  ne^tiveljr,  and  the  oppofite 
fiJe  will  be  eledbified  pofitivelf.  But,  by  infulating 
tbc  phiali  and  rcpeatii^  the  iame  procefs,  the  iodiex  of 
dbe  deAiMicter  wfll  fiiaa  rife  to  9^30,  y  tt  the  phial  will 
itnnla  mcbarecdt  becanfe  the  outlide,  having  no  com- 
monication  witn  the  earth,  &c,  cannot  part  with  its 
own  eleflncity,  anc!  thercfdrc  the  inlide  cannot  acquire 
an  additional  quantity  i  bin  when  a  chain,  or  any  otiier 
conduAor,  conneAs  the  outfide  of  the  phial  with  the 
tablet  the  phi.d  may  be  charged  as  before.  Moreover, 
iFapbialbe  infulated,  and  one  fide  of  it,  inlUad  of 
bCMW  CMncdcd  with  t^K  earth,  be  canneded  with  the 
iafohted  rahber,  whiitt  the  other  fide  eommtmlcatca 

uilli  t!ir  jirirntf  con<lu£\or,  the  phial  will  be  c\'()tji- 
lioiifly  char^T^d  ;  bccaufc  that  whiUt  the  rubber  ex- 
liaiills  LUir  hdv,  the  other  .'idc  is  fupplicd  by  the  priu)C 
conductor ;  and  thus  the  phial  is  charged  vrith  its  ovrn 
eleAricitv  ;  or  the  natural  eledric  matter  of  one  of  ita 
fides  is  thus  thrown  upon  the  other  fide.  This  latl  ex- 
periment may  be  divemiied  by  infuhting  the  phial*  and 
|4adii{|r  it  with  ita  wtie  at  tlie  diftaoce  of  about  hidf  an 
iBch  Rooi  the  prime  cendudor,  and  holding  the  knob 
of  another  w're  at  the  fame  d'flancc  from  its  oulfi  !c- 
•jatin^  ;  then,  upon  turning  the  machine,  a  fpark  wilt 
be  oMerved  to  pr(«.ee<!  from  the  prime  conjudkor  to 
the  srire  of  the  phial,  and  another  fpark  will  pafs  at  the 
fame  time  firom  the  outfide  cnnting  to  the  knobof  the' 
wire  prefcaAcd  (owarda  it ;  and  thus  it  Mppem  thlt  at  a 

Suantity  of  the  eleArie  inattcr  i«  entemig'  the  rafide  of 
kc  phial,  an  equal  quantity  of  it  is  leaving  thr  outline. 
If  the  wire  prcftnted  to  the  uiitfidc  of  th^  phial  be 
pointed,  it  will  be  fccn  illusninated  ivith  a  liar  ;  but  if 
the  pointed  wiie  becoiincdcd  with  the  coating  of  the 
phial,  it  will  appear  illuminated  with  a  brtjfli  of  njt. 
See  Charge,  EleSrkal  Shofi,  Exper'mtnlSy  Jiff, 

Mr.  Cavallo  haa  dcfcribed  the  conftniAion  of  a  phial 
wfaichy  being  charged  by  an  ekArical  kite,  in  cxamin. 
lag  the  ftlKteof  the  cloud*,  or  in  any  other  way,  may  be 
patioto  the  pooka,  and  wliich  will  retain  its  charge  for 
a  eotlfidcTiihle  time.  A  pl-.ial  ot  this  kind  has  been 
kept  in  a  cFiarged  iKif  e  i.ir  lix  weeks.  See  hiti  Eledtricity, 
pa.  340,  Many  uthcr  curicnn  etperiments  with  tiie 
l-iyd-.u  phial  may  be  fecn  in  the  books  ahu  e  cited,  as 
aUo  in  the  Tolumea  of  the  Philwf.  Tranf.  and  cifewhcre. 
ta  thia  lad-mentioned  work,  Mr.  Canllo  defcribes  a 
method  of  repairing  coated  phiala  that  bare  cii*.  ked 
by  any  means.  He  firft  removes  the  outfide  coating 
f-ijiti  the  fractured  put,  and  then  makes  it  moderately 
iKjt,  by  Lolding  it  to  the  flame  of  a  candle ;  and  whilll 
it  remaias  hot,  he  applies  burning  fc-.:ling-wax  to  the 
part,  fo  as  to  cover  the  fr*«Aurc entirely  j  obfcrving  that 
the  thlcknefs  of  this  wax  coating  may  be  greater  than 
that  of  the  gbfii.  l«iUy*  be  cuvcn  -an  the  fealing- 
wax,  aod  alfo  prnt  of  the  forGue  of  the  ghfa  beyond  it, 
with  a  compoutioo  made  with  four  parts  of  bce»-wax, 
oncofrclin,  one  of  turpentine,  and  a  \-CTy  littU  oil  of 
dives;  this  being  fpread  upon  apiece  of  oiUd  li!k,  he 
mlic*  it  iik-tbc  BMUicr  ofapkftet*  In  this  way  fcve* 


tal  phiala  have  been  fo  eRe^bsaHy  repaired^  that  after  ' 

being  fincquently  cliarged,  they  were  at  laft  brokro  by 
a  fpontaneous  difchurge,  but  in  a  difFcrciit  part  of  the 
glxfs.    Philof.  Traiif.  vol.  6S,  pa.  101 1. 

LIBRA,  Bc^niKe,  one  of  the  mecluinical  powcrw 
See  Rai.anct. 

LiBKA  is  alfo  one  of  the  48  old  conftellations,  and 
the  7tli  fign  of  the  zodiac,  being  oppoUte  to  Aries,  and 
narked  like  a  part  of  a  pair  of  fcaie^  thna  ifii.  The 
iigwre  of  the  tralonce  wai  probably  given  to  tbia  part  of 
the  ecliptic,  bccaofe  when  the  fun  arrives  at  this  pait, 
which  is  at  the  time  of  the  autiirr.nil  equinox,  the  day* 
and  nights  arc  eq'ul,  as  if  weighed  in  a  balance. 

The  (lars  in  this  cutillcilation  are,  according  to  Pto- 
lomy  ;7,Tycho  10,  Hevelius  zo,  and  flamfteed  ji. 

LiDKA  alfo  denotes 'he  ancient  Roman  potmd(  which 
was  divided  into  1;  unci  e,  orounceti  andtheoonce  into 
24  fcruplei.  It  hems  the  mean  weight  of  the  fcrupic 
was  nearly  equal  to  i7  [  j^ainsTroy,  and  confeqiicntly 
the  libra,  or  pound,  '^040  grains.  It  was  alfo  the  name 
of  a  gold  coin,  equal  in  value  to  20  denarii.  See  Philof. 
Tr.inl.  vol.  6t,  pa.  46?. 

The  French  livre  is  derived  from  the  Roman  libra, 
this  being  ufed  in  FrawK  iiir  the  proportions  of  their 
coin  till  about  the  year  1  lOOt  their  lob  being  fo  pro- 
mrtioned  as  that  ao  of  them  were  equal  to  the  libra. 
By  degrees  it  became  a  term  of  account,  and  eveiy 
thing  of  the  value  of  20  fols  was  caQed  a  livre. 

LIBRATION,  o///,^  any  13  an  apparent  irrcgu» 
larity  in  her  motion,  by  which  Ihe  fcemi  to  librate,  or 
waver,  about  her  own  axis,  one  while  towards  the  eaft, 
and  again  another  while  towards  the  weft.  See  M^n^ 
and  KvECTtoN.  Hence  it  is  that  feoAe  parts  near  the 
moon'a  weftem  eda«  at  one  time  icoeds  nom  tbe  cen' 
tre  of  tbe  dtfe,  tirmle  thefe  on  the  other  or  eaftem  lide 

appmach  ruarer  tn  ir  ;  and,  or.  the  contrar) ,  at  aao> 
lliLi  time  the  we(lert;  p;\its  ar-j  feen  to  be  nearer  the 
centre,  and  the  eiilrrn  part!  fartlier  trom  it  :  by  which 
means  it  liappens  that  fume  of  thofe  parts,  which  were 
before  vifible,  frt  and  bide  themfelves  ih  the  hinder  or 
iovilibic  fide  of  the  moon,  and  afterward*  return  and  ap> 
pear  again  on  the  nearer  or  vifible  fide. 

This  Libration  of  tite  moon  was  firft  difeovercd 
by  Hevdiiis,  in  the  year  16(4 ;  and  it  is  owing  to 
htr  equible  rotation  round  her  own  axis,  once  in  a 
month,  in  conjtiitflion  with  her  unequal  motion  in  the,, 
peritneter  of  her  01  bit  lound  the  earth.  For  if  the 
moon  moved  in  a  ciiclr,  having  iti  centre  coinciding 
with  the  centre  of  the  earth,  wliilil  it  turned  on  its  .ixis 
in  the  precife  tiane  of  ii»  period  round  the  earth,  then 
the  phne  of  the  fame  lunar  meridian  would  always  paf* 
through  the  catth,  and  the  fame  face  of  tlic  mouo 
wonid  he  conllantly  and  exadly  turned  lowaidi  us. 
Bi'l  iince  the  re;  I  motion  of  the  moon  ts  about  a  point 
ttMiiidcrably  dillaiu  from  the  centre  of  the  earth,  th.it 
motion  is  very  unequal,  as  feen  from  the  earth,  the 
plane  of  no  one  meridian  conllantly  pafling  throogb 
the  earth. 

The  Libt^ioo  of  the  moon  is  of  three  kinds. 

I  ft,  HerlibTation  in  longitude,  or  a  fcrming  to-aod- 
again  motion  according  to  the  order  of  the  Egjis  of  the 
xodiac.  Thib  libration  is  uothing  twice  in  each  pc- 
riodiciil  u-.<:riih,  viz,  when  the  moon  is  in  her  apogeum, 
and  when  in  lici  perigeum  ^  for  ia  both  thciie  caut  tbe 
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plane  of  Ker  mcnJian,  which  is  turacd  Miinfd|1l%  h 
rcAni  alike  towards  the  earth. 

ad>  Her  libratioo  in  latitude  ;  which  arifes  from 
Itetictf,  that  bet  «xi|  n9t>  bcwg  ^erpcsdiculur  to  tbe 
plane  of  her  ofbit,  but  mdlned  to  iti  ftMaetimn  one  of 
hey  pull  s  .m  l  fi  nitft'mt  v  i'  c  ether  will  ritxl,  as  it  were, 
tir  d:p  u  litilc  tovvirds  liic  rattb,  »nA  conlcquently  fhc 
will  ;ip|H'nr  tn  liLr.itc  ;i  liltii-,  and  tu  H.i.nv  iomctiirifs 
imre  of  hcr^>ot)>t  and  ftMuctitncs  leis  of  them,  towards 
CKbpalb  Wkicblibratiun,  depending  on  the  poAtion 
of  the  raacQt  n  nrfpcci  to  the  nodes  <>t'  )ier  orbit,  and 
facr  axia  briog  aearly  pcrpeodicular  to  the  plane  of  the 
ecliptic,  Ii  very  priip«rl|  bid  to  hf  in  latitiide.  Aad 
this  alfo  is  completed  m  the  fpacc  of  the  MOoa't 
pciioJ-Lal  irio:itli,  ur  r.  '.ViLi'  v.h',1:  tin-  uiu.  ;i  it.  returning 
again  to  the  l,i,-ut  puljlUJii,  111  '.clpcct  ■^i  her  nodes. 

3d,  There  is  alio  a  third  k^nd  oi  !iL>r.it'un  ;  by  w  hich 
it  happens  that  although  another  jmui  of  the  moon  be 
aet  re^Iljr  turaol  to  the  . earth,  as  in  the  former  tibra- 
tisot  yA  anolber  i»  iUumiotUt-d  bj  the  fun.  For  fince 
Ae  mdOll't  axia  ia  scvly  perpcmlicubr  to  the  plane  of 
the  ecliptic,  when  flic  is  moll  foutbcciy,  in  ncfpcS  of 
the  north  pole  of  the  ecliptic,  fomc  parts  near  to  it  will 
be  ilUimiilBted  by  the  fun;  nfulc,  on  the  cor.lrary,  the 
loulh  pole  will  be  in  darknefs.  In  tins  tafc,  tbtrc  r»ire, 
if  the  fun  be  in  the  laim;  line  with  the  moon's  (cuthci  ii 
liipitt  thca,  a»  (be  prtKCcds  from  cunjundlioD  with  the 
fiio  toward!  ber  afqeading  node,  (he  will  appear  to  dip 
her  iwrtbem  po2«r  paiU  •  littk  into  the  oark  beni* 
fphere,  and  to  i^w  her  (balbem  polar  parta  aa  nracb 
Into  the  liglit  one.  And  the  contrary  to  this  will  liap- 
ptn  two  weeks  alter,  w'lilc  the  new  moon  m  dcfcci.d- 
iDg  from  her  northern  htnii ;  fur  then  tier  nutthern  po- 
lar parts  will  appear  to  emerge  oot  of  darkiicls,  and 
the  fouthcrn  polar  parts  to  dip  into  it.  .And  thisfecm- 
jqg  libmiook  or  ratlicr  thcfe  cffcds  of  the  former  It* 
ImtiM  IB  latitude,  depending  on  the  light  of  the  fun, 
«dfl  be  cmplatcd  in  the  nooa'a  ^agdical  moBth. 
Greg.  Aflreo.  lib.  4,  feA.  10. 

LiiaaarioN  •  Earth,  is  a  term  applied  by  fomc 
afironomers  to  thut  motion,  by  which  the  earth  is  fo 
rvt.iincd  in  orbit,  3s  thut  its  axilCOMiaMtCOBiblltljr 
parallel  to  the  axis  of  the  world. 

Tbia  Copernicus  calls  the  motion  ef  iJiration,  which 
may  be  tbvi  iUiiAntcd :  Suppose  a  globCs  witb  its  a»a 
parallel  to  that  of  di«  nrtli»  painted  on  the  £ag  of  • 
rnafl,  cr.ovcable  on  its  axis,  andconOantly  driven  by  an 
eail  wind,  while  it  fails  round  an  idand,  it  is  evident 
that  t}ie  painted  c;l(,'bc  will  le  in  iit  i.-itc*!,  as  tli.it  it8 
axis  will  be  paniUcl  la  tiat  of  iiic  woild,  in  cvci^  titua- 
tion  of  the  (hip. 

LIFE-ANNUITIES,  are  fuch  periodical  payraeota 
■•depend  on  the  continuance  of  fome  particular  life  cr 
'■^  Jivet.   Thf7  may  b«  di^gaiJhed  iiito  AaonitMa  that 
coamence  iroracdiately,  wid  fuch  at  commence  at  foane 

liinire  period,  called  nirr/lcn.iry  Hfe-annuiiirt, 

The  valnet  Or  prefent  worth,  of  ap  anituity  for  any 
fv^oM  Gfc  or  li«c%  it  n  «ndeat>  dcpcoda  «d  two  di^ 
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cumdaoces,  the  iatereft  of  mooer,  and  the  chance  or 
expectation  of  the  continuance  of  life.  Upon  the  fiir* 
ntcr  only,  it  has  been  (hewn,  under  the  article  AMaoi* 
Tii>«  depcnda  tlae  nine  or  prcfeat  «mtb  of  an  amiMtf 
cenaia,  or  that  »  not  filbjcft  to  the  caotiihianec  of  » 
life,  (ir  Other  Contingency  ;  but  the  ex]>cdatioa  of  life 
bti:-}^  a  thing  not  certain,  but  only  po/refling  a  cenaia- 
cliaiicf,  It  is  evident  that  the  value  it  the  '^trl:un  .nnnnif  y^ 
a«  ilated  above,  muft  be  dtmimlhiii  in  proportion  aa  the 
espedancy  is  below  ccitainly  :  thus,  if  the  prcfenc 
value  of  an  annuity  certain  he  any  fum,  as  fuppofe  looL 
and  the  value  or  expedt-mcy  of  the  life  be  ^,  then  the 
value  of  the  IUi>Mauitr  wiU  be  only  half  of  the  fur.  ^ 
mer,  or  fd ;  and  if  the  value  of  die  Ub  be  only  the  * 
value  ofihe  lifc-aiuiuitv  will  be  but  f  of  looli  tbato 
is       611.  8d  ;  ami  io  un. 

'i'he  miaru.t  ut"  tlic  v;i;r:  or  cxpetlantv  of  life,  dc- 
pcndson  the  proportion  ot  thc^nutnber  ot  perfoustbat 
die, out  uf  a  given  number,  in  the  tiiae  propofcd  ;  tbui^ 
if  50  pcrfiMia  die»  oat  of  t..o,  ia^aoy  propofcd  timc^. 
tbea,  naif  the  nomhcr  only  reroaiaiag  alive,  any  tmtr 
pcifonliaa  an  eoiul  chance  to  live  or  die  in  that  time, 
or  the  value  of  his  li^  for  that  time  is  4  ;  but  if  \  of 
the  nunilxT  die  in  the  tunc  pu-jmli- d,  ur  ntilv  \  n  main 
ahve,  thta  the  v^iluc  ui  any  om'*  hie  i«  \  ;  and  tt  \  of 
the  number  die,  or  only  \  remain  alive,  then  the  value 
of  any  life  is  btit  j  ;  and  fo  on.  In  thcfe  proportioM* 
then  mud  the  v^ilac  uf  the  annuity  ceHain  be  diat* 
oiflied(  to  give  the  value  of  Uic  like  life  Anauitj. 

It  u  ahun  tberdbre  that,  ia  this  bulinefii,  tt  it  neeeT- 
f.iiy  to  Know  the  value  of  life  at  all  the  difTtrert  :i^-fv 
freiii  foinc  table  oi  i blervationj  on  tiie  inortalitv  ol 
iiiankind,  which  may  fluw  (he  pitiportion  of  the  per- 
iuns  living,  out  oi  a  given  number,  at  the  end  uf  any 
propofcd  time  }  or  from  fome  certain  hypothefis,  or  af« 
fumed  principlie.    Now  various  tables  and  b^pothefca 
of  this  fort  were  given  by  the  writers  on  thta  fubjcdf, 
as  Dr.  HaOey*  Mr.  DenwivN^  Mb'.  Thoaaja  8inwfoa« 
Mr.  Dodfbn,  Mr.  Kerflefaooia,  Mr.  Paneiieux,  Dr  Ft^ce*. 
Mr.  ^Torgan,  Mr.  Daron  Maferes,  and  many  others. 
But  the  fame  table  of  probabilities  of  life  w  ill  not  fuit 
all  places  ;  for  long  experience  Ims  (hewn  that  all  places 
are  not  ct^ually  healthy,  or  that  the  proportion  of  the 
number  of  pcrlons  that  die  aanuallji  is  different  for  dif* 
fcreat  placcib  Dr.  Halley  computed  a  tabk  of  the- 
.anaoal  deatfaa  aa  diavni  mm  the  biUa  of  mottaUty  of 
the  city  of  fireilaw  in  Germany,  Mr.  Smart  aad  Mr. 
Simpfoii  from  thofe  of  London,  I>r.  Price  from  thofe 
01  N'o;tlinn"![JtOn,  Mr,  Ketf!tb(Hjm  from  thole  of  tiic 
pi'uvinces  of  Holland  and  \\\  ll  rrirlhind,  and  M.  Far- 
cieux  from  the  lifts  of  the  hn  ndi  tontincf,  or  long  an« 
Buitie%  and  all  thcfe  are  found  to  diiler  irnni  one  ano*- 
thcr.    It  tiiay  liut  therefore  be  impropci  tti  infcrt  here, 
a  caananiive  view  of  (be  principal  tablca  that  bmr* 
been  fpven  of  tbia  ltiad»  aa  belaw,  vrhere  the  firft  eo* 
luii  n  (hews  the  age,  and  the  other  columns  the  m.mber 
of  pcrfons  living  at  that  t^».aut  of  1000  bom,  or  of.^ 
the  age  0^  b  the. liar  oftMh  cohinm*. 
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Thefe  tables  Ihew  tb«t.thc  mortality  ud  cbuce  of 
life  are  very  Tanmn  in  diflerent  pbers ;  and  tkat  dim* 

foi  c,  to  obtain  a  fuffititiit  iitcuracy  in  tins  burini  fR,  it 
IS  n<ceQa:y  to  adapt  a  table  of  probnibititiet  or  chaticcs 
oflifci  to  every  place  for  wiiii.li  annuitita  are  to  be 
ealcnIateJ ;  or  at  icsil  one  fet  of  tables  for  large  towns, 
and  another  for  country  placet,  a*  wcU  n  for  the  iwp> 
pofitUNi  of  difiinrent  rates  of  interdt. 

Sevenlof  tlie  forrgoine  tablet*  at  tliey  caainwnccd 
with  number*  diffcreut  from  one  anothrr,  are  here 
reduced  to  the  fiimc  number  at  the  bi  ^  iauin;',  vix,  1000 
perfonSi  by  which  mt-iins  we  arc  enable;*,  liy  infptiticjti, 
ai  any  ape,  to  con'.parc  the  niimbci»  toj^cther,  and  im- 
mediately perceive  itie  relative  decreet  of  vitality  at  the 
fcTcnlpucca.  Tbc  tablet  are  al^o  arranged  accordtng 
Mthc  oeCTCC.of  vitalitj  amongil  them  ;  the  Iral^  or 
thtt  at  ViCBM*  luft  %  Md  the  reft  in  tbeir  oidcr,  ts 
the  Ucbcfti  wliidt  ie  the  pronilcr  of  Vind  in  8iii|« 
sednoi  The  «udioritic»up«o  which  thde  tabici  ii> 
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Kid»«re  Mtbqrbcieibllow.  The  iiril,  takcA  from  Dr. 
ce'tObfervirionKHi  ReverGonary  paymcntt,  is  form  > 
ed  from  the  billi  at  Vjtnii.i,  for  R  >  cart,  at  given  by 
Mr.  Sufmilch,  in  hit  Coiz/i  Af  Ordr.nnjj;  the  2d,  for 
Bi  Hiii,  from  the  fame,  at  forTticJ  from  the  biltg  there 
for  4  yc.ir5,  vii,  from  1752  to  inj  ;  the  ?d,  from  Dr. 
Pric  c,  (hewing  the  true  probabUitics  of  hfr  i*  London* 
formed  ftocn  toe  IriDi  fot  tn  veart,  vix,  fran  i^joto 
1768 1  the  4th,  for  14brwicn,%med  by  Dr.  Price  ftom 
the  bfll*  for  to  year?,  viz,  from  1 740  to  1 769  ;  the 
$lh,  by  the  fame,  from  the  bilit  fur  Northampton  ; 
tbe  6lb,  as  deduced  by  Dr.  Hallcy,  from  the  biDt  of 
mortality  at  Breflaw ;  the  7th  fiicwi  the  pmbabitities 
of  life  in  .1  country  parifh  in  Brandenburg,  formed 
from  the  bilit  for  $0  yrars,  from  1710  to  I7^p,  at 
given  b^  Mr.  Sufmikh;  tlic  8tli  ihewt  the  probabilittet 
ofiiie  to  thepariih  of  HolyCroIii,  ocar  ShiewfliuiTt 
fiMMd  Inm  a  itgiftcr  kept  by  the  Revs,  JlAr.  CerAieb* 
for  M  jeHih  mm  1750  to  1770 1  ihe  gth,  for 
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ridhad,  was  formed  hy  M.  Kerflcboom,  from  the  re.  jbnacd  bv  Dr.  Price  from  ifce  iMtRmof  43  pwiAc*. 

giiUn  of  certain  annuitict  for  lives  granted  by  the  ep*  gtvea  bf  M.  IfHNt,,  U» die  Bow  MtflMot'lar  the  jtu 

vcnnwat  of  HoDand/wbwhlnd  bcm  kept  there  »r  i}6db 
ifj  Tf«n,  in  which  the  ant  of  ibe  kreni  ammitutt 


dying  durlniT  thit  period  had  been  truly  entered  ;  the 
loth,  fur  France,  were  foimed  by  M.  rarcieux»  from 
thi;  lllls  of  the  French  tontintr;.,  or  long  annuitie*,  and 
veribed  by  a  comparifon  wiib  tUc  mortuary  regifleri  of 
feveral  religioua  boufca  for  both  fexei ;  and  the  1  itlry 
orM,  Ibr  the  difttia  ofViod  in  Swiuerlmd, 


Nov  ftoBk  fncti  Kftt     the  fnre^nin^,  various  table* 

have  been  formti!  f.ir  rViv  v;Ji;.n; n'  ^i,n-i:'ic?  i""-;  I'l"- 
gtc  and  joJOt  I  4*c»,  at  lt..if  il  i^i>.i  ui  mltte't,  m  wl.ictt 
the  value  is  ihcwii  hy  infj)  "^i<  n.  The  fi  llo.v'n?  .ire 
thofe  that  aiei^ivcn  by  Mr.  Siinpfan,  in  hU  Sek^  tu«r» 
cileH  w  dedMsd  fnm  Ibe  iMdeo  bib«£MrtaIiif. 
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Sitmug  tie  Fahie  of  mt  jlkntii'r  oh  One  L^,  or  Nkmitf  •/  Tears  Anmmij  im  tkf  Falut,  J»^^g_  Monty  to- 
hear  i»t*rifi  at  the  ftvtral  Raft  ^  3,  4,  Md  ^fer  teiU^  .. 
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Tilt  uf.«  of  thefe  tabk*  oiay  be  acemplttid  n  die 

Xolljiving  problems.  ^ 

Prob.  I.  To  jmi  iht  ProMiSiy  or  Profw^  tf 
^hftntfy  thai  a  prrf.n  ff  n  Gk<rn  Age  c.rhvttt  r:  heing 
i<j  (n  c^jct!  number  of  ii//.— Thus,  luppok'  the  a^<^  be 
40,  and  the  number  of  yea.s  propofcd  ij  ;  then,  to 
toalcukte  by  the  uUc  v.{  u\  -  pmhabiliiii;*  IW  London, 
jii  tab.  I.  «gpnft.4u  jtzn  ibnds  214,  and  agmnft  55 
ycOTftheage  to  which  thk:  ]  orfoa  mull  arrive,  (Unas 

f20,  wUcb  ^C«r»  Uiat,  of  214  pcifuns  who  attain  to 
he  age  of  4c,  onJy  120  of  them  reach  the  age  of  5J, 
And  conCcqucMtly  94  die  between  tl>c  ages  of  40  Bod 
It      t-vidtut  (heref.i'L.'  llul        nlds  K;r  attaining 
(he  propotcd  afjc  gf  55,  ait  a*  120  lu  ^4,  w  a;,  i;  to 
7  Dcnrly.. 

pROB.  J.  Tofud  lie  falue  «f  am  Mnmly  for  a pro- 
te/erij  ijr- — This  probhin  h  icwlvcd  from  tab.  2,  by 
Viobiiu;  «gainft  the  giVa  age,  and  under  the  prdpofcd 
fHtc  of  intcreft ;  then  the  correfponding  quantity  ibtws 

ihc  nanibcr  of  years-pun  hafc  r.-quiixd-  For  example, 
if  tlie  given  age  be  36,  th^  .-.sic  of  tnterell  4  per  cent, 
and  ilic  prouolLd  annuity  1^  250.  Tlirn  in  t lie  table 
k  appear*  tiiat  the  value  i»  12-I  years  puiLliafc,  or 
Fa*!  iV.ts  Lzjo,  thai  is  L3025. 

After  the  ffunc  ijiaiincr  the  aafwer  will  be  found  in 
any.  other-cife  falling  within  the  limits  uf  the  table. 
But  aft  tKcre  nay  fmnetiinca  be  occalion  to  know  the 
▼allies  of  livei  computed  at  bighef  rates  of  intoeft  than 
thofe  in  the  table,  the  two  following  prafkical  rule* 
arc  fubjoinid  ;  by  which  the  problem  is  refolved  inde- 
pendent of  lal!> '.. 

JiiiU  I.  When  the  given,  age  i»  not  lcf»  than  4J 
year*,  nor  greater  than  FI5,  fubtraA  it  from  92  ;  then 
multipijr  the  remainder  by  the- perjpctuity,  ud  divide 
the  produft  by  the  faid  remainder  added  to  j4  timea 
♦lu  jKip-  tintv  ;  fo  lhall  the  quotient  be  the  number 
of  year',  l  uief  afc  reqvire*!-  Where  note,  that  by  the 
i>frj>t/!i:.'v  meant  the  number  of  yearn  purchafe  of  the 
ffc-fimple  J  found  by  dividing  loO  by  the  rate  percent 
at  which  interefl  ia  rtckcined. 

£m,  Let  the  given  aj^e  be  50  ycart,  and  the  rate  of 
intereft  10  per  ccnt.j  Then  fubtrafting  50  froiii9S» 
the! 


from  tesX  oMien'ations,  a.  fclJom  /□  differ  fi'^'h 
by  more  than  ,  5,  or      of  one  year's  pvTx:hiif^'. 

'Vhe  obfervations  here  alluded  to,  arc  th<^^f  ^hr'cA 
arc  founded  on  the  London  bili*  of  tnortal/ty. 
a  funilar  method  of  folution,  accommodateJ  to  the 
Bir'l  nv  abTerratkHMt  will  be  aa  (oilom,  viz.  "Mul- 
tiply  the  difference  between  tbe  rn'ren  age  and  8y 
years  by  tin*  pi-rpctuity,  and  divide  the  product  hy 
H  'enth?  oi"  liii:  laid  diricrence  increafed  Ly  duiibk  ihc 
jK-rpL-.'jiiy,  for  the  anfwer."    Which,  from  8  to  80 
years  o:  age,  will  commoDly  come  within  Icfs  tlian 
of  ii  vL  ir's  purchafe  of  the  truth. 

I'ion.  3*  7*  Jhidjht  yalne^M  Amnitjf/ir  Tim 
j>"iitt  Liva%  «r       at  tify  t>aih  rMflrmr  m 

ix  ti^ lo^tthfT. — In  table  3,  find  the  y<iur»ccr  age,  or  that 
iK.irell  to  it,  in  column  i,  and  the  lii^iuT  age  in 
cii]uinn  2  ;  tlun  ;»yaitill  this  lail  i«  tl>c  number  of 
yrars  purchafe  iu  the  proper  column  for  the  intercil. 
Ex.  Suppofe  the  two  ^gea  be  20  and  5;  yeart}  ,then 
the  value 

u  10^  ycara'puicbatle  «t  j  per  cent, 
or  9*8  *  -  '  >  at  4  per  cent, 
or  8*8      -      -      at  y  per  cent. 

Pros.  4.  Tn  f.,-  l  th  J'l'i.^  0/ J^r.u' r  f„r  lit 

Longed  «/"  7"ii  ..  l.r.-c,  lhi:t  rs,   fur  ,ij  latijr  jj  ujll.tr  of 

them  ro«//«B<"/ /t'/Sj--  —  In  i  ililc  -f,  find  llie  age  of 
the  youngell  life,  or  the  ncarilt  to  it,  in  col.  1,  and 
the  age  uf  the  elder  in  col.  2  :  iIil-u  u^^aiuil  this  Uil 
ii  the  anfwer  in  the  proper  column  of  interclL 
So,  if  the  two  ages  be  i|  and  40  i  then  the  tnblC  of 
the  annuity  upon  the  h>ngeft  of  two  fucb  Eve8f 
i»  2 1  •  I  years  pinrcnafe  at  3  per  cent. 

or  17"9       -       -  4  per  cent.  . 

or  15*7       -       -  5  percent. 

N  B.  In  the  loft  two  problenu,  if  the  younger  aee, 
or  the  rate  of  intcreft,  be  not  eaa^  found  in  uie 
tablet,  the  neareft  to  tbcm  may  be  taken,  aid  thca 
by  proportion  the  Talue  toft  the  irue  numben  wiQ  be 
nearly  found. 

R •.lies  and  tables  for  tSc  v.il  ics  of  tlirce  ]Uc-,  T^c, 
may  alfo  be  fccn  in  Sitnpit»ij,  anti  in  Baron  Ma!cre*"» 
Annuitit:s,   &c.     All  thtfe  calculriiKms  have  been 


■re  rimaiiu  42  ;  wbich  multiplied  by  to  the  peije-  made  fiom  table*  of  the  real  mortuary  regifters,  dif. 
iv.  uivt*  420  i  and  thw  divided  by  67,  the  ttmainder  f^ing  unequally  at  the  ftveral  ages.  But  rules  have 
reuttil  by  2i  ti.r.i.  10  ti  c  perpetuity,  quotes  6-3    "Ifo  been  given  upon  other  mncifJea,  as  by  Di 


tui 

iiicreutt  -    ,  „  .    .       .     .  . 

neatly,  for  the  nun  bu  ycaii  purchafe.  Therefore, 
fuppoiing  the  annuivy  tu  be  Liooti  Ha  vahie  in  pre> 
fcnt  money  will  be  L6jo. 

I  RiJe  2.  When  the  age  is  between  10  and  41?  year*  ; 
{take  8  tenth*  of  what  it  wwita  of  45,  which  divide  by 
fthc  Tate  per  cent  bevealefl  by  1-2  j  then  if  the  quo- 
'tieut  1c  1  !c!a!  to  the  value  of  a  life  of  4f  ye«rt,foond 
b)  tl.c^  piLccdiug  rule,  thefe  w-fll  be  obtained  the  n*m- 
Ibir  ut  y 1. 1:^  purchafe  iu  this  cale.    For  cxan-.pK,  lit 


c 

Muivre,  upon  the  fiippofition  dnt  the  d'ccrem^ita  of 

life  ijrc  tijual  iii  M  agjs  ;  an  afTumption  not  much 
diffciiay;  tVoin  tiit  ti  ulli,  fror.i  7  to  70  ycar«  of  age,  , 

Lnt-y!:-si  ,r  a  i,  fii\nb!!  [\:ij'-\ciiily,  is"*-.— Thili  are 
wuitli  more  than  lucli  as  are  jwyable  yearly,  as  com- 
piitiJ  by  the  fioregoing  rule*  and  tables,  on  the  two 
following  acfoanta:  Fvil,  that  part&  uf  the  payaaenta 
are  received  Jboner  |  and  adb ,  there  is  a  chance  of  ft* 
cetving  fome  jpart  or  pani  «l  a  wbok  year^ 


St)  &c  of  hu  Annuitiea,  by  a  very  elaborate  calcula- 
ions  ocnvcu  oy  ukic  ^hwd,  «*r.  tion,  £adt  tbe  former  dMcfcace  to  be  nearly  {  alfo. 
fo  anr  tbe  troe  adbica*  ooAipiiied  But  Dr.  Price,  man  Wbj  in  tbe  FlufelL  Tianf.  vol.  66, 


And  the  conclufions  derived  by  tbde  fules,  Ifr. 
JSimjifoit  addi^ 
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or  of  the  pctluii  upon 
granted.    Tu  obtain  the 


yi»IO^  dates  the  fame  difTcrence^  only 
■t      for  half-yearly  paymeat<, 
and      for  quart .-ily  payments  : 
And  tKc  Da^Mr  tben  add;,  fume  algebraical  theorem* 
finr  fuch  cakuhtiom. 

LtrB^iiifvmM,^irrr</  iy  /.OH//.—. Thefe  differ 
from  other  IHiMumuitics  otdy  in  this,  thkt  the  an* 
nu'ty  U  ti>  Lc  paiiJ  up  to  the  very  day  of  the  death 
ot  the  age  iu  c|U\.'lli!in, 
wSiofc  h"fe  the  aniuiity 

more  exatt  vahic  tlieretore  of  fiich  an  annuity,  a  fm»U 
quantity  mult  be  added  to  the  fame  as  computed  by 
Uw  CotCgoil^  rnks  andobfmationt,  wliich  is  different 
•ceording  ai  the  piyiMntt  are  yearly,  half-yearly,  or 

(|Uarttr])-,  ;  and  arc  thus  Ri,lrd  \,v  Dr.  PtKC  IU 
hit  k,&3Lj  quoted  above  ;  viz,  the  uddiliun 

U  ^  for  annual  payments 
«■  —  for  haif-jtaiij  jnyincntSt 

dr  ^  for  qnartorlj'  payments  i 

where  n  is  the  complement  of  the  jjivcn  age,  or 
what  it  wants  of  86  years ;  and  jr,  A,  <f  arc  the  rc- 
fpedivc  <Liluts  i)f  an  annuity  <:i,\.'iii  for  «  yearn,  pay- 
able yearly,  half-yearly,  or  quarts  rly.   And,  by  nume- 
nl  cmmylet,  it  is  found  tliat  the  lu  it  ot  thcfe  additional 
qmnririrt  k  about  |V»  the  fecond       and  the  ^d  iialf 
« tenth  of  one  year**  porchafc. 
r  Cmafkman  if  Lire.   Sec  CoNrtsMENT. 
ExftSatmn  tf  Lire.    See  £xr£CTATtOM. 
Infuranct  «r  J^umtt  m  I*iTKs*  See  AamtAiiCKi 
tiN  L'rvft. 

LIGHT,  that  principle  by  wliich  objcds  arc  made 
perceptible  to  our  fcnk  of  iceing;  or  the  iienliitiun 
occafiuaed  in  the  mind  by  the  view  of  huiuiioiia  ob- 
jedA. 

The  mtttre  of  I.i^ht  has  been  a  fulled  of  f^eeu* 

litio.i  from  the  firit  rf.iwiiiiijTs  of  jiUildtopMy .  .Some 
of  tlic  carlii'li  jjliilolu|)!ii.':  s  (lotiUtcd  \vlit/lin:r  oljict";^ 
brcainc  vifibk'  Sy  racuii'^  ot  anv  t)i:ng  ].rocccilin;.r  ttojii 
them,  or  fium  the  eye  of  the  fpc^tur.  Bui  thii,  upi- 
•ion  was  quabficd  by  Empejodfs  and  Plato,  who 
vaintained,  that  vifion  wa*  oecafioncd  by  iwtidca 
eo«timially  flying  off  from  the  tvahaa  of  bodies, 
which  meet  with  others  proceeding  from  the  eye  ; 
while  the  effect  was  afcrihed  by  Pjthagoras  foltly  to 
the  parliclts  pr;>LC(.ding  from  the  external  objctks,  and 
entering  the  pupil  of  the  eye.  But  Arillotic  detines 
Light  tu  be  the  acl  of  a  tranfpnreut  body,  confidcrcd 
as  faich:  and  he  obfcr^-es  that  Light  it  not  fUe,  mir 
yet  any  matter  radiating  from  the  niminuna  bodyt  ■nd 
tnnfmitted  througb  the  tranfparcnt  one. 

The  Cartedans  have  refined  conftderably  on  this 
notiun;  aiid  lio.M  tliat  as  it  I'sifU  in  the  lumi- 

Rou»  bod),  i*  uitly  a  ^lower  or  fatuity  of  exciting  in 
u*  a  very  clear  and  vtvid  fcnfation';  or  that  it  is  an 
jpvifible  fluid  prcfcut  at  all  times  and  in  all  j}lace!t, 
hot  rccjiu'ring  to  be  fet  in  motion,  by  a  body  ignited 
or  othcnrife  properly  qnabtied  to  tnoke  ebjcd*  vifiUe 
to  ns. 

F.ithcr  Malliranclic  explains  the  nav  rr  t  <■  T^ight 
from  a  ftippofcd  analogy  between  it  iiud  iouud.^ 
Vol.  11. 


TIius  he  fuppofcs  all  the  parts  of  a  luminous  body 
ari-  in  a  r.'.pid  motion,  which,  by  very  quick  pulffs 
is  ci/!i!!;iiJtly  comprcfling  liic  fubtic  matter  between 
the  luminous  body  and  the  eye,  and  escitcs  Tibra- 
tions  of  prcllion.  At  thefe  Tibrations  are  greater* 
the  body  npean  note  luounoua  i  and  aa  tuer  are 
quicker  or  flower,  the  body  is  of  thu  or  that  «oUttr., 
But  the  Newtonians  irai main,  that  Light  n  not  U 
fluid  {xr  J'f,  but  confitU  of  a  great  number  of  Very 
fmall  parUilcj,  thionii  ofi  from  the  luminous  body  bjr 
a  repulfive  power  wi(h  an  unniciife  velocity,  and  in  all 
directions.  And  thtfe  particle*,  it  is  a!f<»  hdd,  are 
emitted  in  right  lines :  which  redlili near  motion  they 
prcfervc  till  they  are  turned  out  of  their  path  by  foqao 
of  the  following  caofiM,  vi/.,  by  the  aittaAioa  oif  fome 
other  body  near  which  tliey  pafs,  w  hich  it  called  ht- 


pafling  ohliq 


U'iv  rl 


V  Unoi; 


dill  i  t  cut  denihy,  which  is  called  rcjtwit'jii ;  or  by  beiiig 
t  ut  ucd  alidc  by  the  oppofition  of  fome  intervening  body, 
which  is  called  rrfttiiun  ;  or,  lallly,  by  being  totally 
Atipped  by  fome  fiibtlancc  into  whicli  thcv  penetrate, 
•nd  which  is  cstUed  their  exiiitSm*  A  l^ccclEoa  of 
thefe  partides  following 'one  aootber,  in  an  ettSk 
ilralght  line,  is  rn'l' d  a  ray  of  J.i^hl  ;  and  this  ray,  tU 
whatever  maimer  iin  direction  may  be  changed,  whe- 
ther by  refraction,  reflection,  or  nifUctiiui,  ;sUvnY>  pie- 
fervcs  a  rectilinear  courfc  till  it  be  again  changed  j 
neither  is  it  poffiblc  to  maltC  it  move  m  the  arch  of 
a  circle*  elliplls  other  curte.  For  the  above  pro- 
perties of  the  i«y*  of  L^t,  fee  the  fcfenl  iroida^ 

KsFRACTIOM,  RrrUFCTIOX,  &C. 

The  velocity  of  the  particles  and  ray*  of  l^tght  ft 
truly  adonilhing,  amouming  to  r,i.ui  2  li-jnlu-J  tliou- 
fand  miles  in  a  fecond  of  time,  wliicli  ii  near  a  irilliori 
times  greater  than  tiic  velocity  of  a  cannon-b.iil.  Aim! 
thi»  amazing  motion  of  IJ^ht  has  been  ir.ntiiiLllod  in 
viuiuus  ways,  and  lirll,  f.oin  the  eclipfcs  o;  J  ..juilt's 
iatellitea.  It  WM  firft.  obfcrvcd  by  Rocmei*  tb«t  lii* 
edipfetof  tbofefatehitn  hapjicn  fometlmes  fooner,  and 
f(_/irietiiiics  later,  tliaii  iIil-  times  gi.cn  by  the  tables 
ot  tlieni  ;  and  that  the  t  bitrvntion  wii'i  before  or  alter 
the  ciitiiputcil  time,  accoidiii^'  r.s  tlie  eaitli  was  nearer 
to,  or  farther  from  jnpiier,  than  llic  mean  diflance. 
Hence  Roemer  and  Caffmi  both  concluded  that  thia 
circtunftance  depended  on  the  diilance  of  Jupiter  from, 
the  cmth;  and  that,  to  aecount  for  it,  tney  mutt 
fuppufc  that  the  Light  was  about  14  minutes  !»• 
croffing  the  earth's  orbit.  This  eonclufxm  however 
was  atteiw,;id  abandoned  and  I'.tt.icked  by  Cafllni  him- 
felf.  I'lUt  Roemer's  opinion  found  an  able  advocate 
ill  Dr.  Halley  ;  who  removed  Cafliiii's  diiScuUy,  and 
left  Roemer's  conclufion  in  its  full  force.  Yet,  i«  a 
memoir  prefciited  tu  the  Academy-  in  I'oy^M.  M>« 
fuldi  cndeRVoured  to  ftrcngthen  Cafiini's  axguroemt  i 
when  Roemer's  doctrine  fuund  a  new  defender  in  Mr. 
Pound.  Sec  Plulof.  Traiif.  niin'tier  136,  alfo  Abridg. 
vol.  I,  pa.  409  and  422,  and  Groves,  Phyf.  Elem. 
number  2636.  It  has  fince  been  fotind,  by  repeated 
cxperiment'i,  that  when  the  earth  is  exaftly  between, 
jui  iter  ?nrl  the  fun,  his  (atellitcs  are  fcen  eclipfed 
about  8 1  miutttek  fiimr  than  they  could  be  aecoidii^ 
to  the  tables;  but  when  the  earth  h  nearly  hi  the 
oppofite  point  <;f  iti  orbit,  tlicfe  eelipfes  happen  ahout 
8  j  ininutcs  iattr  tbao  the  tables  predict  tiiem.  Hence 
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-t|i»  it  it  eeitais  that  Uw  motioa  of  IaAi  k  uaf. 
iaftmtaneow,  hat  tint  it  takcf  up  about  i6|  rainntn 

of  tunc  to  pifj  i:v;,-r  a  fpncc  fqi:.il  to  tlic  iliamilcr  <if 
the  eaj-lli's  oiLu,  vshlcli  ia  ;it  icad  190  imliions  of 
railc*  in  length,  or  at  the  rate  of  near  200, rco  i.i:k« 

rr  fecond,  as  above  mentioned.  Hciict  thciciDic 
ighl  take*  up  about  8i  minutes  in  f  uding  fiom  the 
filn  todw  earth;  fo  that,  if  be  QuaM  b«  anjuhilated* 
iwe  would  fee  liini  tar  6i  mhutM  tftcr  that  event 
ftould  bupea;  and  if  he  were  &^^u  createdr  wc 
fliou}d  not  fee  him  till  8^  minitten  afterwardi.  Hence 
alfo  it  is  eafy  to  liaow  the  time  in  w!iVh  I-ighl  traveU 
to  the  earth,  from  the  moon,  or  any  of  the  ether 
planets,  or  even  from  the  fixed  Aars  when  tkeir  diilaucei 
ftall  be  known ;  thcfc  diilartm  however  aic  lb  im 
menfcly  grcftt,  that  from  tbc;  t  catLil  of  thoi^  fuppoftd 
«o  be  Sinuaf  the  dog-ftar,  takea  in  maajr  ycm 
to  tnml  to  tlie  earUi :  and  it  n  nTpcded  that 
there  are  many  fta:s  ujiofc  Light  hnvc  not  yet  sirlvcJ 
at  U(  fince  their  creation.  And  thit,  by-thc-bye,  may 
perhaps  ruinct-me*  accMUit  fCT  the  appeUance  of  new 
nm  Jn  the  hL-ivens. 

It  nay  be  jult  obfervcd  that  Galileo  firft  conceived 
the  Mtion  of  fieiifuring  the  wbcitjr  of  Lj|^t  i  and  a 
deferiptioB  of  hia  cuulilvaiioe  far  diia  niipofe»  ia  tn 
Us  lYrattfe  on  liechanies,  pa<'39>  He  had  two  men 
with  Lights  covered ;  the  one  was  to  obfcrve  when 
the  other  uncovered  liia  Li^t,  and  to  exhibit  his  ovin 
the  moment  be  perceived  it.  This  rude  experiment 
was  tried  at  the  dtilance  of  a  mile,  but  without  fuc- 
tieStf  as  may  naturally  be  imagined :  and  the  members 
4f  tbf  Academy  Del  Cimcnto  repoud  the  expcri- 
,  Meat,  and  phwed  their  oblenren^  to  wlitdepuipofe^ 
at  the  dilbnce  oF  2  mSea. 

But  oi:r  excellent  aftronomer,  Dr.  Bradl<"y,  after- 
wards found  nearly  the  Lilc  velocity  of  I-igfit  as 
Roemcr,  from  his  accuratt  ohfcrv.Ttioiii,  nn<i  moll  in- 
^eaiou*  theory,  to  account  for  fuiiK-  apparent  motions 
M  -the  fixed  fiara  ;  for  :in  account  of  %v!iich,  fee 
AaKMATiow  of  Light.  By  a  h»ig  ferica  of  thc£e 
flbfervation«„he  Ibiiad  the  diHieicoce  between  die  tnw 
and  apparent  place  of  fevcral  fixed  ftars,  for  difTt  rent 
times  of  t'jc  year  ;  which  difference  could  no  otljcr- 
M,ifc  lie  accounted  for,  than  from  the  progrciCre  mo- 
tion of  the  rays  of  Light.  From  the  mean  quantity 
of  this  difference  he  ingcniouHy  found,  that  the  ratio 
of  th^  velocity  of  Light  to  the  velocity  of  the  earth 
in  its  orbit,  was  «•  10315  to  i,  or  that  Light  movea 
1 03 1 3  times  fatter  than  the  earth  movea  ia  ita  otfait 
about  the  fun  ;  and  at  th»  hitter  motion  ia  at  the  rate 
of  I S  j  J  rtiilea  per  fccond  nearly,  it  follows  that  the 
£onn<.i',  or  the  velocity  of  Light,  is  at  the  rate  of  about 
1 95000  miles  in  a  fccond ;  a  motion  according  to 
which  it  will  require  juft  8'  7''  to  move  from  the  fun 
to  the  earth,  or  nbout  95  millions  of  miles. 

It  was  alfo  iofentd^  ftom  the  foregoing  princij^t* 
that  Light  proceeds  with  th^  fane  vdoeity  from  all 
!?  Unrfv.  And  l:cncc  it  ''o]\iiv-r.,  if  wc  fiijipvifc  tliat 
mil  the  l^Jrs  arc  not  cqu^.Uv  iiliUiit  fnnvi  hi,  as  many 
arj^unHTiti  prove,  tliat  thi-  inj".:oa  ul  Light,  all  the 
way  it  poiTc*  through  the  iinmeulc  fpace  above  our 
atmofphercn  is  equable  or  uniform.  And  fince  the 
dUfefcnt  mctbodt  of  det«xminiBg  the  vdocitj  of  L^ht 
IhMifMBiBtke  icfiilttit  it  nilbaafak  to  condnte 


that«  ia  the  fame  medtnoii  Light  it  propagated  wrth' 
the  fame  velocity  after  it  has  been  reflected,  as  before. 

Lir  an  account  ff  Mr.  MJvilic':,  h-  imthcfu  of  « 
the  different  vclocititi  ul  diirarenUy  coiouicd  rays,  fee 

To  the  do^lri  :c  concerning  the  materiality  of  Ligbti. 
and  its  air.azing  velocity,  feveral  objeclions  haveben 
made ;  uf  which  the  mull  conGdcnble  ia*  That  at(a|» 
of  Light  are  continually  palling  in  dtlTereitt  dire^na 
from  every  vifible  point,  tlicy  mull  ncccffarily  interfere  ' 
with  each  other  iu  fuch  a  maaacr,  y,*  entirely  to  con- 
foiif.d  all  diiliact  perception  of  ubjc<3»,  if  not  quite  to- 
deilroy  tlve  whole  fcnfc  of  feting  :  not  to  mentioib 
the  continual  waAc  of  fiibdance  which  a  conlbnit 
emiflion  of  particles  mud  uccafion  in  the  luminoua- 
bodv,  and  thereby  lince  tiie  cre.itiuo  nuft  bare  greatly 
diouniflied  th»  matter  in  the  fun  and  ilars,  as  well  as 
increafed  the  bulk  of  the  earth  and  jphuiets  by  the 
v.-ifl  quantity  of  pi^j  t'dof  of  Light  abtorb«d  bf  tbcm 

Ul  lo  I'lTig  a  ]H.'7n  dut  ti:i',c. 

But  it  lui  bKi  A  -.cy'Vitd,  tliat  if  Lt,;lit  were  not  a 
body,  but  contillcd  tn  mere  pteilion  orpulilon,  it  could 
never  be  propagated  in  tight  lines,  but  would  bc  GOB* 
tinually  infledcd  ad  umbnm.  Thoa  Sir  L  Newteo«i 
**  A  preifure  on  a  fluid  ncdiunit  L  e.  a  moHon  pro* 
pagatcd  by  fuch  a  medium,  beyond  any  obflacle, 
which  impedes  any  part  6f  its  inutioii,  canuot  be  pro- 
pagated in  right  liiici,  but  w  ill  be  aluavs  inflecting  and 
difl'ufing  itfclf  cvciy  wmy,  ta  tJic  tjujticcnt  lucdium 
beyond  that  obltaclc.  The  power  of  gravity  tends 
downwards;  but  the  prtlTurc  of  water  anfing  from  it 
tends  every  way  with  an  equable  fiMce,  mid  la  prapa* 
gfBted  with  cqtnl  caiie  and  eaual  ftiength,  in  curves^ 
as  in  ftrait  Hnea.  Waves,  on  the  furface  of  the  water, 
plidin^  by  the  extremes  of  any  very  large  obftacle,  in- 
(iecl  and  dilate  tliemlclves,  iliil  diffuuQg  graduallr 
into  the  qiiicfccnt  water  Lcyojid  that  obUacw.  The 
waves,  puhes,  or  vibrations  ot  the  air,  whereio  ibund 
confilU,  are  manifeiUy  infleAcd,  though  aoc  joconfideT' 
dihraa  th^wamofwateri  aod£>mda  iKCpiopagntrd 
wiui  e^oal  eafa,  thcough  eteolwl  tubes,  aad  through 
(Irait  hncs)  but  Light  was  never  known  to  aiove  im 
any  curve,  nor  to  inBed  itfclf  ad  uiiibrani." 

It  midl  be  acknowledged,  however,  that  many  phi- 
lofopheri,  both  Eiighih  and  Foieigncs,  have  recurred 
to  the  opinion,  that  Light  confiils  of  vibrations  pro- 
pagated from  the  luminoBs  body,  through  a  fuhtlo 
etherial  mediunu 

The  ingcnions  Dr.  Franklin,  in  a  letter  dated  April 
S3,  17 SI,  expreffes  his  diflatisfaiftion  with  the  dodtiine^ 
that  Light  c  inlllls  of  particles  of  matter  continually 
driven  off  from  the  fun's  furlacc,  with  lo  enormoua  a. 
fwiftoefs.  "  Mull  not,  L\  i  he,  the  fmalleft  pottioa 
conceivable,  have,  with  I'uch  a  motion,  a  force  exceeds 
ing  that  of  a  24.  pounder  difcharged  from  a  cannon f 
Ma&  not  the  fua  diminilh  excecdiogfy  by  fuch  a  wafte 
of  matter  1  ailfl  the  planets,  infteaa  of  drawing  nearer 
to  him,  as  fomehavc  feared,  n  ecdc  to  greater  diilances 
tlirough  the  leiTened  attraction?  Yet  thefe  patlicler,, 
with  this  amazing  motion,  will  nrjt  drive  before  their, 
or  remove,  the  leail  and  flightcil  dull  they  meet>  .v'th  ; 
and  the  fun  appears  to  contMUW  of  his  ancient  dimcn- 
iou>  and  hia  atteadaat*  move  ta  their  ancient  wbita»" 
He  tkcKbm  «onjcanMitbtt  aU  tlic  phamnMa  o£ 

Light 
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J,;g!it  may  be  more  properly  folved,  by  ftippofiBg  ill 
fpacc  fillrd  with  a  fubtk  elaiUc  fluid,  which  i»  not 
Tiiible  whin  nt  reft,  but  which,  by  its  vibnrtion»,  affftj 
that  fine  feoTc  in  tht  eye,  as  thofe  of  the  at.-  affect 
the  groffer  organs  of  the  ear ;  and  even  that  different 


at  the  rate  of  l6*  inchn  in  a  year  i  «4i£ruf  tbe  o*^ 
diaary  ftroke  is  lefji  than  the  2084th  part  of  tbu< 
See  Philof.  I'rarif.  vol.  60  and  6t. 

In  anfwer  to  the  di^icuky  refpe^ng  the  non-in- 
terference of  the  particle*  of  Li^ht  with  eacb  othtir. 


degrees  of  t}ie  vibration  of  this  medium  may  ctnfie  the  Mr.  Melville  obTcms  ^£diub.  LiT.  voL  2),  there  it 
a(n>earanccs  of  different  colouil.  CVaaUb't  Expcr. Mi     ~.-'.t>!.»-i"  J- .k-  -,T.ku  i — 

TTie  cqewteJ  Euler  h«  alfo  imtntained  the  lame 


hTpi^-hcfiS,  In  hii  T^ll'J:'.^  I. 


Cotoiinn.    In  the 

recited  in  Acad,  licrl.  1752,  pa.  271,  bcfido  the  ob- 
JedUons  above-tnentioDcd,  he  doubti  the  pollibilit}', 
that  particles  of  matter,  movin;^  with  the  nniazing  vc- 
keitj  of  liight,  (hould  penetrate  tranfparcnt  CubAauccs 
^fidi  lb  ontch  cafe.  In  whatever  manner  tlicy  are 
tranlmitted,  thofe  bodies  muft  ]WTe  jp.'>rc8,  difpofcd  ia 
right  Hoes,  and  in  all  poffible  directions,  to  ferre  at 
canals  for  the  p.iir.igc  ot  the  r::y\  :  Lut  fuch  a  ftruciurc 
mull  lake  awa}-  ail  iohd  matter  from  thofe  bodies,  and 
all  cohereoce  amoog  tlicir  puiti*  if  tintf  do  fioataia  asy 
Jblid  matter. 

DoAor  Horfley,  row  Bp.  of  Rochefter,  bas  taken 
coafidcftbie  pains  to  obviate  the  <<iflB««<t«'«  ftazted  hy 
Dr.  FmUin.   Suppofing  that  the  diameter  of  eacn 

psrticlc  uf  I'ight  docs  cot  exceed  one  millionth  of  one 
miUionth  of  an  inch,  and  that  the  dcnfitv  of  each  par- 
ticle is  even  thrrc  timLSthat  of  iron,  tnat  the  Li}(ht 
of  the  fun  reaches  the  earth  in  7',  at  the  diflance  of 
12919  nS  the  eiuth's  femidiametcrs,  he  calculates  that 
the  momentum  or  force  of  motion  in  each  particle  of 
Light  coming  from  the  fun,  is  Icfs  tlun  that  in  an  irao 
baU  of  a  qnaiter  of  an  imA  diameter*  tuorinff  at  the 
rate  of  kis  than  an  ineli  in  13  thoafand  >millIonfl  of 
miUions  of  years.  Aiu!  litiicc  he  cuncluJcs,  tliat  a 
particle  of  miilter,  which  prohalily  'u  larger  th.-m  asy 
particle  of  L.ight,  moving  wit!i  thi-  vth>i.ity  of  L.ight, 
has  a  force  of  motion,  which,  inllcadof  exceeding  the 
force  of  a  24  pounder  difcharged  from  a  cannon,  is 
almoft  infioitdr  Ufa  than  tliat  of  the  fmalleft.  lliut 
•WdiUfgei  from  a  pocket  piftol,  or  left  than  any  that 
art  can  c  l  -iTi  .  lie  alfo  thinks  it  polliblc,  that  Light 
may  be  pruduccd  hy  a  continual  emiflion  of  matter 
from  the  fu^,  withoiit  any  fuch  vvailc  of  l.ls  fubllaiicc 
as  Ihouid  feiiitbly  contraitl  liit  (liiiiciiiiui)«,  or  alter  the 
MOliom  of  tlie  pUinets,  within  any  moderate  length 
oF tlilBe.  In  proof  of  this,  he  obfer\eB  that,  for  the 
ffOdoAlon  of  any  of  the  phenomena  of  Light,  it  i« 
sot  nccefbiT  that  the  emanation  from  the  fun  fliMiId 
he  conunuaU  in  a  ftrift  mathctnatical  fenfe,  or  with* 
•nt  any  interval  ;  and  likcwife  that  part  of  '.lie  Light 
which  iffues  f'om  the  luti,  is  continucilly  rttiiriKd  U> 
him  by  rcflei^lion  from  the  planets,  us  well  m  oiiifr 
Jj^t  from  tlic  funs  of  other  fyllems.  He  proceeds, 
hr  caleolation,  to  ihew  that  in  385,130,000  ycatf. 


probably  no  phyfieil  poat  in  the  vifible  horixon,  thA 
ooea  aot  leaa  tap  t»  c«bj  other  point,  unlefs  arhcM 
opamie  fcodiei  tnterpofe.    Light,  in  its  paflage  tnm 

out  Ty!^i-m  to  another,  oft'^n  [jafl  J4  iliroiigh  torrents  of 
flight  ilhiiiig  fiDiii  utlicr  funj  iin<!  lylhms,  without 
cvi-r  ;nt -Til! iiig,  or  hiir.g  divcitcd  f:.>;r  its  courfc, 
citiRT  by  ii,  or  by  the  panicles  ot  Utat  eluilic  medium, 
which  it  has  been  fuppofcd  bylnaieiadiffufcd  through 
all  the  mundane  fpace.  To  account  for  thi*  fad»  be 
fuppnfes  that  the  partides  of  Light  are  iaooiiyandil|r 
tare,  crca  when  they  are  the  moft  denfe,  or  that  that 
diametert  are  incomparably  lc(s  than  their  diftanee 
from  one  aootli  T  ;  \4hici1  oL)viai«  tlic  ohjeflioii  urj^ed 
by  LLi!;.r  utid  ulUcrs  agai:;ik  the  m;iteriaiity  of  Light, 
from  its  ijiflueoce  in  difturhliig  the  freedom  and  per- 
petuity of  the  celeflial  motion*.  Bofcovich  and  fome 
otherafblte  the  diiBcuJty  concerning  the  non-interfer- 
ence oCthc  partidea  of  Li|bt,  bf  joftpofiaf  that  cadt 
paaicle  it  endued  with  an  mfupenUe  UBpiiSbe  force  1 
but  in  tIJs  cafe,  their  fphere^  uf  impuUion  would  be 
more  likely  to  interfert:,  and  on  that  account  ihcy 
be  ntorc  U^blc  to  diiturbone  another. 

M.  Canton  (hews  (Philof.  Tranf.  voL  $8,  p.  344}* 
tliat  the  diflkulty  of  the  interference  will  vanifti,  if  a 
very  fmall  portion  of  time  be  allowed  between  the  emit 
fion  of  every  particle  and  the  next  that  foiled  in  the 
fame  dircdioai  SuffoU,  far  inllance,  that  a  Indd 
point  in  the  fdn*fl  furacc  emits  150  particles  ia  a  f«S- 
coiid  of  time,  which,  he  obferres,  will  be  more  than 
fufftti^iu  to  give  coiiiinual  Light  to  the  eye,  withotit 
the  kaft  appearance  uf  intermillio.n  ;  yet  itill  the  par- 
ticles of  luch  a  ray,  on  account  of  their  great  vdocity* 
will  be  more  than  leco  miles  behind  each  other,  « 
^Mce  fofficient  to  allow  othera  to  fafii  in  att  diredioat 
without  an/  perceptible  ratcnuption.  AaA  k  ne 
adopt  the  conclulions  drawn  from  the  expennnents  on 
the  duration  of  the  fenfations  excited  by  Light,  by  the 
chevalier  D'Arcy,  in  the  Acad.  Scienc.  176J,  who 
ftates  it  at  tlie  7th  part  of  a  fecund,  an  intoval  of  more 
than  2c,ooo  miles  nay  be  adwittgd  bctiwea  ctay  cirfk 
fucceflive  particles. 

The  dodn'ne  of  the  materiality  of  Light  is  fiutber 
confirmed  bjy  thofie  experimenta,  which  flicw,  that  the 
colour  and  inwaid  texture  of  fome  bodies  are  changed 
by  being  eitpofcd  to  the  Light. 

0/  iht  Mommhm,  or  Fortf,  of  tit  Pjrtulet  of  Light. 
Some  writers  have  allcmptcU  to  prove  the  materiality 
of  Light,  by  detcnmning  the  momentum  of  tiieir  ooni> 
ponent  paittcles,  or  by  (newiog  that  tltey  have  a  force 


<M  fun  would  lofe  but  the  1 3332d  part  of  hi*  matter*  lb  a%  by  their  imfttUe,  to  give  motion  to  h'ght  bodies, 
and  eonfeqaently  of  the  graviution  toi|ardi  him,  at    M.  HoiBber|;v  A&  Fnr.  1708,  Hilt.  pa.  ac,  imagreed. 


any  given  diftanee  ;  which  is  an  alterati6n  much  loo 
fmall  to  difcovcr  itfelf  in  the  motion  of  the  eartli,  or 
of  any  of  the  planet?.  He  f.irtlK  i  cunijjutei  tliat  the 
grtateft  ftroke  w  hich  the  retina  of  a  toinniua  eye  fuf- 
Cains,  when  turned  dircflly  to  the  i'un  in  a  bright  day, 
does  not  exceed  that  which  would  b«  given  by  an  iron 
jbott  a  yiartcr  of  in  inchdanetefc  lad  lapviiig  only 


that  he  could  not  only  difpcrfe  piecrs  of  amianthus, 
and  otlier  light  fubllances,  by  the  impulfe  of  the  foiar 
rays,  but  alfo  that  by  throwing  them  upon  the  end  of 
a  Kind  of  lever,  conocAcd  wiilt  the  ^ring  of  a  watch, 
be  ooold  make  it  ttove  fenfibly  quicker;  from  which, 
and  other  efcperiitoe«li|  he  infinvcd  the  we^^fat  «£.  the 
particles  of  Liight. 
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fions  of  the  Gune  nature.  ^  But  M.  Du  Fay  and  M. 
Mainin  made  other  cxperiairnta  of  a  more  accnnte 

kind,  without  the  efTeA*  wbich  the  funnrr  h.-id  Ima.- 

fincd,  and  which  even  proved  that  the  cfTctts  nicntlontd 
y  them  wcrr  owinj^  to  currents  of  heated  air  pri»diicrd 
t>y  the  hurniiijT  jTL(ri%  ulcd  in  their  expo:iiiict;is,  or 
fomc  other  caulLs  vvhicti  tiny  liad  ovinlooktii. 

However,  Dr.  PrielUcy  iIl(')Im^>  w,  thaa  Mr.  Mi- 
chvlt  ciidcavowecl  to  afccftain  the  moment unt  t.f  Light 
with  ftill  Renter  aocwtacy,  and  that  bii  ciL(l<.av<ni]:t 
were  not  ahogctlitr  without  fuccefi.  Hnvinir  found 
tliat  tlie  inftnnnciit  ht  ufed, acquired,  ftoni  the  iiupuirc 
of  the  rays  of  li^lii.  a  velocity  of  .m  inch  in  1  iVctind 
sf  time,  he  inferred  itiat  llit  tjuanlily  of  iriatti.r  con- 
tained in  the  raya  fuUio};  upon  tlic  iullrumri^i  );i  that 
time,  amounted  tO  no  inure  than  tlie  12  hundred  mil- 
lionth part  of  a  grain.  In  the  esperimcnt,  tlic  Light 
wat  collcAed  tram  a  furfiiee  of  wont  3  fcinare  feet  t 
BTid  ;is  thit  fiirratf  reflected  only  ahnut  the  h.ilf  of  wliat 
ftll  upon  ii,  the  quantity  of  matter  rontaincd  in  the 
folartays,  incident  upon  a  ft<u.irc  foot  and  ;t  lialf  uf 
•l^rfacc,  in  a  lecond  of  time,  ought  to  be  no  more  thtiu 
"<he  12  hundred  inilliunth  p;irt  of  a  j^rain,  or  upon  one 
J(]uare  foot  only,  the  t3  liundrcd  roilUonth  part  of  a 
cniin.  But  as  the  denfity  of  the  rayi  of  L,ieht  at  the 
fur£ice  of  the  fun,  ia  ^SP^  timet  gitMer  tmn  at  the 
earth,  there  ought  to  ifruc  from  a  Iquare  fort  of  the 
fun's  furface,  in  one  fr-cond  of  time,  the  40  thoufandth 
part  of  a  grain  ot  snHiiir ;  that  is,  a  little  more  than  I 
grainii  a  day,  or  about  4,752,000  grains,  which  is  about 
670  pounds  avoiidupoi^,  in  60OO  years,  the  time  fince 
the  creation  ;  a  quantity  whidi  would  have  fhortened 
th«  fun'»  femidiameter  by  no  more  than  about  10  ket, 
if  rt  be  fuppofed  of  no  greater  denfity  than  water  onhr. 

The  E.it-j"f  'j"  <»r  Extfufiun  of  any  poi  'ton  of  Li^hf, 
ii  incor.f(  ivabic.  Dr.  Hook  fliews  tluii  it  i:>?.8  unlimitt  ii 
tlic  titiiverfe  ;  winch  lie  piuvt;.  fuKu  the  iiiiirniid' 
dirtancc  of  many  of  the  hiced  Uars,  wIkcu  only  become 
tifible  to  the  eye  by  the  bell  tclcfcopcs.  Noi',  a(l<i<  hr, 
are  they  oaly  the  j;reat  bo<U<«  of  the  fun  or  llara  that 
are  thoa  h'aUe  to  difperfc  their  Light  through  the  vaft 
exp?nfc  of  the  univme,  hut  the  fmaUcft  fpark  of  a 
Itscid  body  muft  do  the  fame,  even  the  fmaUell  globiifc 
iliuck  from  a      A  \iv  :\  flnit. 

Tbe  I.ntfHjiiy  vi  diticrtnl  J_igliti»,  or  oi  tlic  fame 
Itigbt  ill  dili'erenl  circumilaiiccii,  affords  a  cun'on*  fub- 
jcw  of  fotculalion.  M.  Bougucr,  Traitc  de  Optique, 
fbuiiid' that  when  one  Light  is  from  60  to  80  times  lefs 
than  anothej^  its  pn-fence  or  abfencc  will  not  be  pei^ 
ceiTcd  t»y  an  ordtaar)  eye ;  that-  the  moon's  Light, 

•     wlu-n  file  is   \(/'   \'''  liiL;l)  ahovc  the  !iOn/.nn,  i-  bii". 

'  about  \  of  her  Light  ui  66^  1 1'  high  ;  and  wlttu  one 
limb  jull  touched  the  horizon,  her  Light  was  but  the 

'SOOOth  part  of  her  Light  at  66"  11'  high  1  and  that 
liCtlce  Light  is  diminifhcd  in  the  projwrtion  of  3  to  1  by 
tiavCTfing  7469  toifet  of  denCe  air.  He  found' alfo^ 
that  the  centre  of  the  fnn*i  difc  ii  confiderabty  more 
luminous  l1>;in  iJit  i  ^hjcfi  of  it  ;  wl'.rreas  both  the  pri- 
mary aisd  ftcondaty  plansits  ait:  more  luminous  at  their 
edges  than  near  their  centres:  That,  tarthir,  the 
Light  of  the  fun  is  about  300,000  time^  greater  tlimi 
that  of  the  moon  v  and  therefone  it  it  no  Wonder  that 
]thilofopHnrt  bate  had  fo  little  fucceft  in  their  atteaipu 

- «» «oIlcd  the        of  the  momi      iMifBia^-gfadTca  j 

I 


for,  ihouM  one  of  the  buweft  of  then  even  tncrcafe  the 
Light  looo  traw%  it  wm  ftjD  leave  the  Light  of  the 
moon  in  the  focus  of  the  glafs,  i^oo  times  Icb  than  the 
intenCty  of  the  common  Light  of  the  fun. 

Dr.  Smith,  in  his  0]>tic5,  vol,  1,  pa.  29,  thonjrln  he 
had  proved  ili.it  the  Lijjht  of  the  fuU  moon  would 
be  only  the  yo,9coth  part  of  the  full  d.iy  Light,  if  no 
rays  were  loft  ut  the  moon.  But  Mr.  Kobin<i,  in  hia 
Tratti,  vol.  2,  pa.  229,  (hews  thattbia  il  too  gre«t  hy 
one  half.  AadMr.Michell.  by  a  more  nify  and  ac- 
curate mode  of  computation,  found  that  the  denllty 
of  the  fun's  Light  on  the  furface  of  tlie  moon  13  but 
the  4i,',cc<jth  part  of  the  denfity  at  the  lun  ;  and  that 
lliiiefore,  as  the  int  is  iii.ilv  of  the  f.ime  apparent 
m:>;Ti'it"d<'  as  the  fun,  if  (he  rttltded  to  us  all  the  I^ight 
rtecivcd  on  her  furface,  it  would  be  only  the  45,ooOtlk 
part  of  our  day  Li^ht,  or  that  which  we  receive  firon* 
the  fun.  Admitting  thmfore,  with  M.  Bonguer, 
tlirit  the  moon  Light  1*  only  the  :5oo,oocth  p ut  of  tlie 
day  or  fun's  Light,  Mr.  Michtll  conchidrs  that  the 
i.-v>i>t'.  ri'H:  wt  mute  than  between  the  6th  and  7th. 
part  of  what  ihe  leceivcs. 

Dr.  Gratrelande  fays,  a  lucid  body  is  that  which, 
emits  or  give»  fire  a  motion  in  right  lines,  and  makes, 
the  difference  between  Light  and  heat  to  coniift  in  thti^ 
that  t*  produce  the  former,  the  liery  nnrticUs  mull 
enter  the  eyt  In  a  reAiKnear  motion,  wliicti  is  not  re- 
(ji  iiril  in  ihe  hitter  :  on  the  cmtia:  , ,  ai.  imgular  mo- 
tmn  lecrns  more  proper  for  it,  as  appears  from  the  rays 
cwiriirij;  direftly  froin  tlu-  tun  to  the  tops  of  mountains,, 
tt  luch  have  not  near  that  clfcd.  with  thofc  in  the  va^ 
ley,  agitated  with-  an  iitregnbr  motibiii,  bj^H^end.rfr^ 
fleftioua. 

Sir  L  Newton  obferves,  that  bodies  and  Light  aA 

rtiKtmllr  on  one  .in  tli.-r  ;  bodii".  v.w  Light,  in  emil- 
tii'.i;,  titicctii';;,  ritr-.ift;njf,  and  iiirlc--tiii,'j  it ;  and  Light 
on  i)ii.liL;»,  *  y  Ik  J.ir.j  thciii,  aiu!  jMittlii^  their  parts 
i^'o  ;i  -.ibratitiar  motion,  in  which  heat  pnticipally  con- 
IiUh.  For  aa  iixcd  bodies,  he  obferves,. when  heated 
beyond  a  certain  degree,  do  emit  Light,  and  lhtne$. 
which  Alining  &c  appears  to  be  owin^  to  the  nbrating 
motion  of  their  parts  i  and  all  bodies,  abounding  in 
earthy  and  fulphnreons  particles,  if  fufTiciently  agitated, 
emit  Ligni,  u  li:  h  way  foevcr  tli.it  agitation  Ik  efttdcd. 
'Wvii,  le.i  waur  thines  in  a  llorm ;  (juichfdvcr,  when, 
fliaken  in  vacuo  ;  I'ats  or  horfes,  «'hen  rubbed  ia  the 
dark  ;  and  wood,  ilfh,  and  Hclh,  when  putrefied. 

Light  procctdiiig  from  putrcicciit  antftial  and  Tfg^. 
table  fttbftances,  as  well  at  £tom  glow-worms,  is  men- 
tidnetf  by  Ariftotie.    And  Barniolih  mentions  four 
klii'is  of  luminous  infci^ 5,  tw  o  of  \>-In"ch  have  wiugs : 
but  u)  !iut  cliniati-ii  fr  i>  •'',iui  tlicy  are  found  in  much 
greater  numhcn-,  ;iiii!  qC  ditlercnt  fpecics.  Columna> 
obferves,  that  their  Light,  is  not  extinguifllcd  immedi- 
ately on  the  dCKth of  the  animal.    The  firft  diftinfl  ac- 
oount  that  ocenrs  of  Ugfat  proceeding  from  putrc&cat*.  * 
animal' llefll,  is  that  wnich  is  gi\cu  by  Fabridui  ab! 
Aquapendentc  in  1592,  de  Vifione  &c,  pa.  45.  Andi 
Bartholin  gives  an  account,  of  a  nnu'lar  cpuearance, 

\^lK.l'.  ii:<PPciK\i  at  Moiitfdi^r  in  ifi4t,  i|t  o»  ttnttfe 

De  Luce  Animiiltum.. 

Mr.  Boyle  fpcaks  of  a  piece  of  fliiniftg  rotten  wood*, 
which  was  extinguiflied  in  Tacuo  %  btit  upon  re^admitn 
ting  the  aU|  it  le^nved  a^in,  and  fluMDe  w  before  i- 

.  tjiougb. 
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tjiougli  nc  rotild  no'  pr-n  vf  'liit  tt  was  increafcd  in 
condcnted  aiiT  But  ai  IJircU's  Hift<»y  of  the  Ro}-al 
8oc.  vol,  a,  pa.  25.),  tlicrc  »  m  account  of  the  Light 
of  a  fhining  iifli,^  which  WM  fcndercd  mare  xinA  hj 
puttin|r  the  fidi  iotq  a  eondcnlSng  cn^rine.  The  fiih 
called  WHiiting^  werx:  ihofe  coinmn.ilv  nfttl  l,v  Mr. 
BoyJc  in  his  cxpcriinonts:  thoui^Ii  i:i  .i  <liU: miU-  ri:i<l 
bcfure  ihe  R.  S<.>c.  in  it  \v.i,  allcttci  tin;,  iif.ill 

fifty  fuV":'Tn't-^,  the  cp;;:,  n{  iulilltri,  aUcf  thi.y  lud 
been  l>.)il.-<!,  il.ut.^  tlic  iii  i-dtcll.  Birch's  Hilt.  vol.  3, 
pa.  70.  Ill  1^172  Mr.  Boyk  acciiknully  obl'crved  Light 
1  (Tiling  fmm  flcfh  meat ;  and,  among  other  rrmark*  on 
,this  fuhjvcl,  he  <Afcrves  that  extreme  ci>ld  cxtiiipuiflies 
the  l.ijjht  of  fhlnJng  wi»,)1 ;  prtibahly  becaufe  extreme 
cold  chci'ks  t'lt  |>ii' 1  i Tiv  111  11,  wliicli  is  iliecai^tV  of  tf>ir 
Li?ht.  The  Ihcll  tiib  called  Pholas,  iit  remutkabic  fur 
its  luminous  quality.  The  lum'mnufnrfi  rf  tl.>f  Sea  has 
been  a!f(i  a  fiibje^t  of  frequent  obfervation.  See  Ignis 
Jatuu:,  VLofthnrus,  and  Fuirffntlioitt  &c. 

Mr.  Hawklhei^  md  many  writcfs  on  tlic  Mjeft  «f 
de&scity  finee  h»  time,  have  praduoed  a  ^reat  variety 
of  inllaiices  the-  nrfificial  produClion  of  Light,  by 
the  attrition  oi  Kid  leu  naturally  not  luminous ;  as  of 
amber  fubbed  on  woollen  cl<tth  in  vacuo  ;  of  glafs  on 
iroollcn,  of  glafs  on  glafs,  of  oyftcr  (hells  on  woollen, 
and  of  woollen  on  woollen,  all  in  vacuo.  On  the  feve- 
lal  experiBoita  of  thia  lcind»  he  maket  thefc  foUowiog 
nrfleAtooa  r  tiM  dfllmat  fom  of  bodiea  affiird  Light 
I'f  vinou«  kinds,  different  both  in  colour  and  "n  foicc  ; 
that  the  effects  of  an  attrition  are  various,  ack  urdiii;r  tn 
the  dilfcTent  preparations  and  treatnict  t  of  the  IxuiiLi 
(hat  arc  to  endure  it ;  and  that  bodies  which  lutvc 
yielded  a  particular  Light,  may  be  brovtgb.t  by  fWAion 
to  jidd  no  more  of  that  Light. 

M.  BcmottUi  found  by  experimoit,  that 
amalgamated  with  tiii»  and  rubbed  on  ghiitt  produced 
a  coofidcmblc  Light  in  the  air';  tluit  gold  rubbed  on 
glaft,  exhibited  the  fame  in  a  j;rtati  r  dt  j(rcc  ;  Iv.it  that 
the  moft  exquifitc  Light  of  all  wai.  pVi«luctd  by  the 
attrition  of  a  diamond,  this  being  equally  vivid  u-ith 
that  of  a  burning  coal  brilkly  agitated  with  tiK  bellows. 
See  Elect«icitv,  &c. 

Of  tie  AuraOien  «|f  I^k.  That  dw  putidea  of 
Light  are  attrafted  by  thofe  of  other  bodies,  k  erident 
fri  -i\  numcrdui  c<<pi'n'm<.-r.t Thii  pht  riomtnon 
oblVi%€>i  by  {sir  I.  Newton,  who  lo'.iiuJ,  by  rejKatfd 
trials,  that  tl>c  my  nf  l.i;.:lit,  in  tUir  p;uT;if;c  ntar  the 
edges  of  bodies^  arc  diverted  out  of  the  right  lines,  and 
alway*  infleAed  or  bent  toward*  thofe  bodies,  whether 
tlury  be  opaque  or  tiufjMttnty  at  piecea  of  iiKtal«»  the 
edges  of  kniTFes,  broken  gkiTea,  &c.  See  InPLSCTtoN 
iiid  Rav«.  The  cun'ous  obfervations  that  had  been 
n«ik  on  this  fubjeft  by  Dr.  Hook  and  (Tiimaldi,  led 
Sir  1.  Newton  to  repeat  and  diveriify  their  experiments, 
and  to  purfue  them  much  ferther  than  they  bad  done. 
For  a  ptiticttlar  account  of  his  experiment  and  obfor- 
fgtiOBS,  iee  his  treatife  on  Optics,  pa.  293  &c. 

I^is  aAion  of  bodies  on  Light  is  found  to  exert 
itfclf  at  a  IcnCbk  <Sftaoce,  though  it  altnya  iancaJca 
as  the  dillance  tft  diminifhed  ;  as  appears  very  fenfihiy 
in  t!ic  palTagt  of  a  ray  bctwcfn  tlu-  trlgfs  of  tv  o  tlitn 
planes  at  ilifTcrcnt  apcrturts;  which  is  atttadctl  with 
Ibis  peculiar  circumll.incc,  that  the  attraAion  of  one 

«^  k  iaiefoiKA^  t)ic  otiifr  ia  brou|^t  acarar  j^. 


The  rays  of  Light,  in  their  pafr.i;je  out  of  glafs  into.a 
Tacuum,  are  not  only  inflected  towai  Js  the  glafs,  but  if 
they  too  obliquely,  they  will  revert  back  again 
to  the  giaf$»  and  be  toiaOy  refleacd.  N  ow  the  cHiifc 
of  this  rcflcAion  camot  be  attributed  to  any  reftdance 
of  the  vacuum,  but  mull  be  entirely  owing  to  [umc 
force  or  power  in  the  glafs,  whidi  attracts  or  draws 
back  tilt  rays  as  they  were  piilfing  into  the  vacuum. 
And  this  appcar-j  farther  from  hence,  tlijt  if  vou  wct 
the  b:ick  lurface  of  the  glafs  with  Wj«tcr,  oil,  honey,  or 
a  Iblution  of  quickfdtcr,  then  the  rays  which  would 
otherwife  have  been  lefledcd,  wQl  pervade  and  pafs 
through  tliat  liquor;  which  fhcws  that  the  rays  are  not 
refleAcd  till  they  come  to  that  back  furface  of  the 
gl.if:.,  iiur  t  vc'ii  till  tlu  )  l)<.'L;in  to  go  out  ot  it  ;  :")r  if, 
at  their  going  out,  they  iall  into  any  of  the  atorefaid 
mediums,  they  will  not  thiu  be  reflected,  but  uill  pn- 
fut  in  their  former  courfe,  the  attradion  of  the  glafa. 
being  in  this  cafir  countoibalanced  by  that  the  \w 
quor.. 

M.  Mamldi  profeeiited  eicperimcnts  fimilar  to  thofc- 

ofSirl.  \l\vloii  on  iiifiifini  Light.  And  his  obfcr- 
Viitiuiis  i'!ii(.;;y  rwUK-cl  tiic  iulkction  of  Light  towards, 
other  bodicb,  by  which  their  Shadows  p.irtially  iU- 
Ujrninated.  Acad.  Paris  1723,  NL-m.  p.  ijy.  See 
aill-  I'ji.illey's  Hiil.  pa,  521  &C. 

M.  Mainut,  without  attempting  the  difcovcvy  of  new 
fiids,  emleavonrcd  to  explaiiA  the  old  ones,  by  the  hy« 
pothefis  of  an  atmofphere  furrounding  all  bodies  ;  and 
coufequcntly  two  rrdcctions  and  rcfraclions  of  Light 
that  iiTipii/i;<.s  upon  tliLiii,  one  at  the  lurlacc  of  the  at- 
mulphcie,  aud  the  other  at  the  turt'ucc  of  the  body  it- 
fclf. This  atmofphere  he  fuppofed  to  be  of  a  variable 
dcnfity  and  refractive  power,  like  the  air. 

M.  I)u  Tour  fuccL-cdcd  Mairan^  and  JOiaffiBed  that 
he  could  account  for  all  the  pheaomcna  by  uie  help  of 
an  atmofphere  of  an  uniform  denfity,  but  of  a  lefs  rc- 
fraflive  power  tliati  the  a'r  fiirrouiKling  all  bodies.. 
Du  Tour  ailo  varied  ihc  Newtonian  c>;p(.iiinents,  and 
difcovered  more  than  three  fringes  in  the  colours  pro- 
duced by  the  inflection  of  light,  f  II-  farther  concludes 
Uiat  the  jx-fraCting  atmofphercs,  ioi  1  niii  ling  all  kinds 
of  bodies,  arc  of  the  fiune  fise fur  wiicn  no  ufed  • 
great  vari;.ty  of  fttbftanccs,  and  of  different  fizes  too,  he 
always  found  coloured  tliraks  of  the  fame  <!imrn;"iiii  4. 
He  alfo  obferves,  that  his  hypothefii  contradifls  an  ub- 
fervatlon  of  S-ir  L  N'ev.  ton,  vi/,  that  thole  ray^are  live 
laotl  inflected  wliieh  mfs  the  nearcll  to  auy  Uidy; 
Mem.  de  Math.  &  de  Xbyfl  vol.  5»  pa.  65C^  or  Prieft- 
ley's  Hiil.  psu  5.:;i. 

M.  Lc  Cut  found  that  obJeAs  fometimcs  .ippear  ina^> 
ni&cd  by  means  uf  the  inflection  of  Lookiikg 
at  a  diftant  (leeple,  when  a  wire,  of  a  lefs  diameter  than 
the  pupil  of  his  eye,  was  held  pretty  near  to  it,  ami 
drawing  it  feveral  times  between  that  objeit  and  his 
eye,  he  was  furpiifed  to  lind  that  evety  time  the  wire 
pafTed  before  his  eyCi  tbe  ileeple  fcemtd  to  change  its 
place,  and  fomc  hiiU  beyond  the  (teeple  feemcd  to  have 
the  buK  notiuo,  jtiil  as.  if  a  kffr  had.bcen  drawn  be> 
tweea  than  and  his  eye.   This  difeovery  led  bim  to  fe- 

veral'HiKTS  (I'.-pcndni;;  <,!i  tlu  i:,t?(..:lio!i  of  tut  r;;v;  ijf 
Light,  'rir.i  -,  ir.a^'iulinl  Iniall  nbjt  .'ti,  3.3  llie  htind 
of  a  pin,  l>y  vicwii.i;  ihLin  thror.jih  a  f'r.-ill  hole  in  a 
camii.U)  t^  Uie  nys  which,  funsed  the  image  ntuft- 

mtceiTarilie,- 
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JICCBfiarny  iwfn  fo  nenr  tV.  :  r i  cumf'TCncc  of  theholCf' 
w  Tu  hv  9ti:-i^tA  hj  it.    Ht  cxbOiited  lllfo  other  ap- 

fpr?.r»T»^Ts  of  s»  flimhr  nature.  TnitcdesJSens,  pa.  299. 
hx:';  -.-,  pj.  537. 

/  r    r    i<.-jic!f!i'jn  0/  /.r^'hf.     From  tlic  miitu.^.l 

«'.tij  -r.p  ^1  i-vcfii  Uic  particles  of  flight  and  olh<  r 
bed  -,v.i\:  two  otlirr  praitd  phcronicna,  Iniidcs  the 
tJjfl.-<-?iritj  cii  I.iglit,  wliich  are  called  tin.'  rtn.d'ti'm  aitd 
r«rfi-a£.tioB  of  l.i^tit.  It  is  well  known  that  the  deter- 
Biination  of  bodies  in  motion,  efpcctallf  elailic  onei^  is 
iclian^cd  oy  the  intcrjiofition  of  othti  bodies  in  lliclr 
May ;  thuB  alfu  Lijjhti  impiiigirig  «>a  tlie  furfacea 
of  bodies  (hould  be  tumcd  out  <jf  its  coarfc,  and 
Ibcatcii  back  or  rcficAed,  fo  as,  like  ulhcr  ftrikiiig 
3>odies,  to  make  the  an^'lc  uf  its  reilc^^'iion  equal  to  the 
4U^Ie  of  incidence.  1  his,  it  is  found  by  experience, 
Xiigllt  docs ;  and  yet  the  caufe  of  this  cfTrcl  is  diflrrcnt 
from  that  juft  now  afli^ned  ;  for  the  rays  of  IMtt  WC 
tlot  reBeSed  by  ftrikinjj  on  the  very  parts  ofth*  t*-. 

fciSiog  I'liLii.:-.,  h-:t  1)V  ItiniL-  j;.u\vLr  rfj'ullv  dilTuffd 
over  the  vvl.iJit  i'uitace  of  tfic  Ijcdy,  Ly  wliicli  it  acts 
on  the  Light,  either  atlr.irtiu^'  or  rcpellinjj  ii,  without 
■contaA  :  By  which  fame  power,  in  other  orcuinitaiicc*, 
the  rays  are  refracted  ;  and  by  which  alfo  the  ray$  are 
iirft  emitted  from  the  lominoai  hody}  as  Newtoo 
abundantly  proves  by  *  gnat  wtetjr  of  argumeots. 
45ee  RsFLtCTiON  ana  Refraction. 

That  great  author  put«  it  pall  doubt,  that  all  thofc 
TBys  wlijch  arc  reflected,  do  not  rc;tlly  louuli  thu  body, 
though  they  approaeh  it  iujiuitcly  nvdi  ;  and  tlial  tlwic 
wliicn  ftrikc  on  the  parts  of  folid  bodies,  adhere  to 
tlicm,  and  are  a«  it  were  cxtinenilbed  and  bft.  Since 
the  reflection  of  the  rays  is  afcribed  to  the  a^ion  of 
the  whole  futftoe  of  the  bodv  witboM  cootaft,  if  it  be 
dked,  how  St  happens  that  ■D  the  rays  are  not  leAeded 
from  every  furface  ;  but  that,  while  fume  are  rcfleAcd, 
others  pni's  throu'^h,  and  are  refriicted  ?  the  anfwff 
j;iven  by  Newton  is  as  fullows  : — I'.ixty  ray  of  Light, 
in  its  pafiiagc  through  any  rcfniftiag  furfacc,  is  put 
into  a  certain  tranficnt  conlUtlltMiii  Or  Hate,  which  in 
the  p/ogrcfii  of  the  ny  fctunw  at  equal  interrals,  and 
difpofes  the  ray  at  every  rctHm  to  be  eafity  trknrmittcd 
through  the  next  tcfrad'ting  furfacc,  and  between  the 
returns  to  be  eafily  rcfleCied  by  it :  which  alteration  of 
reflection  and  tranfminio;!  it  appears  is  propagated  from 
every  fufface,  and  to  aU  ditlances.  What  kind  of  ac- 
tion or  difpofition  thif  is,  and  whetlier  it  confiiU  in  ft 
circulating  or  vibrating  motion  of  the  ray,  or  the  roe* 
^um,  or  fomething  clTe,  he  does  not  enquire ;  but  aU 
lovrs  thofc  who  are  fond  of  Ir.  i.-uthcfcs  to  fuppote,  that 
the  rays  of  Light,  by  ini].ir:^injr  on  any  rerfefting  or 
Tt'fr;;i^lirg  furfrsce,  recite  vfLitatiutis  in  tlie  rtflcLlin^  or 
refraftiiig  mcdii;in,  and  by  that  mean*  agitate  ttic  lolid 
parts  of  the  body.  Theie  vibrations,  thus  produced  in 
the  medium,  move  failer  than  the  rays,  fo  as  to  over, 
take  them }  and  when  any  ray  is  iti  that  part  of  the 
vibntMa  which  conipires  with  tu  motion,  its  vekxaty 
is  inci««fiMl,  and  fo  it  eafily  breaks  through  a  refrading 
furface  ;  but  when  it  is  in  a  contrary  parr  i  f"  t'  -  vibra. 
<ion,  which  impedes  its  niution,  it  is  tii.ii)  i^iiciSled; 
■and  fhitt  every  ray  is  IwcefTivcly  difpoled  to  be  talily 
rcfiefted  or  tranfmitted  by  every  vibration  which  meets 
it.  Thefe  returns  in  the  difpofition  of  any  ray  to  be 
M^i«iBiied,hteaa»/tt         rf/kBimi  aad  the  teCunia 


m  the  dilpolition  to  be  tranfmitted,  be  calls  Jb/  »/ tap 
iranftTijiJiin  ;  alfo  the  fpaoe  hctween  the  retunu,  the  »• 
i<  rvafof  tit  fits.    Hence  tlien  the  reafon  why  the  foi* 

faces  of  all  thick  tranfparcut  b«'d!;i  reQcd  p^it  of  the 
L)i;!it  incident  upon  them,  anj  icfrait  the  rcH,  ii  that 
r  nsys  at  their  t:  <  c  ,;c:  arc  in  fii3  of  eafy  rellcflion, 
and  others  of  eafy  tranimifTion.  Tor  ibt  p>  yptrtiu  of 
rtfifSeJ £,igit,  fee  Reflkctiok,  Mickor,  &c. 

Again,  a  ray  of  I^ight,  pafling  out  of  one  ircdium 
into  amtdier  of  di^eieot  denfity,  aad  in  iU  palTagc 
making  an  oblique  angle  with  the  furface  that  fcparatcs 
the  mediums,  will  be  rcfraeted,  or  turned  out  of  its 
dircilion  ;  Viixatife  the  rays  arc  more  ft  ony  ly  attracted 
by  a  denier  than  by  a  rarer  medium,  'i'hat  iliefe-  r^y* 
are  not  rcfra<Sed  by  tlriking  on  the  folid  part*  of 
bodies,  but  that  this  h  rf^'ci^cd  without  a  real  conta^ 
and  by  the  fame  fui  er  I  y  which  thCT  art  emitted  aad 
re&cded,  only  exerting  itfelf  differcUturm  dflferaitdr- 
cumftances,  is  proved  in  a  great  meannt  by  the  fa'me 
arj^nmeiits  by  which  it  is  drmonllrated  tliat  nf!efti;)n 
ii  peifunr.ed  without  conta^  Sec  Ref«. action, 
L;  s";,  t'oi  oirK,  \  liio-v, 

LIGHTNING,  a  Urge  bright  flame,  (l.ootir^ 
fwiftly  through  the  atmofpnerc,  of  momcntar)-  e>r  veiy 
ihort  duration,  and  commonly  atteoded  with  diunder. 

Some  philofopheis  acoouBted  for  dtis  awitd  aatnnnl 
phenomenon  in  this  manner,  viz,  that  an  inflamma- 
ble fubllance  is  formed  of  the  particles  of  fulphur, 
iiitie,  and  other  comljiiihblc  matter,  which  arc  exhaled 
from  the  earth,  and  e-un  ied  mto  the  higher  regions  o£ 
the  atmofphere,  and  that  by  t lie  collifioa  of  two  clouds, 
or  othcrwifc,  this  fubllance  takes  fire,  and  darts  out 
into  a  train  of  Light,  larger  or  fmallcr  according  tO 
the  fticaistk and  qnaiitity  m  the amterinli.  And  otkers 
have  earned  the  pheumaoii  of  Lighmiag  by  the 
fcrmcnutioti  of  fulphuMois  fabftaacM  witb  mttmu 
acid*.    Kce  Thus  dir. 

But  it  ii  now  iinircrfally  allowed,  that  Lightning  is 
really  an  eie^rical  explolion  or  phenomenon.  Plulo- 
fophers  had  not  proceeded  iar  in  their  experiments  and 
enquiiiet  on  this  fubjcA,  before  they  peiceived^the  cdb> 
vious  anakgy  bctweca  Lightning  and  deArlcitf,  and 
t!iry  produced  many  arguments  to  evince  their  fimi- 
I;uity.  But  the  method  of  proving  tl»is  hypuihefi^.  be- 
yr.-.d  a  doubt,  \^  ar.  f  r'.l  propufed  by  I)r  Frajiklin, 
wiiu,  abuut  tlie  clofe  of  the  ^car  1749,  conceived  the 
practicability  of  dtawiflg  I^glittung  down  from  the 
cloud«.  Various  cjrcuwwances  of  rciemblaace  between 
Lightnine  and  dediidty  were  remaikcd  by  this  inge- 
nious philofopher,  and  have  been  abundantly  confirmed 
by  falter  difcovciies,  fuch  as  the  following  :  Flafhes  of 
Lightning  are  ufually  fc.i  eruoked  a:;d  waving  in  tlie 
air  ;  fo  the  c!c<?^ric  fpark  drawn  tVum  an  irregular  body 
at  fome  di.'iance,  and  sthen  it  is  drawn  by  an  irregular 
body,  or  throuj[h  a  fpacc  iu  which  the  bcH  conduclors 
are  dlipo&d  bi  aa  irregular  manner,  always  exhibits  the 
lame  appeamnce;  Lt|jhttmig  ftrikes  the  hwheft  and 
moft  pointed  objefks  ra  its  coarfe,  in  prd««nce  to 
othcis,  as  Mils,  trees,  fpires,  mafts  of  Ihips,  5:c  ;  fo 
all  pointed  conductors  receive  and  tlirow  off  the  eleClric 
fluid  moie  readily  than  ihoie  that  arc  terminated  by 
&At  furfacej :  Lightning  is  ubfcrvcd  tu  take  and  follow 
the  readicft  and  befl  condufVor ;  and  the  fame  is  the 
cafe  Willi  ckfiiicity  in  the  diliriuuge  «if  the  Lerdeii 
Z  puial; 
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Aid ;  turn  vfcevee  tie  A>Qm  hfien,  a  lliin. 
icr-ftom,  it  tmmid  be  iafer  to  Imic  MC*!  cloath*  wet 
this  dry :  Lightntng  bom*,  (Kflblvcf  metalf,  rends 

fbme  bodies,  fometimet  ftrlkc*  pcrfoin  hliui!,  ilrllnns 
animal  life,  d«prim  vugncU  of  their  virtue,  or  rcverfet 
their  poles }  wmi  lit  ^ufe  nc  wdl>kBoim  pfopertk*  cf 
elect  ncity. 

But  L.ightnm|^  alTo  eives  polarity  to  the  magnetic 
aacdk^  «  inQ  m  to  «Q  bodm  thM  Inic  as^  thuur  of   great,  coDfidcnng  Inw  naar  foiaicd  hoiim,  m  frireC 
i«a  ia  the^  aa  brtdca  tte%  aad      obrcrring'  Mer>    trees,  &c,  are  contimiaDj  dnirta^  k  off,  and  What  a 


9bt  Sw<  Beccaiii  difeomcd  ilua  vanaUe  ftata  of 

thuTidcr  c^ads,  before  he  knnr  that  it  had  been  ob- 
f;rved  by  Dr.  Frvnkhn  or  any  other  perfoii ;  and  he 
has  given  a  yery  eaitt  inil  jiarta  uW  account  ol  the 
exteraai  appe^nces  of  tbefi;  cloud*.  Vtom  the  obfer- 
vatiunt  of  hia  apparatiu  within  doors,  and  of  the  Lij^ht- 
oiag  abroad,  he  ijifcncd,  that  the  quantity  of  clcanc 
— " —  n  a  common  thunder  ftorm,  is  iiicoDceiTabljk  ■ 


mrds  which  way  the  magnetic  poles  of  thefc  bodies 
le,  it  may  thence  be  known  in  what  direction  the 
ftioke  pafkd.  Prrl'nns  air  lomctimcs  killed  by  Li;,;fit- 
minr,  without  exhibiting  may  vtbbk  inarki»  uf  injury  ; 
ana  in  this  cafe  Si?.  Bcccaria  fuppofcs  that  the  Light* 
ainv  does  not  realfy  touch  them,  but  onlj  produce*  a 
fadden  TacHum  neartlieni,  and  theairramqgvi61aid]r 
oat  of  tlMtir  iu^  to  fmfjij  it*  tbtr  cannot  veeoacr 
iImw  breMb  agam :  and  m  praof  of  tbia  optnioo  be 
jJIepeg,  that  the  lungs  of  fuch  perfons  nte  fu'iiul  flac- 
cid; whereas  ihefc  are  found  inflated  wIkm  the  perfons 
arc  rr^iily  killed  by  the  cl<-6tr:c  Ihock.  'rh<)Hgk  ibis 
hypotheGs  is  controverted  by  i>r.  Frieitley. 

To  demonftrate  however,  by  aSual  experiment,  the 
identity  of  tbe  dc&ric  fluid  with  the  matter  of  Ligfat- 
ahie.  Dr.  Fnuddin  coati(«cd  to  bring  Lightning  tram 
the  beatens,  by  ircons  of  a  vaper  klUb  properly  fitted 
ap  for  the  purpofe,  with  a  nag  fine  «tre  ilring,  and 
called  an  eltitrical  kite,  which  he  raifed  when  a  thun- 
der-ftorm  was  pcrcciveil  to  be  cominff  on  :  and  with 
the  clcttricity  thus  ohtaincd,  he  charged  phials,  kiiiditJ 
^riu,  and  performed  all  other  fuch  dedrical  cxpcri- 
Mnts  as  are  ufually  exhibited  by  an  CDcitedfkfc globe 


or  cj^iadcr.   Thia  happcaed  in  Juae  MTft,  « 
after  dvc-  chftneiam  m  Rane^  n  poifaance  of  the 


method  which  he  had  before  propofed,  had  renfie<!  tlie 
(amc  theory,  but  without  any  knowledge  of  what  they 
had  done.  ']"he  moft  active  of  thefe  were  Medrs. 
Dalibard  and  Delor,  followed  by  M.  Miucas  aiad  M. 
Monnier. 

la  April  and  June  I753>  Dr.  Franklin  difcovcred  that 
ttaavisfometimcseloftnfied  n;:gativcly,as  well  as  fome- 
^Mipofitivclysuidbe  even  foundthat  the  clondawould 


prodigious  qumtitv  ij>  repeatedly  di(ieharged  to  or  from 
the' earth.  Thi.  niJttrv  i»  in  fuch  abundaifcc-,  tiiat  he 
thiuks  it  impclTiblc  for  .my  cloud  or  number  of  cloud* 
to  contain  it  Al,  fw  m  cithci-  to  receive  or  diiciiitrgt:  it. 
He  obferves  alfo,  that  during  the  prugrefi  and  increafo; 
of  the  ftorm.  though  the  lightning  frequeatty  Aruck 
tbe  earth,  the  fame  clouds  were  the  next  *»  icad* 
to  make  a  AiU  gimer  difiehaiff^aad  bii  appinmooatf* 
aoedto  be  ai  modi  aficAed  at  ever  x  fo  tiiat  the  cloo^ 

inuil  Liiv,.'  received  at  one  part,  in  the  fnmc  nionunt 
wLttti  dilv  hsr^;r  u.  is  made  from  tlictti  lu  anothLT-  Aud 
from  the  whole:  lit  coiK-Uidc-  ,  that  thi;  t  l  iu^ls  icrve  a* 
ooodu^ors  to  r^vry  the  elctuic  fluid  trotu  thui'c  parts 
of  tbe  etirth  tlut  arc  overloaded  with  it,  to  tbofe  that 
are  eahaufted  of  it.  Tltc  £smc  caufe  by  which  a  cloui4 
is  irft  nufed,  from  vapours  difpcrfed  in  tha  atmofpber^ 
draws  to  it  tbofe  that  are  already  fonacd,  and  ftill  con- 
tinues to  form  new  ones,  ttH  tM  whole  collcdcd  ma£a 
cxtctiJi  fo  fur  at  to  tea<  !i  a  part  of  the  cjrth  where  there 
is  a  (ictiviciicy  of  the  electric  iiuid,  ar.d  wheie  the  elec- 
tric matter  wul  difchargc  itU  lf  on  llie  earth.  A  tluu- 
aefof  coauncinicatiunbcii^  thus  iurmcd>  afrelh  fupplf 
•f  deftrie  matter  is  raifed  from  titc  overk»ded  pan» 
which  eontinoet  to  be  ooareyed  hf  the  mediuin  oi  tb* 
doudt,  till  tbe  equilibiidm  of  the  Suid  ia  rcftond  be* 
tween  the  two  places  of  the  earth.  Sig.  Bcccaria. 
ubfervea,  that  a  wind  always  blows  from  the  place 
fiom  uliich  t'u-  tliuiidtr-cloud  proceeds;  and  it  ia 
plain  that  the  fuddeu  accuinuJation  of  fuch  8  pro> 
digioiift  quantity  of  vapours  midt  difphce  tbe  air,  andt. 
repel  it  on  all  fides.  Indeed  many  ubfcrvntioM  of  tha. 
dcfccnt  of  Lightning,  confirtn  his  theory  of  tbeaMMBCV 
of  its  aCeeat  {  for  it  oftco  tbvoara  befim  it  the  parts  c£' 


^tr-^-w^        J  '  - "  "       ^  ■    I  II  II  ■  I  mmm  ,  "  ■  "  *  w 

dunge  liom  poitive  to  negative  defirfeit^  frvend  tune*    eondnAing bodies,  and  diftribinea  than  along  the  refi^ 


tn  the  courfe  of  one  thii:idcr-g»jf?.  Tins  ciiiious  aiul 
important  lilfcovcry  lie  foon  pcrcciveil  was  c.ipuble  of 
being  applied  to  practical  uie  in  liti-,  and  in  confe- 
quence  propofed  a  method,  which  be  foon  accom- 
pli/hed,  of  fecuring  buildines  froB  hcu|g  dunaged  hy 
L^btaing,  by  means  of  CoastrcToat.  &e  the 
word. 

Nor  had  the  Englifh  phitofophers  been  inattentive 
to  this  fubjeft  :  but,  for  want  of  proper  opportunities 

of  tr^-iug  the  neccflary  <  \pcrin\tnts,  arui  trotii  loi^.- 
other  untavounibk  cijcuuillar.ccs,  they  had  failed  ol 
filccefs.  Mr.  Canton,  however,  fticcVcik-d  in  July 
1753  i  and  in  the  following  month  Ur.  Bevis  and 
Mr.  Wiifon  obferved  near  the  fame  appearances  as  Mr. 


inn;  medium,  thi  L)Uj,,^h  which  it  nmfl  force  it>  pafFage  { 
and  upon  thi  :  principle  the  lonL";!- Il  fiillies  0}  Lik^blnmg 
feein  to  he  snjilc,  bv  loixir.--  iiito  i'.s  v  .i;  p;uJ  of  the  va- 
pours in  the  air.  Otie  of  the  cltief  rcalona  why  thefe 
dafhes  make  fo  long  a  rumbiingf  it  that  they  aiv  occa** 
fioned  by  the  vaft  length  of  a  vacuom  made  by  tbepaiV. 
fage  of  the  dcdric  matter:  for  although  the  air  col*- 
lapfes  tJke  moment  after  it  hns  patTed,  and  that  the  vi- 
bration, on.  which  the  found  dependaj  commences  it 
the  fariie  niomcn; ;  y  -t  when  the  flafh  is  dii cited  tovi  urd? 
the  pei  lon  who  hcar.s  the  rtport,  the  vibration*  txcited 
at  the  neater  end  of  the  tr:ick,  will  reach  his  ear  much 
fooner  than  thofc  from  the  more  remote  end  ;  and  the' 
found  will,  without  .iny  echo  or  renercuilioi),  coutintlO 


Cmiton  bad  done  before,   Sr  a  mwhcr  of  cxpcrimenta   till  all  the  vibrations  have  fiu:ceffi*ely  reached  him, 
m*_  »  te-  f—         Vi.*__-j  ..L...  r  jj^^  ^  happen*  that  paiticuhtr  parta  of  the  earth,. 

Or  the  clouds,  come  into  the  oppufite  Hates  of  p  li'  .  e 
and  negative  ele^ricitv,  is  a  quelHon  not  abfolutely  de-. 
termincd  ;  iIiliu.Ji  it  1,  calv  iccoiieuve  ;Ii,it  when  p:>r- 
ticuUcdouds^or  dittcrciU  £aru  ofibc  eaitb,  polFel*  op- 

^ofitfr 


Mr.  Canton  aUb  ibon  after  Uferved  that  Cnne  dooda 

were  in  a  poClivc,  wliile  fome  were  in  a  negative  flate  uf 
ekftfieity  ;  and  that  the  elei!-trieity  of  his  condu^or 
would  {umctimes  c}>.inge,  from  one  flate  10  tkiC  Othtrf 

Ase  or  ix  times  ia  icU  tJuo  half  as  hour.. 
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^Ate  electricities,  a  difchaige  Drill  take  place  within 
a  ecnaia  (UiUnc«;  or  th«  oiie  will  ftrike  into  the 
MhcT,  and  in  the  difchar^e  a  flafh  of  LTghtning  will  be 

locii,  Mr.  tVi  'tmi  (]uei  i<rs  whither  the  cloud;.  i  ii  it 
hiT-jiif  pollti,,il  ill  clt-cliicity  by  tlie .jp'adiial  licatiii^ 
ami  .'Hiliiig  of  tlic  air;  and  whether  air  fiiddciily  rare- 
Jied,  ii'ay  mil  give  clcCtric  five  to  cluuds  and  vajxiurs 
pjdiri^  through  it,  and  air  fuddciity  condeiifed  recnvc 
olcCtnc  fee  from  them. — —Mr.  Wikke  fuppofcs*  that 
the  air  coDin«£U  its  electricity  iu  tlie  fame  manner  that 
iUpfaiir  and  other  fnbftancca  do«  when  they  »rc  Iiealed 
and  coaled  in  cunta\*t  with  varioiu  bodies.  Thuj,  the 
nir  being  heated  or  cooled  near  the  earth,  gi^t",  tlLVtil- 
city  to  the  earth,  or  receives  it  from  it  ;  and  the  tliTtii- 
ti.  il  a  r,  being  conveyed  upwards  by  v:iiious  tr.eiinn, 
comin»ii<icate»  its  eledtricity  to  the  clouds.— Other* 
have  queried,  whether,  (ince  tluinder  comnioidy  happeiii 
in  a  tultry  Hate  of  the  air,  %rhea  it  leetn*  chufrcd  with 
ftdphureoua  vapoora,  tbc  eleftric  matter  then  in  the 
cloudii  may  not  be  generated  l)v  '.Ik-  fermcntaliou  of 
fulphureous  vapours  with  miiierol  or  iu  id  vapours  in  the 
•tr. 

With  regard  to  places  of  fafcty  in  time*  of  thunder 
and  I^ighlning,  Dr.  Franklin's  advice  is,  to  lit  in  the 
middle  of  a  room,  provided  it  be  not  under  a  metal  luf- 
tre  fufpended  by  »  chain,  fitting  on  one  chair,  and 
laying  the  feet  oh  another.  It  i»  ftill  beCUr,  be  laya, 
fo  bring  two  or  three  mattYel&a  or  beds  into  the  mid- 
dle ot  tlic  room,  and  folding  them  doU!;'< ,  !■!  place 
the  chairs  \i])or,  thi-ni  ;  for  an  tlirs-  are  out  t'o  p>ud  (.  (in- 
dudlors  a:,  the  ^^alls,  the  1  ,i;,f!it niii;'  will  nut  Ijc  in 
likely  to  through  them:  but  the  i'afell  place  of 
all,  IS  in  a  hammock  hung  by  filkcil  cord»,  at  an  equal 
didancc  from  all  the  fides  of  a  room.  Dr.  PrielUey 
obfervcs,  that  the  place  of  mod  pcrfc£l  fafety  nnift  he 
the  cellar^  and  cfpeciaUy  the  middle  of  it ;  for  when  a 
perfon  i»  lower  than  thefurface  of  the  earth,  the  l.iglit- 
p.inp;  imiR  flr'ki'  I",  hcfitr;  i;  i  ,'.n  pvil'lilil v' reach  him.  In 
the  iith'.;,  tlic  phcf  ot  i'afely  is  vviiliin  a  few  yards  of 
a  tree,  but  not  (juilt  iir  ir  it.  fieccaria  cautiono  pcr- 
fonj  not  always  to  truil  too  much  to  the  neighbour- 
hood of  a  higher  or  better  conductor  than  their  own 
body  { fince  he  ha«  repeatedly  found  that  the  i..ightning 
by  no  mcana  delcenda  tn  one  undinded  ttack»  but  that 
bodies  of  varirnu  kindi  conduct  their  (hare  of  it  at  the 
fame  time,  in  proportion  to  their  quantity  and  con- 
diiftiiig  power.  Kee  Franklin's  Letters,  Beccaria's. 
•,J>ettrc  dcil'  Kllettriccllimo,  PrielUey's  Hill,  of  Elec- 
tric, and  I^ord  Mahon's  Principle*  of  Eledricity. 

I^ord  Mahon  obferves  that  damage  may  lie  done  by 
Lightning,  not  only  by  the  main  ilrokc  and  lateral  ex- 
elolion,  but  alfo  by  wliat  he  call*  the  returning  ftroke } 
Dy  which  w  meant  the  ftidden  violent  return  of  tltat 
patt  of  the  natural  ftiart  of  electricity  which  had  been 
ffraduidly  expelled  from  I'ome  body  or  l>odie«,  by  the 
fuperinduced  elaflic  eledtricul  prCKUrC  of  the  cleArical 
atmofphere  of  a  tliunder  cloud. 

/Iriijii'ul  Lir.HTMNC,  an  imitation  of  real  or  natu- 
ral Liglitning  by  guitpowder,  aurum  fulminans>  jphuf- 

ihoni.t,  A:c,  but  efpecially  the  laft,  betw  een  which  and 
.ightning  there  ia  mucJi  moire  refcmbhmcc  than  the 
Cthera. 

Phnfpliorn',  wluT.  iiL'v\!y  ih.iJc,  ^\\<.  'i  furl  of  arti- 
tcrA  L'^tuiUHg  viiible  in  the  daric,  which  wuuld  fur- 


prifc  thofc  not  ufed  to  fiic/i  i  pheooWfUom  Jt  h 
ufual  to  keep  this  preparation  under  water;  fi^i  ^  it 
it  defired  to  Tee  the  comifcatlons  to  the^rreate/!  advan- 

t  uj;t:,  It  ll..>.:!(l  be  kept  in  a  deep  cylindr '.  .  f  -'.ifs  not 
more  th^iii  llirec  cj^uartens  tilled  w:til  wulvi'.  At  imiis 
the  phol'phuius  wi!l  iVnd  up  corrulcstions,  wliich  will 
pierce  through  the  ii;cunibeiit  wjtei,  andcxputid  them- 
felves  with  great  bn'ghtnifj  in  the  upper  or  empty  |>art 
of  theglafs*  and  much  refembh^ig  Li,':htiung.  i'he 
finfonol  the  year,  as  n-ell  at  the  newnif!:  of  the  phof* 
phonia,  muA  concur  to  praducr  thel'e  tidlhcs ;  fur  they 
are  as  common  in  winter  at  Lightning  i:^,  though  both 
are  very  frequent  in  «nrm  weather.  Tin  pholplioiut, 
while  buniiiig,  acTs  the  p;jit  of  a  corrofive,  and  wlicii 
it  goes  out  rtfolves  into  a  imnflruum,  wliich  diHolvet 
gi'ld,  iron,  and  other  metals ;  and  Ligbciiiug,  iu  like 
manner,  melth  the  lamC  fubUances. 

1,1  K£  QifAKTiTiat,  ot  SimUar  ^gmtilm,  in  Al- 
gebra, are  Tuch  at  are  exprclTed  by  the  £une  lettera*  to 
llie  fame  power,  or  equally  repeated  in  each  quantity  | 
though  the  numeral  coefficients  may  be  dtH'cicuU 

Thus  4/1  and  50  are  Like  quantlticak 

as  are  alfo  5a*  and  1  la*, 
and  alfo  Wxjr-  and  xobxy*. 
But  4/1  and  ^h,  ur  and  \oti'L',  Sic,  arc  unL'ke 
Quantities ;  becaofe  they  have  not  e^'ery  where  the 
uune  dimeoiioBt*  nor'  are  the  lettcra  eijuaiUy  r^watcd. 
— Like  qaantities  can  be  united  into  one  tjuantity,  by 
additii):!  ui  rnlitrac'tiuii  ;  Lut  unlike  i|u:iiit'tieh  c.ui  uidr 
hf  :i<l(1i.-(l  ijr  li.htrarti:(i  liy  jJacui^;  llic  li'jns  nt  tiiclc 
tiperatioiis  bctutcii  thciii. 

LiKf  Hi^s,  in  Algebra,  are  tlie  fame  lign»,  either 
both  pofitive  or  both  negative.  But  whCN  one  is  pofi. 
tire  and^  other  negative*  they  are  unlike  figoa.. 

80^  -h      and  +  $e</haive  Like  Hgna, 
as  have  alfo   —  2,t*e  and  —  2<ijr* } 
but      -t-  yib  and  —  ^(d  have  unlike  iigna, 
as  alfo  —  lax  and  ytx. 

Like  Fi«urn,  vt  jirrhn,  i  c,  rire  the  fame  ai  Similar 
figures,  arches,  Ac.    Sit  Slmii  >,r. 

AU  Like  iigurc«  have  their  homologous  lines  in  the 
fame  ratio.  Alfo  Like  plane  figures  arc  in  the  dupli» 
cate  ratiot  or  aa  the  Iquarca  of  their  homologous  linca 
or  lidct;  and  Like  folid  fifnuvsare  in  the  triplicate 
ratio,  or  aa  tbc  cubca  of  tJieir  homologoiia  Jinei  or 

fides. 

1  .Il.I.Y  (^Villiam),  a  jiotcd  Englil}*  aflnjloi^er, 
born  in  Lcicefterftiire  in  ifioJ.    llti  fiitlier  was  not 
able  to  give  him  farther  education  '         anmon  read-- 
iiig  and  writing  ;  but  young  Lilly  oI  a  forward 

temper,  and  endued  with  ihrewd  wit,  he  refolvcd  to 
pufh  hit  fortune  in  London  ;  where  he  arrival  in  i6l0» 
and,  Ibr  a  prelent  fupport,  mticled  htmfi^f  at  a  fervant 
to  a  mantu;i-;vi;;kLr  in  ;!a  p.irifli  of  St.  Clement  Danes. 
But  in  Iu-  rr.ovtd  a  Itep  higher,  by  entering  iiito 

the  fervice  nt"  Mr.  Wright  in  the  Strand,  mailer  of  the 
Salters  company,  who  not  being  able  to  write,  Lilly 
among  other  otlii  es  kept  his  books.  On  the  death  of 
hitmaitcr,  in  1627,  Lilly  niid  hit  addretTca  to  the  wi« 
dow,  whbm  he  married  wkh  a  fortune  of  lOOoL  Being 
now  his  own  mailer,  he  followed  thebentof  hitinclina* 
tions,  which  led  him  to  follow  the  puritanical  preachers. 
A fti  ly.  iiii^.,  turning  his  mind  to  judicial  allrology, 
iu  1(132  kc  became  pnpil*  in  tkit  art,  to  one  Evans,  a 

profltgatc 
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pi  ,f]i-ne  WcllTi  parfon  ;  atid  the  next  year  gave  the 
p'.bln.-  a  f[K'ci!ac:i  iif  hij  TkiII,  hy  an  iiitinutiuii  that  the 
lung  h«l  choica  an  untuck}-  hoiofcope  for  thccoroni* 
tun  m  SeotUnd.  In  i'>34,  getting  a  inaniifcript  copy 
of  the  yii  j  N^ii'i.ia  of  Comcliiii  A^;rfp;>a,  wiih  altei  i- 
tions,  he  (IrHrik  in  tlic  clociririi.- of  llic  i-.m^mc  rirtK-,  and 
the  invocation  of  fpirlts,  wiili  prcat  tagerii'-fs,  and 
practifi-J  it  for  foitic  liir.c  ;  after  whith  lie  treated  the 
myft^ry  of  recovering  ilukii  jjoods,  &c,  with  great  i-on- 
tciiipi,  chtitniH^  a  fupcrnatural  figbt,  and  the  tpft  of 
prophetical  pr^idioiu(  aU  wfaidibe  well  knew  bow  to 
turo  to  good  advantage. 

'  Mean  whfle,  he  had  buried  hu  (iril  wife,  pur^hafcd 
a  moiety  of  13  houfes  in  tl;e  Strand,  and  tiu.rritd  a 
fecond  wiie,  \v!io,  joiu.ng  tv.>  an  txt nivalin t  iLir.jitr  a 
termagant  fpirit,  which  no  could  not  Kiy,  inadc  lii:n 
unhappvi  and  greatly  ridiicul  Iiii  e:rcu;nll;i::cc'i.  Wi'.ii 
tbi»  ttnconxfortablc  j  okem.->.te  he  removed,  i;)  to 
Her/ham  in  Surrey,  where  he  ilaid  till  1641  \  irhco, 
ftetn^  a  piofpcifl  of  fifhwff  itt  troubled  trater*,  he  re- 
turned to  L;":(lun.  Til/  'i:v.-:::,  ■..-•.-'i  .f  ■!  f/v--:'  "it- 
rioiis  books  la  lluii  .ill,  vvIulU  w^rc  1jii.,J  011  puiiiiig 
do'.vii  the  hoiilcof  another  allrol;)ger,  l;e  ftiidied  them 
iiccffxntly,  finding  out  fccicts  CD.Uuhud  in  thetn, 
which  vrere  written  in  an  imp;.Tfec\  Creek  elara<J\ir; 
«Dd»  in  164^  publiihid  hi»  Menwui  Angliciijt  an  ol- 
naaac,  wlocn  he  continued  annusll^-  tiU  h»  deatbi 
and  fcTcral  other  aflrological  works  ;  devutirig  \\U  pen, 
and  other  labours,  fomtti.nes  to  the  king's  party,  and 
fuc.'-tirr.LS  to  that  of  the  parliament,  bat  mi)!lly  to  the 
latter,  railing  his  fortune  by  favotirablL-  jjrcdi in'uns  to 
both  parties,  fometimis  by  prefcnt',  and  Airictimrs  by 
pcn&UM ;  th'i!',  in  ifi^S,  tUe  council  of  (late  gave 
bliB  inlUOtK'y  $oL  and  a  pcafiuu  of  loci.  pirr  amuim, 
which  lie  received  for  two  yean,  and  then  reitgned  it 
00  Ibinc  difguft.  By  his  advice  and  contrivnncc,  the 
king  attempted  fe..-Kil  titnc:.  to  nake  liis  cfcapc  from 
hit  confinement  :  he  prucurtd  and  fent  the  Tiqiia  fortf'* 
and  file*  to  cut  the  iron  bar*  ct  hi-  prii  v.\.v-'.:\\\.  -a: 
CariPjrook  caftle  ;  but  rtill  adviling  and  writiiig  lai  ihc 
other  party  at  the  fame  time.  Mean  while  he  read 
^Uic  IcAuretcHi  allrology,  in  \(>\^  and  16491 
improvement  of  young  lludents  in  that  art;  and  in 
(lion,  plied  his  hidincfs  fo  well,  t'ul  in  \G^\  and  1652 
he  laid  out  near  20Ooh  for  lands  .if.  J  .1  h  .>i:fe  at  Herfliam. 

During  til.  1';.  41  C'uIlI.cKt,  he  and  Kookcrwere 
fcnl  for  thither,  to  eucoiirage  the  foldiers  j  whicli  they 
did  bv  afiuring  them  that  the  town  would  loon  betaken; 
vehic^  proved  true  io  the  event. — Havine*  in  1650^ 
written  publicly  that  the  pailiamtnf  Ihoiud  not  con- 
tiiiu.. ,  hut  a  new  govemment  arife  }  agreeably  to  which* 
ui  hii  almanac  for  1(553,  be  aflTertcdlhat  the  parliament 
Hood  upon  a  ticUiih  f^uimdation,  and  tluit  the  comnio- 
RsJtv  and  foldiery  would  join  together  againfl  them. 
Ui  oti  V.  iiv  w.a»  fummoncd  before  the  committee 
of  plundered  nuutiim;  but,  receiving  notice  of  it  he- 
fbce  tlte  arrival  of  the  meflciigcr,  he  appHcd  t  ^  his 
fiicnd  Lenthal  the  fpeaker,  who  pointed  out  the  of- 
fer.fn^  pafTages.  Hc  unnediotrly  altered  them  ;  at- 
te.idcd  thf  Ci  inmittee  next  uiorui:  4,  -Ith  6  copies 
ptintedf  whitl*  fix  alone  he  aeknoT*  ;i.a|;cd  to  be  hi»  ; 
and  by  that  means  came  off  w  itli  only  days  ciiilody 
'  by  the  ferjt-ant  at  armi.  Thii  year  he  wa«  eujfajged  iu 
^dlipntc  with  Mr.  TboaiBiCatakcr.~In  i$$5  bewat 
Vou  11. 


:  Joyce.  The  fame  }  ear  hi:  fued  out  bis  pardon  under 
;  DToad  fcal  of  Er-gbnd  ;  and  aftenrards  continued 


iadicled  at  Hicki>'«-hall,  for  giving  judgrneut  upou 
llolen  good.> ;  but  was  acquitted.  i\nd  in  i^srg.hc  re- 
ceived, from  the  king  of  Sweden,  a  prefcnt  of  a  zold 
chain  and  inedid,  worth  about  foL  on  ercoiint  of  hia 

having  rriMlioncd  that  monarch  with  i:;r  ;at  r''!'[)<_'i\  in 
his  a!tniin:t.i:;  af  ifijy  and  I  'lj?^. — After  tjir  R.-i'>i-'rr.^'"^'>n, 
in  i66o,  1h;!i_;j  taken  into  cuftody,  and  ex;nr:iiu"i  by 
a  comnuctec  of  the  h"U  t  ot  cumnion';,  !n  :.-hiii^  th.e 
executinn  of  fli.irlc-'.  t!ic  if'i,  lie  d..Ll»|d,  ' '  at  Ko- 
bcrt  Spavin,  tlitn  t-"tLrt'.,:r,-  to  Crjiitu  cnHHhiag  ividx 
Win  foon  afar  the  fact,  nfturcd  him  it  it^aiOOne  by  cor- 
net;  -  ' 
the  Drtiaa  icai  oi  cr.j; 

in  London  till  1615  ;  wIk-::,  lip'in  the  ra^inj;  of  '.he 
plague  there,  lie  retired  to  iiis  cit.ite  al  Hcrlh.ix.  H'Te 
hf  rippl-cd  huntfif  to  the  i'.udy  i>f  pliyTic,  hriving,  hy 
mcHfisof  hit  frici'd  Elias  A'hmole,  pi'.trnred  from  arjli- 
bifllOp  Sheldon  a  licence  to  pr.-.ftifo  it,  \\hicli  h-.-  did,  u< 
well  as  aRrology,  from  thence  tM  the  time  of  his  death. 
—In  Oftober  j666  he  was exatnioed  before  a  commit-' 
tec  of  the  hmife  of  CLiiiniuns  cori;-t  niinvj  the  tire  01 
London,  V  Inch  happened  in  Scptcmhcr  ihai  year.  A 
little  hefo.e  hii  deatli,  he  adopted  ior  h's  fen,  hy  the 
nninc  of  ilJcrlm  juni-.r,  one  Hcnrv  CoL-y,  k  taylor  hy 
trade  5  lindat  the  fame  time  gave  (litn  the  imprelHon  of 
his  almanac,  which  had  bees  printed  for  36  years  fuc* 
ceffivcly.  This  Cole y  became  afterwards  a  celebrated 
aftrologer,  pnhllfhing  iu  his  own  name,  almanacs,  an  1 
books  of  atlroiogy,  partltidcrly  one  iatitled  yi  K.jf  !j 


Lilly  died  of  a  palfy  i  fiS  1 ,  at  79  years  of  age  }  and  his 
fiicnd  Mr.  Afltmole  placed  a  monument ovcrbts grave 
ill  ilie  churidi  of  Walton  Mp<in  Thames.  *~ 

Lilly  wa;  author  of  many  works.  His  Obfirv^thnt 
tn  the  Ufe  and  Death  of  Chirle*  late  King  of  Ett^landt 
if  we  overlook  the  aAroIogical  nonfenfe,  may  he  read 
with  as  much  fatisfaition  as  more  cetelivntcd  hi"  rirs  ; 
Lilly  being  not  ofdy  verj' well  iufoimed,  hi;i  ;'ii.'.tly 
I'lrpartial.  This  work,  with  the  Lives  of  l.:!1y  and 
Atlimole,  v.riitcu  by  themfelves,  were  puUliilicd  in  one 
volume,  8vo,  in  1774,  by  Mr.  Buiman.  Hit  other 
works  were  principally  as  follow  s 

I.  MerlinusAnglicu^  junior.— 2.  Supernatural  Sight. 
— 3.  The  Wliilc  Ki-ig'i  Prophecy — 4.  England'* 
Prijphetical  Merlin:  all  printed  iu  1644- — 5.  The 
Starry  Meflenger,  1645. — Collection  of  Prophccie:^, 
\f)^(i. — 7.  A  Comment  on  the  White  King's  Prophe- 
cv,  i^>46.— S.  The  Nativities  of  Arelibiihop  Laud  and 
Thomas  earl  of  Strafford,  i64<j. — 9.  Cliritlian  Ailro- 
ioCTf  1^47  =  upon  this  piece  !ic  read  his  letlurrs  in 
1648,  mentioned  ahove.~-io.  Thethird  book  of  Nati- 
vities, 1C47. — II.  The  World's  Cataflrophe,  1^47.—. 
12.  The  Prophecies  of  Aivhicfe  Merlin,  with  a  Key, 
1647. — 13.  IMthemlii"^,  I  r  \\\c  Gcvernment  (if  the 
World  by  PreH.ling  A;  •  I  ,  ir,^-.— .,  1.  A  tieitife  of 
the  Three  Suns  feen  in  the  winter  of  1647,  printed  in 
ifi^S. —  '5.  Monarchy  o;  no  Monarchy,  i^ji.-^ 
iG.  Obfervation)  on  the  Life  and  Death  of  Charles, 
hte  king  of  Enghnd,  16;  t  %  and  again  in  16^!,  with 
the  title  of  Mr.  William  Lilly's  True  Hifloiy  of  kiajy 
Jaines  and  king  Chares  the  ift,  See. — 17.  y^mius  Te- 
nihrofus  ;  or,  the  Black  Year.  Tiii'  Avw  h-m  into 
the  difptitc  ivith  Gatakcr,  whi^h  Lilly  ou'ri.d  on  in 
hts  Almanac  in  1654. 
G  LIMB, 
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LIMB,  cite  oMcrmoft  bardtri  nr  graduated  tiee,  of 
'•qndnHit,  altrolibe,  or  foch  SkenMtbematical  mftnf 
mcnt. 

The  word  is  alfo  ufcH  for  the  arch  of  the  primi- 
tive circle,  in  any  j>rojcftion  of  the  fpfitrc  in  piano. 

Limb  alfo  fignifics  the  outerrr.oil  border  or  edge  of 
the  fuo  r>r  moon ;  u  the  upper  Limb,  or  edge ;  the 
lower  Limb  ;  the  prciceding  Lidib,  or  fide ;  the  follow. 
iii|r  LtmbL-— AftroDomm  al>f«r«e  tbc  Ppga  or  lower 
Iamb  of  the  Am  or  moon,  to  And  theirtne  height,  or 
that  of  the  LC  K-.  i',  u  hich  dtfiei*  fioBi  tbc  othcn  hjr  the 

femidian^rtrr  i<t  tticdifc. 

I.IMBI'.RS,  in  Artillery,  a  fort  of  advanced  train, , 
joined  to  the  carriage  of  a  cannon  on  a  march.  It » 
oompoledof  two  ibaftt,  wide  enough  to  receive  a  horle 
between  them,  celled  the  Jilii  bvrfc  tbcfc  ihifis  m 
joined  by  two  bars  of  wood,  and  m  bolt  of  iron  at  one 
cod,  and  moTintcd  on  a  pair  of  rafJicr  fmall  whreTr.. 
Upon  the  ax'.f-trcc-  rifes  .1  Itiong  iruii  luike,  which  ik 
put  into  a  hulc  in  the  hinder  part  of  the  train  of  the 
gun-carriage,  to  draw  it  by.  But  when  a  gun  is  in 
-adion,  the  Limber*  are  Jtaken  oft',  and  run  out  behind 
tU — See  the  dimenfions  jind  figure  of  it  in  MuDer't 
Treatifc  of  Artillery,  pa.  187. 

LIMIT)  is  a  term  ufcd  by  mathematicians,  forfome 
determinate  quantity,  to  which  a  variable  one  conti- 
nuaUy  approaches,  .md  may  come  nearer  to  it  than 
by  any  eivendisfcrcncc,  but  can  never  go  beyond  it ;  in 
which  fenfe  a  circle  may  be  faid  to  be  the  Limit  of  all  its 
infcribed  and  circumfcribed  polygons  :  beciufe  thefe,  by 
iKMifing  the  number  of  their  fides  can  be  made  to  be 
'  nearer  equal  to  the  cirdc  than  bj  any  fpwe  that  can  be 
propofed,  hoWfmall  Ibever  it  may  be. 

In  Algebra,  the  term  /Jm</ is  applied  (n  iv.  o  quniiti- 
ties,  ofwriich  the  one  is  greater  and  the  oihrr  lcT>  than 
fomc  middle  tjuanlity,  as  the  root  <if  ;in  c<jii;j:inn,  i\c. 
And  in  this  ienfc  it  is  ufcd  when  f^akin^  of  the  Li- 
mits of  equations,  a  netbod  by  which  their  lolndon  is 
,  greatly  f-!'  »::rcd. 

LiMi.   iy  jyiVtwc.'  Vi/ton,  in  Optics.    See  D^KnS 

VttlOM. 

Limit  of  a  Planet,  has  been  fometinacs  ufcd  for  iu 
grtP.tcfl  hdioct  ntrir  hititndc. 

Limited  Problem,  denotes  a  problem  that  has  but 
one  fohition,  or  fome  determinate  number  of  folutions  : 
as  to  defcribe  a  circle  through  three  given  points  that 
do  not  lie  in  a  right  line,  which  is  limited  to  One  fo- 
lution  on'y  ;  to  dividca  pantUelogram  into  two  njual 

Start}  by  a  line  parallel  to  one  fide,  which  admits  of  two 
olutions,  aci  onliiiy  as  the  line  is  par  ilM  ta  the  length 
Cr  breadth  <>i  llw  paralklogram  ;  or  to  divide  a  trian- 
rlt  ill  any  ratio  by  a  hnc  parallel  to  one  fide,  which  is 
limited  to  tlirce  lolutiona,  as  the  line  may  be  pTirallcl 
to  any  of  the  three  itdet. 

-  LINE»  in  Geonwtiy,  aqmntitjr  cMended  ia  length 
oak',  without  ettherbrradth  orthicknefi. 

A  Line  \h  fometlmes  confiJered  25  ;:jtn<rat(d  by  the 
flux  or  motion  of  a  point  ;  and  fomettmes  as  the  limit 
or  termination  of  afuperiidcti  but  aot  ae  an^  part  of 
that  furfacr,  however  fmalL 

/,m«  are  either  right  or  eurvetf.  A  rigll,  or 
Araight  Line,  is  the  neareft  diftanc«  between  two 
pOHna»  whk-h  ate  it*  eitremc*  or  end* ;  or  h  li  a 

Lue  tdiidi  had  ia  every  part  of  k  tbc  &pe  dtsec^ 
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tion  or  pofition.   But  a  nrrrr       hat  ia  every  part 

of  it  a  different  dkreii'\ion,  and  h  not  the  filorteft  diC> 
tance  between  its  extremes  or  ends. 

A':r/:  I.i>.i  ;  arc  -it  tt.f  fane  fpecies  ;  Imt  ciu^e» 
are  of  an  inhnite  number  of  different  forts.  As  many 
may  be  concdred  as  there  are  different  compound  mo- 
tion!, or  ai  manjr  as  theie  may  be  different  relation*  be- 
tween their  ordinate*  andabicifl'ev   Sec  Cukvei. 

Again,  CarwLiitBS  are  nfnally  divided  into  gtm^ 
triranad  mtthameat. 

Gemuirkat  L'tmi,  are  th:)rc  \cliK-h  may  he  fmnid  ex» 
ailiy  in  all  their  parts.    Ste  (i  1  o  m  n  n  1  im  L  i  n  ». 

Meehamctd  Ltnts  arc  fuch  a',  a  ■  roi  clrr-.trMnitd  ex- 
actly in  all  their  parts,  but  only  nearly,  or  tcnta- 
tivcly.  But 

Dea  Cartes,  and  hi*  followers,  define  geometrical 
Linea  to  be  thofe  which  may  be  exprefled  by  an  alge- 

hraical  cqualion  uf  a  tlttcmiin;ite  or  fi:iitc  degree  ;  called 
its  lotus.  i\nd  rRt:c!iau:<;a!  Lines,  fuch  as  cannot  be  ex- 
preffed  by  fuch  an  equation. 

But  others  diilinguiih  the  fame  Line*  by  the  name 
atglhrmc^  and  tranJemJttatJ. 

Line*  are  alfo  (Uvided  into  orders,  by  Newton,  ac> 
cording  to  the  nimber  of  nitetfeAtoos  which  may  be 
made  by  them  and  a  right  Line,  viz,  the  itt,  id,  3d, 
4th,  tec,  order,  according  as  they  may  be  cut  by  a 
ri^ht  Line,  in  i,  ur  2,  or  3,  or  4,  &C,  p  >iiils.  In 
this  way  of  confidtring  them,  the  right  Line  only  it  of 
the  lftoider»  being  but  one  in  number;  the  2d  order 
contains  4  cunret  onlj,  being  fuch  as  may  be  cut  from 
a  cone  by  a  plane,  wx,  the  circle,  the  ellipfe,  the  hy- 
perbola, and  the  pai^xda ;  tiie  lines  of  the  |d  order 
have  been  enumerated  by  Newton,  in  a  partieuhr  trea- 
life,  who  makes  their  number  amount  to  72  ;  but  Mr. 
Stirling  found  4  others,  and  Mr.  Stor\e  2  more  ;  though 
it  is  difputed  by  fome  whether  tliclc  1  In'.l  ought  to  oc 
accounted  different  from  iome  of  Newton'*,  or  not. 
See  Newton'*  Enumer.  Lin.  Tertii  Ordiit.  alfo  Stir-' 
liog'tLiaec  Tert.  Ordio.  Newtonians  Oxon.  1717, 
8vo.  and  Philof.  lVaa£  number  456,  ftc.  Again, 

J'^<l).i'ua!  I.ir.-j  are  diviJ-'d  into  different  orders  ac- 
cordinpj  to  the  jio\rer  or  de_^-ree  of  their  equations.  So, 
tlic  iiniplc  C(;u:iti'jn  a  +  !y  +  iX  =  O  or  equation  of 
the  I  ft  degree,  denotes  the  ift  order  or  right  hne  j  the 
equation  a  +  ^jr  +  c jr  +  </rjf  +  t^j  +  fxx  —  c,  of  the 
ad  dcgteCf  dawtea  the  Lines  of  ihie  2d  order  ;  and  the 
eqnatiott 

•  +4f + '«+ -/v  +  'V  +/»«+/y^  t  *'^+'*^  + 

of  the  3d  degree,  expreflcs  the  Line*  of  the  3d  Order  | 
and  fo  on.   See  Cnmer't  Intrad.  i  I'Aiwyle  det 

Ligtirs  Coitrbes. 

Lines,  coraidercdas  to  their  pofitions,  arc  either 
ralUl,  ^rfaidUular^  or  oMrjwr.    And  tlte  conftmdiua 
and  properties  of  each  <A  thefe»  fee  under  icfpec- 
tiw  termt. 

Lint  slfo denotes  a  french  meafue  of  leiKth, being 
the  1 2th  part  of  an  indit«r  tlie  I44tll  part  Ota  foot. 

In  Afironomy, 

List  ^'Iff'h  or  AtJiJei,  the  T.inr  jninfng  thfr 

two  apfi's,  01  the  lorigcr  axis  of  the  uihit  <A  ^  planet. 

Ftduzial  Lint,  the  ii.dex  line  or  edge  of  the  ruler, 
which  patfes  throiwh  the  middle  of  an  altrolabc,  or  other 
inftrumiot.  Oft  wlud  tbc%hti  alt  fitted.  Mid  VUUrknig 
the  divifioae*. 

MaqiMr 
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'  ,  JKrtsoM/  Liatt  *  LioepuiOdtothebocumk 
Lnit  if  rfr  Neduf  thtt  which  joins  the  nodet  «f  the 

ottti  of  •  planet,  being  the  common  feflion  of  thff 
pkne  of  tlx  orbit  with  the  plane  of  the  ecliptic. 

In  Dialiiri^, 

Haraumtei  L'uu,  it  the  common  fedtion  of  the  hori- 
son  and  the  dial-pLite. 

Horary,  at  Hmr  iMtt^  axe  the  common  ntcrfee- 
tions  of  the  bottT'didct  of  the  fpbere  with  the  plane  of 
the  diaL 

Etpnitoftlnl  LtHt  u  the  common  interfcclion  of  tlie 
equinoAial  and  the  plane  of  the  dial. 

In  Fortjfieatien,  Lme  n  lumetitnes  ufed  for  a  ditch, 
bordered  with  its  parget :  and  fumetimes  for  a  row  of 
gabions,  or  fncks  of  earth,  extended  lenj^thwifc  OD  the 
jTuund,  to  fci-Nc  as  a  (hcltcr  againll  the  enemy'*  Are. 

When  the  trenches  ^ere  carried  on  V^Un  jo  paces 
of  the  glacis,  they  drew  two  Lines,  one  on  the  right, 
and  the  other  on  the  left,  fur  a  pJ.icc  dF  arms. 

Lines  are  corr.rnonly  midr  to  ill  Lit  up  an  aveuuc  or 
entrance  lu  foinc  place  ;  tbc  fidciofthc  cutracce  being 
covered  by  rivers,  woods,  mountains,  caaraQcs,  or  other 
obdru^uns,  not  eafy  tu  be  pailed  OTcr  hf  an  vttKf* 
Whea  they  are  conUmdc^  ia  an  opn  coutttry,  they 
are  earned  round  the  jdsceto  be  drteoded,  and  refem- 
blc  the  Litke«  furrouudiag  a  camp,  c  illed  Liiio';  uf  cii- 
cumvallation.  Lines  arr  alio  tlitowu  up  tu  ilop  t!ic 
progrefs  of  au  army  ;  but  \\c  t-rm  is  moll  ufcd  fur 
the  Liue  which  covers  a  pals  that  con  only  be  attacked 
.in  front* 

When  lines  are  nude  to  coTer  a  campr  or  a  ]ax^ 
tiaA  of  land,  where  a  confideraUe  body  of  troop*  is 
polled,  the  work  is  not  made  in  one  ftraight,  or  uni- 
rormly  bending  Line ;  but,  at  certain  didanccs,  tlie 
Litici  iirojcd  in  faliaut  angles,  called  redeots,  rcdLiiis, 
or  flankers,  towatds  the  enemy.  The  diflancc  between 
tbcfe  a«glcs  is  commonly  between  the  limits  of  loo 
and  260  yards  \  the  ordinary  flight  of  a  mufkct  hall, 
point  blank,  bein^  commonly  within  thufe  limits ; 
thongh  amikets  a  htUe  elevated  wiUdorA:ftial  iernce 
at  the  diftance  of  360  yards. 

FiiiiJanitru!  Litif,  is  the  firll  T>inc  drawB  for  the 
plan  uf  a  place,  and  which  flu  ws its  area. 

Central  /.in.-,  is  tlif  l.inc  drawn  from  the  as^C  of 
the  centre  to  the  angle  of  the  hailion. 

Line  of  Defenee,  &c.    SecDErExcs:  5tc. 

Lmy  J^fnathi  vtAttatk\  figoifics  the  work  which 
ihe  hefiegen  cany  on  under  cover,  to  gain  the  moat, 
and  the  body  of  the  place. 

IjKf  of  Ciriumvalsation,  is  a  Line  or  trench  cu!  by 
the  b<  l"u-^crs,  within  cannon-fLiot  of  the  place,  wiilch 
ranges  round  the  camp,  andtecures  its  quui  tcra  agaioil 
any  relief  to  be  brought  to  the  befieged. 

Lint  tf  CaKtnnMaumt  is  a  ditcli  boideced  with  a 
parapet*  farrii^;  to  cover  the  believers  on  the  fide  next 
tbc  place,  and  to  Hop  the  f:il!;cs  01  the  gan-ifon. 

LAues  of  CommmUai'ion  are  ihul'c  wliich  run  from  one 
work  to  another. 

Imu  of  the  Baft,  is  that  which  joins  the  points  of  the 
two  oeareft  baftions. 


LiNF,  in  Geography  and  Navigation,  is  emphati* 
tally  ufed  for  the  Equator  or  Equinodial  Line. 

The  fcamen  ufc  ti.  b?.ptl/,e  their  trrih  men,  and  paf- 
fenpers,  the  firil  time  they  cnofs  the  Line  :  that «»,  to 
dip  (hem  in  thefea,  fufpcndcd  by  a  rope  from  the  yaid- 
arm,  unk-fs  they  compound  for  it,  by  giving  fomcduflf 
to  drink.  '  ■ 

In  Ptrjpraive, 

The  Gtomclrical  JJne,  is  a  ri^Sst  Line  drawn  in  an/ 
manner  on  the  geometrical  plane. 

Terrffirui  or  Fmdammlei  Unt^  it.  the  common  in- 
terfcAioQ  of  the  geometrical  phne  aad  plane  of  the 
pidurc. 

J.ine  of  the  Front,  is  any  Line  parallel  to  the  terref* 
trial  Line. 

Faiifai  Line,  is  the  fc£lion  of  the  vertical  ;.i.d  drnil 
planes. 

Vifual  JJne,  is  the  Liue  or  ray  coiici;i\cd  tu  pafi 
from  the  objcfi  to  the  eye. 

Oljefiive  Lnut  is  any  JLbe  drawn  on  thegeometncal 
plane,  whofe  reprdentatioo  is  foi^t  for  in  nie  draught 
or  picture. 

Lhu  of  AIi.ij''.ir;i,  is  ufcj  by  Oughtrcd,  .ind  otllc;i, 
to  denoleihc  diinicte:  of  tlie  primitive  circle,  in  tlicpi'o« 
jertion  of  the  fpliere  i«i  pl  «nv^  or  that  Line  ia  which 
fulisthc  diameter  of  any  i       t  j  be  projcded. 

LiNSAaNvMBIRS,are  fuch  as  have  relation  to  length 
only  ;  fuch,  £ar  exunple,  as  expreiii  one  fide  of  a  pwoe 
tigurc  and  when  the  plane  figure  it  «  IqaRfep  the 
linear  number  is  called  a  root. 

I.thF.iR  Paoiii  KM,  is  one  that  cm  be  folvcd  pcome-  • 
trically  bj  the  intctfc^lioa  of  two  right  lines.    This  is 
called  a  umple  ptoUcn,  and  iacapwle  of 'Oalf  one  ^ 
lution. 

LIQl'lD,  a  fluid  ivhich  wets  or  fmcars  (ueh  botfes 

as  are  iuiincrfcj  in  it,  arilingfrom  fome  configuration  of 
it*  jMi  ticks,  which  difpofcs  them  to  adhere  lu  t!ie  fur- 
faces  of  bodies  contiguous  to  them.  Thus  watiT.  oil, 
milk,  areLiquids,  as  well  as  fluids;  butqukkm* 
Tcr  is  not  a  Liqwd,  but  limpiy  a  fluid. 

LISLE  (William  df),  a  very  learned  French 
geographer,  w:is  hor;i  at  Piiris  in  ifiyj.  His  father 
being  much  occupied  in  th.e  fame  way,  young  Lific 
began  at  9  years  of  ajj^e  tu  draw  maps,  and  foon  made 
a  great  progrefs  in  this  art.  In  l<^9  wK  diilin* 
goilhed  iunJelfto  the  public,  by  giving  a  map  of  the 
WDild,  and  other  pieces,  which  procured  bima  pfstce 
in  the  Academy  of  Sciences,  1702.  He  was  after- 
wards appointed  geographer  to  the  king,  with  a  pen- 
fi.in,  r.nd  had  the  honour  of  inflnicting  the  king 
felf  in  geography,  for  whui'e  patticular  ufc  hr  drew  up 
fevcral  works.  De  Lifle's  reputation  was  fo  great, 
that  Icaicely  any  hiilory  or  travels  came  out  without 
the  emhcnilhrnent  of  his  maps.  Mor  was  litt  name  left 
cckbretcd  abroad  than  in  his  own  enontry.  lUxxj  fo* 
vcrcigns  in  vain  attempted  to  draw  him  Out  of  FraiKCa 
The  Czai- Peter,  when  at  Paris  on  his  travels,  jiaid  him 
a  vifit,  to  communicate  to  him  foine  1  cmark:^  upon  Muf» 
cavy ;  but  more  efpecially,  fap  Kontcnclle,  to  harn 


ToXiarasvork,  fignitiestofacc  it,  as  with  brick  or  .from  him,  better  than  he  could  tnjr  wliere  clfc,  UtC 

ftonei  Ibrommpky  to  Qrengthen  a  r4;npart  witli  a  finn  extent  and  fituation  of  liis  own  dominions.  Dc 

wall,  or  to  cacoBpalsa  parapet  or  most  wttii^Md  died  of  an  apoplexy  ia  1716,  at  .51  jean  of  age^ 

terf,  fte.  BeCde  the  csoeBcat  a»pt  he  |niblilliM»  he  «rn»te 
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msny  pieces  tn  the  Mcnmri  of  the  Academy  of 

Gk  icnccs. 

LliS'l',  or  I. I'm.,  a  ftrLill  fq-iirs  ni^'-rjldinp;,  forv- 
VI  T  to  crt  v.  11  iir  .;c(  fimj):i;;y  I,ii-.;t  r  moulditigi  ;  «r  OH 
t-cc.!j':(  :;  til  up;i-,'.:i.  t!  f  nJ:I;^,,^  ul'  coIuiHtM. 

Li'iXKAL  /\t.(ilBKA.     .Sir  AtCTBR  \. 

LIZARD,  in AflroBoriiy.  .Sec  L\tfftTA. 
l.OADSTONF,  w  MAHf.KT  ;  ll'e. 

n;ti-  iiijirl.t.r  of  dilTcivii?  f.-'iKiot  .i  ;  1;i\mu;':  t!iC  j>oinl, 
vliicli  is  t  >  U'Ux  (he  pv  il.'l  ii>,  r.-ay  iiidif'.i  rtiiily 
lakcil  \vi:lii:i  a  i-<':t;;;u  cxU'nt  ;  as  filj:]:ijU  ai:y  f  m 
fijch  a  li.A-,  i;>  t ,)<.h  a  pl.iui"  fij,i.vi-,  whicli  ;i 
CilUttl  r.  j;,  ..•■:r.  /  .V..-/  /.  -r.-.v. 

A  Local  pn>bk-ai  is  Jsm»>lft  when  the  point  fiiii;^;ht 
IS  -n  a  tight  line;  pLme,  when  the  point  lijugl  t  i.  in 
iht;  t  •rcmiiii rcni  L   v,t  a  i  f'J-!<U    "hca  it  ij  itt 

iliL-  ciicuiiU'cuiAC  wf  a  couic  uctioa  ;  or  fu!j'r:Jt 
wlicti  ch'.-  point  IS  la  the  perifneccr  of  a  line  of  a 
higher  kinO. 

Local  M  m  i  >;»,  'or  JJu^Motm,  the  cLsnge  of 
place :  See  MoTirtH. 

H)Cr,  the  phual  of  Locva,  which  fee. 

LOCUS»  itt  fomeline  by  which  alonlorindetcmi* 
Date  problem  is  folfcd ;  or  a  liae  of  which  any  point 
n:.iv  tqi:aJIy  folvc  an  i:uli  ti  rniiiiatc  prublem. 

l.cci  ;ire  exjireHcd  by  ii!^7<.br:;ic  equations  of  dilTer- 
cnt  (iriK  i  ;;  according  to  tlic  nature  of  the  Locus.  If  the 
equation  conilrii^tvd  by  a  I'Jilit  line,  it  is  called  /.o 
eus  eil r.'iiun!  ;  if  by  R  circle,  I.  /i  Uj  nti  cir.  ufum  ;  if  by 
a  parabola,  LottuMlfaraio/am  /  if  by  aa  cilipliSf  Locut 
ad  ^R^ftm  ;  and  fo  on. ' 

The  I.<;ci  of  fuch  equations  are  nglit  lines  orc'r- 
clce,  llie  aneitiits  called  p!aiie  loci;  aitd  cfihttfc  that 
art  conic  U  i:X\wf.,  f  Jiil lo<l  ;  but  fueh  as  are  curve:*  ot 
a  kiglicr  order,  fitrj'oliJ  Icci.  But  the  im)dcni»  dillin- 
guilh  the  1  .cci  into  orders  according  to  the  diinenfions 
of  the  equaiioDS  by  which  tbey  are  txprciTed,  or  the 
number  of  the  powen  of  indeterminate  or  udImowo 
quantiticstnanf  onetenn  j  thui,  the  equation 

ay  =L  hx  c  denotes  a  Lociu  of  the  tft  order, 
but  -  ^  -M-,  or=d.r  —  &:c,  a  Lotus  oftbezd  order, 
and  y^  liVjOr  r=rti - — j', &c,aLocU5oftlie  ^d  order, 
and  1»  on  ;  \k  licrc  x  and  y  are  unknown  or  indetermi- 
nate ijUttHtitic!,  and  the  others  known  or  determinate 
otict;  allb<r  denotes  the  abfeifs,  and  y  the  ordinate 
of  the  cunrc  or  line  which  is  the  Locus  of  the  equa- 
tioB. 

For  inllinc<',fuppofc  two  vanable  or  indLtermJnat?  right 
litics  AP,  A(^ making  any  given  angle  PAC^Jjitwcen 
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PQjj,  continnally  cbanc^injj  ff 
,)ar?lcl 


them,  where  they  arc  fuppofed  to  commence,  and'  to 
cxtciul  indclinttcl)'  both  wa^«  from  the  point  A :  then 
oJling  any  AP»      and  it«  ooRdjpgiKling  oidinMe 


parallel  to  i:l;lf  Jok^t  the  iii<lc-|lii!tc  line  Ai' ;  sllr.  i-j 
the  line  Al'  alTume  A  15  —  .r,  nnd  fnuii  B  dr^vv  TC 
parallel  to  PQ_and      b:  then  the  indehniie  line  AQ^ 
M  called  m  general  a  geoinctricai  Locna»  and  inparticii* 

>  ' 

lar  the  Locoi  of  tlie  equation  y^-^  \  for  whatever 

point  0  is,  tlie  trian;;!-^  APjC,  APO  rre  aKrjvs  f:n."- 
lar,  and  thcrefoie  AD  :  CC  ::  AI'  :  Tt^^,  chat  is 

a  :  b  i  :  X  :  J,  and  therefoie  y  =  iuthcet^ua- 

tiua  to  the  right  Kne  AQ^  or  AQJstbe  Locu  of  the 

eouatiun  r  =  — — . 

a 

Again,  if  A<^be  a  parabola, 
the  tiature  of  which  is  nich,  that 
AB  :  AP  : :  BC«  :  PQ»,  or. 

a  I  K       I*  :  v',  and  tlutL-forc 

y^  —  - — ia  theeq.iation  which 

ha*  the  patabt4a  for  itsLocm,  or 
the  parabola  ii  the  I^oou  to 
ever.    >-q  atiun  of  this  form 

Or  if  AQbc  a  cirtle,  having 
its  radius  AB  =:  <?,  the  nature 
of  which  IK  this,  that  PC^*  = 

AP  .  PD,  or  _v»  =  .r  . 
or  2<J-v  —  .v^  ;  therefore  tl:r  Lo- 
cus of  the  equation  of  this  form 
V*  =  zax  —  x*t  >•  always  a  cir* 

ijc. 

In  like  raanner  it  w!ll  appcar«,  that  the  elSipfe  ia 


th^  Loots  to  the  equation      —  ^  x  te  —  stS 

and  the  hyperbola  the  Locus  to  the  equation 
,  _____ 

s=  ~  X     +       where*  it  the  tranfmfc,  and  < 

\ 

the  cinjupte  axis  of  the  ellipfe  or  hypf  rhola. 

All  tqiir.t:ot'5,  v  K  :fi  Luei  ;irc  c  f  tiie  (irll  otdtiT^ 
may  be  reduced  U  .  :.e  wi  tl.:  ^  following  forms  :  ^ 

iilv  =  — ;  Jav  =  —  +     'dtz=.  -  —c;  4thjf  =  f  — t 

where  the  Ictlrr  t  cicnrtrs  the  diflancf  that  the  ord!* 
niit^s  C'.mnKncc  fro;ii  llie  li'ir  AP,  liiher  on  the  one* 
fule  or  the  other  of  it,  according  as  the  ilgn  of  that 
quantity  is  +  or  — . 

All  J.ori  of  the  ;d  dcjrrce  are  conic  feftions,  viz, 
eitlxr  lilt  p.irahola,  the  circl';,  tlh'])fi9,  or  liypcrbofe. 
Tlierrfure  v  hrnnn  tfjuaiion  i^  (;iven,  v.  hofe  Locus  is  of 
the  2d  dcgi-ee,  and  it  h  required  to  draw  tiut  Locus, 
or,  which  is  the  fame  thing,  to  conilmfl  the  equation 
generally;  bring  overall  the  terms  of  the  equtJon  toone 
ftde,  lb  that  the  other  fide  be  o ;  then  to  know  which  of 
the  conic  feftions  it  denotes,  there  will  be  two  general 
cafes,  VIZ,  chber  whf n  the  redangic  ;r)r  i»  in  the  equa- 
tion, or  when  it  is  not  in  it. 

Cafe  1 .  When  the  term  xj  is  not  in  the  propofed 
cqoation*  TJkd»  li^  i£  only  one  of  the  Iquares 
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«*,j>*  he  fomifm  it,  tlte  Loeuf  mil  be  a  panbola. 

;J,  iri  c;:,  t}'.c  fj  ^aics  he  In  it,  and  if  tncy  have  the 
Lmc  U^ii,  tl;c  L  JUS  will  be  a  circle  or  an  tl!ipfc. 
3d,  But  if  t'iir  ligiu  of  the  fqiiare*  a*,  bf  different, 
the  LrOCUK  will  be  ai>  In  pcibola,  or  tlic  opin)rite  hyptr- 

Ca/t  2.  When  the  rcclangk  Jtf  !?  in  tlie  prtipofcd 
equation  ;  thfn  ift.  If  neither  of  the  fqiinrcs  <>r 
only  one  of  ihem  be  in  the  eqimtioDr  tits  Locin  will 
bo  an  hyp<T|||i  betw^n  the  a^Vniptotes.  2d,  tf  holh 
X*  andj'' WTCi  it,  having  did'cirnt  (igns,  the  Locus 
will  be  an  hyperbola,  having  ablcilTcs  on  its  diame- 
ter. 3d,  If  both  tl>e  fqTi;n-c5  be  in  it,  and  with  tlic 
lame  Ct;ti,  then  if  the  coeffirient  of  a*  be  greater  than 
diclqtiare  of  half  liie  coct?ic:eiU  of  .\r,  the  Locus  will 
he  «a  cUipllE  |  if  c^ual,  a  paiabola }  and  if  lei««  an  hf  • 
pcHxila* 

This  !ii!;tlioJ  of  J;  trm'ii'.'p:  rt'oiTic'ric  Loti,  by  re- 
ducing tln.;;i  tf)  tiioll  cjn.^jjud  or  general  equ'i- 
i  j  :  .  was  firll  published  by  Mr.  Craig,  iii  h:s  Tri:u:;: 
vn  the  Quadrature  of  Curves,  in  169^.  It  is  txplaiited 
at  large  in  the  7th  and  Sth books  of  THofpital's  Conic 
Scdioob  See  this  ifutMcA  particularly  iUuftrated  in 
Kfachurtn's  Algebra.  The  method  of  Dcs  Cartes*  of 
Cudiag  the  Loci  of  equations  of  the  2d  order,  is  a 
pood  one,  viz,  by  cxtraClinv;  the  root  of  the  rquation. 
iicc  his  Ciconictry  ;  as  alfo  Stirling's  Illitdnitio  Linca- 
rum  Tertii  Ordiuis.  The  dodlntic  of  thife  Loti  is 
likcirife  well  ticatcd  by  De  Wilt  in  his  Eleini-nta  Ciir- 
wiun.  And  Barthulomn;u&-  Iiitieri,  in  his  Aditus  ad 
NofaArcuna  Cjcometrica  dclcj^cnda,  has  fticwn  how  to 
fiod  tlic  Loci  of  equations  of  the  higher  orders.  Mr. 
Stnrling  too,  in  his  trtatife  above-mentioned,  ha«  given 
ail  exa:nplc  or  two  of  finding  the  Loci  of  equations 
of  3  dimcnljons.  Kucltd,  ApoUonius,  Ariilxuii,  I'er- 
inat,  Vinani.  have  alfo  written  oa  the  ftibjeQ  of 
Loci. 

J.OG,  in  Navigation,  Is  a  piece  of  thin  hoard,  of 
a  federal  or  quadntntal  fom,  loaded  in  the  drcubr 
fide  virb  lead  fufficirnt  to  make  it  fwim  uprirrht  in 
the  water;  to  which  is  fal?entd  a  liti;:  of  about  ijo 
fathom.i,  or  300  yards  long,  called  the  Log-fine,  wliich 
is  divided  into  certain  fpaccs,  called  Knots,  ami  wound 
oa  a  reel  whicli  tarns  very  freely,  for  the  Hue  to  wind 
eafly  off. 

The  ale  of  the  Log,  or  Log-line,  1$  to  meafure 
the  vdoeity  of  the  (hip,  or  rate  at  which  (be  runs, 

w1  i  ll  is  done  from  time  to  time,  .is  the  foundation 
i:  v  hii  h  the  fhip's  reckoning,  or  Unding  her  pbcc, 
it  k>  pt  ;  ;ind  the  practice  is  to  heave  the  Leg  into  the 
lea,  with  the  line  tied  to  it,  and  obferve  now  much 
of  the  line  is  run  off  t!ie  reel,  while  the  fhip  fails,  during 
the  fpace  of  half  a  minute,  which  time  is  mcafured  by 
a  bnd-glafs  ntndc  to  iiin  that  time  very  cxadUy. 
About  10  iadUHUS  of  ftay  ormrafte  line  is'  kft  next 
the  Log  before  the  knotting  or  ooiMitirtg  ooaun^ncc, 
that  fpac  e  bciny  iifually  allowed  to  cany  tbe  Log  out 
of  the  eddy  of  tiic  fhip's  wake. 

The  ufiiig  of  the  Log  for  findii.g  tl.f  vi  li  rit  of 
the  lhip>  M  called  Heamlnt  the  JLog,  and  is  thus  pcr- 
{brmed:  One  man  bold*  uc  reel,  and  another  the  half- 
atinute  glafs  ;  an  officer  of  the  watch  tfarows  the  Log 
•fcr  the  fliip's  ftcm,  «a  de  ke-Jide,  and  v^hen  lie  ob- 
fixfci  the  vsatf  lne»  asd  the  6rft  mark  u  going 


he  cries  tarn  !  when  the  i^lafs-holder  inftantly  ttnm  t!:« 

glafs  crying  out  tkn- !  llivn  watcbing  the  glafs,  the 
momeiil  it  is  run  out  lie  fays  J!.:^  I  upon  which  the  reel 
being  quickly  ili?pt,  the  lall  mark  run  off  flievvs  the 
nunibcr  of  knots,  and  the  diiUncc  of  thai  mark  from 
the  reel  is  cftj'rnat  jd  in  fathoms  :  thCR  the  knots  and 
fathoms  together  ihew  the  diltance  run  in  half  a  mi- 
nute, or  the  diftance  per  hour  nearly,  by  confidcriog' 
the  knots  as  miles,  and  t!ie  fatho[ii>i  as  decimals  of  a 
mile !  thus  if  7  knots  .nnd  .\  frtlnOTs  be  obferved,  thra 
the  fliip  runs  ;it  ti.v  rale  of  7*4  irirLs  :in  hour. 

It  follows,  thcr.  f-JT-.-,  that  tlu-  t.-nj^h  of  each  knot, 
or  div!-"on  of  the  line,  oufriii  to  be  the  lamt  j>art  of 
a  fca  n\r\r,  as  half  a  minute  ii  of  an  hour,  that  is  rinth 
part.  Now  it  is  fouiid  that  a  drgre*.  of  the  meridian 
opntains  nearly  3d6,ocx>  feet,  therefore  ,*f  of  this,  or 
a  nautical  mile,  will  be  S leo  feet ;  the  xlc^h  ofw^l^ch» 
or  r  t  nearly,  (im.il.;  he  t'lc  lt!i;^tii  of  each  knt>i, 
(1;  UivUiun  of  the  L<^:-!in?.  Hn;  bec-aufe  It  is  fafer 
lo  have  the  reekuiiiiij;  rather  before  the  fliip  llian  aflir 
it,  therefore  it  is  ufu: '  now  tn  rs.  -lcc  cncll  knot  equal  to 
8  fathoms  or  48  feci.  I'u;  •..■l  ! -k  Viarc  niad^-  I'omr- 
times  to  contain  only  42  feet  {  and  this  method  of 
dividing  tlie  Log-Kne  was  fotinded  on  the  fuppofition, 
that  Cc  niik-s,  of  jcco  feet  each,  m.idc  a  decree  ;  f'lr 
T  !nth  of  joofj  is  41 1,  or  in  rouitd  nunibcrt:  42  feet.  And 
idthoiigh  nuiny  luarincis  find  by  experience  that  this 
length  of  the  knot  is  too  ftiort,  yet  rather  than  quit 
the  old  w-ay,  they  ufe  fai.d-ghinia  for  hatf-minule  ones 
that  run  only  34  or  25  fccoiuis.  The  fand,  or  half- 
minute  glaf%  may  be  tried  by  a  peaduliuii  vibrating 
feconds,  in  the  following  manner :  On  a  nmnd  nail  or 
peg,  hang  a  thread  or  fine  ftn'njj  that  has  a  miilket 
ball  tir.ed  to  one  end,  carefully  nuafuring  between  tlic 
centre  of  the  ball  and  the  ilring'a  loop  over  tlie  nail 
3y[  inches,  btin;;  the  length  of  a  fecond  jk  ikI  jlum  ; 
then  make  it  fwing  or  vibrate  very  fnrall  arch  :  ;,  and 
count  one  fm-  every  time  it  paffes  und'  r  the  iiaii,  be- 
ginning at  the  (ccond  time  it  paffei^ ;  and  the  uumber 
of  fwing*  made  diving  the  tone  the  glafs  is  rutming 
out,  fliev.  s  the  fecoiids  In  the  glafj. 

It  is  not  known  who  was  the  inventor  of  this 
method  of  meafurinj  the  fhip's  way,  or  her  rate  of 
failing  ;  but  no  mention  of  it  occurs  tiU  the  year  1 607, 
in  an  Eaft-India  voyage,  pubUihed  by  Pnraias ;  and 
firoro  that  time  its  nsmc  ocairs  in  other  voyages  in  his 
colleftions ;  afler  vs'hicli  it  became  fiimoiis,  being  no- 
ticed both  by  our  own  authors,  and  by  f<nv!^icrs  ;  as 
by  Gunter  in  1623;  Snellins,  in  1624;  Melius,  in 
1631 ;  Oughtrcd,  iu  1633  ;  llerigonc,  in  {634  ;  Salton. 
ftoil,  in  1 6 j6}  Norwood,  in  1637  j  Fournier,  in  1643 
and  almolTall  the  fucceeding  writers  on  navigation  of* 
every  country.  Various  rnipromnents  have  lately  been 
made  <tf  this  infiniment  by  dilTerent  petfbni. 

LOGARITHM,  fttun  the  Grrdc        ra^  and 

ttfi9f«i>>-  nuirtrr;  q.  d.  ratio  6f  pumttrt,  or  peibaps 
r.ither  mmibcr  of  rrJht  ;  the  mdice?  of  the  ratios  of 
rMiT.bers  to  one  another;  or  a  ferios  of  numbers  in 
arithmetical  proportion,  correfpondinjj  to  as  many 
others  in  geometrical  proportion,  in  uich  fort  that  o 
concfponds  to,  or  is  the  index  of  t,  in  the  geometri- 
Caik  Thev  have  been  derifed  for  the  cafe  of  bige 
arithmeticai  calcalation;. 
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Thus,  ' 

1,3,4,  8  ,  i6   ,  5cc,  1 

or  s*.  a',   a»i  »*,  i*  ,  Ac,  j  the  gonmetricai 

1,3,    9  ,  17  ,  fii   ,  &c,  y  praipvSioiis,  or 

o"".?*.  3'.    J'»  3'»  3*         I  «www» 

I  ,  lU,  100,  1000,  I0300,  &c,  I  bcK. 

Olio", I o",  I o*,  to*  ,  10*  ,  kcj 
WlicTc  tlic  fainc  indices,  or  Logarithms,  fervc  equalljr 
for  anv  gfomctric  ffria ;  and  frojn  which  it  is  evi- 
dent, that  there  mar  be  m  <adldil  varietjr  of  feU  of 
Lopirithim  to  tlic  fame  common  iranben,  bv  nrjring 
the  2d  term  2,  or  3,  or  10,  ike  of  the  geometric  frrics ; 
a»  tklj  will  c!i;in^;>--  the  jiJ^n'nnl  f.-r't'^  of  tcrtU:,  wti'iU- 
indices  arc  iLc  nuuibiiii  i,  s.,  3,  <5cc  ;  »iui  by  i.iurjio- 
Ijtion  the  whole  fylhm  of  num!>tr»  iniy  he  made  to 
enter  the  geometrical  feries,  and  receive  tlicit  propor- 
tional Logarithm*,  whether  rntcgcrs  or  decimaU. 

Or  the Xii^aritbiii  of  Mj'gynn  number,  it  th;  index 
of  fiich  I  power  of  fooM  eQuv  oambo',  »  is  cqu.il  to 

the  t^ivrn  one.  So  if  N  be  =  r",  then  the  Logarithm 
of  i .  n,  which  may  be  cither  politivc  or  negative, 
ar'.d  r  nriy  nrimber  wliatc»iT,  ;ui  uijin;j  tu  the  JiiTrr- 
eat  lyllems  of  Log:»n'?lirns.  When  N  i*  1,  liieu  n  u 
sao,  whatcTcT  the  value  of  r  i»  ;  and  confequently 
the  Loffarilhin  o^  1  i«  always  O  iu  every  f)-ilem  of 
Logariwmi.  Wbcn  n  is  =  1,  then  N  is  =  r ;  con- 
feqtientlr  the  took  r  k  ahrtv*  the  aiunbcr  wbnh 
TLnguhbm  U  t,  in  erery  ffkem.  When  r  ft  = 
3*7 1 828 1 828459  Sec,  t!ie  indices  are  the  hypeibolic 
JLogarithins ;  to  that  n  ii  always  the  hyperbulic  Luga- 

litbm  of  s^f^t  ftc)*.  But  in  the  common  Loga- 
rtthaic,  r  Is  ss  iO|  lb  tb«t  the  commoo  LotgaiAhiaof 
any  number,  is  the  index  of  that  power  of  to  which 

i«  equal  lu  the  faiJ  number;  fo  the  conirnn;.  Logarithm 
of  N  lO»,  it  n  the  index  of  the  power  of  lo ;  for 
csnipk^  IOOO»  being  the     power  of  10,  has  3  for 

its  Logarithm  ;  and  if  ;o  be  =:  10       ,  then  ti 
I  •69897  the  common  Logarithm  of  50.    And  hence 
it  follow  s  that  tliis  decimal  feries  of  terms 
fOOO,  100,  10,     I    ,  't,      "DI,  'OOl, 

or  io*»  10*,  lo*,  icf*,  10" io'*»io'*, 

hare  3  ,    2  ,    I  ,    o ,    —  I,    —2,  —3, 

TefpediYcly  for  the  Logarithms  of  lliofe  terms. 

The  Loganthm  of  a  number  contained  between  any 
.two  terms  of  the  firft  feriet,  is  included  between  the 
•  two  corrcfponding  terms  of  the  latter;  and  therefore 
-that  Logarithm  will  confid  of  the  fame  index,  whether 
pofitive  or  negative,  as  the  fmallcr  of  thofc  two  terms, 
together  with  a  dectlWil  fraif^ion,  which  trillalwajs  be 
pmitive.  So  the  nutnber  ;o  falling  between  10  and 
ICO,  its  Logarithm  will  f.ul  tu  twcen  1  and  2,  hi-'.ng  ni- 
decd  equal  to  I'Oy-'y"  rujily  ;  alfo  the  number  -05 
falling  between  the  tcriMs  -i  anri-oi,its  Logarithm 
will  fall  between  —  i  and  —  2,  and  is  indeed 
zr  —  2  -t-  "69897,  the  index  of  the  lefi  term  together 
«rith  the  dcciiniil  '69897.  The  index  _ia  alfo  catted  Ute 
t^rafterrfttc  of  the  Logartthmt,  and  if  alwari  an  In> 
tegrr,  ei'.'-nT  [.  :'i*Ivc  or  iiciiativc,  or  e!rc  "  o;  iml  it 
(hews  w'.  at  piacc  18  oecupitd  by  Uie  i.iii  li^;iii«cj>.l 
figure  of  the  given  Dumber,  cither  above  or  briow  the 
place  of  units,  being  in  the  Sotmct  cafe  -t-  or fOtitiTC ; 
u  the  fetter  <-  «r  negfttive. 
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W'lf  n  t!ie  ehara^Veriftic  of  a  Lo<»ant!irn  i'i  relative, 
the  hgn  —  is  c  jrnm  Dnly  Ic-t  over  it,  tn  ili^lin^^-jiftl  it 
irom  the  decimal  part,  which,  being  the  i^ogarithra 
fi>und  in  the  tables,  is  always  pofttive  :  fo  —  2  -|- 

•69><<)7,  or  tiic   Lnv-JiitLTn  tif  t-,  is  writrrn  tliii* 

2*69897.  But  oil  fume  occafions  it  is  ccnvtuient  to 
reduce  the  wh :>Ic  cxprclUon  to  a  negative  form  j  which 
is  done  by  making  the  charadcriltic  lefs  by  1,  and 
taking  the  arUbmriicut  ccnt/ilrnurJ  of  the  decimal,  that 
is,  b^anaog  at  the  left  band,  fuU#fl  each  figure 
from  9,  except  the  laft  fifnifieant  fit^ure,  which  it 

fllbtra.'1i-3  fr.ini    to;  fo  fh.i!l  t!;    :   i:  :  aders  form  the 

LojT.irit'.iijs  wholly  negative;  thuj  tiir  Logarithm  of 

•c;,  wliich  is  X*<S9097  or  —  2  -|-  '69897,  it  alfo  ex- 

{>rcffed  by  —  fjotoj,  which  is  aU  negative*    It  at 
ometinKB  thoi^t  more '  convenient  to  expreTs  focb 

Logarithms  entirely  as  pofitive,  namely  by  only  joining 
to  the  tabular  di-cimal  the  complcn>ei:t  of  tht  iudtx 
to  10;  and  in  this  way  the  above  Logarithm  is  ex- 
prefTcd  by  8-69897  ;  which  is  only  iucrcafing  the 
indices  in  the  fcalc  by  10. 

The  Pniteriier  of  Logarithmt. — riom  the  defibitilM 
of  Logan'thms,  cither  as  being  the  indices  of  t  feriet  aP 
geonielricals,  or  as  the  indices  of  die  powers  of  the  face 
root,  it  follows  that  the  multiplication  of  the  numbcis 
will  anfwcr  to  the  adJiii  ui  ot  their  I.. igaritlims ;  the 
divifion  of  numbers,  to  tiic  ^kibtracuon  of  their  Lo- 
garithms ;  the  raifiog  of  powers,  to  the  multlpljrng 
the  Logarithm  of  the  root  by  the  index  uf  the  power; 
and  the  ev.traib'ng  of  roots,  to  the  dividijig  the  Lo- 
garithm of  the  given  number  bjr  the  intfex  of  the 
root  required  to  be  ettiaiAed. 

So,  ift. 

Log.  fli  or  of  a  X  h  is  ~  !  >f;.  n  +  ^"i^-  '» 
Log.  18  or  of  3  X  ()  is  =  log.  3  +  Iog.6, 
Log.  5  X  9  X  73   h  «s  log.  5     big.  9  +  1^.  7  J. 

Secondly, 

Log-  «  "T"  ♦  —  log.  a  —  log.  b. 

Log.  18  "S"  6       is  =  log.  1 8  —  log.  6, 

>f  5-5-9  »  — i»g-  7?  +  loi*  S  -log-9» 
Log. i or  i-rs  iawLi  — l.a«o->LaH«.La, 

Log.—  or  1  -r  nvBLit  — 1. L*. 

Thirdly, 

Log.  r*\»<tan  L  r;  Log.r'or  of  ^rJt  "  —  L  rj 

n 

2  .       «  • 
Log.r*  is  s  <^  Lr}  Log.  a^isa:  6l,a;  log.s*  or 

of  ^'2  r.^   \].  2;  ^nil  Lug.  2    is  ^=   ■  !.  2. 
iio  that  any  ntU!  inr  and  ils  retiprucal  havt-  the  f^mr 
Logarithm,  but  ^^  itli  contrary  fig.is ;  and  the  fum  of 
the  Logarithms  of  any  number  and  its  reciprocal,  or 
complement,  is  >:r^\vA  to  o. 

Mffiarj  and  Ccu^rw&om  0/  LegmiknUi—Vht  mojta^ 
ties  of  Logarithm*  hitherto  menlioned,  or  of  arith- 
r-,v'!le.'\l  intlicc;,  ti.  [.  twrrs  or  j^corretritals,  with  their 
vjiitsuii  uli-i  «iid  piujjiiiiti,  i)s  aiiovc-rncriioned,  arc 
taken  notice  of  by  StitViiiis,  in  ;  ivrithitictic  ;  and 
indeed  tltey  were  not  unknown  to  the  ancicots ;  but 
they  cone  ali  far  Ihort  of  the  vfe  of  Logarithm*  in 
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Tr^sometry,  a«  firft  difcovercd  by  John  Napier, 
Won  of  McrchiAon  in  Scotland,  r.nd  publiihed  at 
gjU«tim|^  in  1614,  in  his  Miriiici  Logarithmorum 
Cinooii  jDcfcrlptio  ;  which  contaiocd  a  large  canon 
of  LogvitluiM»  with  the  dcicTq>tioii  ud  u£n  of 
them ;  bat  their  conSruAiori  was  reicived  till  die 
fenfe  of  the  Learned  concaving  hit  invention  (hould 
be  known.  This  work  was  trandatfd  into  Englilh 
by  the  ctkbi.itcd  Mr.  Ild\7.ird  Wiiglit,  and  pub- 
Ijlhed  bv  lii;.  f<jn  in  161 '1.  Jn  the  yr.ir  1619,  Robert 
Hqner,  foM  uf  the  iiucuti.r  of  Lu^juiithnw,  publifhed 


point  dcfcribcd  equal  parts  of  an  indefinite  line,  is 
the  faine  rqua]  portions  of  time  ;  fo  that  the  refpeftivc 
fums  of  thcCr,  or  the  whole  line  s«ictated(  were  id- 
ways  the.aritbmctua]!  or  LogiTitlmii  ofthe  aferefirfd 
natural  finei.  In  this  idea  of  tlie  generation  of  tl^e 
Logarithms  and  ntimbera,  Napier  alFumcd  o  as  the 
I.o^iirlilini  lit  the  grr;ueft  fine  or  radius ;  and  next  he 
Ittnitcil  lit&iyAcu),  not  by  afltimin^  a  pariiLiilar  value  to 
foine  afTi^ncd  numbrr,  or  part  oi  the  radius,  but  by 
fuppoliiig  that  the  two  gentiatiiig  points,  wKfch,  by 
their  motions  along  the  two  lines,  dtfcribod  tlic  ,natu- 


I  new  editjon  of  iua  fatte  fithcr'a  woik,  tflj^euier  with  nl  numben  and  Lo^aritlimi,ihoukl  l»vc  their  veloci- 
the  promifed  ConAnifikm  of  the  I/>^nt1iiai,  uritli    tie*  equal  at  the  hjcginn'n^  ofthofeViin.  And  this  !■ 

the  reafon  that,  i'l  his  table,  the  natiinil  rnus  and  ihcir 


i/>gar 

other  riifcc^lancous  pieces  wrif  :  '.j  Uruci  and  Mr. 
Briggs.  And  in  the  fatne  ycax,  iVuj,  Mr  John  Spd- 
del]  puUiftiod  liis  New  X«agiiitluin» being  animpimd 
fbnn  of  Napier's. 

All  thefe  tables  were  of  the  kind  that  have  {ince 
been  called  hypcriiolical,  bccaufe  tbe  nnoiben  aynU 
die  aicn  between  the  afymptote  awt  curve  or  the 
hyperbola.  And  Logarithms  of  this  kiad  were  alfo 
foon  after  puhlilhed  by  feveral  other  perfons ;  as 
by  Uriinus  in  1619,  Kcplor  in  1624,  and  u-itic  olhcri. 

On  tbe  iiril  pubiication  of  Napier's  Lug.irit)in.i, 
Httarf  Briggs,  then  profeflbr  of  Geometry  in  Crvfhain 
College  in  London,  immediately  applied  hiinfclf  to  the 
Siidy  and  improvement  of  tbem,  and  foon  puUtfllcd 
tbe  Logarithmt  of  the  firft  icoo  numbers,  but  on  n 
aew  feue,  which  he  had  invented,  viz,  in  which  the 
1/Ogarilhm  of  tlie  ratio  of  10  to  I  it  1,  the  Logarithm  of 
the  fame  ratio  in  Napier's  fyftem  being  I'joijS  &c  j 
and  in  1624,  Briggt  pubh'Oied  his  Arilhmctica  Loga- 
dtbmic**  containing  tbe  Logarithms  of  30,000  natii^ 
nlman^a^  to  14  places  of  bgures  befidea  tbe  indci* 
in  a  form  wUch  Napier  nd  oe  had  MRcd  vgom  to- 
gether, which  M  the  prefent  form  of  Logarkbast 

a'.io  in  I  (^^  3  was  puhlinic:!,  to  the  fame  extent  of 
fi^'uics,  bis  Tti;;orjo!nclria  Biiiaiirilca,  containing  the 
aatural  ard  logarithiriic  fines,  tangents,  &c. 

With  various  and  gradual  iniL)rovement&,  Lo^arithma 
eft  alfo  publiftted  fuccefllvdy,  by  Gimter  in  i6ao* 
Wmnte  in  1634,  Heomn  in  i6j6«  MiUer  aod  Nor- 


I.ogarithm»,  at  tiie  eoirplete  quadrant,  l;.-ive  (.tiu^I  d'i- 
fcrences  or  mcrcmen'.s  ;  nriJ  lhi5  is  alio  the  reaion  why 
his  fcale  of  Logarithms  h.ippen?  accidentally  to  agree 
with  what  have  tincc  h-.tn  calkd  the  hyperboHcal  Loga- 
ritbnUt  which  have  likcwife  numeral  differences  equal 
to  thole  of  their  natural  mimbers  at  the  beginning ; 
except  only  that  thefe  latter  increafe  with  the  nutu.-L.! 
numbers,  w  bile  his  on  the  contrary  dccreafe ;  tiic 
Logarithm  of  the  ratio  of  10  to  i  bung  tbe  Jarae  in 
both,  namely  Z'^OJ^S^oc)  Sic, 

liaving  thus  hinited  his  lyllem,  Napier  proceeds,  in 
the  pollhumoui  work  of  1619,  to  explain  his  conftruc- 
tion  of  the  Logarithmic  canon.  'This  he  effcCls  in 
varioiM  wnyt,  but  chiefly  by  gcneratinst  in  >  very  eaf^ 
manner,  a  feriea  of  proportional  numbers,  and  their 
arithmeticalsor  Logarithms;  and  then  finding,  by  pro- 
portion,  the  Logarithms  to  tlie  natur.d  fiiics  (turn  ihofe 
of  the  natural  numbers,  among  the  nriginal  propor* 
tionals ;  a  particular  account  of  which  may  be  tcca 
in  my  book  of  Logarithms  above  mentioned. 

Ttie  methods  above  alluded  to^  relate  to.  Napier's  or- 
the  hypertiolicat  ffftem  of  Logarithms,  and  indeed  are 
in  a  rr.anner  peculiar  to  ilixl  furt  of  them.  But  in  an 
appcnJix  to  the  pofthumous  work,  mention  is  made  of 
Other  methods,  by  whiih  the  conur.on  l^ogarithms, 
agreed  upon  by  him  and  Briggs,  may  be  conllru£tedy 
and  wbich  it  appears  were  wntten  after  that  agree* 

 menu    One  of  thtfc  methods  is  as  follows:  Having 

in  1631,  OaTalcriUs  in  l6t3  and  1643,  Vlacq    aflnined  o  for  the  Logarithm  of  1,  and  1000  Sec  for 
ant!  Ro-.vc  in  1 633,  Fiobeiiius  ni  :634,  Newton  in    the  Logarithm  of  10  ;  thisLof^thm  of  10,  and  the 
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in  1033,  riotjeiiius  Ki  :034,  isewlon  in 
1658,  Caiariuel  in  167c,  Shcrwin  in  1706,  Gardiner 
in  174;,  ar.d  Dodfon's  Antilogarrthmic  Canon  in  the 
fa.i.c  year  ;  befides  many  others  of  lefler  note  ;  not  to 
mention  the  accurate  and  cOB>piithciit<e  tables  in  the 
TaUca  Portatitre,  and  in  nj  own  Lofarithm*  bitely 
pubGlbedt  where  n  complete  hiftory  of  thik  idenoe 
may  be  feen,  with  the  various  ways  of  conftrudi^g 
them  that  have  been  invented  by  dilfercat  authoit. 

In  Naiiie: '5  (u,:iftruftion  of  Lo|.Vir:l!im6,  the  natlira] 
numbers,  auJ  iLcir  Logarithms,  as  he  fonietioiet  called 
them,  or  at  other  times  the  artificial  numbers,  are  fup< 
foScd  to  arifc,  or  to  be  geaerat«!,  by  the  motions 
of  potuLs,  dcfcribing  two  bncs,  of  which  the  one  ia  the 
natuiaiiutmber,  and  tbe  other  itt_l«gantJin^  or  aitifi- 
ciaL   liiUf  be  concdvcd  tbe  line  or  kn^b  of  tbe 

radjLis  to  be  dcfcriLed,  or  run  over,  by  3  point  moving 
ilong  It  in  fiich  a  r-iaiir.er,  that  hi  equal  portions  of 
time  it  generatet],  or  cut  off,  parts  in  a  decrealing 


fucceflive  quotients,  nrc  to  be  divided  ten  times  by  '5, 
by  wlmh  ilivifions  there  will  be  obtained  thefe  otiitr 
leu  Logarithms,  namely  ac-ooooct"  OC',  .',00000000, 
80000000,  iCccoooo,  3J00OCO,  640000,  128000, 
J5600,  5120,  1024  ;  then  thi«  lad  Logarithm*  and  its 
quotients,  being  divided  ten  timea  hf  it  wtB  give  tbeic 
Otber  ten  Logarithms, 

vjj,  51J,  156,  n8,  64,  32,  16,8,  4,2,  I. 
And    the  i. lumbers  anfwt;:ng  to    thefe   twenty  I>o- 
garithnu  are  to  he  fouml  in  this  r:ianiKr,  vi/,  Ex- 
traS   the  5th  root   of   10  (uith  etpheri),  then  the- 
jth  root  of  that  root,  and  fo  on  for  ten  continual  > 
cxtradiont  of  the  5th  root :  fo  fliall  thefe  ten  roots  bs 
the  natural  numbera  belonging  to  the  firll  ten  Loga- 
rttbma  above  fomi.  La  dividing  continually  by     Next,  . 
o:;t  of  the  lafl  5th  root  is  to  be  extrafted  tbe  fquare 
root,  then  the  fquare  root  of  this  laJl  root,  and  foon' 
for  tea  fucccfTiie  extradlions  of  tlic  f'juare  root  :  fo 


geometrical  progrcllion,  leaving  the  fcvcRsl  remainders,  flwll  thcfc  lall  ten  Tooti  be  the  natural  numbers  cor- 
«r  6ma,  m  geomeuicdyrofre^  iflfe  jiMiMetbcr  vefpoo^ng  t»dke  Logarithm  or  ^wNicpu  wifing  from 
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;th«  bfi  ten  Jivifiom  by  ihc  number  z,  AimI  from 
'llwtelwcnry  Loj^rrfthms,  l,  2,  4,  S,  ftc,  and  ihrir  ni- 

tnr.il  iiiiriilicrs,  tVic  .iv'.lior  oMervc;  tli.'it  o*(kt  Lo;ji- 
rrt^nu  and  tliirir  nurrbus  may  b:  i  jrmod,  naiui'ly  by 
:u!.iin,'7  the  l,o;rriitlni5-,  .>iiJ  tr.u'iu'ijlyin^-  their  cor- 
rrfpniniiug  numbers,  lint,  bclidci  the  ittiUJcnlL-  hh.mr 
-cf  this  method,  it  it  cndtrnt  Out  this  piMr  -ts  vv>ni1d 

Jrcnmtc  rather  an  imnor^.in'ttimic  <aoDn,  fwh  a»  Dod' 
on'a,  than  the  tvide  of  Brigg^i. 

N&f'icr  next  incntiiMii  amnhcr  mctlu^J  of  cJ^rivinj  a 
lev  of  tiic  priiniiivi.-  niiinbcrs  a'ld  tlitir  Iwtv^arithir.s, 
njmcly,  by  t.ikiHg  c  :i.:r.iu!ly  i^iMniotriral  mcuii,  tirll 
litt'A loi  ic;  fivi  I,  tlun  between  10  and  this  moan, 
rnd  ai,'-.i:i  !:it\'.ci;T  ic  iirA  th;-  nu-uTi,  and  fj  01 ; 
a.:id  then  ikiii^  th  •  .ttithntetical  meaus  between  their 

Hf  men  Iftvi  ■karious  rilif ■on;;  between  imiTi- 

hct,  iind  their  I.o^ari'hris,  fuc'i  -.is,  tfiut  t!u'  pr<>(hij>s 
.md  qii'iticnts  of  iiujisbtrs,  anfwt'r  t"  ihc  f';tiis  and  dif- 
frret'cfs- t.f  their  I,i)^ariih:)ii ;  and  lha:  thi- ptnsvrs  n;i J 
r.iijts  o;'  nL:rrib€i-s,  iini'/.-LT  to  the  rn'.nUio^*  a:;  J  qtt'jtic.its 
of  the  Lr^  a  it  ir.i  w'.m  iniiltii-ilKd  or  divided  by  tbc  in- 
■<1.'X  of  tbc  pov^t-r  oi-  not,  &c  j  3^  a!fo  that,  of  any  t«to 
flttmb<r*t^vnofe  Loganthma  are  given,  ifeav  li  nuin'  -cr  Lc 
raffed  to  the  power  denot<?d  hy  tbc  l.ogf.riilim  i  f  th.c 
Dsi.er,  the  two  rcfuh.i  will  I  r  .■■v  '.'.  ;  t'l  r;,  if  x  he  tl'.e 
(,.ii;a;i,b:n  of  any  number  X,  and y  ihc  Log.  ri  Ini  t  f 
V,  then  is  —  Y".  Napier  tliuii  advi.ns  to  another 
Kittliod  of  inuking  the  Logarithms  to  a  few-  the 
prime  integer  niiDlDeri»  whkit  i«  well  adapted  to  tbc 
ccmftrudian  of  th«  comnon  table  of  LogmthfMt 
this  method  eafily  follows  from  what  has  been  &id 
ibove,  and  it  d.  f  j.i  I :  .,n  [his  pnipcrty,  i!ijt  tbc  Loga- 
vithm  of  ail)'  huIi.Ikt  a:  ilm  feale,  h  Hut  lois  than  the 
number  of  places  or  figures  coiualncd  in  that  power  of 
the  given  mimbcr  whofe  exponent  is  1  oocooccooo,  or 
the  Liigaritbm  of  10,  at  K-ai'l  as  lo  integer  nii  '  Ucn, 
for  they  really  differ  by  a  fradlon,  as  is  fliewn  by  Mr. 
Briegtin  bis  illudrations  of  ihefe  properties  ;  printed 
at  the  end  of  thit  Apjicndix  to  the  CosftruAicm  of 
garithms. 

Kepler  gave  a  conflruflion  of  I.ogariibms  foniewhat 
varied  from  Napier's.  His  work  is  divided  into  two 
parts:  la  the  firll,  be  raifcs  a  regular  and  purely  nn- 
thcmatic.il  fyllcm  of  proportions,  and  tbc  nicafurcs  of 
them,  demonflrating  both  tbc  nature  and  principle*  of 
the  conJtra£kioa  of  Locantbmh  which  he  calU  the 
meajitm  of  ratiof:  and  7n  the  (eeond  part,  he  applies 
tbofc  prine-pl  i-j  the  actu.d  conflniclion  of  bis  tabic, 
wiiicb  cniiiaKis  only  looo  numbers  and  tlicir  I-oga- 
nihil  s.  Tlie  fuiid.it!Knt:ii  princijiles  arc  briefly  thele  : 
That  iit  tlie  beginning  of  the  Logarithms,  tbcir  incre- 
ments or  differences  arc  ecpial  to  thofc  of  the  natur.il 
numbere :  that  the  natural  piunbers  nu^  be  confider- 
cd  as  the  decreafing  eofines  of  increaring  area :  and 
that  the  fecants  of  thofc  arcs  at  the  beginning  have 
the  fame  diffcrenceu  as  the  coimirs,  and  tberefure  tbc 
fame  differences  as  the  Locaiithms.  Then,  finee 
the  fecants  are  the  recipr  .r:i!s  of  the  cofinca  of  tlie 
time  arcs,  from  the  fon\.  ■  n  '  [  rinciplcs,  be  ellablifhes 
the  following  method  of  railing  the  firll  ipo  Loga- 
fjthms,  to  the  numbers  icoo,  999,  998,  Sec,  to  900  j 
vis,  ia  this  manaer :  Divide  the  radius  1000,  increafcd 
lij^ftvco  ciphers,  by  each  of  thefe  nuiobcn  fcpantte- 


ly,  and  the  quoiient*  wiH  h«  the  fecants  of  tbofe  ares 
vhi'ch  hart  the  dtvifon  for  their  cofincs;  cjritinuiR* 
th'.'  divilion  to  the  Ktli  figure,  as  it  is  iii  that  pl.ice  only 
th.it  the  arithmetical  ai.d  gcomelriejl  means  difier. 
'i''!i;!n  l)y  add'ng  continually  the  ai-ithn'.etieal  means  be- 
ttvcen  every  two  fueecihvf  feea  v.s,  ihefum:  will  b.  the 
the  fertea  of  Logaiithms.  Or  by  addi  euntirmnUy 
every  two  fecants,  the  fucccffive  (urns  will  be  the  lerie* 
of  the  dottbk  Logarithmi.  He  theo  derive*  aU  the 
other  Logarithnu  front  thcic  firft'  too,  by  common 

principles. 

liriggs  firlladrerls  to  the  irethods  mentioned  above, 
in  th?  Appcndi-K  to  Nupier'H  Conllruch'on,  which  me- 
thc:,  v.-..e  eommon  to  bi<ih  tlicfe  aiithort^,  and  had 
doubtlcfs  been  jtjimly  agreed  upon  by  tSem.  Hcfiiit 
gim'an  example  of  computing  a  Logarithm  by  the 
property,  that  the  Logarithm  is  one  Ids  tl  lan  the  w.xx;- 
ber  of  phccj  or  ilgurcj  cmitaincd  in  thst  power  <jf  t!i!' 
given  number  whole  exponent  is  t!i  *  Li.j.itiih.n  of  10 
with  cipher*.  Urigg'^  next  trcuts  of  \\vc  ijtbcr  gcnciai 
method  of  finding  the  Logan'thrns  of  prime  numbers, 
which  he  thiuks  is  an  caliei  way  than  the  former,  at 
kail  when  many  figure*  are  rcqiiia  d.  This  method 
ooafiils  in  taking  a  great  number  of  conltnucd  gtrame^ 
tnesH  mean*  between  i  and  the  giren  number  whoie 
Logarithm  is  required;  that  is,  liril  cxtratli  ig  the 
fqiiare  root  of  the  given  number,  then  the  rotJt  of  the  firll 
root,  tlie  root  of  the  2d  root,  the  root  of  the  3d  root, 
and  fo  on,  till  the  lait  root  fliall  exceed  t  by  a  ve.y  fmall 
decimal,  greater  or  Icfs  .iccording  to  the  intended  riin.- 
bcrof  places  to  be  In  the  JJogarithm  fought :  thru 
finding  the  Logarithm  of  thia  fmall  number,  by  eufy 
methods  dcfcribed  afteiAvards,  h:-  Jr  u!  \c.  It  .1  ufii  .1  .  * 
he  made  extraflions  of  the  foujie  root,  m,  uhieii  is 
the  fame  thing,  be  inult  phi'i,  it  by  fuch  power  of  2 
as  is  denoted  oy  the  l.iid  number  (  f.  p'rtrnrlions,  and 
the  refult  is  tire  rennired  Logaii-(-ri  ;  c  |;ivcn  nam* 
bcr ;  as  is  evident  from  the  nature  of  Luganthxnt. 

But  at  the  extraftion  of  fo  many  roots  ia  a  my 
ttOttblcIiOiue  opention,  our  author  devifcs  feme  ingc- 
nions  comrininces  to  abridge  that  Lbour,  chiefly  bj- 
a  proper  nppb'  ition  of  the  fevrr.Tl  iiTdrrs  of  the  dil- 
ferencc*  of  nuinhcrs,  foi-ming  the  fii  il  inftance  of  wb.-»t 
may  called  if>e  (Tii^ereniial  rmtl.od ;  but  fiir  a  particular 
defcription  of  tliefe  methods,  fee  my  Treatifc  of  Loga- 
rithms, above  quoted,  pag.  6^  5;c. 

Mr.  James  Gregory,  in  his  Vera  Circuli  Hyperbols 
Quadntura,  printed  at  Piadirain  1667,  bavlng  approxi- 
iii.ited  to  the  liyp<  i!iol:'r  .ir\  mptc  t'c  fpzei's  by  means  of 
a  leiiesof  inlcribed  and  eir.  uinlei  ihed  ptiiygons,  from 
thence  Ibcws  how  to  compn'c-  t'lt-  Logarithms,  which 
arc  analogous  to  the  areas  of  ihofc  fpaces:  and  thui  tbc 
quadrature  of  the  hyperbolic  fpaces  became  the  fame 
thing  as  the  computatioo  of  tlie  Logarithms.  He  here 
alfo  lays  down  various  methods  to  abridge  the  compatt* 
tiuo,  with  the  afltlbmcu  of  fome  properties  of  numbers 
themfelres,  by  which  the  Logarithms  of  all  prime  num- 
b.r>  under  looo  may  be  computed,  each  by  one  multi- 
pliLsuon,  two  divifioni,  and  the  cxtra^tior.  of  the  iquare 
root.  And  the  fsmr  lu!in  .  t  is  farther  purfued  in  bis 
ExercitatioHcs  Ccomctricz.  In  this  btter  place,  he 
fell  fidda  «» ligiebiaic  exprelEoD*  in  an  infinite  fcrieg^ 

fcr  ilie  LosBritha  9f  ^-^t  nod  thea  the  Uke  lor  the 
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fjog^nthm  of        i  and  M  the  «ae  fcrtM  Ins  aO  tta 

tenna  pbfitive,  wlulc  tbofe  of  the  other  are  a!ti  i  nau  It 
jiofitifc  tad  acgitive,  by  «ddinj{  the  two  tugi titer, 
tffiy  3d  tcnu  fo  amceBe4t  and  Uic  doubU  of  the  other 

«c»»  gives  the  LogarUhin  of  the  piodnd  of 


thit 


—  and  ,  or  theLoarilliaiof  ti  c  -» 

1  I  — a  •  1  —  a 

ii  of  ^  ntio  of  f«>#to  t^'Oi  thai,  he  Ands 

Srft  «  -  fi*  +  ^>  ~  io*     35  log.  of  ii^, 
aaAm+  +      ftc  =:Iog.  of 

•   thercf.  la  +  \u*+  W  -i       &e  =!.  of 

Which  ma>-bc  accounted  Mr.  James  G»trgory'*  u-.tiliyd 
<of  making  L<.ii;;\i  ithni*. 

la  itfCii,  NichnLi!)  Mcrcator  publifhnl  iiii  Logfarith> 
motcchnia,  live  Mttluxius  Condrucndi  Lo(rarithmo«f 
oova,  accurata,  &  factlis ;  !ii  which  he  dcHven  a  netv 
and  togeaious  tncth<x)  fur  cumputing  the  Loganthtna 
upon  ptiacifin  purely  arithmetical ;  and  bcit^  in  hi* 
nodef  of  ttunkinj;  ana  expr«fllon,  he  chifrly  followcthe 
iciioratckl  Ktplc-r,  in  liU  wrltrij^s  on  tiir,-  f.i.'iu'  fiiliicft  ; 
•icouiuinj;  Lo|;.iiiiium  ai  the  meaturei  oi  laLio^,  oi 
the  nunibrr  c{  rut  unciilat  contained  in  the  r^tio  wImi  h 
any  number  bcart  to  unity.  Purely  from  thcfc  principles, 
then,  the  number  of  the  equal  ratiuncalx  cunuittol  n 
ibrae  one  ratio,  aiuf  loto  i,  being  fuppofcd  p'vcn,  our 
author  fhcwt  howthcLogarilhm,orincauin^  of  any  other 
jado  naj  be  found.  Uut  thia,  hoiiveffer«  oalf  by*the- 
kft,  ai  not  lieSng  the  principal  nlctllod  he  intendi  to 
teach,  as  his  lail  aiui  bcft.  Haviur  Ihewu,  then,  that 
thefe  L<.ig-.inilun.i,  cir  n.imben  of  (mall  ration,  or  mca- 
furet  of  ratiiis,  may  he  all  properly  rcpi dented  by  num- 
l>crt,  and  tliat  of  i,  or  the  ratio  of  equality,  the  LMg^ 
rithm  or  meafure  being  always  o,  the  Logarithm  of  I0| 
-or  the  meafuTC  of  the  tatio  of  to  to  I,  it  mod  conTe- 
aieotly  reprefentcd  by  I  with  any  number  of  ciphers  } 
he  then  prooeeda  to  fliew  how  the  meafures  of  all  other 
mm  may  be  fimnd  finom  this  lad  fuppofition :  and  he 
OXpIains  thifc  principliB  hy  I'omc  examples  in  numbers. 

In  the  latter  part  of  tlie  work,  Mc-rc  ator  ti-eat»  of  his 
other  inttlloJ,  j^ivcn  hy  an  iiiiiriitf  ft  rii  3  of  .il^chi  aic 
term*,  which  arc  colkfttd  iti  aurabers  by  common  ad- 
dition only.  He  lure  fquarrt  the  hyperbola,  and  finally 
£ads  that  the  hnierbolic  Logarithm  of  t  +  a,  it  cqunl 
to  the  infittite  (eriei  o  —  —  la*  See ;  which 

jnay  be  confwlcred  as  Mcrcalor's  quadrature  of  the  hy- 
pcrbob,  or  hi«  ;j(.neral  expreflioD  of  an  hyperbolic  Lo- 
^an'Jini,  !;i  ail  ;ii.'i:;ite  fericii. 

And  this  mctlitxl  w.i«  farther  impiwed  by  Dr.  Wal- 
lis,  in  the  Philof.  IV-mf.  for  the  year  i668.  The  cele- 
brated Newton  invented  alfo  the  fame  ferieis  for  the 

Indntore  of  the  hyperhula,  and  the  cunnrutbiicni  of 
o^Rrithma,  and  that  before  the  fame  were  given  by 
Grc-oi  V  and  Mercator,  though  unknown  to  one  an- 
other, a*  appe:>r3by  his  letter  to  Mr.  OK!  ■  ■.^  j:^';,  i! 
OAober  24,  1^17/).  The  cxplunntion  and  ooiiitnictiou 
oi  tlic  L<>;;arlilinis  are  nlfti  farther  purfued  in  hta  Fluz> 
ions,  puhli(hed  in  173O  by  Mr.  Colfuii. 
Dr.  Hulley,  in  the  Philof.  Tranf.  for  the  year  iS^it 
Vol.  XL 


gave  a  rcfy  InjjfnifiKs  rITay  on  the  eonftn;£licn  of  Le- 
gal ithmi,  intiiAii,  "  A  11  oil  con  p.  ndious  and  facile 
method  for  conllni  -ting  the  Lo^.i;uhms,  and  exempli- 
fied and  demc  iilliaied  from  the  nature  of  jiutrsberi, 
without  any  regard  to  ibe  hvperboLi,  with  a  fpccdy  me- 
thod for  finding  the  number  mim  the  given  Logarithm." 

■  InHi.  !  i  f  the  more  ordinary^  ddlnitioa  of  Loga> 
rithms,  '  numerorum  proport!aiiaIiuBtsi(ttidiileren- 
te»  comite*,'  the  learned  author  adopts  this  cihei,  •  nu- 
mcri  r^tioiuim  cic[i>«>«et>lefi,*  as  betttr  adapted  to  the 
jnirciplc  on  wtiicli  Lo^rirrliii.i  ire  lieic  conllniAe'd, 
conhiicnng  them  as  the  number  «ij  ratuiocui.e  e  ntaincd 
in  the  given  ratios  whofc  L«>garithmt  are  in  yieiHon, 
In  this  way  he  fiift  arri«ea  at  the  iiOgarithmic  (cries  be- 
fore given  by  Newton  and  others,  and  afterwaida,  faj 
various  combination!)  and  fr^^kraat^  the  ratlMt  be  de- 
rives others,  convergiitg  ftill  fiifter  than  the  fanner* 
'11  us  i  e  f  i.iii-l  the  Logarithms  of  frveral  ratios,  as  be- 
low, vii,  wUeti  muhiplied  by  the-  modulus  peculiar  to 
the  fcale  of  I>ogarith[in, 
^  —  -I-  1  —  Sic,  the  Log.  of  i  to  I 
?  +  i?'  +  V  +  iq*  Ac,  the  LoK.of  1  to  t-^f» 


-  Uc,  the  Log*  of «  to  4k  or 


7    I7»    jT*    i**  '* 

— -h  —  -f-— .  +  ^  &c,  the  lame  Log.  of  a  to 
»     3s»    5»»  7«» 

4  +  A  +  -V,  +  ^  »ClbeCttMLog,  of  v'ailoiitt 

iy*    'ij'"    v*    ..      ,  ,  , 

where  4,^,7,  are  any  quantities,  and  the  valurn  ufx,y,ttt 
are  thuat  viz,  *  =  »— a,  a=^i  +  a,jBtai-i- 

Dr.  Halley  alfo,  firft  of  any,  perfoimed  the  Rverle 
of  the  pro1>!c  m,  by  alEigauig  tlw  WUilbcr  to  «  givoi 


Lo^aritbui ;  via. 
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2.3  i-J-4 
where  /  is  the  Logarithm  of  the  ratio  of  a  the  ie-fi,  ta  i 
the  greater  of  aiiy  two  terms. 

Mr.  Abraham  Sharp  of  Yorkihire  made  many  cale  il- 
lations and  improvenieiita  in  Logarithota,  &c.  The  nvA 
remarkable  of  thefe  werC)  hit  quadra LOre  of  the  circle 
to  72  places  of  figures,  atld  bfa  OOWpBtatloa  of  Loga- 
rithms tu  fi  I  :i;;tne<;,  vf/.,  for  all  nambcit  to  100^  and 

for  ail  piiine  nmtiKcij  to  1 100. 

The  ceK-bratid  Mr.  Roger  Cotes  gave  to  the  world 
a  learned  lr*tl  on  the  nature  and  condruftion  of  Loga- 
rithms: this  was  firll  printed  in  the  Philof.  Tranf. 
^-^8,  n;id  aftcnvurda  With  hi*  HannoniaMcnfiirarum  in 
1722,  vnder  the  title  Logometria.  Thiatraft  has  juftly 
been  roniplaiiied  of,  as  vt-ry  o'/i^-'ire  nni"!  rn'ricatc,  a-id 
the  principle  i*  fomething  between  tbut  {«t  Kepler  and 
thi-  method  nf  l  liixtons.  He  invented  the  tcnaa  Mo- 
dulus 'm.-l  M->-^f!:iv  rr.tio,  t'lh  !-'rin^  thf  n«!io 

III  1  , 

of  I  -J-  -  +     +  +  h   &C  to  I  Ot 

I     z     2.3     2.3.4.  i.3.4.> 

,.  I  .  I       I         I  I 

of  I  to  I  — --i—.— —.  +  —-——  

I    a    a.}    a.3.4  a.j.4>- 
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fte  ;  tttitiitlie  nttoof  s*7i839i8i8459  &c  to  t, 

or  the  ratio  of  1  100*3^:7879441171  &c  ; 
tVic  inodulusof  say  (yfttm  being  the  meafure  or  Loga- 
rithm of  that  ratiot  which  in  tlie  hyp.  Lo;raritlim6  is 
It  and  in  Bridge's  cr  the  common  Logaritliint  is 

The  irarned  Dr.  Brook  Taylor  ^atre  another  mciliod 
of  computing  Logaritbma  in  tncFhiIof.  Tranf.  No.  3  (i» 

whi<h  :9  founded  on  thefc  three  principles,  viz,  ill, That 
the  fum  of  the  Logarithms  of  any  two  numbers  is  the 
I^ORarithm  of  the  prauuc^  of  thnfe  numbers;  jd,  Tliat 
the  Logaritlim  of  1  is  o,  and  canfetiuently  that  the 
nearer  any  number  is  to  i,  the  nearer  will  itii  Lo- 

farithm  be  to  o ;  3d,  That  the  produ^  of  two  num- 
ers  or  faiflors,  of  wibiidi  tbc  one  ia  greater  and  the 
Other  kft  than  1,  »  Mkrer  to^  t.  than  that  fador  ia 
which  lion  the  fame  fide  of  t  with  McVt;  fo  of  the  two 
numbers  \  an  l  *,  t?ic  p.-od  .,!  )  i.  Id's  than  i.but 
yet  nearer  to  :t  tl..iii  i  i»,  vshitli  1^  -ili  >  lefs  than  1.— 
And  un  thefc  pm.^ij-.lL-s  lit  icujiul-.  an  ii  ^tnious,  though 
not  very  obvious,  approximaiiun  lu  the  Logarithou  of 
given  numbers. 

In  the  Phiiuf.  Tranf.  a  Mr.  John  Long  gave  a  me*  • 
diod  of  oonftruding  Logarithms,  hj  meaaa  of  ■  fanO" 
t.iLlc,  ruincthing  in  the  manner  of  OOC  of  Bltgga*a  ne- 
thodn  for  the  fame  pur|M»fe. 

Alfo  in  the  I'hilof.  Trar.f.  v<oh6(,  a  trad\  on  the 
conftruflion  of  Logarithms  U  given  by  the  ingenious 
Mr.  William  Jones.  In  this  method,  all  numbers  are 
GonfidcTcd  as  fomc  certain  poweta  of  a  conllant  deter* 
Billed  root :  thus,  any  number  « is'confidered  as  the  u 
power  of  Mf  nwt  r,  or  jr  cs  r*  i*  talten  as  a  general 
exprcfiion  for  all  nun^bers  in  terms  of  the  conliant  root 
r  and  a  variable  e\jioin.iu  ^  Now  the  index  z  beinjj 
the  Logarithm  of  the  iiumbci  x,  therefore  to  fitid  this 
Logarithm,  is  the  fame  thing  as  to  find  what  power  of 
the  radix  r  is  equal  to  the  number  x. 

An  elegant  tra^  on  Logarithms,  as  a  comment  on 
Dr.  Hallcy 'a  method*  was  «<b  siven  bj  Mr.  Jones  in 
hit  Synopfis  Mraarfonim  Matnefeoa,  pnUilhed  tn  the 
year  i  :o6. 

In  tlic  year  174:,  Mr.  Jame*  Dodfon  pubh'(hed  his 
Anti-l{)g:i:-i;l.inik:  Canon,  containing;  all  Login  itlitns 
under  loo,oeo,  and  their  correfponding  natural  uum- 
h^to  elercnplaoea  of  figures,  with  all  their  differences 
and  the  propmtional  ptrU;  the  whok-  arranged  in  the 
order  contrary  to  that  nfcd  in  the  common  tables  of 
numbers -and  Logarithms,  the  exa£l  Logarithms  being 
here  placed  CitA,  and  their  correfponding  ncarcll  num- 
hers  in  the  columns  oppofitc  totln  m. 

And  in  1767,  Mr.  Andre*  Keid  publiflied  an  "  tflay 
on  Logarithms,"  in  which  he  (hews  the  cofhputation 
.of  Lofiuritbms  from  principles  depending  on  tne  bioo« 
mnd  tneamn,  nod  oa  the  nature  of  the  exponents  of 

Jnwen*  the  Logarithm  oT  ntimbers  being  here  conH- 
eted  as  the  expotretits  of  the  powers  of  10.  In  this 
way  lie  Lrii.;:'.  c.il  tlic  iifii;>.l  fcri'-s  for  Logatithms,  and 
ejktnjpliijcs  Dr.  I  lailuv'B  co:,ilriii:t!,i:i  of  them.  But 
for  the  particulars  ufthrs,  znd  thj  liintio.is  (;iven  by 
the  other  authors,  we  mull  refer  to  the  hiHortcal  pre- 
bee  to  my  treatifc  on  Logarithms. 

Bciides  the  authors  above-mcstionedt  miny  otheit 
fcave  mated  on  the  fohjcA  of  Logarithma  |  among  the 
priactpat  of  wboD  ait  JLeibaksi  Eider,  MadinifiBi 


Wolfius,KcilI,Bnd  prefeflfiw  Stmfon  In  an  ingentoua  ceo. 

metrical  iraft  tn  L;>^;  iritfitr.i,  irontiiririi  in  his  pollbu- 
mous  WDrks,  elcgaaU)  c riiU.Ji  al  CiI.if^oiv  in  the  year  ^ 
1776,  at  the  fxpcncT  cf  the  le.urird  Earl  Staniiope,  an  J  I'l 
by  liis  lordll.lp  difpofed  of  in  preiVnts  atnung  gcnlUoiCU  j' 
Kia:i  c;!r.t;i;.t  1^.  mathematical  Icurnirg. 

For  the  dcfcription  aod  ufr«  of  Logarithma  is 
ninneoa]  calcutaiions,  with  the  fliortcll  method  of  con» 
Aniifting  them,  fee  the  Hiilorical  latrududioo  to  fdf 
Logarithms,  pa.  114  &  frq.  j 

Briggi'i  or  C'.iimin  Lor.AKiTHMs,  are  thofc  that 
have  1  for  the  Loguriihtn  of  lO,  or  which  have 
o-434.2(;448i9  &c  for  themoduliis;  as  haa  been  ex- 

pL;ni.d  above. 

Hyt>erhorie  Log  \R  it kws,  arc  thofc  that  wrre  Com- 
jntcd  by  the  uventor  Naj^ter,  and  called ^aUo  fome!> 
lamtttfatural  Logantbm),  having  i  for  their Inodolus,. 
or  I'-joajSjOQ: , /-f  5.c  for  the  Loj;ariilim  of  10. 
Thefc  have  (ince  btcn  <  .>:led  Hvperbohcal  L<igarithms». 
bL-c,i;i:'.  tliey  are  an.i!  j_;'ni5  {1  ihc  o\  a  rigbt- 

Hnglcd  hypeibola  between  tlic  afymptoies  and  4be 
curve.  See  LooAaiTHNSy  alfo  Hypbrbola  airfl 
Asymptotic  SfACB.^ 

Lii^ijl'tc  LoGABtTHMS,  ate  certain  Logaritbihs  of. 
fcxagelimal  numbers  or  fra£\ioni,  ufeful  in  allronuinicil 
caletilaiiuns.  The  Logiftic  Lo^jarilhin  of  any  number 
of  fecondfi,  is  the  difference  between  the  o.i:i'.iroti  Lo- 
garithm of  tliat  number  and  the  l^garuiiui  ok  jbco, 
the  feconds  in  1  degree. 

l*he  chief  ufc  of  the  table  of  Logiftic  Logarithms, 
ia  for  the  ready  computing  a  proportional  part  in  mi* 
notes  and  feeonds,  when  two  terms  of  the  proportion 
are  minutes  and  feconda,  or  hours  and  minute^  or  other, 
fiu  h  A 'l  Agefimal  numbm*  See  the  Itttiod*  to  By  I>o- 

g.iralini'.,  pR,  1^4. 

lmigw,.:ry  Lot:  a  7  trHM,  a  term  ufed  in  the  Lt>g. 
of  imaginaty  and  negative  q  iantiiies  ;  fuch  as  —  «, 
or  i^—4l^Ot  a^—i.  The  fluents  of  certain  imagi- 
nary CXprelSona  are  alfo  Imaginary  Logarithms  ;  as  of 

— - —  ,  or  of—-—,  &c.  See  £ukr  Analrf.  Ia£a« 

vo).  i.  pa.  72,  74. 

It  is  well  known  ibat  the  expteffion  —  reprcfents  the 
fluxion  of  the  Logarithm  of  x,  and  thcrctuie  the  ilucat 
of  ~  is  the  Logarithm  of  »\  and  hence  the  fluent. 

X 

of   is  tlie  ImaFinarv  Loeavithm  of  s. 

However,  when  thefe  Imngmary  Iji>garithmfi  occur 
in  the  folutions  of  problems,  they  may  h<;  transformed 
into  circular  »n»or  fcdors ;  that  isi  the  Imaginary. 
Logarithm,  or  imaginary  hyperbolic  feQor,  becomes 
a  re.ll  circular  fc^or.  Sec  Bernoulli  Open  torn.  % 
pa.  400.  and  pa.  jia.  Maclaurtn's  I'luxionsm.art.  76a. 
Coles's  liarmon.  Menf.  pa.  45.  Wahncdey,  AnaL  deB> 
Mef.  pa.  63. 

LOGARITHMIC,  or  Logistic  Curve,  a'citrw 
fo  called  ftoin  its  propertie!>  and  ufes  in  explaining  and 
COnftrudinr  the  Logarithms,  bccaufe  its  urdrnatcs  are  in 
geometriealprDgreflion,  while  the  abfciiTcsaTc  in  amb* 
■ictical  progrcfbon ;  fa  thM  the  ab&iflca  are  as  the 
XiOgaritUMof  thecorrefpoadingofdiaatei.  And  hence 

,thc 
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th'-  earn  vill  be  eooftniAed  in  ttiu  manner:  Upon  Curve  bf  Huygeu  ti^  hit  Difiettatio  de  Caufa  Giav!» 

nVhtltne,  as  an  axit,  take  the  equal  parts  AB»  tatii,  wacre  he  enunentes  dl  the  principal  properties 

EC,  CI>,  oc< .  or  ilic  .irithmctlcal  progrcflion  AB,  AC,  of  it,  (hcwinjj  its  analogy  to  Lo^ntbms.  Many  other 

AD,  i 


itiu  a:  the  points  A ,  B,  C,  D,  &c,  creCi  the 
perpendicular  ordioite*  AP,  BQ_,  CR,  DS,  &c,  tn  a 
Kcomctrkal  progrcflion;  fo  is  the  curve  line  drawn 
through  aU  the  points  P,  Q_.  R,  8,  &c,  the  Lo^- 
ritbaic,  or  LogiAic  Curve  ;  fo  called,  becauiie  any 
abfdb  AB)  is  as  the  Logarithm  of  its  ordinate 
So  tliat  the  asia  ABC  &c  ii  «a  afriBptote  to  the< 


'  Bencef  if  any  abfdfs  AN  =  x,  its  ordinate 
MO  =  jp«  AP  =  ii  and  «  ss  a  certain  cooilant  quan* 
thy,  or  the  modolua  «f  the  Logarithmt ;  then  the 

equation  of  the  curve  is  .v  =     X  log.  of    =  log.  j^. 
And  if  the  Huxioa  uf  this  equation  be  taken,  it  «rill 

be  «  B      ;  whldi  give*  this  proportioo* 

yt*  :x  y  i  a 
but  in  snj  curve  j :  *  it  yi  the  fubtangest  AT  ; 
and  thcrctorc  the  fubtangent  of  thi»  com  u  every vhcre 
equal  to  the  conflanc  ^athj  4tt  m  the  i»odulttt  of  the 

L^ai  ithms. 

ft /but  lit  Afta  tuKUmtJ  JeMMMn  Hn  mEtuUu*  Here 
tbefhixioiiof  the  »eaA  orjx  h  jr  x        b-  Ay  { 

eodthe  corrc^  fl-icv.t  i$  A  =  /j  x  A  -  y 
=: X  AP  -  NO  ss  «  X  PV  =  AT  X  PV.  That 
ii,  tl  e  art.i  APOK  between  any  two  ordinates,  is  equal 
to  tl.c  rida:^^'c  of  the  coiiftaiu  fiiht:iii;;inl  and  tlic 
difference  of  the  ordi:.aics.  Ajid  htnci-,  wlm  the 
ahficUs  if  infinitely  Kn  g:,  or  the  faitl.cr  oalii  ate  equal 
to  oOthlPg*  then  the  infuiitrly  long  area  APZ  is  equal 
AT  X  Ar,  or  double  the  triangle  APT. 

Fi,r  ihi  S-'ihi  i'l'  '.'.r:!  I:         cur\)t  revah.ul  atcut  ifs 

exit  AZ.  Tlic  dusiou  oi'  liie  Julid  is  /  =:  /^'i-  = 
fy*  X  —  =  fojij,  where  />  is  =  3"  1 4 iC' ;  and  the  corrcft 


fiuentis ,  =  i^zi  X  A P»  -  =  I  />  X  AT  X  A  P'  -  NO', 
vUch  ia  half  the  difTercnce  between  two  tyltiidc-rs  of 
the  COIPBKMt  altitude  a  or  AT,  and  the  rac'.u  of  their 
halet  AP*  NO.  And  htncc  ruppofm^'  die  kilid  ii  fi- 
n:';ely  long  towards  7,  where  »  or  the  ordinate  i«  no- 
iLing,  the  infinitely  lun<^  iolid  wiD  he  equal  to 
ifxi  X  AP*  =  4/*  X  A  r  X  AP-,  or  half  the  qrltnder 
on  the  fame  bafc  and  its  altitude  AT. 

Ithu  been  fsid  that  CVunter  ^ve  the  firil  idea  of 
acnive  wbofc  abfciHe'^  iri-  in  arithmtticul  progicffion, 
•hile  the  fiorrefpiirtdin;;  ordiuales  are  in  geometrical 
pRMieflioD,  or  whofe  ablcift  are  the  Logarithnu  of 
the?  ordinates ;  bat  I  do  not  find  it  nottceain  any  part 
of  his  uritings.  Tl  "  1 1 1  i  :  5  afterwards  ci^nfidtred 
by  Othcftf  aud  named  the  Logarithmic  or  Lo^iilic 


learned  men  have  alfo  treated  of  its  properties ;  parti- 
cul.i'  ly  I  ^■  Stur  and  Jacqu'i  r,  in  their  Comment  00 
Newiua'ii  Principia  ;  Dr.  Jwhn  Keill,  in  llic  elegant 
little  Tradt  on  Logarithms  fuhjoined  t»  his  edition  of 
Euclid's  Elements  ;  and  Francis  Mafeies  Efq.  Curlitor 
Baron  of  the  Exchequer,  in  his  ingenious  Treatile  OB 
TrjeononKtrys  lee  alfo  BernuiiUi's  Difcourfc  in  the 
Afla  Eruditonim  for  the  year  ify.j^>,  pa.  a  16;  Guido 
Gram!!)*-;  D  p-Ki-inrntia  'f'hcorematum  Huygcneanorum 
nrca  Loi;illii ,tiu  feu  Logarithtnicam  Lineatn  ;  and 
Emtrlon  on  Cui-vc  Lines,  pa.  19. — It  is  indeed  rather 
extraordinary  that  this  curve  was  not  fooner  announced 
tOthepublic,  fince  it  rtfults  immediately  from  Napier's 
Manner  ofconceiring  the  generatiott  of  LogarithiM*  by  ^ 
only  ru^ipuling  the  linei  wfaidi  repreCeDt  the  MataiH  ^ 
numbers  as  placed  at  right  angfea  lO  thit  Opon  whklt 
the  Logarithms  are  taken. 

llu^  c  urve  greatly  facJIitatcfi  tlic  roiicrptfon  of  Loga- 
rithms to  the  imagination,  and  affords  an  almoll  iu- 
Cuitivc  praof  of  the  very  important,  property  of  their 
fluxtoot,  or  very  fmall  incremcati,  iiatiiely»  timt  the 
fluxion  of  the  nnihber  is  to  the  fiuzkm  of  iheXoprithm, 
as  the  number  is  to  the  fubtangent ;  as  alfo  of  this 
property,  tliat  if  three  numbers  be  taken  very  nearly 
equal,  U>  ti.i'Jr  rutins  inny  ciifTiir  but  n  littK'  from  a 
ratio  oi  equaltiy,  m  the  three  uiiiiibera  loooaood, 
loooccoi,  100CKX.02,  their  differences  will  be  very  near, 
ly  proportional  to  the  Logarithms  of  the  ratios  of  thofe 
numheii  to  each  other :  all  which  follows  from  the 

logarithmic  arcs  being  vety  Uttkdtfiiemit  fion  their 
chords,  when  they  are  tnken  very  Ainin.  And  the  Con- 

i\iMt  fuhtiiii<;eiit  of  this  rurvr  is  -..'lat  w:.s  a't.  rwar'^s  by 
CciTes  called  the  Mod'ilui  uf  ihc  S^'.K  rn  of  Lo^^arithms. 
LOGARITHTU  ,  >r  I.oj^i/ln-y  S/i'iil,    cinv;:  conftruft- 

ed  as  foli(i«$,.  I)  vide  the  arth  oi"  a  ciiclc  into  any 
equal  |i.irts  AC,  I'D,  DK,  &c  ; 
and  upon  tlie  radii  drawn  to  the 
points  of  divifion  take  C^,  Cd,  Ce, 
f<c.  In  a  gcometrii  ;'.!  projrrtTndn  ; 
fo  is  tiiecuiveA/': '.  •■•c  tl.c  I^o^a- 
rithinic  Spiral;  fu  ■  : !!  I,  l!Li;r/<- 
it  is  evident  that  Ali,  AD,  AE, 
&c,  hcing  aritliiui-ticnls,  are  as  the 
the  Logarithms  of  CAiOtCt/^Cr* 
&c,  which  arc  gcotnetriealli  and  t  Sptnlt  Ifccaule  !t 
winds  continually  about  the  centre  C,  coming  con- 
tiiiually  nearer,  but  without  ever  really  falling  into  it. 

In  tho  Phihjf.  Tranf.  Dr.  Halley  has  h.nppily  applied 
this  curve  to  the  dividtm  of  the  meridian  line  in  Nlcr- 
Cii-ui's  chart.  Set  alfo  Cott  s's  Harmonia  Menf.,  Guido 
G'iiudo's  Demon!!.  Theor.  Huygen.,  the  Afta  firutht. 
169 !,  and  Hnu'ifon's  Curves,  &c. 

tOGlSTlCi>,.or  LOGISTICAL  AaiTBMtric, 
a  name  Ibnictinies  employed  for  the  arithmetic  of  lexa- 

gefimal  fiaftiun i.f'j '.  i,i  .  fLn.inomical  coinpu'.itiot'-. 

This  name  vv,up<T'i2pi  cikcii  inm  a  Gr'>-i.k  triiiiife 
of  Barl.rmus,  a  Monk,  uhu  w  ii>ie  a  book  of  Sexagcfi- 
mal  Multiplication,  which  he  called  Lt^iftic.  VolHus 
places  thi$  author  about  the  year  l3$Of  Mtbe  ill!lbd(|rB 
the  work  for  a  Trcatife  on  Algebra* 
.  The  fiinie.tcnn  iMnrever  baa  becv  ufcd  for  the  rulei 
♦  of 
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•f  computatiQos  in  Aigebia,  and  in  other  fpcde*  of 
Arithoetk :  witncb  the  Logifttci  of  Vieta  and  other 

Sbakeiljr,  m  hh  Tabuhe  Britannic*,  hat  a  Table  of 

Logarithms  udrtptrd  to  fcxa;:tT!nial  ftai^tions,  nm\  <vhich 
lie  ci\U  Loptiic;il  l.og;.ri;btu»i  ami  ihc  cxp«diii<iu^ 
iirtthmct't',  ui>taitu<l  hy  mrau  of  tbcm,  he  caltt  Lo- 
giiAical  Arttbmciic. 

LoeisTlcAi-  Curvf,  t.i>it,m  Sptral,  the  fame  a*  the 
Logarithmic,  -Aliivii  f^f. 

LONC;  (Roora),  D.D.  inafter  of  PciLrokc  hall 
in  Cambridge,  Lovriuloi's  prottffor  of  allrononiy  iu 
that  iinivcriitjt  &c,  wAa  author  of  a  well-known  and 
much  approved  treatifc  of  aftioooiny,  and  the  iiiveiuur 
of  a  I'linarkably  curious  ailr«>noinica]  in.'tcliine,  Thb 
was  a  liulluw  fphert,  of  i8  feet  dLnmifti,  in  ithich 
more  than  pi  i  funs  tnight  fit  CDHTtiiicnily.  W'.'iliin 
iide  the  furface,  which  reprtfcDttd  ihc  htavcii':,  wij 
painted  the  ilars  and  coiiftcUatiuiiii,  with  the  zodiac, 
meridian*,  and  axis  i>araLlci  to  the  axii  of  tbc  Morld^ 
upon  which  it  wa»  caGIy  tuimed  round  bj  a  windu 
Hediedi  Deccnber  16,  1770*  at  91  ycartM^ge. 

A  few  yean  before  hu  death,  Mr.  Joaes  pre  foilM 
anccfJotcs  of  Dr.  I.oiiy;,  as  fotlows :  "  I  K-  is  t.o"' 
the  ij8th  year  ot  his  wgK,  and  for  his  yean  N  Cgi.tw  and 
aftlvc.  He  was  lattly  put  irniomiiulion  for  the  uilicc 
of  vice-chancellor :  he  executed  that  truli  once  before, 
I  think  in  the  year  1737.  He  it  a  very  ingenious  per- 
ibllf  and  fooMtimca  very  facetious.  At  tlu  public 
Conmcneeinent,  in  the  year  171 3,  Dr.  Greene  (matter 
of  Bennet  college,  and  afterwards  bifhup  of  Ely)  being 
then  vice-chancellor,  Mr.  Long  was  pitched  ifpon  for 
the  tiipas  pfrformancc  ;  it  was  \\iTty  and  huinoruM?, 
and  has  paiied  through  divers  editions.  Some  chat  re 
iDembcTcd  the  delivery  of  it,  told  mc,  that  in  addiclfing 
the  vice-chaaoeUor  (whom  the  univLi  fuy  wags  ufoally 
ftjied  Mift  GretntJt  the  tripos-oratoi ,  being  a  native 
<if  Norfolk,  and  aflnmiag^  the  Norfolk  dialeo*  inOiead 
cf  is;  itiR,  Domine  f^t'CaneiUarle,  archly  pronounced 
the  words  thus,  Domiita  yic-Caru-.-IIjr  la  ;  which  occa- 
fioned  a  genera)  fmilc  in  that  great  duJitory.  His 
friend  thelatt  Mr.  Ik>ofoy  of  Uiptoii  told  :11c  tins  htilt 
incident :  '  That  he  and  Dr.  Long  walking  together  in 
Cambridge  in  a  dullcy  evening,  and  coming  to  a  fhurt 
f»fi  fixed  in  the  pavctnent,  which  Mr.  fionfoy  in  the 
nidtt  of  chat  and  iaattentum,  took  to  be  a  Ji»  Aaoding 
in  his  way,  he  faid  in  a  hurry,  ♦  Get  out  of  my  way, 
boy  !'  •  That  toy.  Sir,  faid  the  Dodor  very  calmly  and 
flily,  M  a  poft-boy,  who  turnt  cut  of  kit  wi^y/^r  ri^/'  x/jr.' 
I  coold  recollei'1  feveral  other  ingenious  reparteci  if 
there.  iMie  ocrafion.  One  thing  is  remarkable,  he 
never  mi  a  hale  and  hearty  roan,  always  of  a  tender 
and  delicate  conflitatioa»  yet  took  gieat  care  of  it : 
his  common  drink  water  |  he  always  diaca  with  the 
Fellows  in  the  Hall  Of  late  years  he  has  left  offeaiiiig 
flefh-meats;  in  tlic  rujn\  t'nTcof,  jiiuli!iiigs |  vege- 
tables, &c  i  fomctimes  a  glats  or  two  o(  wine." 

LONOIMETRY,  the  art  of  meafuring  Icngtht  or 
dlflancen,  both  acccflible  and  inacceflibic,  forminj^  a 
part  of  what  is  caUed  Heights  and  Dillanccs,  being  an 
application  of  geometry  aad  tfigoaometfy  to  ftich 
iDcafurciitents. 

Am  to  aoeeffiUe  lengths^  thej  are  cafily  meafrnvd  by 
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the  a£liial  application  of  a  rod,  a  chain,  or  wheel,  or 
Ibme  other  meaftn-e  of  length. 

But  inaceefTiblc  lengths  require  the  pradkc  wn§ 
properties  of  gerjinetry  am!  tiigonometry,  either  iirthf 

nir:ii' ii-t-nir-Tit  :\r,']  n  n f' rukli  'Ti,  or  in  the  COHipiita; ioRr 
1  ur  ex.inipie,  Siipptu't  it  were  requir^rd  to  kui^w  the 
Itn^lli  or  dillar.ce  bctsvccn  tlie  two  places  A  .vA  L,  to 
which  places  thtrc  is  fue  acccfs,  but  not  to  the  inter* 
medtate  pans,  on  arconnt  of  water  or  fnme  otl>er  inv> 
pcdinwnti  mcafure  theicfurr,  from  A  and  £».thc  dif* 
taoees  to  any  con^itnt  place  C,  which  fuppofe  to  lit 
thus,  viz,  AC  =  735,  and  DC  —  840  links;  and  let 
the  asiglt  at  C,  taken  with  a  tlieodolite  or  other  inftru- 
nitiit,  be  55°  40'.  Froni  theic  meafures  tiic  !  :  t  r 
ddljncc  AH  may  be  determined,  either  by  geortsririi  al 
n-fuiincmciit,  or  by  trigonometrical  computatiuii. 
'rhu>,  iirll,  lay  down  an  angle  C  =  55"  40',  and  upon 
it!  legs  fei  off,  from  any  convenient  fcale  of  equal  parts,. 
CA  —  73^1  and  CB  m  tbca  meafure  the  dif* 
tanee  between  the  pumu  A  and  B  by  the  fame  fiak 
of  niual  paits»  srhicb  will  be  imud  la  be  740  nearly. 


Sum  Ij75      .  •      .  I'i97i8c6 

Dif.    105       -  •      -  c'02ii8|;)5 

Tang.  61"  to'  -  -  73793 

Taog.   7  iiH  -  9-toix88o 


f.  Sum  or      A  s_       2  I '{ ^  9.9711092 
to  f.     C«  5$  40  9-9i(i)>,'93 

To  AB  ™  74i*a  0*8699404 

For  a  ad  Example— Suppofe  ?t  were  required  to  Hnd 

the  dillan'.L' hctu'ci-n  !  wn  inaccrfTillt  c^'jcd'^f,  as  between 
the  houfc  aiiJ  null,  II  and  M  ;  i'ull  tneafiire  any  con- 
venient line  on  the  ground,  a*  AD,  3C>oyards;  then 
at  the  Aaiion  A  take  the  anglrj  PAM  —  ^S^.'o'j 
and  MAH  ^  y.";  alio  at  ;1.  1'1'ion  B  take  the 
aaglea  ABH  —  53"  30', and  HUM  =  45"  ij'j  froa 
hence  the  dUlance  or  Icsf^h  MH  xmj  be  found,  either 
by  geometrical  conllniAion,  or  by  tngonoawtrical  cid- 
culation,  thus : 

l  iiil  dir.v  a  V\x  AB  of  the  given  IcBffth  of  30O, 
by  a  convenient  fcilc  of  equal  parts  ( then  at  tbc  point 
Alqr  dvmi  the  aaglaBAM  and  MAH  of  the  mag. 
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■Jtiidrt  above  given  ?  *nd  alio  at  the  poiai  B  the  givrn 
;lcs  ABH  and  HDM  :  then  by  applying  theleiii-t!) 
'  to  tiiv  iume  fcalc  of  equal  part»,  it  it  found  to  be 
480  yards. 

■  OUlanmle,  by  calcabitiao.  Firftt  bv  aMi»g  «nd 
iibtrading  the  angflet,  there  u  knni  «•  Of  low  t 


37" 


00 
20 


53«  30' 
45  '« 


45  tj  fiim  9V  45  4^  ABM 


148  50 
180  00 


i$7  OS 
tSo-  00 


/.AHD31   10      22  5;^AMB 

Then, 

u  Cn.  AHD  : fm.  ABH : ;  AB :  AH  =  46$  9776, 
wdyMfin  JIMB  rfin.  ABM  :jAB:AM»76i'465${ 

their  fum  !»   1 2  ?7"4i^  1 
tmd  theif  diff.  295-4979 
Then  as  futn  AM  +  ABT :  to  dif.  AM-  AH  t  s 

tnng.  ;  AHM  +  i  AMU  -  7  ^o', 
totai>^'.  i  AHM -fAMII  44 

tl.c  d:f.  of  wh'th  is  AMH  =  35  46. 

u'tAMH  :f.MAH  :;  AH  :  HM  =479-7933, 
t!w  dUhnce  fougbt. 

LONGITUDE  e/ tht  Barti^  is  rometimea  tired  to 

ritn  ite  its  extent  from  weft  to  eaft^  accorfing  to  the 
dir<  ftii3n  lit  ; he  t<{uiitor.  By  which  it  UaiHl"  nintm. 
diilinguilheti  fiom  the  Latitude  of  the  earth,  *vli>th  Je- 
notet  its  extent  from  one  polr  t(i  tlic  iithcr. 

I<OMCITVDt«^ a  place,  ill  Geography,  i«  it»  longi- 
tidiBil  difltincc  Irom  fome  firil  mcridiu:),  «tr  an  ui  ch  uf 
tut  cqiBftor  ioterecpted  between  the  m^-iidian  of  that 
phoe  and  the  firft  meridian. 

LcsGiTt  nE  in  lie  //cjtvwf,  as  of  a  (lar,  lee.  Is  an 
arch  of  ibe  tcliptic,  counted  from  the  bcgiiming  of 
Arie«,  to  the  place  vl.cre  it  is  cut  by  a  circle  pcrpt  n- 
dicubr  to  it,  and  palling  throui-h  ihc  place  of  the  liar. 

LoMCiTUDB  of  tht  Sun  or  S.'nr  from  lb!  neKt  equtnu- 
idptmt^  iatlic  degrees  they  are  diftant  fiom  the  b<« 
gtnntngof  Afiea  or  Libra,  el'.hcr  before  or  after  them  % 
nrliidi  can  never  exceed  180  degreei. 

LoKGiTUOE,  Geoentriet  ttm'Mtntric,  Sec,  tlie  Lon* 
ftitude  of  ap*anct  as  fcen  from  the  earth*  or  fiom  the 
fun.    Sec  the  rcfpeflive  torins. 

LoKGiTUDt,  in  Navrj^at'nn,  is  the  didance  of.t  (hip, 
or  place,  eaft  or  tVom  fume  otlier  place  <jr  nit- 

nMII»€0OBted  in  degrees  of  the  equator.    When  th  >' 


 incc  tl  counted  in  leagues,  or  miles,  or  in  degree* 

of  the  meridian,  and  not  in  thofe  proper  to  the  paraU 
ki  of  Latitude^  it  it  vfiially  called  Dcpartime, 

An  eafy  prafiicable  methtxl  of  finding  the  Longi- 
tude at  fea,  is  the  only  tiling  w.iritcd  to  t<!i'!f  r  ilic 
Aft  of  Navigation  ptrftft,  nnd  is  a  prcbl  ju',  tli  it  has 
greatly  perplexed  matlK nn-n'  i^is  for  tlie  !.i(t  twii  cfu- 
turiea :  accordingly  moft  of  iLc  comir.i-rcial  n;itioi)»  of 
Etmjpe  have  offered  great  rewards  fcr  the  difcuvery  of 
it  I  and  in  coofequenee  very  conliderabU:  advances  have 
beca  nade  towanb  a  perleft  fblution  of  the'prolilcaif 
ilpecnHjby  tbeEnslilh. 


In  the  year  «$98,  the  government  of  Spiio  offered  a 
rrwartl  >jf  looocrowns  fur  thf  foiutiou  of  this  prublcna  ; 
and  iuon  after  the  Statei  of  1  luiland  offered  10  thou, 
fand  dorins  for  the  fame.  Encouraged  by  fuch  offers, 
in  1635,  M.  John  Morin,  prufcflbr  of  nnathcmatics  at 
Paris,  propOfied  tO  cardinal  Kichlien,  a  method  of  re* 
Iblving  it  {  and  thoi^h  the  conuniffioaera,  who  were 
appointed  to  examine  this  method,  on  acrannt  of  the 
iMj  r  fi-ft  fuitf  of  the  lunar  tables,  jui!>^nt  it  iiifufTi- 
CK  i.;,  L^iidinal  Mazarin,  in  164;,  procuicd  fui  the  ;iu- 
thor  a  penfion  of  2000  livrcs. 

In  1714  so  a<5\\Ta«  nafftd  in  the  Britifli  parliament, 
allowrng  aoool.  touaids  making  experiments ;  and  alfu 
offei  ing  a  re«ard  to  the  petfoa  who  fliould  dtfcover  the 
I^)ngituJe  at  lea,  proportioned  to  the  degree  of  nccu* 
r.irv  ili.it  nm'j^ht  Ee  attained  by  f;irh  fllfrnvrry  ;  a 
rcuoid  uf  lOi^.ool.  if  it  dcterniifiet  the  LougiliiJt.  la 
one  degR'c  t  f  a  great  circle,  or  60  geographical  miles  ; 
I  5,ocol.  if  it  delcrmin?  s  the  fame  to  two-thirds  of  th.il 
diilance;  and  20,cooi.  if  it  detemn'ncs  it  to  half  that 
dillance  ;  with  other  regulations  and  encouragements. 
12  Ann.  cap.  ij,  Snalfotlat.  i4Geo.  H,  cap.  39,  and 
16  Ceo.  II,  cap.  a;«  But,  by  Aat.  Geo.  Ill,  all 
former  *€tt  eoaceminjr  the  Longitude  at  fea  are  re*  - 
pealf  !,  txct  pt  fo  ir.iu.fi  of  them      r  i  les  to  the  ap- 

f'oin(ii.i.iiL   uiui  jutlu  iiiv  uf  ih-  I < nnuiifliuners,  and 
iich  cUul"  s  .1;  ul  itc  t  1  tl.f  inlii  r.  tig  of  nautical  .il« 
manacs,  and  other  ufeful  table*  ;  and  it  cnu^if,  tl:at  any 

rcrfon  who  fliall  difeover  a  method  for  finjing  the 
.ongitude  bjmeaniofa  time-keeper,  the  principles 
of  wliich  have  not  hitherto  been  made  public,  (hall  be 
entitled  to  the  reward  of  ;oool.  if  it  (hall  enable  a  Ihip 
to  keep  her  Longitude,  during  a  voyage  of  6  months,  • 
within  60  geographical  miles,  ui  one  d  ./iec  of  a  fftat 
circle;  to  7^ooh  if  witbin  40  gcugi.ipljii.al  n.ik«,  or 
fA,)-thu<!s  v(  .1  i!.-gree  of  a  great  ciicle  ;  or  to  a  le- 
\v:ird  of  io,00ol.  if  Within  30  geogiaphical  miles,  or 
h.'lf  :\  degree  of  a  mat  circle.  But  if  the  method 
fliall  be  ^'oocam  of  impnsved  {alar  and  lunar  tables, 
the  author  of  them  fliall  be  entitled  to  a  reward  of 
joooLif  they  fliew  the  dlftance  of  the  moon  from  tlic  . 
fun  and  ftars  within  15''  of  a  degree,  anfwering  to 
abiiiit  7'  of  Longitude',  after  making  an  allowiuce  of 
halfa  degree  for  the  errors  of -oblervation,  and  after 
cnmpariloii  with  afltonomical  obfervations  for  a  period 
of  TC3I5,  or  during  the  period  of  the  iiTCgularities 
of  die  lurur  motions.  Or  tnat  in  cafe  any  other  me- 
thod dull  be  prooofcd  for  finding  theXongitadeat  lea* 
heSdei  thofe  befureHnentioned,  the  author  (hall  b<^  en- 
titled to  joool.  if  it  (hall  determine  the  Longitude 
within  one  degree  of  a  great  circle,  or  60  geographical 
iiiile.^  ;  to  7^ool.  jf  u-ktiin.tM(vthirdt.ot. di Uanoa} 
itiui  to  io,oocl.  Sf.w-.thin  baGT^IlC^ld  drlb  ieev  > 

Accordingly/ many  atteupU- hate  been  nUde  for 
fuch  difcovery ;<«ttdiie«<)raL\(4^  stJbpAkii;  ^ritftvarioua 
degrees  of  ftij»ifi:  11i«re:UR«ref  3ihM  Uiikchlallr 
<li:fded  to  m'etllods  of  "detVrmfnirig  the  "difference  of 
lime  between  any  two  points  on  the  earth;  fur  the 
Loiii^itude  (if  any  place  being  an  arch  ot  ;(.e  equator 
intercepted  between  two  meridians,  and  this  arc  being 

firoportional  to  the  time  required  by  the  fun  to  move 
rora  the  one  meridian  to  the  other,  at  the  rate  of  4 
ntinutcs  of  time  to  one  degree  of  the  Mvh,  it  follows 
that  the  difference  of  time  being  known,  and  turned 
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I'nlo  (!rgrers  according  to  that  preportMUi«  it  will  giTc 

ilie  Longitude. 

Tl;i:.  ir-cafiitcincnt  of  time  has  been  attempted  by 
fome  (If,  loiis  by  incanj  of  clucks,  waiulio,  and  other 
autoiM  ii  i:  for  if  a  clock  or  watch  were  contrived  to 
«i  unaforinly  at  all  feafoji,  tod  in  »U  place*  and  fitua* 
turai ;  fodi  a  macbine  bring  regulated,  for  inftancct  to 
London  or  Greenwich  time,  would  al.vays  (ho*  the 
time  of  the  day  at  London  or  IJrccnwicli,  wherever 
it  lh(iiil(l  he  c;iriied  Oi  ;  then  the  time  of  the-(!.;y  at  tiiis 
pbcc  being  fomid  by  obfcrvations.  tiie  (.Iifii  icnce  L»e- 
tivccn  thclic  two  times  would  jjivc  the  diii'eience  of 
IxJngitiiilo, -itcuniing  to  the  proportion  ofoncdrgtcc 
to  4  miiuitts  cif  lime. 

Gemniu  Frifnis,  in  his  tra^i  De  Principiii  Aflrono* 
ml*  et  Of opraphiaf,  printed  at  Antwerp  in  1530,  it 
feenii  !'i::t  f'.,;L,i:lKd  liie  ti,i.'thod  of  fnuiinc  tl;c  I.iii-.g:- 
tlldc  at  fca  by  rncai.i  ot  v  ilehc!,  or  ti  iic  .s.LCptis ; 
which  tiucliints,  he  f;n  «,  vvtretht  n  Ij  it  lately  iiivenud. 
And  foon  after,  the  (»mc  was  aUcrptcd  by  M.-tius, 
and  A)inc  otlicri> ;  but  the  flate  of  wuicli  makui^  \^as 
then  too  itopetfc£l  for  that  piirpofc.  Dr.  Hooke  and 
Mr.  Huygcnt  alfo,  about  the  year  1664,  applied  the 
invetilion  of  the  penduluin>(pring  to  watches ;  and  em- 
ployed it  for  the  purpofe  of  difcovcrinp  the  lutngitudc 
at  fti.  i'r-iv.c  difpiitcj.  however  heiwctn  Dr.  Hool  e 
and  the  r.nj^lifli  Miuillry  prevtiiud  iiny  cxperimtnis 
from  bei:i^  made  with  watches  conflri:rtid  by  him  ;  but 
many  experiments  were  m^ide  with  fome  conllruct  d  by 
Hiiygeof  5  particularly  Major  HoImeSf  in  a  vovage  fiojn 
the  coaft  of  Guiiiea  in  lUtt,  by  one  of  theb  watchea 
predided  the  Longitude  of  the  ifland  of  Fuego  to  a 
ffreat  degree  of  accuracy.  This  fucccf«  entuurapcd 
Huygetis  to  improve  the  ilru^lurc  of  his  watches, 
(fee  ]j'i:lof.  Tratif.  for  M;.y  I'^Cnp)  ;  hut  e\rn.ririjce 
fnon  convinced  liinoi  that  unlcfii  methods  could  be 
di&overed  for  pnferving  the  regidar  motion  of  fuch 
naichiTWIf  and  preventing  the  cflc^s  of  heat  and  cold, 
and  other  diRurbing  caufes,  they  could  qcvcr  anfwer 
the  intention  of  difoovering  the  jLot^itudcj  and  on  thia 
account  hN  attempts  failed. 

Ti  e  t'lill  prrfoii  who  turned  his  thiHL;!.ts  thia  way, 
after  the  piiSlic  encuurdgcnicut  held  out  by  the  aft  of 
1714,  was  Henry  SuMy,  an  Enphflimun  ;  w  ho,  ia  the 
fan.e  )  ear,  piinttd  at  Vienna,  a  fii.all  tra£k  on  the  fub» 

ic£t  of  uv.ic!)  making ;  and  nfterwards  removing  to 
i'aris,  he  cinploved  nimfclf  ttiere  in  improinng  time- 
kcepera  for  the  dt&ovenr  of  the  Longitude.  It  it  faid 
he  greatly  d'minifhed  the  fri^Uon  in  the  machine,  and 
rendered  uiii form  that  which  rtmaiu«l :  and  to  iiim  is 
principally  to  be  attiibated  vliat  i?  yet  ki;ow;i  of  watch- 
making in  rraiicc  :  for  the  telthr^tcd  Ji/ii^  r,  Ic  Roy 
was  hit  ^ip5r,  •atJ^'t^'limwj'tjl  n>orf  pfjiis  iuixtitions, 
which  Ije  aAenvirils^frffJ^i^  agcl^jeflrted  :  and  this 
gcnthmjn,,  w  i'th^fiij  f  'tj^  ^I.  ,lVfi«>oud,  aie  the 
prinLi:^^.{t't'P^i  .*■"'*  ii'bo  JSipe;turncd  their 

.iho!i{;b<s'.th5r  V*y*.^iu?e:  (hA,t'me  df»»u!Iy.  Several 
watches  inai'.e  by  thcfc  IriC.  f.vo  a  tils,  '1  r. been  triid 
at  fea,  it  is  faid  willi  [rooil  furii!-;,  u;id  L'ge  ;icci;uiits 
have  been  puLlIllu-vl  of  thcTr  trials. 

In  theyear  17:6  our coir.itrj  min,  ^Tr.JchnHarrifun, 
prodtieedatlme-kecperof  his  own  conn  ru^<»,whichdid 
■ot  err  above  one  fecond  in  a  month,  for  10  years  t<i^c> 
thor:  and  inthe  year  1 756  he  had  a  machiae  tried  in  • 
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voyage  to  and  from  Lifljon ;  which  was  the  means  of  ror- 
re^In,-^  anrrmrufalmnll  i  dej:^rcc  and  a  half  in  thcronipii- 
t^ilion  ;>rtlie  OiipV.  i cuk'Uiiiij;.  In  confiquiiii  c  o;  tli:^  luc- 
CcfSfMr.  Han  ilon  received  pubhc  encouragement  to  pro- 
ceed, and  he  made  three  other  time-kcepcts,  each  more 
accurate  than  the  former,  which  were  finiibcd  fucccffivclv 
in  theyeirt  t'i<f,  1758,  and  1761  ;  the  l^ft  of  which 
proved  fo  mtich  to  his  own  fatisfadlioii,  that  he  applied 
to  the  conimiflioncrsof  the  I^npitudc  to  have  this  in- 
llrununt  trrr  j  Jn  a  vuysge  to  fome  port  in  the  Weft 
Indies,  accoiiiint;  to  the  directions  of  the  ilatuteofthe 
i;ih  of  Anne  above  cited.  Accordingly,  Mr.  William 
Hanifon,  fon  of  the  inventor,  embarked  in  November 
I76l(  on  a  voyage  fur  Jamaica,  with  this  4ih  time* 
keeper  or  watch;  and  on  hia  anival  there,  the  Longitude, 
at  Inewn  by  the  time>keeper,  dtffirred  bat  one  f^eogra* 
ph'cal  nvlk  nn>i  n  qiinrtiT  from  the  ti  iie  I.on  Mtiide,  de- 
duced troni  ;;thiiiioniical  obfcrvatioi:.-.  The  l.ime  gen- 
tleman returned  to  Kngland,  with  tlic  tiir i-k^Kj  er,  in 
Match  fjbi  ;  when  lie  found  that  it  iiad  erred,  in  the 
4  months,  no  more  than  1'  {4"[  in  tipie,  or  tSf  ■U' 
,  nntea  of  Longitude }  whereat  the  ad  require!  no  greater 
eitaAaeJa  than  30  geographical  nilct,  or  minntea  of  a 
great  dtde,  in  fnch  a  voyage.  Mr.  Harrifon  now 
claimed  the  whole  reward  of  :o,oor!,  offered  by  the 
faid  aC\  :  but  fome  doubti  ariii'.i^;  i-.i  the  minds  of  the 
conitniflioners,  concerning  the  tr.ie  fituation  of  the 
itl  jud  uf  Jamaica,  aiid  the  roannei  in  which  the  time  at 
that  place  liad  been  found,  a^  wc'l  r  s  af  I'ortfmouth  ; 
auu  it  being  fartlicr  fiigj^cded  by  fi  lue,  that  although 
the  tinc-knper  haopcncd  to  be  right  at  Jamaica,  and 
after  its  return  to  England,  it  was  by  no  meant  a  proof 
that  it  had  been  al«ay5  fo  In  the  i;  : c  1  inrt'; ate  times; 
another  trial  was  thertfoie  pi  if  cuJ,  111  a  vo^a^-e  tu 
the  iilr.nd  of  liarijadors,  in  vvlii'.  h  p  ciautiniis  were 
taken  to  obviate  as  many  of  thcfc  oljcdicns  a^  pufliblc. 
Accordini^ly,  the  commiflioncrs  previoudy  fent  out  pio> 
per  perfons  to  make  agronomical  obfcrvations  at  that 
tflanOf  which,  when  compared  with  other  correfpond* 
ing  ones  made  in  England,  would  de|enninc,  beyond  a 
doubt,  its  true  fituation :  and  Mr.  William  HaiTifan  again 
fet  out  u  ith  hi;- fatliLi 'still. c  keeper,  in  Match  1764,  the 
walcli  havinfj  been  i-o.r.parcd  with  equal  altitudes  at 
Portfmo'jth,  btlou  he  let  out,  and  he  arrived  at  Bar- 
b.  doci  cihout  the  middle  of  May  ;  v*here,  on  comparii:g 
it  again  by  equal  altitudes  of  the  fun,  it  was  found  tu 
flicw  the  difference  of  Longitude,  between  I'octlhunith 
and  Barbadoet,  40  be  5^  3' ;  the  true  difference  of 
Longitude  lietw.cn  thefe  places,  by  agronomical  cb- 
fervalions,  Icing  j"  5^"  to  ;  fo  tliat  the  err<jr  uf  the 
vatch  was  43",  or  10  45 "  of  Longitude.  In  eonfe- 
queiic-e  of  this,  and  the  iormcr  trials,  Mr.  Harrilon  re- 
ceived one  moiety  of  the  reward  offered  by  the  i  -  !  K  ■.,{ 
Queen  Anne,  after  explaining  the  principles  on  which 
his  watch  was  conllrudtcd,  and  dcliveiijig  this  as  well  ap 
the  three  former  to  the  Conoufltoneit  uf  tlic  Longitude, 
for-the  ufe  of  the  public :  and  he  wai  promiM  the 
oth'  r  u'.oiety  of  the  reward,  when  other  tiir.e-kccpcrt 
ilujuW  he  made,  on  thefanic  prir.tiplc«,  (ithir  by  him- 
fclf  or  ethers,  pcrlor;iiiiig  eq.iiilly  \N'.li  with  that  which 
he  had  laft  made.  In  tlic  inran  time,  this  latl  time* 
keeper  was  fcnt  dcu  11  to  the  Royal  Obfcrvatoiy  at 
Greenwich,  to  be  tried  there  under  the  dircdion  of  the 
Rev.  Dr.  Malkdjae^  the  Albgagaier  Keyd«  But  it 
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Hd  not  appear,  during  thtt  trial,  that  the  watch  went 
with  the  regitlartty  that  «-as  espedlcd }  from  which  it 
wtt  •ppitthen^d,  that  the  jkcrfbrkaofle  ««ea  of  the 
tuBt  watch,  win  not  at  all  timca  equal  t  and  con(e« 

fcqutnth  that  h't'Ie  ccrta'iity  couKi  be  cxpcflcd  in  the 
performance  of  tlilTcrcj;!  outs.  Moreover,  the  watclj 
\^  .,?llo^v  found  to  go  fader  than  during  the  Toyjge  to 
and  from  Barbadoe:^,  by  i8  or  1^  fccondi  irt  24  iiours: 
but  tbii  circumilance  was  accounted  for  by  Mr.  Harri- 
fon ;  who  inform;  us  that  he  bad  altered  Uteratc  of  ita 
fSjoiug  by  trying  feme  expeiiiiKiU^  which  he  bad  not 
tune  to  finiib  bcfwe  he  was  onkted  to  deliver  up  the 
watch  to  tite  Board.    Soon  ifier  this  triat,  the  Cmm- 

niffi'  iii'  ■  'if  I.  rj^itiiilc  agreed  with  M:.  KmiJa!,  o\,r  >;f 
the  waicJi-iiiikiis  .tppointcd  by  tlu^n  to  Mr. 
Harriion's  d''cuvcri<:s,  to  make  anutiicr  vatch  ou  the 
fame  conftrudlion  with  this,  to  >!  tcirnine  wiicthcr 
fnch  watclics  cutild  be  tnade  fn  in  the  aocoMot  which 
Mr.  Haxrifon  had  g'^o*  by  oth«r  perAxu^  aa  twell  at 
kimlelf.  The  event  proved  the  unnnpiivet  for  the 
watch  produced  by  Mr.  Ktiidal,  in  coolequence  of  thi» 
agrees  lit,  went  cculdfraLIy  better  than  Mr.  Hairi- 
fon'adid.  Mr.  Kendal's  waich  wat  L-i.t  out  with  Capl. 
Couk,iii  his  zd  vO)at  (.  '.oward*  the  foiuh  pole  and  round 
thi-  flobc,  in  thi  vciir  1777,  1773,  '77^.  »n«l  '775  ; 
when  til'  oulj  um  fnnrd  in  ihc  watch  WM,  that  its 
rate  of  gnir.  ;:  was  continually  accdcntcd;  though  in 
thu  trial,  of  J  yeara  and  a  lialf,  it  never  amonnictl  to 
»4"|  a  day.  TTw 'confeqtieBce  was,  that  the  Honfeof 

Conn'Oi  in  '""-(>  'ow  iii'm  .tr;  iij  pi.il  luj  La'n  ni:iJc, 
wcrcplcaf^il  i"  u-.^lcr  tl.c  ;uuiun.l)  at  t!jt  rc\s.tiij  lo  bo 
gjreu  to  Mr.  Haniftm,  and  to  paii  the  aCt  abow  nu  n- 
tioscd.  Mr.  Harrifon  h;id  alfo  at  different  irrnc*  re- 
ceived fonwr  other  funw  of  «noDt-r ,  at  entouragemeti's  to 
him  to  coBtiniK:  hiicndcnv<iut»,  front  the  heard  of  Lon- 
gitodr,  aod  from  the  Ii>dia  Company,  as  well  as  fniill. 
Btaay  individual*.  Mr.  An>old  and  fomc  other  per* 
ion  have  fince  alfo  made  feveral  vety  good  watchc* 
foi  tl.t  fi'.me  piu  pefc. 

Othtis  lave  propokid  various  a/!r(-ni>n>'c:\I  rtn /li.iiis 
for  fi adit. L,'  the  Longitude  Tinlt-  'iicthLHis  cim  tlv  <lr- 
pend  on  having  an  ephcineris  or  almanac  fuited  lo  die 
meridian  of  fomc  place,  as  Greenwich  for  inllancc,  to 
wbiob  the  Nautical  Ahnanac  ia  adapted,  which  ihall 
ooatain  for  evuy  day  computation*  of  the  time*  of  all 
remarkable  CL-^llial  motion<and  appcarancea,  as  adapted 
to  that  mcri'iia!).  So  that,  if  the  hour  and  minute  be 
known  when  any  of  the  fame  phcnonu  na  arc  ubfervcd 
in  any  other  place,  v.'^o^c  Longitude  n  deiired,  the 
difference  between  thi»  time  and  that  to  which  the  time 
of  the  faid  phenomenon  wat  calculated  and  let  dovm  in 
the  almanac,  will  be  known,  and  confequently  the 
itiffeneiloe  of  Longitude  alfo  becomes  knowo,  between 
dntt  place  and  Greenwich,  allowing  at  the  rate  of  15 
iiegrtes  to  an  hour. 

Now  it  istaly  tcif.niithc  titrr  rt  any  plan-,  !;y  tnrnn'. 
i>f  tlic-  alt)lii<!e  or  a/itnutli  uf  liit  lun  or  Itars  ;  ^^iiiuli 
time  it  ii  neccflary  to  find  by  fucit  means,  botik  to  thele 
aftronoraical  modes  of  determining  the  Longitude,  and 
in  the  farmct  bj  a  time-JKCper  ;  and  it  i*  the  difference 
between  that  tune^  fe  determined,  nnd  the  time  at 
Greenwich,  known  either  by  the  time-keeper  or  by  the 
aftronomical  obferrationa  of  celeftial  pLenomeoa,  which 
|;^fet  tlieidiflieMace  «f  LoiigH«dek  .at  tlic  nte  ibovc* 


mt  r.ri  ■  ril.  NW  the  difficulty  io  thefe  methoda  lie* 
in  tiic  fewneft  of  proper  pbeoootena,  capable  of  being 
thua  oblinved »  for  all  flow  motions,  fucb  aa  beloog  to 
the  planet  Saturn  for  inftaoee,  are  quite  eitctiidrd,  aa 

aQ(>rd>iig  too  fmall  a  difference,  in  a  cunfidtrib^L  fj^icc 
of  time,  to  be  properly  obfeived  ;  a::d  it  appears  tint 
thcrt  are  no  pl:cnomena  in  tl.c  Loavcna  p  Utr 
th'\i  piirpofc,  except  the  eclipfe*  or  motions  of  Jupiter'*  • 
faieliile^,  ar.d  the  eclipfcs  ur  motion*  of  the  moon,  viz, 
fucb  aa  her  diiUncc  item  the  liui  or  certain  fined  fiar* 
lyin|r  neat  her  path,  or  her  Loogitude  or  pbcc  in  th* 
jK>d:ac,  &c.    Now  of  thefe  method*, 

I  ft.  That  by  the  eclipfes  of  the  moon  i*  very  eifr, 
:i;icl  f: .Ii,.  itnily  aecutali.,  if  il.r  y  <\\]  Lm  happen  often, 
m  t.i.)  lit^lht.  I'or  a'  the  moment  when  the  begin- 
ning, or  mtddlc,  or  cv.d  of  ?.n  ecl"pfe  is  obferved  by  a 
telcfcope,  there  h  no  more  to  be  done  but  to  deter* 
mine  the  time  by  obferving  the  altitlldeor  a/i^iuith  of 
fooie  known  iUrj  which  time  being  coti^ pared  with 
that  in  the  tthle*,  fet  down  tor  the  happening  of  the 
fame  phenomenon  at  Greenwich,  give*  the  diil;rcnce  in 
time,  and  confcqaeiuly  of  laini-ituJc  fo'.ij,'li!.  But  as 
the  beginning  i,ri-:i:5  of  an  ecliple  of  the  n  oon  caiincit 
gtricrally  Ik  ol  icrved  nearer  timn  one  mii.ute,  and 
fometirnes  i  or  3  minute.^  of  time,  the  Loogitude  cannot 
CLTtaii.iy  be  dcirimined  by  this  method,  fiom  a  Thi^ic 
oHfervati'in,  nearer  than  one  degree  of  Lnnguude. 
However^  by  two  or  more  obfervatiooa^aaof  the  begin* 
oing  and  end  ttc,  a  much  greater  degrtt  of  exaiiuela 
may  be  ::t?,iirn!. 

2(1,  i  he  isiiioii's  plate  111  the  7.u<Jjac  is  a  pliencine-' 
non  more  Irequent  than  that  of  her  eclipfcs ;  but  then  ■ 
the  oMcrvaiion  of  it  is  difEcult,  and  the  calculus  per* 
plexcd  and  intricate,  by  rcafon  of  two  parallaxes  ;  fo 
that  it  is  hardly  pra&icabie,  to  any  tolerable  degree  of 
accuracy. 

3d,  But  the  moon's  diHance ?  from  the  fun,  or  ceitain ' 
fixed  flara,  arc  phenomena  to  be  obferved  many  time*  • 
in  almoil  rvrrv  ni;;ht,  and  afford  a  good  praetical  me- 
thod of  determining  the  longitude  of  a  (hip  at  almolt 
any  time  j  either  by  computing,  from  thence,  the  moon'a 
tiije  place,  to  compare  with  the  fame  in  the  idmanac  }  ■ 
or  by  comparing  her  ofaicfved  diftanoe  ttfeif  with  the  ■ 
lame  as  there  fet  down. 

ft  I*  (aid  that  the  6rft  perfoa  who-  recommended  the 

finding  the  Longitude  from  this  obferved  diftance  be. 
twccn  the  moon  and  fomc  liar,  was  John  Wenier,  of 
Nuremberg,  wf  o  printed  liis  annotatiaiis  an  tliC  firft 
book  of  Ptolonty'ti  Geography  in  1^  14.  And  the  fame 
thing  was  recommended  in  1514,  by  IVitr  Apian,  pro* 
feflbr  of  mathematics  at  lagolUadt ;  alfo  about  1530,  ■ 
hy  Oroocc  Fine,  of  Brian^ont  and  the  fame  year  bj 
toe  ockbtntcd  Kepler,  and  by  Gemma  Frifiui^  at  Aatp  ■ 
wern  t  and  in  1  j  60,  by  Nonhu  or  Pedro  Ntine«. 

Nor  were  the  Englifh  mathemaiiciaiii  ^cIii[,  J  hand  on  ■ 
tills  licad.  In  iC./.  5  Sir  Jonas  Moori'  p  re  \  a  J  id  (iii  kir.g 
Chailti  the  Jdtocrc^t  iht  kmal  C  i|,k-iv,itory  at  Grie;i. 
wich,  and  to  appoint  Mr.  Flamitecci  his  altronomical 
obferrcr,  with  this  cxprefs  command,  that  he  (houhi 
apply  himfelf  with  the  utotoft  care  and  diligence  to  the 
redtifying  the  table  of  the  motiBBS'iDf  the  heaven,  and 
the  place*  of  the  fixed  Aars,  io  order  to  dnd  out  the 
fo  miicb  dcfired  Longitude  at  fea,  for  pcifeding  the 
Artflf  NavigatKHt*  Aid -to  thefiddhy  ind  toduiirv 
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*rith  which  ^fr.  FUmftced  executed  his  comtnifljon,  it 
is  that  we  art  chiefly  indebted  fur  (hat  curious  theory 
of  the  moon,  which  was  afterwards  formed  by  tlic  im- 
mortal Newton.  This  incomparable  philufnpher  made 
tbc  beftpoSble  ufc  of  the  oMemtioiis  whh  which  be 
was  furniflied  ;  but  as  thefe  were  iatcmipied  and  iaiper> 
f<-<^,  h!-.  tlicon  »'ouIJ  fometiaia  differ  from  the  bea- 

fciii  by    minutes  or  more. 

r^r.  H.illcy  beftowtdirr.uch  timr  on  tlic  fame  object ; 
and  a  bf.itry  Zudrac  was  publiihed  under  liis  dircf^ion, 
.containing^  .il!  tJic  ilars  to  which  the  moon's  appulic  can 
be  obfervcd  j  but  £or  want  of  correc)  tables^  and  pra* 
.per  raftrumentSt  he  cooU  not  proceed  in  tnaMnr  the 
neceffary  ubfcrvations.  In  a  paper  on  this  fubjeCt,  in 
the  Philof.  Tranf.  number  42 1,  he  expreflcs  his  Itope, 
that  the  !i.:ir  ji:kiiI  j.iii  invented  by  Mr.  H  hUcy  mijjht 
be  applied  to  taking  angles  at  fea  with  the  dcincd  ac- 
curacy. This  great  allronomcr,  and  after  him  the  Ahbi 
dc  la  Cuille,  and  others,  have  reckoocd  the  befl  aftio> 
Domical  method  for  finding  the  Longitude  at  fra,  to  be 
that  ia  which  the  dittance  of  the  moon  ftom  the  ftin  or 
from  a  liar  Ts  ufed ;  for  the  moon's  daily  motion  being 

about  13  tfrii^'Lt.i,  lurliiiiulv  :n')l'i):i  is  ahow  half 

a  degree,  oi  wuc  miauit  «i  di-i;i  it'  -n  two  iniiiiitis  of 
t  ii.f  ;  la  that  an  error  of  oite  miiuitt.  ot  a  tir;^ii  L'  hi  (;<>- 
fitton  will  produce  an  error  of  2  minmcs  in  time,  or 
half  adegUVe  iu  Longitude.  Now  from  the  Kreat  im> 
proTCiMRtamadc  by  Newton  in  the  theory  of  the  moon, 
and  more  htdy  by  £aler  and  other*  on  his  principles, 
profcflbr  Mayci  ,  of  Gotlcn^en,  was  enabled  to  calculate 
lunar  tables  more  correal  than  any  former  ones  ;  hav- 
ing folar  fuccecded  as  to  give  the  moon's  place  ^  i;!  iri 
one  minute  of  the  truth,  as  has  been  proved  by  a  com- 
murifon  of  the  tables  with  the  obfervations  made  at  the 
■Greenwich  obfervatory  by  the  late  Dr.  Bradley,  and  by 
Dr.  Mafkellne,  the  prcfcnt  Allronomcr  Royal;  and  the 
Umt  have  been  ftill  nnher  Improved  under  bia  dlrcdlon, 
by  the  late  Mr.  Charles  Mafon,  by  fevcral  new  equations, 
and  tlK  \vIio!c  oniputt  1  to  tcmhaof  a  fL-coiu!.  'i'hilc 
new  tabU^  wlicn  cuir.ji.irrt!  with  the  »ibuvt:-mciJtio)ied 

fcries  of  obftrvation',  a  piuptr  aliuu'ancc  being  made  ' 
for  the  unavoidable  rrror  ot  obicrratlon,  fccm  to  give 
always  the  moon's  Longitude  in  the  heavens  conc&ly 
within  30  feccnda  of  a  degree  |  which  grcateft  ciror, 
added  to  a  poifible  error  of  one  minute  in  takinc  the 
moon's  diftance  from  the  fun  or  a  ftar  at  fca,  wiifat  a 
medium  only  produce  an  error  of  42  miniitts  of  Longi- 
tude. To  fai.!l:tate  t!.i  ufc  of  t1...  t..Mt  ,,  Di.  Mafkelyne 
propofcd  .T  nautical  cphcmeris,  the  Icheme  ol  which  was 
adopted  by  tlie  ConuiiifTioncrs  of  Longitude,  and  firll 
executed  in  the  year  17;  7,  linct  which  time  it  has  been 
tCguhrly  continued,  and  puhlilhcd  as  far  as  for  the  vf  ar 
-tSoo.  jJiit  aatbe  rules  that  were  given  Iu  the  appendix 
tooneofthofe  publications,  for  correcting  thcefleAaof 

r;-r  n^lif.n  at-.tl  jKiraliax,  v.xtc  tlMji;,;lil  tun  difficult  for 
ul:-A  ljU,  ibcy  have  bccii  teduced  tu  tahlttu  80  thtit, 
liv  I'  ic  help  of  the  ephemeris,  thefe  tables,  and  others 
that  .lit  alio  provided  by  the  Board  of  Longitude,  the 
calcidationK  relating  to  the  Longitude,  which  could 
nol.be  performed  by  the  moil  expert  mathematfctan  in 
left  ihan  four  hinirs,  may  now  be  completed  with 
great  eafc  and  accuracy  in  naif  an  hour. 

Aa  this  method  of  determining  ttic  Longitude  de- 
jenda  n*  the  ufe  of  the  tabka  aniraallf  .pvuifhcdfar 


thispurpofe,  thofcwhowilh  for  farther  information  are 
referred  to  the  inllruitions  that  accompauy  them,  and 
pattii-ularly  to  thofe  that  are  annexed  to  the  TaUe* 
rrqu'tfitr  to  be  vfrd  vit/r  tie  ^ronwmeoi  «>f4  KdUHiul 
£f«mtrUf  2d  edit.  1781. 

4th.  "The  phenomena  of  Jupiter's  fatcllites  Hare 
commonly  been  preferred  to  ihofc  of  the  moon,  for 
finding  the  Longitude  ;  becaufe  they  are  lef*  liable  to 
pnrallaxcs  thsn  thefe  are,  and  befides  they  afford  a  very 
cominodiotis  obfervaiion  whenever  the  planet  is  above 
the  hori/on.  Their  motion  is  very  fvvift,  and  mull  be 
cakulated  for  every  hour.  Thefe  fateUite*  of  Jupiter 
wete  no  fooner  announced  by  Galileo,  in  hie  ^eriua 
Ninicius,  firrt  printed  at  Venice  in  1610,  than  thelvC" 
qucncy  of  their  eclipfi-s  recommended  them  for  this  pitr- 
pofe  ;  and  aiiKm^t  ili'-jfe  who  tri-.itid  on  tins  ful)it  5>, 
tione  was  more  iucccfsfu!  than  C'aliini.  Tliii  great 
aflronomei-  publlAted,  at  Buloirna,  Iu  1688,  tables  for 
calculating  the  appearances  of  tlicir  edipfes,  with  di- 
Ic^tlons  fur  t«ndin;r  the  Longitudes  of  places  by  tliem  ( 
and  being  invited  to  France  Louis  the  l4tht  he  thetCi 
in  the  year  1693,  publiihed  more  correA  tablet  of  the 
fami .  l'»i;i  the  •innul  aUradionsof  the  fatcllites  rrn- 
derin.;  thru  :niit'0!i»  vc»)  irregular,  ihofe  tables  toon  bc- 
ulckls  fiJi  this  purpofc  ;  infomuch  that  they  re- 
qiiirs;  to  i>t  leniwed  from  time  to  time  ;  a  fervicc  whidi 
has  been  pcrforme<l  by  l(.'>tta!  iiigtiiious  ailronomcn,  at 
Dr.  1  'o^md,  Dr.  liradley,  CaiSni  thefooi  andmoic 
efpecially  by  Mr.  Wargentin,  wbofe  tablet  are  much 
eUccmed,  which  have  been  publiihed  in  fcvual  places, 
as  alfo  in  the  Nautical  Alman.ics for  1771  and  ijj^' 

N.iw,  to  find  the  Longitiiiif  Uy  ihcic  uti-llitcs ;  with 
a  gotid  tckfcope  obfervc  fome  of  their  phenomena,  aa 
the  conju»6tlon  of  two  of  them,  or  of  one  of  them  with 
Jupiter,  Sic ;  and  st  the  fame  time  tind  the  hour  and 
minute,  from  the  altitudes  of  the  liars,  or  by  means  of 
adock  or  watch,  prcviaufly  regulated  for  the  place  of 
obfervation  ;  then,  confulting  tahtes  of  the  fateUirea, 
chfciM'  tlif  liiilf  wUlu  thk'  lamr  nppcarancc  hsppctis  in 
tliL'  mvi  idiaii  of  tUc  place  k>r  which  the  t^et  arc  cal- 
ciilatci:  ;  and  the  difiavnoe  of  time,  aa  hefiire«  wiU 
give  the  Lwjgitudc. 

Thecclipksof  the  firfl  and  fecond  of  Jupiter's  fatcU 
Iftcf  are  the  molt  proper  for  thi«  purpofe  i  and  at  they 
happen  almoft  daily ,  they  affiird  a  ready  meant  of  deter* 
mui'ng  the  Longitude  of  places  at  laml,  !iavinLr  Indeed 
Contributed  nuich  to  the  m<xlein  improvcir.cirt;.  in  geo- 
graphy ;  and  if  it  were  p<;11il>le  to  obfervc  tLcni  w  tli 
propel  telc  fcop<  »,  in- a  fliip  under  fail,  they  would  be  of 
great  fervicc  in  afccrtainingitt  Longitude  from  time  to 
time.  To  ohvinte  the  inconvenience  to  which  thefe  ob» 
fcrvatlons  are  liable  from  the  motions  of  the  Ihip,  a  Mr* 
Irwin  inwcnted  what  he  called  a  marine  chair  $  thit  wat 
tried  by  Dr.  Malkelyne,  in  hit  voyage  10  Barbadoes, 
when  it  was  not  found  that  any  benefit  coidd  be  derived 
from  the  ufc  of  it.  And  indeed,  confidering  the  great 
power  reqiiilitc  In  a  tclefcujK'  proper  for  tl.eie  obl'crva- 
tions*  and  tbc  violence,  a^i  well  as  irregularities  in  the 
nrntioa  of^a  Ih-p,  It  is  to  he  feared  that  the  complete 
managemehi  of  a  tclcfcope  on  Ihip-board*  will  alvrsyt 
remain  among  the  defiderata  in  toit  part  of  nautical 
fcience.  And  farther,  hnce  all  nict!i  HL  ''  -Ci^rf.  nd 
on  the  phcnumcua  of  the  heavens  have  niio  iha  uthcr 
defedy  ifaat  they  cimnHt  be  obfemd  at  dl  times,  thi* 
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!  tcndenUiciinprovcmcatortime-keepmaflobjcAofthe 
gitaicr  inportancc. 
MiBf  other  fchemetiind  pvopobb  have  beconnde  bf 

differrat  perfeii*,  but  noil  of  them  of  my  ti'ttf«  or  no 

tifc  ;  fuch  n?  hy  the  fpacc  bctwxcn  t'u  "  I'll  i:,<l  report 
vf  a  gJnl  gun,  prupofcd  by  Mcffrt.  Wiuilon  and  Dil- 
lon ;  and  anoilur  propofed  by  Mr.  Wbifton,  by  mcjnj 
of  tbeiacliuaiury  or  dipping  needle  {  befldca  a  mctitiid 
by  the  rariation  oftiit;  luagnetic  needle,  &c,  &c.  ' 

LoNCiruDE  of  Motion,  u  a  tenn  ufed  by  Dr.  Wallt* 
for  the  meafurc  af  motion,  cftimatad  according  to  its 
line  of  dire&iflo }  or  it  ii  the  dlllance  or  tcDgut  gone 
through  br  the  centre  of  aof  noviug  body,  M  it  moves 

Ob  Ml  a  ntjlit  line. 

'I'iic  fdine  aurhor  cilb  tlie  mcaiuie  of  any  motion, 

eflim.ncJ  according  tu  tli«  lUw  ofiUrcAion  of  ibcvia 

muinx,  t\%c  ^ititude  qI  h, 
LONGOMONTANUS  (CHRlsTu^ ),  •  lemed 
I  ,  aflrouomer,  born  in  Denmark  in  1^62,  in  the  village 

.  -  of  Longomontitm,  whence  lie  took  his  name.  Vufllus, 
'  bf  niiukcy  calk  him  Cbridopher.  Being  the  fun  of  a 

poor  mailt  a  plowman»he  was  obliged  to  fulTer,  during 
I  Lit  lludics,  all  the  ltardriii[)^  to  which  he  could  be  ex- 

pofrd,  dividing  his  tinu',  Ii)vc  tlic  philofopherCIeantlie!, 
bf'.uecn  llic  CLihivaiiuii  of  t!ic  turlh  and  the  Icflbiis  lie 
.  received  from  the  miiiiilcr  of  the  place.    At  length,  at 

I  years  old,  he  dole  avay  from  his  family,  and  went 

I  to  Wiburg,  where  there  was  a  college,  tn  which  he 

fpent  1 1  years  ;  and  though  he  was  obliged  to  earn  his 
I  linUhood  as  he  could,  his  clofe  application  to  ftudy 

\  coabled  hi'm  to  malce  a  great  progceB  io  haming,  par- 

I  ticularly  in  the  mathrnut:r:il  fcicnccj. 

From  hence  he  wtnt  to  Copcnlia^'en  ;  where  tUc  pro- 
fitflbrs  of  that  iinivcrllty  faon  t  onccivfd  a  \cryhighopI« 
'  oion  of  him,  and  recommended  him  to  the  celebrated 

Tycho  Brahe ;  with  whom  Loneomontanus  l.vrd  8 
I  jrcsn,  and  was  of  great  fenrice  to  him  in  hisobferva- 

I  tioDt  and  cakalations.    At  len^h,  being  verv  dcfirous 

of  obtmmaK  a  profeflbr'*  chair  in  Denoiark^  Tycho 
Brabe  conlentra,  with  (bme  difficuky,  to  hSs  leaving 
him  ;  giving  him  a  dif^Lir^e  filled  with  th?  1  ii  U.. 
monies  of  his  eftcetn,  arc!  fumiftiing  liim  with  money 
for  the  expence  rA  \:\'.  long  joQrncj  from  GcTOtoy, 
whiihcr  Tycho  had  retired. 

He  accordingly  obtained  a  proreflbrfhip  of  mathema. 
tics  in  the  univvrftty  of  Copenhagen  in  160C ;  the  dutf 
of  which  he  difcharjrcd  verf  wortfailf  tiK  hie  death« 
wbidi  b^pcncd  in  I047t  tt  8^  t«mi  of  age. 

Longomootanns  wii  anthor  of  feveral  «rarks,  which 
fliew great  talents  iti  tnatlicmatic-a  nnd  nf!ioiinniy.  Tlie 
.  moft  diftiopiiftK-d  of  thtm,  is  liis  jijlr'.r.ir-^ici  Damc,t, 
firtt  printtd  111  410,  16;  r,  ;;rid  jftcrwards  ii\  foh'o  i  i 
1640,  with  augmentations.  He  amufed  htmfclf  with 
endeavouring  lo  fquare  the  circle,  and  pretended  that  he 
bad  made  the  didraTcr^  of  it )  but  otir  countryman  Dr. 
•  John  Plrll  attached  bim  wamly  on  that  fubjed,  and 
proved  that  he  was  miftakcn.  1  It  is  re-narkablc  that, 
oblettre  as  his  rtllage  and  6ther  were,  he  contrived  to 
dignify  and  eternize  them  both  ;  for  he  tiuik.  Irs  n  in-i- 
frvm  his  village,  .ind  In  the  title  pajTL-  to  fomtr  of 
works  he  wrote  himfclf  Chr'if'KV'.us  Z,j?.j  -/.ijr.wj 
veriri  fftris,  liis  t\tfier's  name  being  ^ieviinn  or  «>everi- 

SU8. 

LOXOX^AOiMlC  Cv«rB,  or  Sf  »A^  ia  the  finic 
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as  the  Rhumb  line,  or  path  of  a  (htp  (ailing  always  oa 
the  Csme  coiirfc  in  an  oblique  dircdioOf  or  making  al> 
inyt  the  fame  anprle  with  cverr  meridiaa.  It  it  a  fgt' 
ciev  of  logarithmic  fpiriU,  defcnbed  00  the  forfteebf  the 
fphcre,  having  the  meridiaoi  for  its  radii. 

LOXODROMICS,  the  an  or  method  of  oWiiiae 
faillrii,',  by  the  loxodromic  or  rhumb  line. 

LOZENGE*  aa  oblique»aq|^  fmSidogpmi 
h^'u^g  Dtlterwile  called  a  rbombuSf  or  a  rliorabotdet. 

LUBIEMET.SKI  (Stanislaus),  a  Polilh  il 
mm,  bun:  at  Cracow,  in  16:3,  and  educatea  with 
gr^at  care  by  bis  father.  He  was  learned  in  aftronomy, 
and  became  a  celebrated  Socinian  miniftcr.  He  took 
great  pains  to  obtain  a  toleration  from  the  Gemaa 
princes  for  hti  Sodnian  brethren.  Hkcudcafoimhow. 
ever  were  a|l  m  vain  1  bktng  himfelf  perfecvtcd  by  the 
Lutheran  minifters,  and  baniflied  f  uin  place  to  pUcr  ; 
till  at  length  he  was  baaiihed  out  of  the  world,  with  bis 
two  daugfata%  bj  poUboi  ta  i67(»  hit  wifc  aanwulf 
efcaping. 

Wchavc,  of  his  writing,  j1  Hifforj  of  the  RefarmaAm 
in  Pi,l*nd ;  and  a  Trcaufe  on  Comets,  intitled  SHSwr- 
trum  Cemttleum,  printed  at  Amderdam  in  i  vohanea 
foliu  j  whidi  it  a  moft  elaborate  work,  coataiaiag  «  mi. 
nnte  hifioricJl  aocoont  of  every  (ingle  oomet  tEtt  had 
been  fcen  or  recorded. 

LL'CIDA  ConoNiK,  a  Hxcd  tlar  of  the  sdmagaitudct 
in  the  northern  crown.    See  CoaoNA  AnaSim 
LcciOAHrDs^.   Sec  Coa /[0m6v. 
L.UCIDA  LvsjE,  abrigfatftarof  tbefirftmagoitudeia 

the  conflcUation  Lyra. 

LUCIFER,  a  name  given  to  the  plaoet  Vcaus, 
when  (he  appears  in  the  morning  before  funrifc. 

LUMINARIES,  a  term  iifeJ  for  the  fun  and  moon, 
by  way  (jI  enjincncr,  f urtlicir  entraordiaarjr  bftlV,  sad 
t.ic  i^n  at  quantity  of  hght  they  give  US. 

LUNA,  the  Moon  j  which  fee. 

LUNA  R,  fomctbing  relatiag  to  the  aMMm. 

L«7HAK  Cyefe,  or  Cjdt  oftie  Sfotm,   See  Cvcte, 

LuNAK  Mtthodfor  lb*  L4>ngituJe,  a  mttJiud  of  keep- 
ing or  finding  the  Longitude  by  means  of  the  moon's 
mi.tions,  particiilirly  by  her  obfcivcd  diibnre^  from  the 
fi;ii  a:.d  Ibirs  ;  for  which,  fee  the  article  Longi. 

TV  r:.-. 

LuNAt  Mmti,  is  either  Periodical,  Sjnodical,  or 
lOlimiintive.    Which  fee;  alfoMoNTif. 

LuMAa  Tfar,  confiils  of  |C4  days,  or  le  fjraodiad 
mootha,  of  29  j  days  each.  SeeYiaa. 

In  the  early  ages,  the  lunar  year  was  ufcd  by  alJ  na- 
tions; the  variety  of  courfe  being  more  freoutnt  and 
confpicuous  in  this  planet,  and  confequcntly  better 
known  to  men,  than  thofc  uf  iny  other.  The  Roman* 
regulated  their  ycir,  in  pan,  by  the  moon,  even  till  the 
time  of  Julius  Cziar.  Tiie  Jews  too  had  their  lunar 
atoath  aod  year. 

LvNAa  iJiW,  £eli/t/et  Han/taftt  and  Mmnhw,  See 
the  fcvenl  fubftanti  vci. 

LUNATION,  the  period  or  t:mt  In-tw  ri  n  one  new 
m^Jon  and  another  ;  it  is  aKu  called  the  iynodtcal  month, 
confifting  of  29  days  la  hrs.  44m.  3  fee.  11  thirds  | 
excrtrdinj^  the  periodical  month  by  z  ds.  5  hrs.  o  m. 

LUN£»  or  LtravtfAt  « Ituk  »oo»i  it  a  fcoowtn. 
X  ai 
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cal  fvgxire,  i»  fbtmnf  a  crtfccnt,  terminated  bj  the  atcs 
of  two  circlet  tlut  irtcifcift  «ich  other  wilhin. 

Thui^h  tiie  quftiintiure  uf  ihe  whole  circle  baa  never 
|>ecn  eBcded,  yet  many  of  its  parts  have  been  fquarcd. 
The  iirll  of  ihcfe  partial  quiidrattirca  wu  that  of  the 
LuBula,  given  by  H ippoc rases  of  SciHj  OtrChioti  wlia^ 
Armn  being  a  Ihiimrcckcd  nicrchaDt,coaimiioed  gcone* 

'  trichn.  Bftt  although  the  quadrature  of  the  Lunehe 
^-t  nci-allyulciihed  to  nii)pociitc?,  yet  Prxxlus  vxprcfkly 
{•.\\,  it  was  fcund  out  fay  Ornapidas  of  the  f.imc  place. 
Sti;  III  in  ^fe^1.  dc  l*/^ca<!.  i!c  Rtrlin,  torn.  ii. 
pa.  41c,  where  he  jjivrs  a  diflertaiion  concerning  this 
Oenopid:i«.   See  alfoCiiicLk.andQuADRATitRE. 

'I'll*:  Lunr  of  HipiMHTnu*  It  this:  Let  ABC  be  a 
fcmicircic,  having  it^  centre  E,  and  ADC  a  quadrant, 
htmite  it*  ceptre  V ;  Uwn  tbe  Fi^june  AUCOAf  cou- 
taincdbetwrt-n  tbrnrc*  of  the  rtMnctrcIc  and  quadrant, 
i»ki:>  Luit*: :  .i  Mj  :i  t-  v(|u  i' to  ilic  if;;li--.ir_^]cil  lrianj»lc 
ACF,  as  1;.  laus  tnijly  pfovt>l.  Suicc  Al'^  =  aAE*, 
that  i},  the  fqiiBie  of  the  i:;<iiu«  of  the  quadrant  equal  to 
double  the  ftjuarc  ot  ihtrr.dius  uf  the  fcmicircle  ;  there- 
fcrt;  tht:  qH»(tr«nt,Tl  area  ADCFA  is  =•  the  fcmicifcle 
AiiCEA }  liom  cadi  of  thcfa  take  away  the  cofliinoii 
foaee  ADCE A,  and  dtut  Tcntiaiilie  tiimjle  ACF  «> 

iditLwie  AAGDA. 


AnotherpTWpcrty  of  this  Limc,wbicii  is  t!ie  more  j^e- 
neral  one  of  tbe  former,     that  if  FG  he  ^ny  line  drawn 

'  from  the  point  V,  and  AH  pfrptadicukr  to  It  ;  then 
u  the  iniefceptied  fiart  of  the  Lunc  AGl A  ^  the  tri- 
•igk  AGH  cot  offtw  tlM  cbuid  line  AG ;  or  in  gc- 
oeral,  that  the  fniall  {^nient  AKGA  ii  ci|iialtouie 
tr'lineal  AlHA.  For,  the  anule  AFG  betng  at  the 
ci  IT 'J  f  tin-  (me  circle,  and  at  tne  circumference  of  the 
«thtr,  liic  arcs  cut  off  AG,  AI  arc  finniUr  to  the 
■wholes  ABC,  ADC,  therefore  the  fmall  ftp.  AKGA 
is  to  the  fctnifrgment  AiH,  M  the  wbok  itrmidrcle 
ABCA  to  the  fcmifegraest  «r  qunlnot  ADCF,'  that 
il  ID  a  ratio  of  eoualiiy. 

Again,  if  ABc  ( 6g.  ; )  be  a  triangk,  nght  anj^led 
at  C,  and  if  fcmiririli.'  he  i?dcTibed  on  the  three  fic'.L  ;  s 
diameters  ;  lucn  tliL  tii:i!ij'lc  T  (ABC)  is  equiiho  tlic 

■  fum  <jf  thi  tivo  L-ircs  I.i,  1-2.  lor,  ibu  ^^iialtlt  ic- 
Bticirclc  •■s  '.(jualtothe  fum  ot  both  the  oiiicrtwo;  from 
the  greateft  femicwck  take  away  tbcftgmcnts  Si  and 

'  Sit  and  thete  remaii^  the  triangle  '1';  alfo  from  the 
two  Icfs  {craicirele*  take  away  the  fame  two  fegroenta 
81  and  So*  and  there  rcraaios  the  two  Lnnet  L%  and  La  $ 
therefcre  the  triangle  T  —  Li  +  La  the  two  Lunet. 
l.UNETTF,  iii  h'.,'^!:".  ^liri-,  .iii  Ii.viL.jk::  countcr- 

Juard,  or  mound  ut  caiih,  t>i.wc  bs:yi>:ij  lite  (ircund 
itch,  oppofiti.  to  the  pUc-e  of  arm*  ;  diifering  from  lie 
rayelini  only  in  their  ftiuatiim.  Luufttes  arc  ufually 
made  in  wet  dit'-l.ct,  and  1  rre  the  fame  tjur|olc  W 

friife>hf»ja»  to  dcftnd  ibefftS^Bt  ^  the  ditch. 


LUrUS,  the //'i//,' ,  u  iuailicrri  conflellalion,  joined  t«» 
the  Centaur,  contini  ini';  together  19  (lar«in  I'tolon*! 
catalogue,  but  24  in  iIh:  llritannic  catalogue. 

LYNX,  a  conftdlation  of  the  northern  hemifpheir, 
ooaqielcd  hj  HcveliM  cut  of  tlie  udbiaied  ftart.  In 
iiii  catalogue  it  ooofifta  of  19  flara,  bat  in  the  Britan- 
nic 4  4' 

I.YOf^»S  (IfR  ael),  a  good  mathemsticnn  and  ho- 
tanill,  was  the  fon  of  a  Pulifc  Jew  tii.  iiniith,  and 
teacher  of  Hebrew  jit  Canbndge  in  England,  wlwre 
be  was  eeme  to  fettle,  and  where  young  Lyons  waa 

born,  I7tf;.  He  was  a  verv  ('.t  :-  i:;3;i;:iv\  y.  ,1  -  1;  nu 
for  -Tits  and  ingenuity  ;  and  ^Iitv.cJ  vity  lirly  m  liU  a 
great  inclination  tt  1  arniiig,  particularly  mathcmatrcs, 
on  vhich  account  he  was  much  patruniztrd  by  Dr. 
Smith,  m.irter  of  Trim'ty  college.  About  175;  lie  be- 
gan to  Ihitly  botany,  whicli  be  continued  occaAootdljf 
till  h\i  dc,ith ;  in  which  he  made  a  conlidernble  pro- 
gneff,  and  could  remrmher  not  only  the  Linnxm  name* 
of  alidoll  all  the  F.nglifh  pbnts,  bnt  even  the  fvnonyma 
uf 'lie  old  bot^nifli  ;  and  he  hod  prrpnrcd  l.irjc  MUti- 
rials  for  a  FUrt;  Canlahr'r^ifnfi:,  defcribiiig  full)-  every 
part  of  each  plant  from  the  Ipccimen,  without  being 
obUgcd  tt)  conlnlt,  or  being  liiblc  to  be  milled  by,  fvr- 
mer  aothor^. 

Id  1 7  i  8,  he  obtaised  inueh  cclebritv  bf  pubGihing 
A  Treatiff  en  Ftttxiotu,  dedicited  to  his  patron.  Dr. 

Smith  ;  and  in  1  F.ijVicul :i  F'ijniarum  circa  Cant a- 
Iri^ran,  Isie.  la  llie  fame  year,  ux  the  year  before,  he 
readLeftures  on  Dotany  at  Oxford  with  great  applaufe. 
to  at  lead  60  pupils ;  but  be  could  not  be  prevailed  oa 
to  iiukc  a  long  abfcncc  fiiom  Cambridge. 

Mr.  JLyoos  wai  fome  time  employed  at  one  of  the 
computers  of  the  Nautical  Almanac  ;  and  be/idcs  he 
received  fKijii^iit  uthcr  prLf  nts  from  the  Board  of 
Longitude  Uix  Imn  wwu  iiiv<.tuioiia.'  He  had  lludied 
the  Cnglilh  hillory  ;  and  could  quote  whole  paiTaget 
from  tbe  Monkilb  writers  verbatim.  He  could  read 
L.ltio  and  French  with  cafe,  but  <\ri.tj;  the  former  ill. 
He  was  appointed  the  Board  uf  LiODBitodelo 
with  Capi.  riiij»p«.  Id  his  voyage  towaras  the  Noith 
Pole,  in  1773,  a»  aftronomieal  obferv-ator  ;  .uiij 'u  dif- 
chargcd  that  office  to  the  fjtiifaCtion  oi  iiii  tiiipioycrs. 
After  his  return  from  this  Vk  .l^L  ,  he  married,  and  fet- 
tled in  London,  when  he  died  of  the  ntc<ule*  in  about 
two  year;. 

At  the  time  of  his  death  he  WMi  cungcd  is  prcpar* 

log  for  the  |)t^-fi!,  a  complete  edition  of  all  tbe  works  of 

the  late  learned  Dr.  Halley  ;  a  w  ik  v^i\  muLh  wanted. 
— His  Calcult'lhr.t  in  Spherical  7 1  i^ani,r,-uiry  tdiricigtil^ 
were  printed  in  the  Philof.  Trsnf.  vol,  65,  for  the  year 
'  77  J»  P'-  470* — Afier  his  death,  his  name  appeared  in. 
the  litlc  page  of  A  Geographical Dniionarr aUroao* 
mieal  parts  of  which  were  faid  to  be  "  taken  from  tbe 
papers  of  the  late  Mr.  Ifrad  Lyons  of  Cambridge,  au- 
thor of  fevend  valuable  nMtbemaiical  productions,  and 
nftronomer  in  lord  Mulgnve's  voyage  to  the  north- 
ern himifpJterc." — The  iillroiiomical  and  other  ma. 
iliematical  calculations,  printed  in  the  account  of  cap- 
t.  'n  Phipps's  voy.i;:r-  towards  the  north  pole,  men- 
tioned al>ovc,  were  made  by  Mr.  Lyons.  This  appealed 
afterwards,  by  the  acknowledgment  of  captain  riiippi, 
athcaDr.  Uarfley  dctcdcda  nateriilcnac  ia  (one  part 
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•r tbein*  In  hit  Rimarli  on  th*  Ob/crxdiljn:  umil,  m  d>^ 
ItttVvfage^  Idc^  1774. 

«»  The  Scholar*!  Inftrwdlor,  or  Hebrew  Giammar, 
by.I&atl  Lyi  iis,  'I  cn^hcr  of  ihc  Hebrew  Tongiie  in  the 
UaWorfity  of  CambritJgc."  the  aJ  edit,  &c,  1757,  8»o, 
was  the  production  of  hii  father  ;  as  was  alfu  aauther 
Tmtilcpriateiat.tlte  Cambridge  prei««  under  tbe  titte 


?   ]  L  Y  R* 

of  "  Ulifcrv^^ioni  and  Knquirirs  rcLiting  to  variatic  • 
partt  of  Scripture  HilWy,  1761." 

LYRA,  the  H»rpf  a  conflell^tjon  in  the  northern  he- 
milphere,  containinjj  to  lUr*  in  Ptolomy's  catalo^ic, 
urn  Tjrcho'iy  1 7  ia  UetrcUoa'*,  aad  »» ta  the  JBrit«Mii# 
caulogue, 


M. 
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In  Afif^nomical  Tulles,  &c,  is  iifcd  for  Miri- 
J^fMit^  <i't'iM/  or  foushcni ;  aud  ibmetiineii  for  MetU 
muKt  or  mid-day.^In  the  Rt:niin  numeration,  itiU- 
Mtea  looot  <me  tliottfiuid. 

MACHlNEt  deaotet.  any  thing  that  fcrvea  to  aug< 
mcBt,  or  to  reguhle  moving  puwm :  or  it  n  any  body 
drAincd  to  priiduce  mutioii,  lus&tu  lave  either  time  or 
fotce.  The  word,  in  Gretk,  lljjnitirs  an  Invenficn,  or 
Wr/ :  jikI  ;ii.  ni.L-,  in  In  ii'tut  l  i,  .1  machine  i*  fomething 
that  cooiitU  more  in  art  and  inTcntton,  than  in  the 
ftrcagth  aad  iolidity  of  the  materials ;  for  which  ri:afuu  it 
i)  that  the  invAtcw*  of  nuhinca  aie  called  Ingeakanf 


Machines 


fachines  are  either  fimple  or  eompounJ.    The  fim- 
plc  okacbines  are  the  fevcn  mechanical  powcrii,  viz, 

the  kvvrr,    balancr,    puUey,    wIiclIiIuI  wedge, 

fcTTW,  and  inclined  planet  which  aic  ot Ik nvife  called 
the  fimple  mechanic  powers. 

llieM  fimple  machines  ferve  for  difTcrent  pnrpofcii, 
accroiding  to  the  different  (Iraduret  of  them  ;  and  it  is 
the  biifiiicdiof  the  flcilM  mechaoitl  to  chooic  thcro,  and 
cowbine  thm,  in  the  nunnerthat  may  be  brft  adiapted 
to  pro(!r.cc  tl.t  JcTlua!  <.^t:di.  The  lever  is  a  vt-ry  liniuly 
macituic  far  iii*.ny  [;urpof':s,  ua  j  US  power  jnimLdjalcly 
varied  as  the  occaf  tJti  m  iy  require;  wlien  weights  are 
to  be  raifed  only  a  Uttle  way,  fuch  a»  itoncs  out  of 
oaarrie»,  &c.  On  the  other  hand,  tlie  wheel-and-aslc 
krvesto  raife  weights  from  the  grc.itcft  depth,  or  to  the 

Lattft  height.  Pulleys,  being  eafily  carried,  arethcre- 
r  no  uch  employed  in  Ihijps.  The  balance  is  ufefid  for 
afirertaining  ati  e(juality  of  wciVht.  The  wcdj^  is  ex« 
CcUciu  for  ieparatini;  si  c  pn>t  iT  t  .-ilinj  and  being  im> 
pellcd  by  the  force  oi  ptrcuiiiini,  it  is  tncoinpai-ably 
greater  than  the  other  powers.  The  fcrew  is  ufeful  for 
coniprcfiing  or  fijueu/iug  bodies  togeliier,  and  alfo  for 
railinsr  very  licavy  weights  to  a  fmall  height ;  its  great 
iuAion  ia  even  of  cooJidenble  ufe»  to  prcfcnre  the  cf> 
tt&  already  inrodoeed  by  the  machine. 

Compound  Machini  ,  is  funned  from  thcfe  (imple  ma> 
chines,  combined  together  for  diifeient  puipol'cs.  Tlic 
number  of  l:'^I^1[:nUIld  machine-.  Is  iilniull  inimite;  and 
yet  it  wouiii  leeni  that  the  Ancients  went  far  beyond 
the  Modero8  in  the  powers  and  effcds  of  thcm|  elpe>  . 
daily  their  uM^hiiica  of  at>r  andaTcliitcAuie. 
AccHiite  dcfciriptipM  •  and*  dimmnga  cf  madunca 


MAC 


would  be  a  very  curious  and  ufeful  work.  But  to  make 
a  eoDefiionof  this  kind  at  beoclicidl  aspoi&ye,  iilhouU 
cobtatn  alfo  an  analyfis  of  them  \  Dointiiw  out  their  ad* 
vantages  and  difadvantageai  wiib  tberearaoaof  tbe  een< 

ftrudions;  alfo  the  general  problems  implied  in  tlief:  can* 
ftniAtoiis,  wiihthcir  folutions.fhould  be  noticed,  i  l;<A:f;U 
a  coraplc:c  work  of  this  kind  be  ftill  wanting,  yet  i:vaiiy 
curious  and  ufeful  particulars  may  be  gauicn:d  from 
Stratla,  BeHun,  Bciouldus,  Augultinus  dc  Ramellit, 
Bockler,  Ltupold,  Beyer,  Limpergh,  Van  Zvl,  Perault» 
aiid  others ;  a  fhort  account  of  whofc  works  may  be 
found  in  Wolfit  Commeotatio  dc  Frxcipuis  Scriutia  Ma- 
thematkisi  Kicm.  Mathef.  Unir.  torn.  pa.  34.  To 
ihefe  may  be  added,  Deli  J  u'b  AicIiiUi-iure  Hydrauliquc, 
Defagulicra's  Courfe  I^^xptiltacutal  I'hilofu^liy,  a:ul 
Hmcifon'ti  Mechanics.  The  Royal  Academy  ol  .Sciencca 
at  Paris  have  alfo  given  a  collection  of  machines  and 
inventions  approved  of  by  them.  Thia  work,  puUlflie^' 
by  M.  Gallon,  conlids  of  6  vohimea ia qoarto^  CM*, 
taining  engraved  draughts  of  ttte  madtbet)  With  tbcir 
defcriptioas  annexed. 

MacHtNi,  ArthtleSomcat,  11  an  aflemLlage  uf  piccct 
of  wood  fi)  Jif^ofeJ  as  tlijt,  by  niemiH  of  ropes  and 
pulleys,  a  l:n,i!l  iiuinlxr  of  men  may  raik  gvcal  loads, 
and  lay  them  iu  tlieir  pUcea  :  lueh  as  cram  s,  f<c%  ■ 
It  is  bard  ut  conceive  wliat  fort  of  machines  the  An- 
cients muil  have  ufed  to  raife  thofe  immenfe  ftoncs 
found  in  fome  of  the  antique  building}  aa  feme  of  thofe 
Atll  fottnd  in  the  v/alls  of  Balbeck  in  Turieeyt  tlie  an- 
cient Heliopoh's,  which  arc  6t  feet  long,  12  feet 
broad,  and  I  2  feet  thick,  and  which  mufl.  weigh  6  01  7  ; 
hundred  tuns  a  piece.  ^ 

/A'oct'wj  Machine-   See  Bkllows. 

Iioyldiiri  MACniMi.  Mr.  Boyle's  Air-Pump.  "  . 

EUilntai ^AkCHint*  iiee  Ei^ectbicai.  AJacbuu, 

//'WMacHiKB*   See  AniMOMETtts  and  \Vik» 
AlasttM, 

//jfJraitSe,  or  Waltr  MACHiWa»  ta  ufed  either  to 

figiiify  a  fimple  Maehiue,  ftrvi'ig  to  condiuT  oj  laifs 
water  ;  as  a  iluice,  pump,  and  the  like,  ur  icverai  of 
thcie  acting  together,  to  pioducc  liane  esttaprdiuatx  ! 
qScA  ;  as  the 

Machine  of  Marli.  See  Marli.  See  aUb  Fipia*  , 
a^i»et  Hr&AH'tKgiMe,  and  VVATSii-warjb. 

MButr/MiiQiUHtt,  uaong  tke  ^Lndentat  were  ' 
I  a  direc  . 
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three  kinds :  the  fid  fervini^to  launch  amnvR,  as  tLe 
fcorpion  ;  or  javelins,  as  the  catapult  ;  orllnnt.;,  Rsthc 
bal  fta;  or  fiery  dartj,  as  the  pyrahnjius  :  the  id  fort 
fcrv  iup  to  bc»t  down  walls,  as  iht  lettering  ram  and 
tcrcbn  :  and  the  3d  fort  to  flicker  tbole  who  appiOsdi 
the  enemy's  wall*  m  the  tortoife  or  tefttidoi  the  vhca* 
and  the  tonm  of  wood*   See  the  refpcdive  urtlclcs. 

The  Machmetorwar  now  in  ufc,  confift  m  attiUery, 
including  can r in,  nirii(;ir»,  petards,  &c. 

MACLAL'RIN,  (Colin),  a  muft  cmincnj  nuthc- 
msticiasi  atu!  philofophcr,  was  the  fun  of  a  clergyman, 
and  born  at  Kilmoddan  in  Scotland,  in  the  year  16'jS, 
He  was  fent  to  the  univcrfity  of  Glafgow  in  1709} 
where  he  continncd  five  years,  and  applied  to  hit  fludiei 
in  a  *ery  iatenle  maaner,  and  particularly  to  the  tnathe* 
nutici.    Hit  genius  for  mathematical  learning 

difcovcred  ttfclr  fo  carljr  as  at  12  year*  of  age  ;  when, 
having-  arcidotitally  met  \rith  a  t"opy  ot  K\u-I;(i'8  F.!f- 
ircrits  ill  a  fn'ir.d's  chamber,  he  becatnc  in  a  icw  dii)s 
mailtr  iif  the  full  6  books  without  any  alTiftancc  :  and 
it  is  certain,  that  in  his  i6ch  year  he  had  invented 
niany  of  the  propofitions  which  were  afterwards  pub- 
lidwd  as  part  uf  hi*  work  imitkd  Gnmetria  Onamta. 
In'  htl  \  (th  year  he  took  the  deforce  of  Mafter  of  Arti  \ 
On  which  occafionhe  compofed  and  p.il  lic!y  Ji.  funded  a 
thefit  on  the  power  of  gravity,  ^vith  gic.it  n;  plaufe. 
After  this  hf  tjuitti.\i  the  iini.ctiitv,  iwnl  iLtiri  uto  a 
country  feat  of  \\m  Hiicir,  who  had  the  care  ut  lug  cJu- 
cation  ;  his  parents  being  dead  fome  time.  Here  he 
fpent  two  or  three  years  in  purfuing  his  favourite  ftu- 
dies  ;  but,  in  1717,  at  19  years  of  age  only,  he  offered 
hitnfelf  a  candidilte  for  the  nrofeflbrlhip  of  mathnnatiGa 
in  the  MarUehal  CoHege  or  Aberdeen,  and  obiained  tt 
after  a  Kuw  days  trial,  ag.-i'nft  a  very  r.h!f  rnmpt  titvir. 

In  I  7  19,  Mr.  Maclaariu  viiltiJ  LouJon,  wiurc  lie 
left  \\\M!!jmttriaOr^anUa  to  print,  .-intl  where  he  became 
acquainted  with  Dr.  Hoidley  then  biihop  ofBangor,Dr. 
Clarke,  Sir  Ifaac  Newton,  and  other  eminent  men ;  at 
which  time  alfo  he  was  admitted  a  member  of  the  Royal 
SociVtJ^^  and  in  another  journey,  in  1721,  he  contradcd 
m  intimicj  with  Mai  tin  Folkca,  Efa.  the  ^fideat  of 
\X,  whfch  contfnued  during  his  whole  life. 

In  17:2,  lord  Polwarth,  pltnipoti :itf^ry  ofiLe  king 
of  Great  b.'itain  at  the  congrtfs  of  C.Tt  )':  :■.■. ,  rn^^agcd 
-Mut'a.irni  to  g>t  a?  a  fitoi-  r-nd  ctinijiiii'dn  tu  iv-  tldill 
fon,  why  was  ilien  to  iet  out  on  his  travels.  After  a 
fliort  (lay  at  Paris,  and  vifiting  other  towns  in  France, 
they  fixed  in  Lorraiu ;  where  he  wrote  bi»  piece.  Oo  the 
PercufTion  of  Bodies,  which  gained  him  the  prize  of  the 
Royal  Academy  of  Sciencea  for  the  year  1724.  But 
his  pupil  dying  foon  after  at  Montpelier,  he  returned 
imiticdintrly  to  his  profcffiou  at  Aberdeen,  lie  was 
Inrdlv  fettled  here,  when  he  received  an  inv!i.iticin,to 
Eiiiiihiityh  ;  tlir  ci  vatori  of  (hat  univerfity  being defi- 
rooi  that  he  (hbtild  fupply  the  place  of  Mr.  J.imes 
GlV^ry,  whofe  great  age  and  infirmities  had  rendered 
him  mcapabJc  of  teaching.  He  had  hcrvfbine  difficultiea 
to  encounter,  arifing  finom  compctlton,  who  had  good 
nitcKft  with  the  patrooa  of  the  univerfity,  aod  alb  from 
the  want  of  an  additional  fund  for  the  new  profeflbr  ; 
-whith  howLVL-r  at  length  wcrt-  all  fumiounted,  princi- 
pally by  the  nitaiis  ut  S  r  llnac  Newton.  Accordingly, 
in  Niiv.  I7Z3,  lic  was  iiiticiJuci-d  into  tlit  uiiivcrrity; 
SI  wu  at  the  lame  titoc  hit  learned  coUugue  and  iati> 


mate  Ificiii!,  Dr.  Ali'xani!  :r  Muiito,  proR-Hor  nf  ana- 
tomy. AUlt  [his,  the  M.:tlicirvatical  tlailr- ,  fD  iii  bt> 
came  very  numerons,  there  being  generally  upwards  of  ^ 
100  fludtnis  attending  hisLeAures  every  year;  who 
beioe  of  different  (landings  and  proficiency,  he  was  ob- 
lieedto divide  them  into  four  or  live  cUflc*»  ia  each  of 
wnich  he  emphiyed  a  full  hour  every  da*  from  the  fiift 
of  November  to  the  firft  of  June,  'in  the  lirft  daft  he 
tan^rlit  the  firil  6  bo..<  i  f  Iv.i.  Ihl'o  T l-'uc^^ts,  Hanc 
Trigonometry,  l'ra£tiLjI  (jiv.nir;; ) ,  tiic  I'^tviciits  of 
Fortification,  and  an  Introd  irt;'  11  to  ;\l_'hr.i.  Tlie 
fccond  clafs  ftudtcd  Alj  rii  I,  witli  the  iithandt2th 
books  uf  Euclid,  SpIicrii  L.l  'Ih  ig  jnonictry.  Conic  Sec- 
ttmi»  and  the  ^ncral  IMnciplci  of  Adrunomy.  The 
third  went  on  in  Aftronomy  and  Pcrfpedivr,  read  • 
part  of  NewtOB*t  Friiicipia,  and  had  performed  a  coui(is 
of  cxperimenl*  for  illufl rating  them  :  he  afterwards  read 
and  dctiiiiiilLated  the  Elm.^.its  nf  I'^.l:.il>n^.  Thofe  in 
tiic  fuurih  clafs  read  a  Syflcii)  ut  Fluxiuiii,  thr  Dov^trine 
of  Chance:;,  and  the  remainder  of  Newton's  I'l  ir.  ripia. 
In  1734,  Dr.  Berkley,  bifhop  of  CbyiK,  publiiheda 

Siiece  called  The  Aniilill;  in  which  he  took  occalioat 
rum  ibme  difputea  that  had  artfen  oonoerniDg  the 

S-oundt  of  the  Suxioaary  method,  to  eiplode  the  ne* 
od  itfelf ;  and  alfo  to  charge  mathematicians  in  ge- 
neral with  Infidelity  in  religion.  Mactaurin  thought 
lij::ililf  ir,.  !ii(h  d  ni  this  char^  i-,  aii(i  hi  .;r<[i  an  nr.fi.viT 
to  BtrJilc) 'a  book  ;  but  other  .mlwns  iMniinj; mil,  aivd 
as  he  proceeded,  fo  many  I'lfct  vv : ics,  lo  ninny  newf 
theories  and  problems  occunrd  to  him,  that  tniiead  of  a 
vindicatory  pamphlet,  be  produced  a  Complete  Syilem 
of  Fldxiont,  with  their  application  to  the  moft  confi- 
derahle  probkmi  in  Geometry  and  Natural  Philofophy. 
Thii  work  was  publifhed  at  Edinburgh  in  1742,  2  vols 
4ta  ;  and  a«  it  coll  him  infinite  pains,  fo  it  is  the  moll 
confidcrable  of  all  his  works,  and  will  do  hi;n  irninortal 
honour,  being  indeed  the  mod  complete  treatifc  on  that 
fcience  that  has  yet  appeared. 

In  the  mean  time,  he  was  continually  obliging  the 
public  with  fome  obfcrvat  ion  or  performance  of  his  own^ 
Kveral  of  which  were  miblilhcd  in  the  5th  and  6tb  TO- 
Inmet  of  the  Medical  effiiyt  at  Edinburgh.  Many  of 
them  were  likc.T-ifi-  ptihiiflicd  in  the  I'liiio'Viphical  Tranf- 
aclioe*,-,  ;  as  tlie  fulhjwi;iL^  :  i.  Uu  the  ConAru^ioO 
iMi  niurc  of  Curves,  vuh  30.-2.  A  New  Method 
of  dclcnbiiig  all  kinds  cf  Curves,  vol.  30. — 3.  Oft 
Equation;!  with  Impoflible  Roots,  vol.  34. — 4.  On  the 
Koota  of  Equations,  &c,  vol.  34i— {.  On  the  Deferipr 
tion  of  Curve  lines,  voL  3^.-6.  Continuation  of  the 
fame,  voL  39*— 7>  Obferfationt  on  nSohr  EcKpfe,  vol. 

40.  — S.  A  Rule  for  findtpg  the  Meridional  Parts  of  a 
Spheroid  with  tlic  fame  F^a^^luT•i  at  in  a  Sphere,  vol. 

41.  — 9.  An  Account  of  the  Treatifc  of  Huxiout,  voL 

42.  — 10.  On  the  Bafcs  of  tbe'Cdlt  where  the  . Beet  de- 
pofit  their  Money,  vol. 

In  the  midi>  uf  thcfe  ftiidiea,  he  wait  atwaya  teady  to 
lead  hia  affiftancc  in  coatimDjjr  and  pramoting  aajr 
fcheme  which  might  oontribote  to  the  puUic  fmice* 
When  the  eari  of  Morton  went,  in  I719»  to  vilit  bit 
eflatcs  in  Orkney  and  Shetland,  he  requelled  Mr.  Mac- 
laurin  to  afTiIl  bi"i  in  (<  ct'i:ii^  the  geography  of  thofc 
countrici,  wltich  is  very  unvneous  in  all  our  maps  ;  to 
examine  then  n.^tmal  hiitory,  to  fun-ey  the  coalls,  and 
to  tak«  themcafure  of  a  degree  of  the  meridian.  ■  Mac- 
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IaurtO*s  famiTj  affairs  would  not  pfrmit  liim  to  comply 
witkthi*  rei}ueii  :  he  drew  up  however  a  memorial  cjt 
lAuA  he  thooght  neccflarjr  to  be  obferwdf  and  fnnuihrd 
proper  inAnuneati  for  Uic  wot^  ivGaiiuBciidiDg  Mr. 
Shoi^  die  noted  flpliciiii»  m  •fltoptimlor  forthema- 
aumDestof  diem. 

Mik  Maclaunn  bad  (tSQ  another  Icheme  for  the  tin< 
proveincnt  ofjjcography  and  navig^aliun,  of  a  ir.ort  tx- 
tenliTc  nature  ;  which  was  tlic  opening  a  pafHiRC  iVoin 
Greenland  to  the  South  Sea  bytlie  North  Pole.  That 
fucli  a  paQkee  roiglit  be  fuumi,  he  was  io  fully  per- 
fuadcd,  that  he  ufi^  to  fay,  if  his  fuuatlon  could  MOiit 
of  fiich  advcnturca,  be  wotlld  undertake  the  foykgr,  ma 
at  liH  own  charge.  But  when  fchemee  6r  findt*|f  it 
were  laid  before  the  parliament  in  1741.  aiM  be  was 
coof'^ltcd  by  fereral  perfont  of  high  rank  concerning 
lI^i.Tii,  and  before  he  >  1  iM  rmfli  the  memorials  he  pu- 
poJcii  to  fend,  the  prcnuurn  v^as  limited  to  the  ililcovcry 
of  a  r.ortb-wcH  palTagc  :  and  lie  iifcd  to  rf;;rct  that  the 
word  Weft  was  infcrtcd,  becaufe  be  thought  that  paf. 
if  at  aU  !•  be  finuid,  ""^Hp^  ""^     ^""^  *^ 

In  1745.  having  bcea  wy  aAive  in  fortifying  the 
city  of  Edinburgh  agaSnft  the  rebel  amy*  1»  mm  ob* 
ligcd  to  fly  from  thence  into  England,  wnere  he  waa  in> 

vitedby  l3r.  Herring,  atchbilliop  of  York,  to  rcfide  with 
him  during  hii  flay  in  this  loiiiitry.  In  t!il»cxpeditinii 
however,  bcin;^  cxpoftd  to  ci  lil  und  ha'dllups,  ar;d  lutj- 
nltyofa  weak  and  tender  conUitution,  wiuch  had  been 
nuch  more  enfeebled  by  clufe  application  to  ftudy,  iic 
hid  the  foundatibn  of  an  illneU  which  put  an  end  to 
til  to,  in  June  1746,  at  48  years  of  age,  leaving  hit 
Vidow  with  two  {<HW  and  three  daughter*. 
Mr,  Maclaurin  was  a  very  good,  as  well  as  a  very 

Srat  man,  and  wottliy  of  love  as  well  as  adtnii atioii. 
is  peculiar  merit  as  a  phikifophcr  wa,  that  all  his 
iludies  were  accommodated  to  general  utility  ;  .m  1  ^v  c 
£nd,  in  many  placet  of  hit  woikt,  au  applicati«n  evcu 
«f  tlkc  mod  abitrufe  theorielt  to  the  perfeding  of  me> 
chanical  ant.  For  tbe  fiuBe  poipdcy  he  lua  rcfolvcd 
to  compofe  a  coorfe  «f  Prafiical  UatheflMik^  and  to 
lefcue  fevetal  ufefiil  branchca  of  the  feienee  from  the  91 
treatment  they  often  met  with  in  kf»  flciUiil  handi. 
The fc  intentions  however  were  prevented  by  hii  death  ; 
unlefs  we  may  reckon,  as  a  part  of  hl»  intended  work, 
the  trandatiun  of  Dr.  David  Gregory's  I'mcliLal  (Jto- 
jDctry,  which  he  revifcdf  and  publiflied  with  additionr, 
in  1-45. 

la  hia  lifetimes hmmeffert  he  had  frequent  opportuni. 
ties  of  femDg  hia  firiendi  and  hia  country  by  his  great 
fcn.  Whatever  difficulty  <KCurred  concerning  the 
C0nftnifti:ipi,  or  pc  rfctsing  of  machines,  the  working  of 
mines,  the  iiupioving  of  m.TnufaCIiires,  tiie  coiivi.  yinpr  ot 
water,  or  tiic  execution  of  any  public  wuik,  lie  wait  iU 
ways  ready  to  refolve  it.  He  wat  employed  to  termi- 
nate fome  difputet  of  confeq^uencc  thnt  had  arifen  at 
Clafgow  concerning  the  gaiiginLr  of  vedels  ;  and  for  that 
pntpolepK&ntedto  thecoimniiuoacfiof  the  escilatwo 
dabevate  nenorialat  with  thctr  demonllratbnti  con- 
tiinin^  rules  by  which  the  ofiicert  now  a£i.  He  made 
alio  calculations  relating  to  the  pruvillun,  now  ellablifh- 
td  by  la'.v,  for  the  eliildren  and  ulduws  of  the  Scotch 
ckigy«  and  of  the  profciToni  in  the  uuiverfitiea, entitling 
thmtaccftain  aoniihieitndfiuVf  upon  the  ndnnUry 


annual  payment  of  a  certain  fura  by  the  inc;irrhnt.  In 
cont'ivitig  and  adjutting  this  wife  and  uiiefiil  fchemct  be 
bcfiowed  a  great  6eai  of  labour,  and  contributed  notft . 
htUc  towards  btinguc  ttio  pcrfc^ios. 

Of  hia  werka,  we  mnc  neaticMted  hii  Gttmrtrit  Or- 
tmutmt  in  which  he  treati  «f  the  defcriptioo  of  curve 
Hoet  hj  conttaued  mottoD  t  aa  tifo  of  his  piece  which 
gained  the  prize  of  tin-  Roy^l  Academy  of  Sciences  in 
1724.  In  1740,  Kc  like\viic  fhartd  the  prijie  fif  the 
fame  Acatleriiy,  wi-.l.  tlie  et  h  bia[ei:i  1>.   }'iciiu>:;^li  and 

Euler,  for  iclolviog  the  problem  rcLiiiii^  to  the  motion 
of  the  tides  bam  tbe  theory  of  granlyi  aqwefUea 

which  bad  been  gWen  out  the  furmer  year,  without  re- 
ceiving any  fulutioo.  He  bad  only  tco  days  to  draw 
this  paper  up  in»  and  could  not  find  leifure  to  tranJcribe 

a  fair  copy  ;  fo  that  the  Pari*  edition  of  it  is  tncorreA, 
He  aftcrw  artis  icviftil  the  vvlmlr,  .tnii  :;i!^ii;tii  it  in  hi» 
Treatiic  ot    Khixionij  m  he  did  alio  li.e  luLlUi.ce  of 
the  fornie-r  piece.  Thefe,  with  the  Trealifcof  Fluxions, 
and  the  pieces  pt  inte3  in  the  Medical  tifax  s  and  the  Phi- 
lofo^lical  Tranfactiutis,  a  lift  of  which  it  given  above,  arC 
all  the  writing*  which  our  author  bvcd  topnUifli.  Siooe 
his  death,  howem,  two  more  Tolnmet  have  appeandt 
his  /flgflra,  and  hia  jtttMmt  tf  Sir  Ifuae  AVwtfMi'f 
Philofophlcal Difcoverut.    The  Algebra,  though  not  fi- 
nilbtd  by  hlrnlcll,  ij  yet  allowed  to  b.  (.xteileiit  iu  iti 
kind;  cuntainmp,  in  no  large  vuiuine,  n  CkWnplete  ele- 
mentary treatife  of  tii  it  feii  nee,  as  far  ai  it  has  hitherto 
been  carried}  beliuct  lome  neat  analytical  pjpcrton  curtc 
lines.  His  Account  of  NcWton'a  Philafupliy  was  occa- 
fioned  in  the  following  flMimers— Sir  ifaac  dying  in  thn 
beffinniDgef  17281  bwnnhcwtMr.Coodnitt,  propofed 
to  publim  an  aocouot  of  hit  b'fe,  and  dcfired  Mr.  Ma> 
claurin't  aflitlancc.  The  htter,  out  of  gintitude  to  hia 
great  btr.tfuCtor,  chteifiiliy  iiiidirtuuk,  iind  loon  finifhed, 
the  Hulory  of  liie  Pro^refs  wiiieh  I'lulofophy  hsd  made 
lu-forc  Ne'.vtoii'!.  time  ;  ^nd  lliis  was  tnc  111  ft  dmuglit  of 
tile  wotk  ill  hand  ;  which  not  going  lbiwatd,on  account 
of  Mr.  Cuiiduitt's  death,  wat  returned  to  Mr.  Maclau> 
fin.   To  thia  he  aAerwaida  made  great  addiaoni^  and 
left  it  in  the  fate  tn  which  it  now  appcan^  Hia  main 
defign  lecBM  to  have  been,  to  explain  only  thofe  paut  of 
Newton's  phitofophy,  which  have  been  controverted  : 
and  thij.  ii  fuppyfed  to  be  thercafon  why  his  grand  dilco« 
verics  ci  IU  I r'ling  light  and  colours  are  but  trantienlljr 
and  gciui  .illy  touched  upon  ;  for  it  is  known,  that  when- 
ever the  experiments,  ou  which  hit  doctrine  of  light  an<l 
colours  is.  founded,  hsd  been  repeated  with  due  care,  thin 
dodrine  bad  net  been  contcfted ;  while  hia  accountinf 
fbr  the  celeSial  motiow,  and  the  other  gicntappcnnincc» 
of  nature,  from  gravity,  had  becu  BUUiidcHloodi  nod 
even  attempted  tu  be  ridiculed. 

M.\Cl '  l.A'.,  in  Aitronomy,  .ire  dark  fpott  appearing 
uu  the  luminuutiiuitacet  ot  liie  iud  and  moon,  and  eve» 
fome  of  the  pluncts. 

The  .Solar  Maculx  arc  dark  fpott  of  an  irregular  and 
changeable  figure,  obferved  in  the  face  of  the  fun. 
ThcM  were  obferved  in  Novcoibec  andDccoabcr  «f 
the  year  1610,  by  Galileoin  Italy,  and  Harnat  in  Eng- 
laud,  unknown  to,  and  indepcndrr.t  of  each  otlier^ 
foon  after  they  had  made  or  pro*  u red  telefcopes.  They 
were  afterwi.rdj  alfo  obferved  by  .SeLeiucr,  1  Jcvelius^  ■ 
Fkmfleed,  CalSnt,  Kirch,  and  others.     i>ce  i'lilluf. 

Than 
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Thore  haTC  betn  rarious  obfcnr.t' n^aile  rf  tfie 
"  plwnomcm  of  the  folar  maculx.  and  hyputhckii  uucntcd 
for  c\pbuiiing  them.  Many  of  ihefc  macuiz  appear  to 
confill  ot  hetcro^jrncoiui  parts;  the  dwkcrand  denfcr 
being  called,  by  Hi:vclii!?,  iiucid,  which  are  eaoompaflrd 
«a  it  vera  with  atmofplicica,  fomcavhat  i«i«r  and  ieCi 
obfcure }  but  the  i^m;  both  of  the  nudci  aod  entnre 
tn  i'  irla-,  li  vjL-iahle.  Th«.fc  macula.-  are  often  fubjtti  to 
fiidii'.-n  mutation!!:  In  1644  Hcvilius  obfrrved  a  finall 
thill  irMfulii,  Mhith  in  two  days  time  prtw  to  icntimea 
itB  bulk.,  app^rjiitit;  alfu  niUk.ii  darker,  a.'id  havlncr  a 
lirjjcr  imcU-u-;  :  tliC  nucleus  bcijan  to  tail  )er.li!;iy  be- 
fore the  fpo>.  diuppearcd  ;  and  before  it  quite  vaaiihcH, 
it  broke  i'^tci  four,  which  re-united agtio  two  tbiys  after. 

Some  n^ac'il?  have  Inlicd  2,  lO.  If.  SO,  JO.  hut 
tetdom  40  day&;  though  Kirchiuiobfervedoaein  t68f, 

that  was  vilibic  from  April  aiiith  to  the  17th  of  Julr. 
Tt  ii  found  that  tlic  fpots  move  ovcrthf  (tinS  di!c  with 
a  motiou  fanicvvhal  flacker  near  the  edge"  than  in  the 
mldule  parts  ;  that  they  contratt  tlicmfclvts  near  the 
limb,  and  in  the  middle  appear  larger  :  that  tliey  often 
ion  into  one  in  tiic  difc,  though  fcparated  nenr  the 
cenirc)  that  many  of  them  firll  appear  in  the  middle, 
and  owny  diiappear  there  ;  but  that  aone  of  thetn  dc* 
viaie  from  their  near  the  horicon ;  whereai  He- 
vciii-,  u'j'i.;-.!.!);  i-I.':"^-iir;,  111  tlu;  fim  iicar  the  hi,.i  i/nii, 
fooiiii  h.ui  loo  i--.'',  '"1^11.,;  dci/iLlIcJ  J-''  beijv.il!i  liu 
former  path. 

From  tbefc  phenomena  are  coikcted  the  following 
confcqucnccs.  I.  That  fincc  Mercury's  depreifion  be- 
low hiB  path  artfea  from  bia  paralbx^  the  maculx,  having 
no  pmraUaK  firom  the  &0y  are  noch  neirer  blm  thin 
tbatpknet. 

a.  That,  fince  they  rife  atwJ  d;rii;i;>t;;r  ajrain  in  the 
mlilJlc  cf  tlu-  Ui-.'.y  il"lV,  nt.vl  -jnth  rj'o  ;iUcta- 
tioiis  \-.-!th  rf^-.ird  b.^tli  tii  bulk,  ti:!iifc,  1II1J  diiifity, 
t\i<.\  n;iill  he  tdrmrvl  <v  and  ;i;^:un  dill'ilvi'^i  rihui;  t 

tbe  iun  {  aiid  hctice  lomc  have  infcnvd,  that  they  arc 
a  kind  of  folar  clouds,  formed  0«t  of  hia  eahditiom; 
atid  if  fo,  the  fun  muf)  have  an  •MBofphcrc. 

3.  Since  the  fjiots  appeair  to  move  very  rcgulirly 
about  the  fan,  h  la  hence  interred,  that  it  is  not  that 
thiry  realty  move,  bat  that  the  fun  revolvca  roond  hit 

^''d  tlic  fpoii  accompany  hiiB«  in  the  fpaoe  of  27 
day^  12  houri  20  minutes. 

4.  Since  the  fuu  appears  w  iili  a  tire ul.tr  dil'c  in  every 
iltuation,  his  figure,  an  to  U-iilV ,         Ih'  fphcrical. 

Tbe  magnitude  of  tlic  n.rtacr  of  ?.  Ipot  may  be  efti- 
nated  by- the  time  of  itl  tranfit  over  a  hair  in  a  fixed 
tdefinipe.  Gdilco  efltmatea  fomc  fpots  as  larger  than 
l«oth  Afia  and  Africa  put  tcgethcr:  but  if  he  had 
known  more  exactly  the  fun't  parallax  ami  dillancr,  as 
they  are  known  now,  Lc  v.-oiild  hnvc  found  fomc  of  tliofc 
fpots  much  larger  than  the  whole  furfacc  of  the  eartSi. 
I  i.r,  in  1 6 1 2,  he  obfcrvcd  a  fpot  fo  large  as  to  be  plainly 
vifible  to  the  naked  eye  ;  and  therefore  it  fubtendcd  an 
angle  of  about  a  miiHite.  But  the  earth,  feen  at  the 
4inMQe  of  the  fna»  would  fubtcwd  hn  aiwle  of  only 
abotit  17* :  therefore  the  diameter  of  the  Tpot  ttn  to 

tlie  Ji.tnicti  r  of  ihc  rjilli,  ::s  ^lO  to  I',  fn  to  t  near- 
ly ;  iv.'d  c-vj:ikvi-jciu!v  tiic  lurSace  of  the  '-v.. I,  it  tircidar, 
tori  ^rf'^t  circle  of  the  cr.uh,  nn  f2^  to  i,  ;;nii  to  the 
wilulc  furfacc  of  tbe  earth,  a*  12^  to  4,  or  neatly  3 
to  I.  GaOndm  «l^«rwd  •  lf«t  wlnfe  bKMMt  wm 


\  of  theftia')  <!iimrt(T,  .iii«f  trJn'cfi  t%cref^^  fijf^^j^j 
an  angle  at  tbt  cyi:  oi  above  a  minute  »»*^  ^  ligif- tad 
confjquonily  its  furfacc  was  above  Ccvcn  ''fJit-,  itrger 
than  the  furfacc  of  the  whole  outh.  ^i^^ytQeot^ 
frr\-ed  abive  40  fpots  at  one*-,  tbougli  WiftlMltit  ftafiU^ 
diminifhitig  the  li^bt  cf  the  fun« 

Vaeioni  nptniant  have  btew  forrlMd  CMKeriiiny  the 
nsture,  oiigm,  and  titnitioa  of  the  folar  fpots;  bM  the 
mod  probable  feems  to  be  that  of  Dr.  Wilfon,  pro- 
felior  uf  prai'i ical  aftrnm-Tny  in  the  uuivcrfity  of  Glaf- 
gow.  By  ntti.-ndin;x  pirtiuuiiily  to  tbe  different  pl'.afca 
prclcntal  by  the  umbr),  cirtla  ly  zi.nc,  of  a  ipoi  of  aa 
cxtr.iordin^iry  tiae  that  appeared  on  the  fun,  ia  the 
n)oi;th  i  f  Norrmber  1769,  durinar  itapfOgrtft  OVCrdlC 
folar  dik.  Dr.  WiUbn  wa*  ted  to  toiw  a  mw  andingo* 
lar  conjecture  on  the  aatare  of  thefe  appearancca ;  ■ 
wh-ch  he  cfterwaitls  greatly  ftren^jthened  by  repeated 
ofcfervations.  The  I'tlults  of  thcfc  obfcivations  arc, 
that  the  folar  macular  are  c.iv  tii.s  n  u-ic  body  of  the 
fun;  that  the  nuchuii,  a«  th'j  -.ii.clJle  or  dark  part  ha* 
ideally  been  c.dled,  ku^ti'  !' >ttom  i  f  the  excavatio.i; ; 
and  that  the  umbra,  ^fhady  zcr.c  fiirroundlng  it,  is  the 
fhclvinp  lides  of  the  cavity.  Dr.  Wilfon,  bclidcs  hav- 
ing fiuufathuiljaibcrtainedtherralityof  tbeiis  Imaacafe 
eacavatioRi  iti  tbe  body  of  the  fun,  has  alfo  pointed  out 

;'.  r..t:tli.:i,l  i>f  iiu-nri 'I'li r  rJir'  di-vMi  oftiuni.  He  '-'U- 
i;Uit-.s,  i;;  j.u:  tKulir,  lliai  the  rm^klHi,  ur  b-uttoin  L.f  tr.e 
l.irge  fpot  nljove-nentioncJ,  was  not  Icfs  tha.i  .t  Icmi- 
diam«tcr  of  the  earth,  or  about  4000  miles  bei4iw  liie 
K'vel  of  tlu-  fun'ii  furfacc ;  ivhile  its  other  dimenfions 
were  of  a  much  larger  extent.  He  obfei-ved  that  a  fpot 
near  the  itiiddle  of  the  fun's  difc,  is  furrouadcd  eijually 
on  all  lidea  with  it*  umbia ;  but  that  wlwot  by  its  *tf*^ 
rept  motion  o<er  the  fan's  difc,  it  comet  near  the  wcft« 
cm  lirt;!',  tli.it  part  of  the  urctna  « f.itli  i;.  r.txt  the' 
fju'^  cci.tit:  gtmdually  diminilhcs  in  breadth,  till  near 
the  cdn;c  of  the  limb  it  totally  difappcars  ;  whilll  the 
timbraon  tlic  otlicrfidcof  it  is  little  or  nothinjr  altered. 
After  a  Crmirevohitton  of  the  fun  on  his  axis,  if  the 
the  fpot  appear  ngaia,  it  wiU  be  od  the  oppofite  fide  of 
the  difc,  or  on  the  left  hand,  nd  the  pait  of  the  im> 
bra  which  had  before  difappcared,  IS  now  plainly  to  be 
fcen  ;  while  the  umbra  on  the  other  fide  of  the  fpot, 
fccms  to  have  vaiiilhcd  in  its  turn  ;  being  hid  from  the 
view  by  the  upper  edge  €>f  the  excavation,  from  the 
oblique  pofition  of  its  floping  fidts  with  rtfpcdt  to  tl*e 
eye.  But  as  the  fpot  advances  on  the  fun's  difc,  thia 
umbra,  or  fide  of  the  cavity,  comes  in  fi;;ht ;  at  firft  aj>« 

E eating  narrow,  but  afterwards  gradually  increaliag  la 
readtb,  as  the  fpot  mom  towaid*  the  middle  oftkc 
difc.  W'htcli  ajipoai anccs  ptrfeAty  agree  with  the 
phnfcii  that  are  exhibit*.  Jl>y  an  excavation  in  a  fphcrical 
t)odv,  revolving  on  its  axis;  the  bottom  of  the  cavity 
being  painted  black,  and  the  fides  lighily  (haded. 

I'rom  ihcfc,  and  othtr  ohfi  rvations,  it  is  iiifervedf 
that  the  body  ui  the  fun,  at  the  depth  of  the  nudeot^ 
emits  little  or  no  bght,  when  fctn  at  tbe  fame  tifalCf 
and  compared  with  that  tcfplendeni)  and  probably,  in 
fome  degree,  floid  fubflance,  that  covers  hn  furfaee. 

This  n'.aniK-r  of  confidiriiig  thcfc  ]'tu  noun  nn,  natu- 
T.illy  givtB  rife  to  many  curious  fpccuUliutiis  iind  inqui- 
i;  -..  It  is  natural,  for  inftance,  to  inquire,  by  what 
great  commotion  this  refulgent  nutter  is  thrown  upon 
altfidM^  fo  M  M  cxpofe  to-MT^MW  thc  dwfcer  pwt  of 
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flw  hmh  bodvt  which  was  bcforr  covered  by  it  ?  what 
»  the  nature  of  this  fliiuing  moltcr  ?  and  why,  when  tn 
escaTattoQ  is  made  in  it,  is  the  hiO.re  of  tbit  Aiimg 
fub{binc<>,  which  forms  the  (helvine  lidci  of  tbecwilfi 
fe  iiur  dimindbed,  m  te  ik«  wliale  the  appcvnaee 
of  a  fludy  zoae,  or  dnfkifll  «tBtoJpl«Te»  fimotmdiiir 
the  3eaude«l  part  of  the  fvn'i  body  i  On  thefe,  ma 
many  other  lubjc^t.  Dr.  Wtlfon  has  advanced  fomc 
inecnious  conjcdiirc*  ;  for  which  {c<  the  Philof.  Tr^nf. 
vol.  64,  art.  I.  See  ah'o  fonic  remarks  on  thii  theory, 
by  Mr.  W  ici.i!\on,  ill  tl.c  fame  vol.  pa.  337,  Sec. 

MAJDiUER.  io  AniUcir,  is  a  thick  plaak,  wmcd 
tridi  pbRct  OT  traUt  and  having' a  evntr  rofSdent  to  ' 
•cedve  the  noutli  of  a  petard,  with  which  it  is  appl'rd 
•gnnft  a  gate,  or  any  tliinj  clTc  intended  tu  be  biokcn 
wwn. 

This  t«rm  is  alfo  applied  to  certain  fljt  beam!.,  fixed 
to  tlic  boMom  of  a  moRt,  to  fupport  a  wall. 

There >are  aifo  Madriers  hntd  with  tin,  and  covered 
with  cartli}  fervtiif  a$  dcfcuccs  againil  artiiicial  &tet,  in 
IiMiffncnM*  &Ct  wucie  ilicre  {§  need  of  licbg  oawtcd 
#icni6afl« 

MitSTLlN  (MlcHiEi.),  to  tMln  Mrminus  a 
acted  allronomcr  of  Gennanj,  4ratboni  in  the  diuhy 
of  Wittetnberj» ;  but  fpent  his  youth  in  luly,  whtit-  lie 
Budc  a  fpccch  in  favour  of  Govern icus'n  f-  Hctn,  wliicli 
IMv^^U Geliteo  over  frt>in  Anftotle  and  Ptoltmiy,  lu 
*  ri.lM  M»  Mwc  *Mlf  detoted.  He  aftenrafda 
1  to  G«miaiiy,  and  Became  profeflbr  t4  metlie- 

Tnbifif^eii ;  where,  among  his  otjK-r  fcho^T^r?,  he 
flli^glM  tWcvklirati ;!  Kt  plcT,  who  has  cotnmended  fvvc- 
liiof  bis  inpenions  invt  i-  tions,  in  his  A  Ih  omHiMB  Optica. 

Mcfttin  pubhfiicd  many  tnathematiciil  ainl  aftrcno- 
nical  vwirka't  and  died  in  » 590.— Though  Tycho  Brahe 
did  BR  albnt  to  McftUn'a  opMoiiiyct  he  aHowed  bitn 
Valte'aa  «itra0rdiaary  |>erfiNi>^AidilKply  ikflcd^aChe 
ineacc-of  aftronomy. 

MAGAZINE,  a  place  in  which  ftorcs  are  kept,  of 
arms,  ammunition,  pruvifions,  Si.c. 

JtliBay  MACAZtxE|Or  the  Magazine  to  a  Held  bat- 
ttlJihwmSt  Aout  S5  or  |Q  yards  beiiind  the  Littery, 
ttwardt  fbe  p.-ir:i1!£  and  at  kail  t  Cea  under  grou^id* 
to  rcttive  the  ji  <»'der,  loaded  ftieils,  port*fim,  ftc— 
Its  roof  and  fides  Oiouldhe  wtll  fcciircd  with  bu.irds,'to 
prevent  the  earth  fir<jrn  falling  in  :  It  ha*  a  door,  and  a 
double  trench  or  pnfTiigc  funk  from  the  magazine  t  i  t!ic 
battery,  the  one  to  tnler,  and  the  i>tKcr  to  go  out  at, 
to  prevent  confufion.  Soi:i;timc4  ti.ucrfi  i  arc  made 
m  ue  paliaget,  to  prevent  ricochet  ihot  froiu  entering 


PcWfr-MAG  *  •  N  ,  Is  the  pl.icc  where  powder  ta 
kept  in  larj-c  qi.  iM  .  1:11  .  Authors  differ  very  much  with 
regard  to  the  fituatiuii  and  conllrutlion  of  thcfc  roa- 
{aaiacs  ;  but  all  agree,  tliat  thty  ought  to  be  arched 
and  bomb  proof.  In  furtificatiuns,  they  were  formerly 
nlaced  in  the  rampart  ;  but  of  kte  they  have  been  built 
■vdiftiait 'parts  of  the  town.  The  tirft  powdcr-ma- 
caaBct  were  made  with  Gothic  archei :  but  M«  Vau> 
wm  fSndinj;  tbefc  too  weal,  coitftnifted  them  of  afcmi- 

elrciiTar  form,  t'l':  i-  fiuiis  btirij;  ^ c  fvtt  l-  i  g  with'ii, 
and  J  J  fiet  br.  ad  ;  iht:  toundal:<i:- J  arc  S  i.  v  o  feet 
thick,  and  8  fe»  t  lii^.h  fu  ni  tlu-  fouru'i.tij.,  Oi  ;Lc  Ifjiing 
of  the  arch ;  aifo  ttu:  fiouc  a  feet  liooi  ihc.giguadi  to 
kttf  h  from  daa^oeb. 


It  is  a  conftant  ohfer^ation,  that  aficr  the  centering 
of  .femicircular  arches  11  ftniek,  Ihey  fettle  at  the 
crown,  and  rife  np  at  the  haneei,  even  with  a  firattht 
fcaifcoatal  eatrados ;  and  Rifl  moch  mere  fo  in  powoer* 
•■iMniaai^  what  the  oiitlidt  at  top  h  fantied,  like  the 
nm^9  havfe,  by  iocKaed  plam-i  j  jiiiin^  in  an  angle 
•W  the  top  of  the  arch,  to  pive  a  proper  <!efct  nt  to 
the  rabi  which  rSc&t  are  etaitly  what  rricht  be  ex- 
peaed  from  the  true  theory  of  srche*.  Now,  this 
Ihiinking  of  the  rrri  ,  h,  na  it  mufl  be  attended  whh 
very  bad  confiquences,  by  breakiiijr  the  teitture  of  the 
cement  after  it  has  in  fonie  degree  been  dried,  and  alTo 
bf  opcabg  the  jdnts  of  the  vouftiin  at  «ae  end,  fo  a 
remedy  i*  provided  for  thia  inconveaieoec,  with  regard 
10  brid^ea,  by  the  arch  of  equilitnation,  in  my  book  on 
the  Principles  of  liridjn-s  :  hut  as  the  ill  confcqnencea 
of  it  are  mm.  h  grratcr  ii:  powder-maj^rines,  in  qtieOioo 
96  of  my  Ma;h.matica!  Mifcillany,  I  propofcd  to  find 
an  arcii  of  t<^ui]ibiat»on  ibr  them  alfo;  which  qoeftron 
wvi  ihrri  r.  i.ilv.Hi  both  hf  Mr.  Wildbore  and  myf^lf, 
bvnh  iipou  Koicrml  priocipka,  a«d  which  I  iSaftnted 
by  aoapplicaiion  to  a  particdbr  cafe,  wMeh  iath^re 
coaOnitlcd,  aad  aceottpanied  with  a  table  of  numbera 
far  that  parpofe.  Thos,  if  A  L  K  M  B  rrnrefetit  a  ver» 
tkaltiaafyrrfcfrciion  of  the  arc  h,  the  r< 't.f  f  rrri  'ii;'  nn 
angfc  LKM  of  112^  ^-1,  alio  PC  an  ordinate  paralici 
X>i  the  l.ariz.  n  t.iken  in  :i:>\  part,  and  IC  perpcrtdicu- 
hur  to  liic  Ixmej  then  for  properly  conftraaing  the 
curve  fo  as  to  be  the  arongell,  or  an  arch  of  equni- 
hiatioa  M  all  its  paita,  the  eorvefpoading  «a]uca  of  fC 
i^uu  CI  win  he  at  in  thefhOowific  tahle»  where  theft 
auwhcn  nwf  denote  any  lengtht  whaKW,  citlcr 
I,  or  tet,  or  it«U-}«ad». 


Value 

\'altic 

of  PC 

of  IC 

1 

2 

7-125 

3 

7-264 

4 

7-501 

i 

■  Z'T'^y 

8-ifi4 

7 

£•374 
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•    MacAziHE,  or  Pamter-Reem,  on  lhip»beard,  it  s 

jdofe  room  or  ilorc-Kouu.,  built  in  the  fure  or  after  part 
of  the  huld,  in  v.-i.iLh  tu  prcftrvc  tiic  gunpoudcr  for 
the  ufctt  the  (liip.  Thi>  apaninciit  is*  llrongly  Ucorcd 
agaijiit  lire,  aud  au  pLiiun  u  allowed  to  enter  it  with  a 
hunp  or  candle .  it  i^  dar^f  ^rc  iigfttid,  a$  occafion  re» 
quires,  by  means  of  the  ciuulka  or  ]ain|^  in  the  light* 
room  cunttguuiu  tu  it.  ' 

MAC  ELLANIC-Clouoi,  wfaitilh  appearances  Uke 
-douda,  {<ixB  in  the  heavens  tomrds  the  fouth  pule,  and 
ha\i;ig  the  ;..i;.c  ;;j  p,ir.,:.t  ."...tuni  ii:,  iljr..  Tlity 
arv  ihii'e  in  luuuocr,  Luo  cl  ihtiii  itc.if  each  otitcr.— 
Ti.e  lar,>A  iicb  iar  iVom  the  l^>uth  pole  ;  but  the  otLcs 
two  arc  nut  nuuiy  degrees  more  remote  from  it  tbaa 
the  acaitft  fipofpscaoua  ftar,  that  i%  about  1  \  degrees. 

I  Mr. 
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Mr.  Eoylc  conjeifturcs  that  if  tlicfe  clouds  were  fccn 
through  a  j,'ood  tcWfcopc,  they  would  appear  tobc 
multitudes  of  QauiH  9*^*,  like  tite  milky  way. 

MAGIC  LanTEKN,  an  opu'cal  midline,  hy  meant 
of  which  fniaU  painted  imaccs  tft  Nprrfeoted  on  the 
wall  of  a  dark  room,  majiiified  loany  fize  at  pleafurc. 
This  machine  «a«  contiived  by  Kircher,  ffto  t  i^  Ars 
Ma?:na  l  uci*  and  Umbrx,  pa.  768)  ;  and  it  w^s  lo 
called,  bccaufe  tlic  images  wxre  made  lo  rcprclctit 
ftnwge  phanta£m«,  and  tcirible  appamicn«,  which  liavc 
heen  takcD  for  the  cflbft  of  lulgic,  by  foch  u  weie 
Ijgnorant  of  tke  ftcrcL 

Thu  machuie  u  compofcd  of  a  concave  (mciuo») 
fririii  4  t.)  12  iiul.:;  diamctcrr,  rcflcAing  the  Ugtit  of  a 
candle  tli  i  ou','li  liic  fmall  hole  of  a  tube,  at  the  end  of 
which  i*  t:xcil  a  double  convtn  Ion*  of  about  3  inch,  s 
focut.  Between  tiic  two  are  fucccflivcly  placed,  many 
finall  plain  ^AtiSa,  painted  nith  Tarioiis  h^ure»,  ufually 
fd^aiwetbe  mofl  formidable  and  tcrriiyingto  thcfpcc- 
tatorti  when  reprdcntcd  at  larjire  on  the  vppofite  wall. 

Thus,  (PI.  13,  tig.  14)  ABCD  it  •  conuuon  tin  lan- 
tern, to  which  is  .idded  a  lube  FG  to  draw  out.  Ill  H 
is  fixed  the  metallic  concavi-  fp.tiiltim,  fiMm  4  to  tl 
iachet  diameter  t  or  clfc,  iiiiic.iJ  ut  it,  uz.ir  the  cx- 
tftmity  of  the  lube,  there  mv.il  he  plaLnl  .t  omuix 
tasi  conMing  of  a  (egmeot  of  a  fnull  (phrrc,  of  but  a 
few  incfaM  h  dwmcter.  The  ule  of  thi«  leni »  to 
throw  a  Ibong  KAt  upon  the  imf^t  »mI  ibme- 
tiroes  a  eoimve  (perulum  ii  ufed  with  the  lefit»  to 
render  ihc  jir.a);a  llilt  moit  vivij.  lu  the  focuJ  of 
the  tuJicavc  Ipcculujn  or  Icnf,  is  placed  the  lamp  L; 
and  within  the  tube,  ^v  hcrt  ii  ii  luldercd  to  the  fide  of 
the  lantcni,  i«  placed  a  linuli  lent,  convex  on  both 
fides»  bdag  a  portion  of  In  all  fpherc,  having  iti 
fbcua  about  the  diftaoce  of  3  iochcs.  The  extreme 
part  of  the  tube  FM  ia  iquarc^  and  hat  an  aperture 
quite  throuf^h,  fo  as  to  receive  an  obloag  ll^ame  NO 
pafliiik^  into  it  ;  in  which  frame  there  are  round  ho!e», 
of  ari  iri:''i  <.r  tun  in  diaiTxt^r.  AnffcMTin^r  to  tliv' 
ITiaenitudc  <jl  llult  iiolc*  ibtrc  iirc  draun  citi-lcs  on  .1 
pbun  thin  glafs  ;  and  in  thcfc  circUs  sr.-  psinttd  :t:ij 
figniei,  or  images,  at  pleafure,  wiiii  tnudparcnt  water 
COloun.  Thefe  images  fitted  into  the  frame,  in  an 
iimrted  pofition,  at  a  fmall  didance  from  the  focua 
of  the  lens  1,  wfll  be  proiciited  on  an  oppolite  white 
wal!  tf  n  i!:  -'.  rvi.ini,  in  al!  t!:c:r  cfnotir-:,  'j^n-atly  n-n-^- 
llitied,  aiid  in  an  trtct  ]K>fiT;iji-.  Ey  fi,iv:;;g  ihv  iii- 
ftrumcnt  fo  contrive*!,  a-  t'u'.t  the  Kiii  I  tr.jy  move  on 
a  ilidc,  the  focus  may  be  made,  and  conlctjucntly  the 
ima;re  appear  diftind,  at  almoft  any  diQaiioe. 

Or  thui :  £«ery  thin^  bein^  manap;cd  as  in  the 
Ibiirer  crfe,  mto  the  lUdu^  tube  FG,  infert  another 
convex  lens  K,  the  fcgment  of  a  fphere  rather  larger 
than  I.  Now,  if  the  picture  be  brou^lit  nearer  to  I 
tli:  n  the  dillance  of  the  focus,  diverging  rays  will  be 
propap^tcd  sis  if  the)'  proceeded  from  the  object  j 
wherefore,  if  the  lens  K  be  fo  placed,  as  lliat  the  ob- 
ject be  very  near  its  focus,  the  image  will  be  exhibited 
on  the  wall,  greatly  magnified. 

Maoic  Sq^ARHi  ia  a  fqunre  figure,  formed  of  a  feries 
of  nttmhert  in  arithmetieul  progtefSon,  fb  difpofed  in 
riT-li  !  I'  d  erjual  ranks,  as  that  the  fums  of  each  row, 
taken  cither  perpendicularly, faorizontally,or  diagonally, 

avecqval  to  ope  another.  At  Che  annexed  Iquire,fbin> 


ed  of  thcfc  nine  numbers,  j,  j,  3,  4,  5,  ^1,  7,  8,  9, 
wlierc  the  fuin  of  tlie  tiiree  iigun;, 
in  every  row,  in  all  dif ectiuiis,  is 
always  'iic  '.amo  iiunilKf,  vi/.  ij. 
But  if  the  l.uite  nuDibers  be  ]>bced 
in  thiB  natural  order,  the  firil  being 
I,  and  the  IjH  of  them  a  fquare 
number,  they  will  form  what  i» 
called  a  natural  fquarc.  As  in  the 
lird  25  number*,  vix,  i«  3»  j«  4*  5i 
&c  to  15. 
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where  every  raw  and  diagonal  in  the  magic  Iqn 
makes  juil  the  fiun  65*  bcti^  the  iamc  m  the  tiro 
diagonab  of  the  natuiil  fqoare. 

It  is  probable  that  thefe  magic  fquares  were  fo  called, 
both  becaufe  of  this  pmpcrty  i:i  then,  rit,  th.it  tlic 
ranks  in  every  direction  n;akc  the  lame  lum,  appeared 
cxtrcmcK-  ftirjirifing,  elpecially  in  the  more  tgnoraot 
a;^-c;,  when  maihrmatics  paflcd  for  magic,  Mid  bccaufe 
aUo  of  the  fuperftitioua  operationt  they  were  employed 
in»  aathe  conftm^oa  of  talifiMUis,  fcc  |  for,  acoormg  ' 
to  the  childtfll  philofophy  of  thofe  dap^  whkh  afcribra 
virtues  to  numher*,  what  might  not  be  expe^ed  from 
nuiiilicrsfo  feeoiingly  uuriJeiful! 

The  Magic  Square  Ma«  held  in  great  vencratioa 
among  tlie  Egyptians,  and  the  Pythagoreans  tlieir 
dtfcipTe*}  who,  to  add  more  efficacy  and  virtue  to  thta 
fcjiianf,  dedicated  it  to  the  then  known  feveo  planets 
divert  wayt,  and  engraved  it  upon  a  plate  of  tltciaatal 
that  wai  efteeitied  in  fympalliy  with  the  planet.  The 
r(,jjic  tlu:-  lit  J'^ntvii,  \«as  inclofed  by  a  rt^^ntar  poly- 
gcn,  n.K  r;!;cd  lu  a  ciicle,  which  was  divided  into  as 
m.uiy  t  iMiiil  parts  as  there  were  units  in  the  lide  of  the 
fquarc  ;  with  the  najiics  of  the  angels  of  the  planet, 
and  the  figns  of  the  zodiac  written  opoa  the  void 
.  fmcct  between  the  polygon  and  the  circumference  of 
tlie  cimtmfcribed  cirde.  Such  a  talifman  or  metal 
they  vainly  imagined  would,  upon  occafioi^  befrieind 
theoerfon  who  carried  it  about  liim. 

To  Saturn  they  attributed  the  fquarc  of  9  places  or 
cells,  the  fide  being  3,  and  the  fiim  of  the  numbers  ia 
every  row  15  1  to  Jupitei  the  fqu.Trc  of  16  places,  the 
fide  being  4,  and  tlic  amount  of  each  row  34  :  to 
Mart  the  fquare  of  25  places,  the  (idc  being  5,  and  tjic 
amount  of  each  row  65  :  tu  the  Sun  the  Iquaie  w^h 
36  plices,  the  fide  being  6,  and  the  fam  of  each  njw 
1 1 1  :  to  Venus  the  fouare  of  49  places,  the  fide  being 
7,  and  the  amount  91  each  row  175  :  to  Mercur)-  the 
.f^nnre  with  A)  -ptlc(<  the  fide  being  8,  and  the  fum  of 

each 
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nrh  row  iCo  t  and  to  the  MooQ  die  fqiiare  of  8t 
ftbcot  the  tide  bcih^  g,  aad  tbe  amoont  of  each  row 

$6^.     Anally,   thtry  attrSkuted  to  imperfifd  BHit* 

tcr,  til.' fquiiri-  with  4  divifif»n-,  t'ii*  :ng  2  for  Jtf  fidcj 
nn<i  to  (>(>il  the  fquwc  of'onl}-  one  c«U,  die  llile  dS 
which  U  ilfo  uidt,  wUeli^  midtiplied  by  itlelf»  no* 
dercocs  no  change. 

However,  what  wa»  at  firft  the  rain  pracb'ce  of  ctm- 
jumt  mud  inak«n  of  talifniMt,  hat  fmec  become  the 
fnbjcA  of  a  feribm  Unlearch  amonp  motlKniBticianii. 
Not  Aat  t)icy  tina^Mif  it  w-ill  Irad  tht'in  to  any  thiii^ 
of  fblid  ufe  or  adtan^e ;  btit  rather  it  is  n  kind 
of  play,  in  wk^-h  tlif  MifT^vnlty  ir.  l.i.iin  ".r  .'U  »nd 
It  may  chance  to  produce  l<<iTie  ntw  Vfcw  s  r»j  ruimbcrs, 
which  mathematicians  will  not  lofc  ihi- t'Cfafioii  of. 
,  It  would  fcem  that  Kman.  Mofphoptiln*,  a  Greek 
antbor  of  no  high  antiquity,  h  the  tird  now  known 

of|<wlio  Itaa  fpokeo  of  tnaeic  frjiiarcn:  he  hu  tdt 
fome  ride*  (or  tliew  raoftniAion  ;  tl.rtM^h,  by  the  aj^e 
in  wiiMi  Ik  ]i:cd,  tlirre  Is  rtafoii  t"  imagine  he  did 
ttut  lixiu  uiioii  t}i(  :-i  mi-rcly  as  a  mathttnaiiciiiU. 

In  the  ttctik  (if  (.'s»^>eliii!i  Aprippa,  fi>  tnVtc'i  af- 
cufcd  of  magic,  arc  tuiindtlie  fqoarcsof  fcvon  numbers, 
rh,  frotn  3  to  tj  inchifire,  difj>(»fcd  mnirirally  ;  and  It 
ii  not  to  Itoppofcd  that  thofe  feten  ntnnlKra  w«re 
preferred  to  all  other*  without  fome  i;ood  mfon  t  in- 
deed  It  !»  bccanfe  thrir  Aninier;,  !u-coi\linR  to  the 
fyflttn  of  Aprippa  and  iii*  fi>lln\vcr8,  arc  jilanetary. 
Tilt  fquarc  of  3,  for  inftance,  heloiijf*  10  Saturn  ;  that 
of  4  to  J  upitcr  ;  that  of  j  to  Mara  {  that  of  6  to  the 
Sun  i  that  gf  7  to  VcnMs  that  of  8  to  Mcreiirj}  and 
rtut  of  9  to  t!ic  Mood. 

M.  Bac'it  t  :i[jplied  himfelf  to  the  ftiidy  of  magic 
%inret»  on  the  hint  he  had  taken  from  the  plaoctan 
ftfuaret  of  Agrippa,  a*  K>ing  unacquainted  with  Mof. 
choptilusN  work,  which  is  only  in  maiuiicriot  in  ihc 
French  kiii;;'8  lilirary  ;  acid,  vviihnut  the  nffiiUuce  uf 
any  author,  he  found  fur  the  fqnares 

of  unercn  niimbcm ;  for  iiiUancc,  25,  or  49,  3:c  ;  but 
he  could  liot  fuccced  vrilh  tltofe  that  liave  even  roots. 

M.  Frenicle  next  en^ged  in  thia  fubje^.  it  w«a 
the  opinion  of  ibme,  tnat  althotiph  the  firft  lA-BBm- 
bcrs  might  be  difpofed  209717898^(1000  diffnvat 
waj^  in  a  natural  fquarv,  yet  they  could  rtot  be  dtf- 
lid  tniirt  !}iaii  16  wavs  in  n  mi-'ir  fqu--rr'  ;  hiu  M. 
rtniclc  llicw  td,  that  they  migltl  Ik;  thus  uispoltd  in 
S78  different  wayn. 

Totha  bttfinefa  be  thoneht  fit  tn  add  a  difficulty  „  •  {. 

that  had  Rot  yet  been  eonlldrred  ( -  v  Kich  was,  to  take-  other  ntimher,  tfien  dcfcend  diagonally  to  the  k-ft  from 


ihcfcliad  been  no  magic  fquarcs  made,  but  for  ferklea 
of  aatuial  MHilMta  that  fonned  a  fqwaici  but  M. 

Poi^ard  made  two  very  conCderable  hnproTementa. 

rfi;  I  'lU-  i.i  (if  i, iking  all  the  min'hera  that  fill  a  f  ]  :!;!., 
for  iMUjiiCi.,  "uit.  ^6  fucctirnc  niHiibcr*,  which  «uiiiil 
bll  all  the  ct:11«  of  a  natural  fqiiare  whofc  fide  it  6,  he 
only  tekis  as  mjuiy  fuccelfivc  iiiimbrra  an  there  arc 
tiii:lt>  ill  tiie  ildc  of  the  fqtiare,  which  in  thi>  cafe  are 
6  {  aud  tlicfe  fix  numbcfi  aione  he  difpof<»  in  fuch 
manticr,  ip  the  ^6  cella.  that  none  of  them  occur  twice 
in  the  l^mr  rar';,  whether  k  be  bori/ontal,  veitlcal, 
or  di.iu'onal ;  Mhence  it  follow*,  th.-.t  i.ll  the  rai:ks 
taken  ail  the  wayi  polFiblr,  nmd  always  make  the  fjir.e 
film  ;  and  ihii  inctliod  M.  I'oigi.ard  c.iil*  repealed  pio- 
greffiims.  id,  liill:ud  of  being  connnc<l  to  take  thefc 
numbers  accordiii;;  to  the  feries  and  locceiriun  of  the  na- 
tural numbers, thai  ii  in  arilhinetical  pri)gTetr:o.i,hc  taki  $ 
them  Ukewifc  ina  geomcti  icalpnwrcflion  (  and  even  ia 
an  harmonica!  progrelTion ,  the  niunbera  of  aD  the  ranlta 

al»-»y;i  foSli/w  ir.^M  li:-  f.-ir.r  1:  i  ..I  of  y.  ..y. :  JHoi^ :  1.:  '"  .ikta. 
fqiiaics  ot  each  vi  tlicli  t»»]'*.t'  jjiuifi'i.i.je<a3  iLjK.iud. 

^L  Poignard'j  b<Mik  g^ivc  oeejliiiti  to  M.  de  la 
Hire  to  turn  lua  tbuugbtti  tu  the  fan-.e  fuhiecl,  which 
he  did  with  ftich  flKXcb»  that  he  ^atly  .extended 
the  theory  of  magictfqttami  aa  well  iur  even  nut&bera 
as  tl'.'jfe  (hat  are  ttnercnf  as  inay  be  fccn  at  huge  ia 
t>ie  Memoirs  of  the  Royal  Academy  of  ^neoceit  for 
the  year*  1705  and  17  jo.  See  .ilf)  Saunderfon'a  At- 
gebi.i,  vul.  I,  y,\.  ^^j,  AC;  .1.10  0£aiiam'i  Mathc- 
matie^il  Kfcre^iuiito,  vAiv  ii^iiXii  the  followi>i^  cafj 
method  of  lilli^ig  up  u  magic  fquare. 

'To  Jorm  it  nui^i:  f'/uare  of  an  utU  utimlfr  of  ttritis  In 
ibe  anthmflK  pn/^rr^ion  1,  2,  ^.  4,  &c.  Place  the 
leatl  term  i  in  tbe  ceil  iaunediatcly  under  the  middk, 
or  central  one.  and  the  reft  of  the  terms,  in  their  no> 
tur.d  order,  in  a  defceading  dliigonal  diiection,  till 
they  run  ofl"  either  at  the  bottom,  or  on  tlic  lide  :  when 
the  number  i'u  > .  <  :i  .  the  bottom,  carry  it  to  the  upper- 
moll  cell,  that  i»>  not  occupied,  of  tlic  iaiue  column  that 
it  would  hare  falkn  in  below,  aud  then  proceed 
dcfcciiding  dia^oiudwife  fa<'  ^  you  can,  ortOl 

the  ntunbrrs  either  run  oq  at  bottom  or  fide,  or  are  in- 
terrupted  by  comiw  a  ecU  abtady  filled :  now  «  ben 
any  itambef  rima  on  at  the  irtght-hand  tide,  then  bring 


it  to  th.-  f.ii  il  ciil  o.i  left-hand  of  tlic  fame 
row  or  liiu  IT  \vi;uld  Jn'.c  IjJta  in  toMard*  the  ri^lit- 
Iwiid  :  a-u!  v'.li.:!  tlu  progrefs  diagoiialuife  is  iiiter- 
rtiptcdby  meeting  with  a  ceil  already  occupied  by  fui.ie 


May  the  imif;inal  mtmben  quite  anmnd,  or  any  other 
eiTconference  at  plesfnre»  or  ewtt  fetecal  of  fitdi  eir« 
oumferenccfi,  and  Jtt  that  the  ranamder  fliould  ftill 

be  magical. 

Again  tu  i-;',ine'1  tlir.t  cji  lit  Ion,  and  reqnired  that 
any  clrcumtcrcncr  tiikeu  r  t  pK  afnrc,  or  even  fcvctal 
circttmfepet;.'eN,  (liould  be  infepnr?ble  from  the  fquare; 
that  ic,  that  it  (hntiM  ceafc  to  be  magical  when  theywete 
liewowcl,  iind  yet  conlinxic  magie?l  after  tbe  removal 
of  jmy  of  the  rift.  M.  Frenicle  however  givet  no  ge* 
neral  demonflralion  of  his  methods,  and  it  often  feema 
that  hf  has  r.o  other  gii-'de  but  ch.<iKe.  It  is  tnie, 
Ids  book  was  not  puhHfhed  by  himfelf,  nor  did  it  ap- 
pear till  aftcr'.his  ileath,  vlr,  in  itoy 

In  I  -05  M.  Poignard,  «non  ut  Bruflcia,  publifhed 
a  trratil'e  on  fuUltBe  nagic  lquarc»i  Bcfoic  \tW  time 
Vou  II. 


this  cell  till  an  empty  one  is  met  witb>  where  estef  it ; 
and  therce  pioceed  as  before.  * 

Thus,  to  make  a  ma- 
gic fquaie  of  the  49  nurj- 
bers  1,  2,  J,  4,  &c.  Firll 
phtce  tile  I  next  below 
the  centre  cell, and  thence 
deicend  to  t!ie  1^,1. t  till 
the  4  runs  off  at  the 
bottom,  which  therefore 
carry  to  the  top  corner 
oft  till-  'iii!.e  >-o|-,iin:i  it 
wouhl  have  iai!', ::  ;;i ;  hut 
rutlj  off  at 

bring  it  to  the  be^iu- 
niug  of  the  fevond  hne, 
K  and 
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and  thrrcc  dcTcfnc".  to  tlie  lij^lit  t'TI  they  anite  at 
tlicctil  c  ifujiud  !  y  I  ,  c  iriy  liic  H  liicrttore  to  the 
next  (iiagonal  cdl  to  the  kit,  and  lo  proceed  tOl  lo 
run  off  at  the  bottom,  which  carry  therefore  to  the  t«p 
cifiucolnmn,a»dlo proceed  u!l  13  runs  ufT  tt  the  fUk, 
which  thercforr  lirin^  to  the  beginning  of  the  fiune 
line,  and  tht-t.cc  proceed  till  l  <;  aniTcs  at  th;  cell  oc- 
cupied by  8  J  fri>m  this  thettforc  dcfcend  di:igfunally  to 
the  left ;  but  as  16  runs  off  at  the  bo:tor:i,  cany  it  to 
ll'.c  top  iif  it»  proper  column,  and  thence  dcfcind  tiil 
Ji  run  off  at  the  fide,  which  is  thcrtfote  broujWit  to 
the  bc^iiinin^  of  it»  prapcrlinc;  but  <ir.  22  arrives  at 
the  ceU  occupied  by  15,  defcend  diagonally  lo  the  left, 
iTh:ch  bnng>  it  into  ^e  ift  calttiniit  bnt  off  at  the 
bottom,  and  therefore  It  !•  curried  to  the  top  of  tliat 
column  ;  thence  defcc mJi;!:^  tIJl  19  runs  off  both  at 
bottom  and  fide,  whicit  tlitrcfore  carr>'  to  the  highcft 
unoccupied  cell  in  the  lad  column;  and  litre,  at 
runt  on  at  the  fide,  bring  it  to  the  beginning  of  ita 
proper  column,  and  thence  defeend  till  35  runt  off  ct 
the  bottom>  which  therefiire  carry  to  tlie  b^naiag  or 
top  of  rt<  own  column ;  md  here,  a>  ^6  meett  whh 
the  cell  occispicd  by  25,  it  is  bi-ought  from  thence 
diaffonally  to  tlir  li-tt  ;  thrncc  dclt  tTidin?^,  ^(l  runs  off 
at  the  fuif,  and  lla-rcfore  it  is  broiii^lu  to  thL-  be- 
ginning of  its  proper  line  ;  thence  <klccnding,  41  runt 
off  at  the  bottom,  which  therefore  it  carried  to  the 
beginning  or  teptfF  hi  column  ;  from  vrhencc  dcfoend* 
43  >rr{*<*  *t  ^*  ceO  occupied  by  36*  «nd  there, 
furc  it  is  brought  down  from  thence  to  thf  left  ; 
thence  defccnding,  46  nuia  nfi  at  the  fide,  which  thci  c- 
fbnf  IS  broiitrht  "D  th'j  hfj^iiniiii^  of  its  line  ;  but  here,  aj 
47  mat  off  at  the  bottom,  it  i>  c-an:rd  to  tlti.  bcginmuj 
or  top  of  itt  colamilt  frnm  whence  defcending  wftb 
ud  49,  the  tqmiK  k  completed,  the  fum  of  ctreiy  row 
and  emnmn  ind  dngoml  making juft  ijt. 

There  arc  many  other  ways  of  fiUiog  up  fuch 
fqiraret,  but  none  that  arc  caficr  than  the  above  one. 

It  wm  fibfirved  before,  t!iat  llie  rum  of  the  num- 
hcrt  in  the  rows,  columns  and  diagonal*,  was  15  in  the 
fquare  of  9  number*,  34  in  a  fijuare  of  i6,  6y  in  a 
fcjuare  of  25,  See  \  hence  then  is  derived  a  method  of 
tir«ding  the  funis  c  f  the  numbcri  in  any  other  fquarCp 
viz,  by  tahiac  the  fucceffivc  dijfcrcnocs  tiU  they  become 
cqualj  and  t£ea  adding  them  focceffivelf  to  produce 
or  fiodotit  tlie  ■moottt  of  tbe  U/kmwg fiinw>  Tbatt 
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fiaving  ranged  the  fidct  and  cellt  in  two  columni,  and  a 
few  or  the  firft  fumt  ia  « third  column,  take  iIk  firft  dif- 
farencct  of  thefc,  which  will  he  i»  4*  10,  i^JkCf  at 
in,  tba  4th  calma  1  and  of  tlidie  uJlc  the  ( ~ 


3 

[  *5<5 

3 

4 

16 

64 

128 

I 

3* 

5<34| 

420 

360 

2Koj 

»5i 

0»  ^»  9>.'2i  ■^'-t  the  jth  column  ;  aad  again 
tilde  the  difierenccs  3,  3,  3  &.c,  at  in  the  6th  or  lail 
lumn.  Then,  returning  back  again,  add  always  3,  the 
I  -'tiantkftor  3d  difference,  to  tlie  laft  found  of  the  id 
differoioesi  which  will  complete  the  remainder  of  the 
column  of  thefe,  vir,  ij,  18,  21,  24,  &c :  then  add 
theft-  iii  differences  to  the  lall  fo'.iiid  of  the  iit  d!i- 
fcrentes,  which  will  complete  the  oluusu  «f  thefe, 
viz,  giving  31,  46,64,  .\  :  Lilly,  add  alwayt  thefe 
c-uiTe<()<)ndinu  itl  diffcrcncet  to  the  kft  found  miiW 
or  amuunt  of  the  fuflu,  aad  the  CoImOIII  of  VfSl 
thui  be  comnleted. 

Aguat  Ulw  aa  the  terms  of  an  arithaietical  pro. 
gfrnoAmdOgdi  aagicalljr,givc 
the  fiiine  fum  in  every  row  &c, 
fj  l!ie  tcrtii;  (if  a  geometucal 
Itnui  iri'siiigcti  u.djjicaily  give  the 
fame  produ^  in  every  row  &c, 
bpr  muUipljriiw  the  numbert  cun< 
tUMldli'  tDgtuer ;  fo  tltit  pro- 
giclBon  tf  tf  4,  ^  16.  kc,  ar- 
taof^  M  hi  the  margin,  givat, 
foreai.li  I'lintinttrvl  jirodd^i, 
in  cvei  y  ri>w  i:.  i-,  -.vhi-.h  is  iull 
the  cuhc  v(  the  n.idJlc  term,  l  fj. 

Alio,  tlie  termit  of  an  harmo> 
aieal  pragrcflion  being  ranged 
agagiculf,  as  in  the  maigin,  have 
the  terais  in  each  raw  frc  tn  haiw 
mosical  pmgreffion. 

The  intreiiious  Dr.  V.v.'iWu), 
it  fet-rris  <  ,irT->c;(j  xh'.i  cJiiijt;;  1n?culjtiu:l  farther  tbao- 

any  uf  his  pretitceflors  in  the  lame  way.  He  conilrudb* 
ed  both  a  music  fyyare  of  fquenrtt,  and  a  magic  eitrle 
e/  circlrj,  the  dcfcription  of  which  is  at  foilowt.  'I*he 
magic  fqiiare  of  fquaret  is  formed  by  dividing  the  great 
fquare  at  in  fig.  1,  PL  15.  The  great  iquarc  is  disidcJ 
into  256  htllc  fquaret,  In  which  all  the  nun-hirs  hum 
I  to  256,  "i  t.K  ii.ju.'.ie  o:  j6,  ;',ic  placed,  in  iC  ti-.lurmii, 
which  may  he  i^kcH  cither  honicoittaiiy  or  vertically. 
Their  chief  properties  arc  as  follow : 

I.  The  iiuo  of  the  16  Biunbcn  in  each  column  or 
row,  vcnicat  or  horisaotal,  ia  S056- 

1.  Ewryhalfoolunint  vertical  and  hoiiaontal,mkes 
loaS,  or  juft  oae  half  of  the  fame  foni  sofA. 

3.  Haifa  diaj;-ii,il  afcei  ding,  added  to  half  a  diago- 
n  il  criccn.iiriL;,  [n^Li  ?  alfu  (be  lamt  lum  ao^6  ;  takmg 
thefe  lialf  diaj^onals  iVoin  the  endt  of  any  iide  of  the 
fi^uare  to  the  middle  of  it|  aad  to  reckooioe  theaa 
either  upward  or  downward}  Of  fidewajft  ikoai right  to 
teft,  or  from  left  to  fkbu 

*  4.  The  ftmc  with  aOthe  paraUeU  to  tbe  half  diagonals, 
as  manjratcan  be  drawn  m  the  great  fquarr  :  h-r  any 
two  of  them  being  directed  upward  and  dowimaid, 
from  tilt  [lace  where  they  bcgm,  to  tliat  where  they 
end,  liicir  tiimt  lliil  make  the  fame  2056.  Aifo  the 
fame  holds  true  downward  and  upward  ;  at  well  as  if 
taken  fidevrayt  to  the  middle,  and  back  to  the  fame  fide 
l^n.  Only  one  fet  of  tht-fe  half  diagooala  and  their 
panttda*  i«  drawn  in  the  <aaie  fquare  upward  and  dowu> 
ward  I  but  aaotber  let  may  be  drawn  firom  any  of  tbe 
other  three  fidet. 

5.  The  four  comer  numbers  in  the  great  fquare  add< 

c4  to  the  Anv  cntnl  wmbm  im  it,  mkc  iot»,  tb* 
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talf  fin  of  iBjr  witaal  or  iMrisaatal  eofaiwit  which 
CobUum  16  wiTrom  f  tod  dfit  equal  to  litif  a  diagoaal 

or  iu  parallel. 

-  6.  It  a  fqujic  hoIPi  cqiml  in  brradsh  lo  funr  of  the 
I.ldc  Iquarcs  or  rrlli,  be  cut  111  a  [).i;K-r,  tlirough  which 
any  «>f  ibc  'blittlt  (.ulla  iii  the  pri.it  itjuarc  may  be 
fren,  and  the  paper  be  hid  upon  the  great  fqaare  ;  the 
fucn  of  all  the  16  numbers,  beo  ibraugb  the  ho^^t  i*  >'* 
««}■(  equal  to  80^6i  the  fmn  <tttht  i6  wutAett  w  aey 
iMmaoatal  or  vertical  column. 

The  Mcf  'u-  Circle  of  (lircUt^  fig.  1,  |,!.  t%,  hy  the 
fame  author,  rs  C'>rrii;(jrcil  of  a  feriet  of  numbcri,  from 
12  to  75  iuchifivc,  cliviclfd  into  8  concentric  circular 
ffjjcts,  an;!  nir.L'cil  in  8  of  r  umberi,  with  tlie  num- 
ber 12  io  the  ccutre  ;  which  number,  like  the  centr<r,  \i 
VMBSHHI  to  all  tbdk  circular  fpiircs,  ard  to  all  the  rvtlii. 

The  mBbm  uc  fo  plaBcd»  that  the  (un  of  aU 
tlwfe'  in  cftbtr  of  eonceirtne  cmnkr  fpnei  mbove 
iDcntioDcd.  together  whii  '.!:e  ceiitial  number  1:, 
•mount  to  360,  the  fame  »s  tbc  number  of  dcgicrs  iu  n 
circle. 

a.  The  mimbers  in  each  radiuj  alio,  together  with 
.the  central  number  I3,  makejuil  360. 

3.  The  numbers  in  half  of  any  of  the  above  circular 
fpares,  taken  either  above  or  below  the  double  horiioa- 
Ut  live*  with  half  the  central  number  ia>  make  juft  ito* 
or  hdFtbe  degfeca  in  a  circle. 

4.  ir  .niy  fuur  ai'^ii'tjinj'^  r.utiibcrs  be  It,  ns  if  in  a 
fquartr,  in  tlic  nuiinf  diviltons  ot  tbele  circular  i paces  ; 

tbc  funi  i  f  thcic,  with  half  the  ceotnl  muibcr,  make 
aifo  tiic  fame  liJo. 

'lliere  nre  aifo  inclucled  fun  leli  of  other  cIrcoUr 
fpacca.  boiiodcd  bf  cirdc*  that  are  cxeentric  with  regard 
to  the  oonuMB  centre  \  each  of  thefe  fas  oontaining 
fife  %we»(  oai  the  centre*  of  them  heing  at  A,  B,  C, 
D.  ror  dtftindioD,  thefe  drcles  are  drawn  with  diffe- 
rent tnarka,  fome  dot'.cd,  uilicrs  by  Hioii  iu:cnnn<rti.-d 
line*,  &c  ;  or  Uill  bcltrr  witb  inki  cf  tir.x  1 5  coluurs, 
(hie,  red,  green,  yellow. 

Tbefe  feta  of  excentric  circular  fpsces  interfedt  thofe 
of  the  concentric,  and  each  other;  and  yet,  the  num> 
beneoMsined  in  each  of  the  ctcentrkfpaoca,  taken  all 
aroinid  through  any  of  the  to^  Which  are  excentrie, 
Inakc  the  fame  fuin  .is  thufe  in  tlic  concentric,  nanuly 
560,  when  the  ccntr4l  rmmhcr  \z  is  avlticii.  Their 
halves  aifo,  taken  above  or  btlow  the  dnubli  liorixontal 
imc,  with  half  the  central  numbcT,  make  up  ttto. 

It  is  obfervablc,  that  there  it  not  one  of  the  numbers 
hut  what  beloiiga  at  ieaft  to  two  of  the  circular  fpacea  | 
feme  to  three,  foae  to  bur,  fome  to  five  :  and  yet  they 
are  all  fu  placed*  aa  ncker  to  break  the  required  tramho' 

in  any  of  rf»e  »<!  circular  fpacci  within  the  primi* 
tivc  circle.  They  Iis'l'  ali'i  other  pruprrtiea.  See 
Franklin**  Rxp.  ami  Obi.  ji.v  -  jo,  edit.  410,  1769;  or 

MAGICAL  PiUurx,  in  hicctncity,  m-hs  <irii  con. 
trhfcd  hf  Mr.  Kiwwrfley,  wbA  \»  iUm  made :  Havin?  a 
large  awxMtiiito  witb  a  firaBM.aiid  ghdr*  a*  of  the  ktng 
Ibr  inilance,  tidce  out  the  print,  and  cut  a  pannd  out  of 

it,  near  two  inches  diiiaut  from  the  frame  all  around ; 
then  with  thin  parte  or  gum-water,  fix  the  border  that 
it  cut  lifi  i  r.  the  ii  lidc  of  tlic  gUil',  pruning  it  fmo<>th 
and  dofe  |  then  fiil  up  the  vacancy  by  gildiuj^  the  glals 
wcS  with  k«r  geU  or  hmb*  Olid  UkcwiCe  the  inner 


edge  of  the  back  of  the  fraiDc  aH  nmnd,  except  the  to? 
part,  and  form  a  eoRHMiaicatioa  between  that  g'hting 

and  the  gilding  bc^ifnt!  l!u-  ;   thru  put  m  ihf 

board,  and  ibai  i,  k  n  liivihn!,  Ncxt-turu  uj)t;.iL 
and  ;iild  the  forclide  exactly  ov-r  tli?  luck  gddmg,  1  1  1 
when  it  is  dtv,  cover  it  by  p.iilMijT  on  the  paiiiKi  ot  the 
pitlure  that  das  been  cut  u,  obk-rv-ing  to  bring  the 
corrcfponding  part*  of  the  border  and  picture  togahcr» 
by  which  mrr<n»  the  pidure  will  appear  entirCt  **  <t 
firft,  onljr  part  bchiod  thegkfa,  and  pan  before. 

Hold  the  pidure  horisMtally  by  the  top.  and  place 
a  ftiu.It  moveable  gilt  crown       the:  'it.n;.  If 

liov.  ilic  pliture  be  mudcralcl)  cIciii.iRj,  ..nd  uuuihrr 
perfon  tukc  hold  ot  the  frame  with  one  hand,  fo  that 
hit  fingers  touch  its  iiifidc  gilding,  and  witli  the  oilier 
hir.d  endeavour  t>>  take  oiF  the  crown,  he  will  receive  a 
violent  blow,  and  fail  in  tlic  attempt,  itthepi&ure 
were  higlJy  charged,  the  confcqueuce  ra^ht  be  at  fi^ 
a$  thnt  of  high  trcafon.  Ti^e  operator,  who  holds  the 
pidiia-  by  the  upper  end,  where  the  iniidi-  of  the  frame 

l  i  t  lo  ['  Cikr.:  iu  frilling,  fccU  nothing  of  the 
iluitk,  and  ill.])  t  DUch  the  fscc  of  the  p'clure  without 
danger.  if  a  ring  of  peifuus  take  the  ihock 

among  them,  the  experiment  is  called  the  conipiraton. 
See  I-  i-aiiklin'i  Expcr.  and  Ohferv.  pa.  30. 

MAGINI  (JoHX^Ax  THOKV),  or  MACIKt;S,  pNH 

feffor  of  mithenaticB  in  the  univcrfity  of  Bologna,  waa 
bom  at  P.-ulua  in  the  year  1536.  Magini  ;i  niark- 
ahlc  for  his  great  afliduity  in  acquirisnr  and  improvinjf 
the  knowledge  of  the  mathciiutic^l  icicnccs,  wi;h  fc^ 
vera!  new  inwitions  for  thefe  purpoles,  and  tor  the  ex- 
traorduMi-T.  t,;  .iji;i'  I'.c  ubtaiiied  from  molt  prince*  of  h« 
time.  Thi«  doubllcfs  arofe  partly  frmn  the  celebrity 
he  hr.d  in  matters  of  aftrologjr,  to  wdlich  he  waa  greatly 
addi^d,  making  horoicopc9»  and  foreteUing  events, 
both  rehtiiig  to  perlbns  and  thing*.  He  wu»  invited 
b}'  the  tnijnrcr  Hodolphut  to  come  to  Vienna,  where 
bi-  piomiiid  ii'rn  a  profeflbr's  chair,  .nbotn  the  year 
ijty,:  ;  but  not  being  able  to  prevail  on  iivn  to  fektfe 
there,  he  ncvenhdcls  gave  him  a  handfome  peniion. 

It  is  faid,  he  waa  fo  much  addicted  to  allrological 
prcdi^kioM,  that  he  not  onlj  foretold  many  good  and  evfl 
cventt  rckttve  to  other*  with  fuccefs ;  bdt  even  (on- 
told  his  own  death,  wliich  came  to  pafs  the  fjnu-  y -ir  r 
all  which  he  reprefentcd  as  under  the  ioHiiericc  oi  the 
liars.  Toniafiiu'  fays,  ihut  Magini,  being  adv.mced  to 
his  C)ifl  year,  ilruck  with  an  apoplexy,  which  ended 
hi»  days  ;  :iiid  that  a  long  wh.'lc  brfore,  he  had  told 
him  and  o'.herj,  tiuit  hv:  was  afraid  of  that  year.  And 
Rothiii,  Ins  pupil,  ftiys,  that  hlagini  diM  under  an 
afpcjfl  of  the  pkiB«t«»  which*  according  to  his  own  pre- 
diction, would  prove  fatal  to  him ;  and  he  mrptiona 
Ricciuli  as  afitimtng  tlat  he  fiifd,  tlit  i-gme  of  his  na- 
tivity, .-^n  j  bis  cltinadcric  year,  doomed  him  to  die 
about  tb:it  time ;  whidi  happened  ia  1618*  in  tlie  Sad 
year  of  iiic  age. 

His  v.  titings  do  honour  to  his  memory,  as  they  were 
very  cunlidctable,  and  opoo  learned  fubjcdi.  The 
principal  \v«*  llie  foIk>win;r :  i.  Hil  Ephemen's,  ia  ^ 
volumi  J,  ffjni  t'u-  year  j  L  Id  16^0. — 2.  Tuhlcs  of 
.St-fondaiy  M:>tions. —  1,.  v\llruaomical,  Gnomnr.ical, 
and  Uroy;rapiuVal  Problems — 4.  Theory  of  tiie  Planctv, 
accordiiiir  to  C  operwicus. — S.  A  Confutation  of  Scalj. 

pit*9  Differtation  concenuiig  the  FneeRon  of  th« 
^  *  £quinox. 
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Eqaimntw-^  A  Prim  urn  Mobile,  in  12  book««— 7. 
A  Tfcnife  of  Ftane  and  Spbencal  Trieonometry..-^. 
A  Cominentny  on  Ptotomy'i  Geography. — 9.  A  Cbo- 
rognphictd  Dcfcription  of  the  Regions  and  Citic*  of 
Italy,  illullratcd  w'nh  Co  maps;  wich  famt  «thcr 
papers  on  A(lrok)[juLiil  fubjeOi. 

MAGNET,  NfAnsEj,  the  Loatijtone;  a  kind  of  fer- 
ruginous (lone,  reftrTibling  ir«in  ore  in  weight  and  co- 
lour, though  rather  hjtdcr  and  iieavicr ;  and  i»  endued 
ivhk  diven  extraurdinanr  protxtties,  attraAive,  dircc- 
tfire,  incKnitorv,  5;c.    Bee  Macxrtiim. 

Th.-  M.ipii:'t  is  f.lfo  catli-d  /..■/-■-'  If.'riffsn:,  from 
Hcrudta,  a  city  o<  Mnj^ncfui, jiuj  t  ttf  liie  at-.ciriil  i^y- 
dia,  where  it  was  fnid  It  was  firft  found,  and  from  wliiirti 
it  i«  ufiially  fnppoicd  that  it  took  its  name.  Thtinj^h 
fome  derive  the  word  from  a  ihepherd  namttl  Mrj^h.'t, 
who  firft  difcovered  it  i>n  Mount  Ida  with  the  iron  of 
hts  crook.    It  it  alfo  called  Nmdiau,  from  »• 

tife  in  navigation'f  alfo  Sdtritts,  fnm  it*  Ttttue  in  U> 
traAinf;  iron,  which  th«  Greeks  call 

The  MagTjct  i«  ufually  found  in  iron  mines,  and 
fometinnes  in  rery  large  piece*,  half  magnet,  half  iron. 
Its  colour  is  different,  as  found  in  different  countries. 
Morman  obfcrves,  that  the  bcft  are  thofc  broii;'*it  fmm 
China  and  Bengal,  wbtcb  ave  of  an  irony  or  f.  !i;-i:i  ie 
■eoloitr;  thofc  of  Arabia  are  fcddifli ;  thofc  oi  Ma- 
eedooia,  Wackifh ;  and  thofe  of  Hungary,  Germany, 
En;fl  ;iu!,  &c,  th:  culLnir  of  inuvrcui;ht  iron.  Neither 
its  fi  'lire  nor  hulk  arr  cii:ift.T!t  or  determined  i  beinj» 
ton  ii!  <->f  a\\  ;Ti;ipi.-9  [vX  \\7Ci. 

The  AiH-ier.tR  reckoned  tive  kinds  of  Mapnets,  diffe- 
ICi'tt  in  colour  and  virtue:  the  Ethiopic,  Magiufian, 
Bcrotic^  AIeundrian«  and  Natolian.  Tliey  tiia  took 
It  to  be  male  and  female  t  bat  ttjr  chief  ufc  they  made 
of  it  was  in  medicine  ;  efpecially  for  the  cure  of  burns 
and  defluxitjns  of  the  eyc<. — The  Modems,  more  happy, 
take  it  to  crmiiuit  t'lriu  in  tluir  vuy.'i;.,'CS. 

The  molt  dirtinguiiiiing  properties  of  the  Magnet  are, 
That  it  attrads  iron,  and  th.tt  it  points  towards  the 

Soles  of  the  world  ;  and  in  other  circumftances  alfo 
ips  or  inclines  to  a  point  beneath  the  horizon,  diretlly 
under  the  pde  \  it  alUb  communicatea^  tbefe  proMitiea^ 
by  touch,  to  iron.  By  neans  of  wbicb,  are  omained 
the  in.-iriner's  needles,  both  boftzofltal*  and  lodioatory 
or  dipping  needles. 

Tl :  Altr.i^llvf  Po<Wi-r  of  the  Mac v FT,  was  known 
to  the  Ancients,  ai^d  is  mentioned  c»en  by  Pla  o  and 
EuT^idi'ii,  wlio  call  it  the  Ntfadtm ^onr,  btcaufe  if 
coownaada  iron,  which  fubduca  every  thing  clfc :  but 
tiie  knowledge  of  iu  dfreAive  power,  by  which  it  dif- 
pofes  ;ts  poles  al  )!ig  the  meridian  of  every  place,  or 
nearly  lo,  and  canfis  needles,  pieces  «>f  iron,  he,  totichcd 
with  it,  to  paint  nearly  north  and  foutli,  is  of  a  much 
later  date ;  thou^^h  the  difcovercr  hirr.fcif,  and  the  exact 
time  of  the  difcover)',  be  not  now  knov/n.  Tlic  firll 
mention  of  it  it  about  i  z^o,  when  it  bus  been  fuid  tiiat 
Marco  Polo,  a  Venetiaii,  introduced  the  marioer'tcoin* 
paft ;  though  not  as  an  invention  of  hit  own,  but  ■< 
derived  from  the  Chincfc,  who  it  feems  had  the  nfe  of 
h  !<:ag  bi  i'ore;  thonjjh  fome  iinaj^inc  that  the  Cliinefe 
rather  borrowed  it  from  the  Eunipt-anii. 

But  I'ljvio  de  Gira,  a  Kcapolitnr.,  who  lived  in  the 
])th  century,  ti  the  pcrfon  u/ually  fup^fed  to  have 
tie  faeft  title  to  tbe  diteoyciy  j  and  yet  Sir  G.  Wbeder 


IS  an  eic- 
compafs  ; 


mentioat,  tliat  he  had  fecn  a  hook  of  ailronomy  much' 
older,  which  fup|>ofed  the  ufc  of  the  needle  s'ihough 
Dot  at  applied  to  the  purpofct  of  navigation,  but  of 
aftronomy.  And  in  Guiot  de  Provins,  an  old  French 
port,  who  ^vro•.c■  aVnii't  the  year  Ii8r,  tlicn- 
prcfj  mention  inaJi;  oi'  the  luadftone  and  tiic 
and  their  ufc  in  navigation  obliquely  hinted  at. 

*J L-  Farittticn  nf  tht  Ma(5nht,  or  needle,  or  its  devK- 
ati»in  from  the  pole,  was  ttrll  difcovered  by  Sebaftiau. 
Cabot,  a  Venetian,  in  i500«  and  the  variatHn  of  tint 
wiation,  or  chan)^  in  ita  dtreftion,  by  Mr.  Hony 
GcUibrand,  prufriTur  of  aftfODomy  in  Gidhani  cdtcgCf. 
about  the  year  1625. 

lyallly,  the  Dip  or  inclination  of  the  nccdli-,  wlicn 
at  liberty  to  pl«y  verticaUy,  to  a  point  btncath  the 
liorizDii,  was  firtl  difcovettd  by  another  of  our  countr]f^' 
men,  Mr.  Robert  Nomuuit  aMut  the  year  1576. 

Tbt  Pianmaa  of  ihg  Maonkt,  are  aa  felfaw :  i,  Tii- 
evcry  Magnet  there  are  tw«  polo,  of  which  the  one 
points  northwaids,  the  other  fbiitbwards ;  and  if  the 
M^i^o.-jt  \v.:  I'.ivided  into  ever  fo  many  piects,  tin:  two 
poks  witi  be  found  in  each  piece.  The  poles  of  a 
Magnet  may  be  found  by  holding  a  very  fine  (hoit 
needle  over  it ;  for  where  the  poles  arc,  the  needle  wiU 
Hand  upright,  but  no  where  clfe- — 2,  Thcfc  poles,  in 
dilRi  ent  parts  of  the  globe,  are  dHfaquly  iaclined  to- 
wardj  a  point  under  the  borison.— 5,  T%efe  polesy 
thonf(li  LiJ  itt.iry  to  each  iithtr,  r'o  tn.lp  nuitiiailv  to- 
wards the  Ma^Tr.ctV  altrr.vtuju,  :ui',l  liilpc-ufion  of  it  or.. 
— 4,  It"  iwo  Mi>Tiets  be  fpherical,  one  vdW  turn  <>r 
conform  ilftlf  to  the  other,  fo  at  cither  of  them  would 
do  to  the  earth  ;  and  after  they  have  fo  conformed  or 
turned  tbemfelvet,  they  endeavour  to  appraacfa  or  join 
each  other;  bat  if  placed  id  a  oonttwy  pofitton, 
they  avoid  each  other. — y.  If  a  Magnet  be  cut 
through  the  axis,  the  fcgments  or  parts  of  the  ftoncj 
vviiich  1)cfore  were  ].  :n;  1,  will  now  avoid  and  fly  each 
other. — (iy  If  the  Maijnct  he  cut  prrpendicalar  to  ita. 
axis,  the  two  points,  which  before  were  conjoineds 
will  become  contrary  pules ;  one  in  tbe  one,  mA 
one  in  the  other  fegment. — 7,  Iron  receives  virtuefnm 
the  Magoet  by  appli«atioa  tii  it,  or  bardy  from  an  ap* 
proach  near  it,  thoogR  it  do  not  touch  it  f  and  the  iron 
receives  this  virtue  van'ouOy,  according  to-  the  parts  of 
the  ftone  it  is  made  tii  touch,  or  even  approach  to. — 
S,  If  an  oblong  pircc  nt  nov.  h':  anyhow  applied  to  tbe 
Done,  it  receives  virtue  from  it  only  len;{thvrayt.— ^ 
The  Magnet  lofea  none  of  its  own  virtue  by  commvnu 
cadng  any  to  the  iron  (  and  this  virtue  it  can  commu» 
tticateto  the  iron  very  fpeedily  :  though  the  longer  the 
iron  joins  or  touches  the  ftont-,  the  longer  will  it',  rivn- 
municated  virtue  hold  ;  and  a  better  Magnet  w  iil  com- 
municate nore  of  it,  and  fooncr,  than  one  not  fo  good. 
—  10,  btetl  receives  virtue  from  the  M.igin.t  better 
than  irun — 11,  A  needle  touched  by  a  Nlignet  will 
turn  its  ends  the  fame  way  towards  the  polet  of  the 
world,  »  the  Magnet  itfelf  does.— -t].  Neither  load* 
ftottevor  needka  touched  by  it  do  conform  their  poles 
exaAly  to  thofe  of  the  world,  btit  have  ufunlly  fome 
variation  fn)rn  tJitii! :  :ind  t'l.'i  v;iri.«tion  h  different  in 
divers  plices,  aiul  ri  d  .<  f%i  ttiiiis  ta  the  fame  places. — . 
I  ^,  A  loatiii'  n  •  will  t;jke  up  much  moro  iron  when 
anncd,  or  capped,  than  it  can  alone.  (A  load&oue  i« 
(aid  to  be  icmiEd,  tidien  it*  poUa  ire  funounded  with 
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pSatcB  of  ileel:  ami  to  ditcrmint  the  quantity  Of  ftcd, 
to  be  applied,  try  the  M.igiKt  with,  fevcral  Reel  bars ; 
mi  the  greatcft  wci|;bt  it  takes  op,  with  a  bar  oiii  is 
to  be  the  we^ht  of  it«  srtnour. )   And  though  an  vmn 

ang  or  ke^'  be  fufpcnJcd  by  tbv  lo.idrtoiK-,  yet  tliid 
docs  not  hinder  th:  liu^  w  key  from  turni.-i^  round 
»r.y    uav,  cither   to  tlic  rl.'^t    or  I'.ft. — 14,  The 
force  of  a  loadllone  may  he  v.ir:u'.:fly  incri.  ifcd  or  !if- 
fcacd  by  varioufly  appl\  irp;  to  it,  ritiiT  iroii,  or  another 
IndftoDC. — 15,  A  Jlioiig  Mjgiirt  r-t  tin-  kaft  ditlancr 
fion  a  fnuOer  or  a  weaker,  cm..vi  diuw  to  itapIircL- 
of  inm  adhering  aAually  (0  fuck  linaUcr  <Mr  wcsker 
ftooe ;  but  if  tt  come  to  touch  it,  It  can  draiv  it  from 
the  other  :  b;U  n  wi  iiLcr  M:igiiet,  or  even  a  fni  i!l  pioci* 
of  iron,  can  draw  iway  or  fcpaii.lt;  a  pitcf  of  iron  loiI- 
tiguoui  to  a  I.irgcr  or  ftrongcr  Majrnct. —  1 6,  In  tlicfc 
northern  parts  of  the  world,  the  fouth  pole  of  a  M^iiJ- 
net  will  raifc  up  mere  irtvn  thati  its  north  jiole. — 17, 
A  flate  of  iron  ooljTt  but  no  other  body  uiterpofed, 
eaa  inpede  the  operation  of  the  kadftone,  cither  as  to 
&s  attra^iivc  or  dircflivt-  quality. — J'-*,  TIk  power  or 
virtue  of  a  loadilonc  n'..iy  be  Impaired  by  !yinv^'  long  in 
8  wTon:^  pofitior',  as  ullo  !:v  r.ift,  wet.  Sec  ;  .md  may 
be^te  dcttroyed  by  lire,  lightning,  Sec. — ]</,  A  piece 
tf  nva  winr  wcQ  touchedt  upon  being  bent  round  in  a 
ih^  or  eoQcd  round  on  a  nick,  Sec,  will  always  have, 
ibdB«£tiTe  Tirtue  dimioiflied,  and  often  quite  defti^ycd. 
And  yet  if  the  whole  length  of  the  wire  were  r,oi  en- 
tirely bent,  fo  that  the  ends  of  it,  though  but  far  the 
length  of  o". --ti  nth  of  an  inch,  were  left  Uraijjht,  the 
'  firtue  will  n.it  be  deftroyed  in  thuf*;  ])arts ;  thoujli  it 
win  in  all  ifje  reft. — 20,  The  fphcre  of  attivity  of 
Magnet*  is  greater  and  iefs  at  ditf-rcat  timcit.  Alfo, 
the  variation  of  the  ueedle  from  the  meridim,  is  variotH 
at  dtferest  times    the  day. — 21,  By  twiilia^r  a  picog 
of  wire  touched  with  a  Maj^nct,  it*  vintte  In  f^rciiily  d»- 
ninifbed ;  a-ul  fuinrjilruii  f  >  tij^.n*:, Ti  I  u'lu  t  onfufed, 
that  in  fonx  p.uts  ;l  will  uttr.icl,  .i.id  iu  t^tMcrs  repel; 
ar.d  c.  t  n,  in  lome  places,  one  fide  of  the  wire  fcems  to 
Yk  aui  :'.rtnl,  .ind  the  other  fide  repelled,  by  <'.ne  and  the 
■  fami,-  p<'!\  of  tin-  Uoiie. — 22,  A  piece  <  f  wire  that  has 
been  touched,  oa  being  fplit,  or  cleft  in  two,  the  poles 
are  (enietnnes  changecC  >•  in  a  deft  Magnet ;  the  north 
pf:!<-  brcrminjj  the  fouth,  and  the  fouth  the  north  : 
aud  vtt  ftj/5nctinies  one  half  of  the  v/ire  will  retain  its 
former  pi     .,  and  the  other  half  w  ill  have  them  chanj^ed. 
-— jj,  A  wire  bciii^  touched  from  end  to  end  with 
one  pole  of  a  Magnet,  tliL'  end  at  which  y>u  be^in  will 
ahnifa  tttrn  contrary  to  the  pute  th  it  touched  it :  and 
if  it  be  agnsn  toudied  the  fame  way  with  the  other 
pok  of  the  T'Tn^nun,  it  will  then  be  turned  the oontiairir 
way. — 24,  If  a  piece  of  wire  he  ttmchrd  in  the  middle 
with  only  one  pole  of  the  Magnet,  u  ithotit  nioviiig 
it  backwards  or  forwards  ;  in  that  place  will  be  tlic 
pole  of  the  wire,  and  the  two  ends  will  be  the  other 
pole,    j^.  If  a  Mai;net  be  heated  red  hot,  and  a^^riin 
cooled  either  with  its  fouth  pcle' towards  the  north  ia 
ahonzontdhpofition,  or  with  its  fouth  pidc  downwards 
in  a  perpendwtiW  pofition,  itn  poles  will  be  chnngied. 

—  2^<,  Mr.  Euylc  (to  wIdpi  Wv  are  ivi;':'.tn!  fuv  tV;;; 
fbiiovrin^  in;ijrnit!Cul  pliL  1  niuTiii '!  liiiii.J  li^  LOiJi  pr»:- 

fcntly  cHanj;c  the  poles  of  :i  iir-dl  fra^rr.tnt  of  a  load- 
ftoue,  by  applying  them  to  the  oppolite  vigorous  poles 
if  »  hrgie  oac.— 27*  Hard  iron  toob  wcfl  tenvcredf 


when  heated  by  a  IriHt  attn'tlon,  as  filing,  turning,  fltc,, 
will  .ttttai'l  thill  filing?  or  chips  of  iron,  ftcd,  ftc'i 
and  heitcc  we  ubfcrve  that  files,  punches,  AUflTCt* 
tiafe  a  fmatl  degree  of  magnetic  virtue.— 38,  The  inm 

bars  of  windows,  &c,  whieli  have  ilood  a  King  time  in 
an  ercfl  pofittoti,  grow  pt  r:njiicutly  mngnctical ;  the' 
low  er  entis  of  foi  h  b.ir^  bein;.^  the  north  pole,  and  the 
upp^r  ci.il  tiiL  fvitl:  pole. — 2(j,  A  bar  of  iron  that  has. 
not  (bi.'d  louT  in  an  erect  poihire,  if  it  be  only  htH' 
perjvjndienhirTy,  will  becunie  rr.ignctical,  and  its  |owcr 
end  the  i!ort!i  jioh-.  a?  apj>ears  from  its  attr^d^ing  the. 
fijuth  pub  of  a  nccdie  :  but  then  this  virtue  is  tran- 
fient,  and  by  inverti.ip  the  bar,  the  poles  cbau^e  their 
places.     III  iirl'.T  therefore  to  rendi o  tL;  '^j  .l.tv  pcr- 
muni-nt  i  -.  ;.n  iron  bar,  it  mufl  eontitnic  a  loag  liine  in- 
a  prop'  1  :;i>iii:  >n.    F<ut  fire  .w'H  produce  the  cffeft  in- 
a  ihort  liir.e :  for  as  it  will  immediately  deprive  a  load- 
ftonc  of  its  attractive  virtue  ;  fo  it  foon  give^  a  vertieity 
to  a  bar  of  iron,  if,  being  h^ed  red  hot,  it  be  cooled, 
in  an  crcft  pofture,  or  diixAly  north  and  feoth;  £veti 
tong^  and  hreforks,  by  btiiig  often  heated,  and  fet  to> 
cool  again  in  a  podure  nearly  ereft,  have  (jaiiicd  this 
magnetic  property.     Suntetitnii  ln'n  bira,  h',"  long. 
ft.inding  in  a  perpendicular  pofition,  have  accpiired  the 
magnetic  virtue  in  a  furprifing  decree.    A  bar  about 
10  feet  long,  and  three  inches  thick,  fupj>orting  thc- 
fnnutier  beam  of  a  room,  was  able  to  tarn  the  needle 
at  3  or  to  feet  dIRancc,  arid  exceeded  a  loadflone  of 
3i  pounds  weight:  from  the  middle  point  upwards  it, 
was  a  north  pole,  and  downwards  a  ii  in:li  pole.  AnA 
Nfr.  Martin  mentions  a  bar,  which  had  Ixcn  the  bcatn.  * 
of  a  large  ileel-yard  that  had  feveral  poles  in  it. — 30, 
Mr.  Boyle  found,  th.it  by  heating  a  piece  of  EnzUfli' 
oker  red-hot,  and  placing  it  to  cuofin  a  proper,  polliifC«. 
i\  manifcRly  atxpiiretl  a  magnetic  virtue.   Aaid  an  ez« 
cellent  Magnet,  belongiiig  to  the  lame  ingfniowi  gen- 
tleman, having  lain  near  a  year  in  an  inci ;  v.jtiii  iir  |!i  .r. 
ture,  had  ilt  virtue  greatly  impaired,  a*;  iT-i  l.jj  hc^ri' 
l  y  fire.— 31,  A  nerdic  well  touched,  ii     ].i  own,  will 
point  notth  and  fouth  :   if  it  have  one  contiaiy  tonch 
of  tlic  fume  (lone,  it  will  be  deprived. of  its  faculty 
and  by  another  fuch  touch,  it  will  have  its  polea  inteiw 
ehaii.jcd. — 32,  If  an  iron  bar  have  gained  a  vertieity 
by  b'  iiig  ht  jted  red-hot  a-ul  cooled  agai'i,  north  ;uui 
fouth,  H!;d  then  hatnniered  at  the  two  endi  ;  it .  virtrc 
will  h  -  dcdrtyed  bv  tv  o  or  tl.rcc  fmart  blows  on  the 
middle. — 33,  Dy  drawing  llie  back  of  a  knife,  or  a 
long  piece  of  ileel-wire,  ice,  leifurely  over  the  pole  of  a 
loadflone;  can'yin|;  the  motiini  from  the  middle  of  the 
ft:vne  ti)  the  p  >le  ;  the  knife  or  wire  will  attraft  ont 
cod  of  a  needle  j  but  if  the  knife  or  wive  be  paflbd  from 
the  faid  pole  to  the  middle  of  the  Hone,  it  vnR  repel 
the  fame  end  of  the  needle. — 34,  Either  a  Magnet  ot* 
a  piece  of  iron  being  laid  on  a  piece  of  cork,  fo  as  to 
flo.1t  freely  on  water  ;  it  v.  ill  Iv-  fuund,  that,  which, 
foever  of  the  two  is  held  in  the  hand,  tlic  other  will  be  -  ■ 

di  .wn  to  if :  fo  that  Iron  attraifls  the  Mai^r.et  as  much 
as  it  h  attradcd  by^  it ;  a^on  and  rfr«£^ion  being  al* 
ways  cqnaL  In  this  exprrimcitt,  if  the  Magnet  be  fet 
afloat,  it  will  direct  its  iv  o  joiK-;  ty  the  pob  j  of  tin; 
W(Jtld  neatly. — 33,  A  kiiitV  touched  with  a  M,;;;- 
net,  acquires  a  gre.itir  or  !i  Is  degree  of  virtue,  ro  corc'.-  # 
ing  to  the  part  it  is  touched  tin.  It  rccrivt ;  th»  * 
ftiongeft  nrtue,  when  it  i*  drawa  kffiucfy  from  the 

handle 
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handle  tovanb  the  potnt  over  one  tX  tlie  polo.  And 

if  the  {amc  knife  thus  touched,  and  thus  pofleScd  of  a 
ftrong  attrailtve  p  »w<t,  be  retouched  in  a  contrary  dr. 
fff^iun,  viz,  by  dtawinj;  it  fiom  the  point  towards  the 
liaiidltf  over  thr  (aire  pul",  it  immedialrly  Uifc?  all  I'  i 
virtue. —  56,  A  MigULt  ait  J  \vi'h  equal  furci  iii  vatiio  ni 
ia  the  open  air. — 37,  The  fmatlcft  Mag^ncts  iiave  utually 
tbegrMteft  power  in  proportion  tu  their  bulk.  A  Urge 
Magnet  will  feldon  uke  iii>  above  t  or  4  timei  iu  own 
weight,  wlule  1  (faiil  .one  onea  tike  up  more 
tTurii  ten  limes  its  weight.  A  Magnet  worn  by  Sir 
Ifaac  Newton  in  a  ring,  and  which  weighed  only  3 
frains,  would  take  np  746  j,ra;iis,  or  ahnoft  250  limes 
Iti  own  weight.  A  magnetic  bar  made  by  Mr.  Can- 
tOB»  weighing  to  or..  12  d«'ts,  luck  up  moic  tli.^n 
^9  ounces  |  and  a  flatfemieirciilar  ftcel  Magnct,-wcigb> 
iBg  I  02.  1 1  dwt»,  took  up  an  tros  wedi^  of  go 

Armed  MArtNtT,  denotes  ooe'that  is  capped,  rtk  1, 
prfct  itviron  or  fteei.to  m.-ike  it  t-ikc  up  nguattrwcfglu, 
and  alfo  more  icadHy  lo  diiliiigutjii  ii»  pijej.  Vw  t]ic 
tiicthod^  of  doio^  thiit  iiec  VG»  Michra'a  book  on  tbia 
f|>biea» 

jtr^fHal  MAdx£T»  1%  a  bar  of  iron  or  ftcel,  im< 
)>fegnated  with  the  magnetic  virtue,  fo  as  to  polTefs  all 
the  properties  orthrnatttnd'loadllone)  and  be  tifed  in- 

Headot  it.  How  to  inakc  M.igncls  of  lliij  kind,  by 
means  of  a  natural  Magnet,  ami  ivtn  «itbi>nt  the  sHifl- 
fctjce  of  any  Maj;iiel,  was  fug'^elled  many  yeat*  ftiicc 
by  Mr,  Siivary,  and  pariiculany  dcfcribcd  iu  the  Plii- 
lof.  Tranf.  number  414.  Sec  iiltb  Abnd|rnient,  vol.  f>, 
pa.  ifio.  lint  as  hii  mtlluifl  w's  trilt--us  and  opc- 
rofe,  though  cap.^blc  of  coniraiinieatin^  a  very  conii- 
dcrable  virtue,  it  was  Hltle  t)ir«ttitV.-d.  Dr.  Gowin 
Kntght  firft  brought  this  hind  of  Macjniets  to  thvir  pre- 
fcnt  il,.tc  c  f  j:erf,  i-*i(:ri,  lu  as  to  be  even  of  :iim;  !i 
greater  elFicacy  lli<n  t!;::  i.a:t!rnl  o::«s.  Bin  a»  !ic  reluitd 
to  difcover  liis  metii'i:!  •  nj  nii  a-  y  t  r::is  \' !i:  :  -  cr  (even, 
wbe  faid,  though  he  iliould  receive  in  rLtmi'  inany 

KiaeatMbe  eould  carry),  thefe  curious  ;i  I  ■  iluable 
ireti  in  a  great  moafurc  died  with  him.  Tiic  rcfult 
of  his  method  however  was  firft  publiflied  in  the  Phi- 
lof.  Tranf.  for  1744,  art.  8,  and  for  1745,  ait. 
See  alfo  the  vol.  for  1747,  art.  2.  And  i:i  the  Tiyth 
voL  Mr.  DcRjurr.iu  Wilfon  'las  given  a  proc  fs,  v. liich 
at  kali  difcovcrs  one  of  the  leatling  jji.uLipIt"*  of  Dr. 
Kaight^s  art.  The  method,  accorr'iiii^r  to  Mr.  Wil- 
foRi  watas  folloiiVS.  Having  pruvid-.d  agrest  quantity 
(^ckanfron  filings,  he  put  xhvm  into  a  kig^tidb  tiut 
was  more  llian  one^third  filled  with  deau  water;  lie 
then,  with  grea^Ubo1lr,  Ihook  the  tub  to  nnd  fro  for 
ii;;.i'v  lu)urs  together,  llut  tlit-  friJli  :i  '.L'.i.ct.i  I'lu 
giaui^  v(t  iron,  iiy  thi--  •  r< r.'.^j.t,  r.:.,,!i:  Livuk  or  >  uij 
oil  fueh  fniall  pari  ,  -.i:  \,  i;ild  remain  tufpeudtit  in  the 
w  ater  for  fome  time.  'I'he  "water  beiii;j;  tfii:s  rendered 
vciy  mudJy,  he  poured  it  into  a  clean  iroti  vcffel,  lea»- 
tng  the  filings  behind  ;  and  when  the  water  bad  Hood 
long  enough  to  become  clear,  he  poured  it  out  careful* 
ly,  without  diduibing  fulh  of  the  fcdimcnt  as  ftill  re- 
mained, which  ne-'.v  appeared  reduced  ahnoft  to  itnpal- 

ijable  powder.    ThtJ  jwwdcr  was  afterwards  rcinoved 
nto  another  vcfTclt  to  dry  it.    Havii^,  by  ieveral  re- 
petitions of  thisprocvfib  .procured  a  fuffioeot  quaality 
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of  this  very  fine  pow()cr,  the  neat  thing  Was  to  tnaktf  t, 
pafte  of  it,  and  that  with  foine  veliicfc  coDtaishg  4 
good  quantity  of  the  phic^'i'lic  principle  ;  for  this  put' 

pi  fe,  he  had  recO'.ii  Ic  lo  lu  iVeii  o?!,  m  prcttrem  c  tij  all 
ijtlicr  ihiidt.  With  thrli-  two  ii';;rti'ie)its  uuly,  he 
n.aile  a  (liff  pafte,  and  ti  ok  ;^'r<al  c.ul  io  knead  it  well 
before  he  moulded  it  into  convenient  ihapcs.  Some-' 
times,  while  the  pafte  continued  in  its  (oft  ftate,  hi 
would  jput  the  imprcffioo  of  a  feal ;  one  of  which  i*  in 
the  Bntilh  Mufeon«  This  pafte  fe  moulded  was  then 
fct  upon  xvood,  or  a  tile,  to  dry  or  ba^;e  it  before  a, 
moderate  Hre,  being  jdaccd  ;;t  about  one  foot  diltancc. 
He  found  that  a  moderate  liiO  was  moft  proper,  be* 
caiife  a  greater  degree  of  htat  would  make  the  compofl- 
tion  crnck  in  many  phices.  'i'he  time  rcauilitc  for  the 
Iwkijig  or  drying  of  thispaft  :,  was  afually  about  J  of 
<5  liourc,  before  it  attained  a  riiU'icinit  degree  of  Ivatd- 
v(i.  When  that  was  den^  and  tlie  Kveral  baked. 
jiiecW  were  become  cdd,  he  care  thtm  their  magnetic 
\  irtue  in  any  direction  he  ]  kaCfd,  by  placing  then 
bi  Twee;!  tli;  extreme  ends  ot  his  large  maga;«iiie  of  ar- 
l''ric;;d  magnets,  for  a  few  fecoiids.  The  virtue  they  * 
Scqnired  by  this  method  was  fuch,  that,  when  any  o( 
thofc  pieces  were  held  lielwecn  two  of  his  bell  tcii  giu* 
nea  ban»  with  its  poles  piirpofcly  inverted,  it  imme*' 
diitely  of  ittelf  tamed  about  to  recover  its  natural  dii>' 
reolion,  which  the  fore^-  "f  thofc  very  poweifu!  bars  • 
was  not  fufficient  to  cuuiiieiacl.  I'hilijf.  Tianf. 
Tol.  ^j,  fur  1779. 

Methods  for  at titkiiJ  Magnets  were  alfo  difcovci'cd 
and  publilhcd  by  tlie  Rev.  Mr.  Jfim  Mlcheil,  in  a 
Treat  it  e  on  A  rtilicial  Magnets,  pi  initcl  in  1750,  and  by 
Mr.  John  Canton,  in  the  PhiloI.Tra.nf,  for  17J1.  The 
pi-t>ccfs  for  the  fame  purjMjfe  wat  alfo  found  out  by  ' 
other  perfons,  particnhirly  by  DuHamel,  HiiU  Acadi 
R.  ;, .  1-4,-  .,11.1  i-T%  and  by  Marul  Uitgckeze  Nli* 
tuurkiiiuL     Vcih.i.sii.  toni.  2,  p.  2i'>I. 

Mr.  Canton's  method  i><  folk'ws  :  Procure  a  dozen 
of  bars  ;  6  of  fuft  ftec],  and  6  of  hard  ,  the  former  to 
be  each  3  inches  lon^,  a  quarter  cf  an  iucli  bioaj,  and 
|.aoth  of  an  inch  thick ;  with  two  pieces  of  iron»  cacb 
hair  the  len|^  of  one  of  the  bars,  but  of  tbe  lame 
breadth  and  ihlcftncfs,  and  (he  6  hard  brrr^  to  V.c  c.u  h 
yi  inches  long,  half  an  inch  bniad,  and  3-20thi  ot  an 
iiiclithuk,  With  two  pieces  of  iron  of  half  the  Icagtli, 
but  the  whole  breadth  and  thicknefK  of  one  of  the  hard 
bars  ;  and  let  all  the  b.ii-s  be  marked  with  a  lin;  quite 
around  thtm  at  out  end.  Then  take  an  iron  poker  and  " ' 
tong3  (fig.  I,  phite  i^>),  or  two  bars  of  iron,  the 
larger  they  are,  and  the  longer  they  ha\c  been  ufed,  t!ie 
better?  nnd  finlntf  the  pokci-  upiight  between  liie 
krii  <:,  !i,.M  t  )  i:,  .1  ar  the  top,  one  of  the  foft  bars, 
iij  .ii;^  ;L  ,  rnaik.Jeiid  duwi'Waid.  by  a  piece  offeiviii^ 
filk,  which  muft  be  pollvd  lit^ht  by  the  lr:fi  imui,  that 
the  bar  may  not  iJIdc  :  then  •;riif;  tbe  toa  /s  with  the 
fight  haiid,  a  little  l)d'!-.v  the  tiiiJuiv,  a:."J  hcTdiii^  tlieiu 
nearly  b  a  vertical  |.-.filion,  kt  the  bar  be  ftcukcd  by 
the  lower  end,  from  the  bottom  to  the  top,  about  ten 
time*  on  ejch  fide,  \\  lilcli  will  give  it  a  magnet  "c  1  •.  r 
fufiicient  to  lift  a  finiill  key  at  the  marked  end  ;  iviiiih 
end,  if  the  bar  were  fufpetiJed  on  a  point,  would  turn 
towards  the  norti^  and  it  therefore  called  the  nortJi 
pole}  Mid  tbe  anmarlwd  end  ti^  ibr  the  bnc  retifuu, 

called 
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M  fiwth  pole.    Four  of  tbe  fafi  bars  hang  ta- 
pmpUd  ifter  this  manner,  Uf  the  two        1)  jm* 
to  each  other,  at  a  qmrter  of  an  inch  diftaoce, 

bctwtto  tt>c  two  pieces  of  iron  Ir-I m.^i  v,;  •  i  th  'fTi,  a 
litirt!)  and  a  foutli  poL-  ajjai:iil  jiiccc  ul  hdij  :  then 

liicttto  >ii  tlic  tinirbrjb  alin  ly  in  td  ■  inn^rni  ;ical,  and 
{liace  them  together  io  m  to  make  a  double  bar  in 
tbicknefi,  the  north  pole  of  oMCfeil-  with  the  fouth 
pole  of  the  Other  j  tuid  the  remaimng  two  being  pot  to 
tM*^  oneoneidifidr,  baa  to  titve  two  north  mi)  two 
fottth  pok*  together,  feparato  tlie  north  from  the  fouth 
pules  at  one  cad  by  a  large  pin,  and  place  them  prrpen* 
diVularly  vn'th  th;it  ctiii  downward  on  the  mi  Idle  if  diil" 
of  the  parallel  bars,  tlie  two  north  pok-s  tov.  xnls  it'i 
feoth  end,  and  the  tw-o  Imuh  poles  to-.i-jrdi  itn  iiurtli 
end:  Aide  them  three  or  fourtiajes  backward  and  tor- 
ward  the  whole  lengtli  of  the  bar ;  then  removing  them 
§nm  the  auddJe  of  thu  b«r»  pitux  them  on  the  middle 
of  tiwadwrhar  ubebretfrefte^  end  go  orer  thatu 
tVi:  (:-Tr.'-  "v^nncr  ;  then  turn  both  the  bars  tlie  other 
lidc  Lipw.«ii<i4,  aiid  R-ptat  the  former  operati'.ni  :  this 
being  done,  take  the  two  from  bet\»||ni  the  piece?  of 
iron  ;  and,  placing  the  two  outcrmoll  of  the  touching 
bars  in  their  Head,  let  the  other  two  be  tbe  outermoit 
of  the  four  to  touch  thefe  with;  and  thi*  piocc£i  being . 
repeated  tiO  each  pair  of  bar<  have  been  toadied  diree 
or  four  times  over,  which  wdl  nsc  them  t  coafiderdtU 
m3;nwtic  power.  Pot  the  halfSoien  together  after  the 
tnaaner  of  the  fotir  (fig.  3),  and  ttvich  them  with  two 
pair  of  the  liard  bars  place  J  bet'ver'i  their  iioiis,  at  the 
(iillancc  of  .-ibout  iialf  an  liuli  frcrn  eaeh  ntli  r;  then 
lay  the  fofi  bars  aiide,  and  with  the  four  hard  ones  let 
thic  other  two  be  impregnated  (fig.  4)>.  hdUin;;  the 
ttidching  bm  apart  at  the  lower  end  caar  two-tenths  of 
8B  nich  t  to  wKkIi  dillance  let  then  be  fepamted  after 
ther  are  ftt  on  the  parallel  bar,  and  brought  tuijether 
tfTiin  before  they  are  taken  off:  this  being  obfervcd. 


procecu  a<  cor 


ucfcribcd  above,  till 
fjch  pair  have  bcjii  touched  twu  or  three  ttme<  over. 
Cut  as  '.his.  vcrtico!  Aay  of  touchiit;'  a  'jar,  will  not 
give  it  quite  fo  much  of  the  in<tgnetic  virnie  a*  it  will 
let  each  pair  be  bow  Couched  once  or  twice 


ding  to  the  methLid 


••er  m  thctr  nmuel  oofitioa  between  the  irons  ( fig.  ; ) . 
•Ml  two  of  tnetwrtneld  horizontally,  or  nearly  fo,  by 

dni«n;ia'  at  the  fame  time  t!ic  north  end  of  cne  from  the 
middle  over  t!ie  fouth  end,  and  t he  fouth  of  th'-  other 
from  the  middle  over  the  north  t.;'.dof  a  p'iral!-l  bar  ; 
then  briagiog  them  to  the  middle  again,  without  touch- 
isg  the  parallel  bar,  give  three  or  four  of  tliefc  hori- 
Moial  fhokes  to  aich  lide.  The  faoritootal '  touch, 
after tlwfatiea^  wiB  nuke  the  ban  isftrotig  m  they 
paJBilf  can  be  made,  aaappeanbfdieKraot  receiving 
aayatnitibnal  ftrmgth,  when  the  vertical  touch  is  given 

bv  a  rrent  number  of  bar!,,  and  tbc  borixOOtalby  thofe 
©f  a  nipci  ior  ma^rijr-tir  power. 

Thii  wlicle  proccfs  may  be  gone  through  in  about 
half  an  hour}  and  edch  of  the  Urge  bant,  if  well  hard- 
Cftcd,  may  be  made  to  lift  28  Troy  ounces,  and  fomc- 
tioKa  more.  And  when  thde  bata  are  thua  iiiipT»>> 
aated,  the^  will  give  tO  a  bard  bar  of  the  fame  fize  ita 
full  virtue  m  lef?  than  two  minutes  ;  and  tlicrefore  will 
aafwtf  ail  the  purpofc*  of  Magnetifm  in  iiavij^ation  and 
experimental  philofophy,  mueh  better  than  the  Und- 
JtoWf  which  baa  net  » power  fufficient  to  impregiute 


hard  bara.  The  half  doseo  being  pot  into  .1  cife  (fig.tffi 
m  tach  a  mnanrr  aa  that  no  two  poks  of  tbc  £unc  miM 
nay  be  top^ether,  and  their  inma  with  them  attme  bar, 

they  will  retain  the  virtuesthey  hav:-  re  t'.tj;  b  it  if 
their  power  fliould,  by  making  exp.n.iu  if>,  b.  rvei  fo 
far  impaired,  it  may  be  refljred  w.tnoui  any  foreijj.i  af- 
fiituncc  in  a  few  mimitcv  And  if,  perchance,  a  inacb 
larger  fet  of  bam  Ihould  be  required,  thefe  will  com- 
Olonicate  to  them  a  fafficient  power  to  proceed  with  { 
and  they  may,  in  a  ihort  time,  by  the  fiime  method^ 
bebronghl  to  their  ftiM  it'-cn^th. 

MAGNKTISM,  th:  quality  or  coniUtution  of  a 
biKly,  by  v. hich  it  is  re.ideiKl  t.i:igiictical,  or  .a  ii'.a^  i;;, 
lenlibly  a;irj£\iug  iro.i,  and  it  a  meridiouoi  dir- 

rtftioii. 

This  is  a  tr^riTien^  j owlt,  capable  of  bctag  pr9-- 
dined,  ddlloy<-d,  or  r.-;loied. 

law  9f  hlAOMITiail^ 

Tbde  lawa  are  hid  dowa  by  Mr.  Whifton  in  the(bl> 

lowing  propofjtioiis.  1,  The  Loadll.u;.  Iia  bot!:  ;in 

attraaiveand  a  directive  power  u:iit.jd  loj^tther,  w.j.ic 
inMi  toiitlied  by  it  ha»  only  the  fori. icr;  1.  c.  the  mag- 
net not  only  attraf^«  IKcdics,  or  llcel  lliingi,  bill  alio  ' 
diieiti  theai  to  certain  ditToreot Mgks,  witli  rclpecl  to  • 
its  own  furfafc  and  axis  t  whereas  iron,  touched  with  it,  . 
doca  little  or  nothing  more  than  attract  tbeai)  AHlfuf^, 
fiefiog  theoi  toUc  uuDg  or  Rand  pcriK-ndicular  to  its  - 
farficeand  edges  in  all  placci,  uithout  any  fuch  fpc< 

i:;al  dirtrl  ion. 

i.  Xeitlier  the  ftron$rt(l  nor  tlic  largtfl  magncta 
give  a  btitv^r  ci  rc  iive  t     h  to  needles,  than  thofe  uf  a 
lefs  fiac  or  virtin.-:  10    f  J^ii  ;nay  be  added,  that  whoxaa 
there  are  two  qualitieii  i.)  all  magnet*,  an  attradneand  • 
a  dlredive  one ncitlicr  of  them  depend  oa»  or  are  any . 
aignmentof  the  fttengtb  of  tbe  other. 

3.  The  attractive  power  of  magnets,  and  of  iron,  . 
wiU  greatly  ini?n-jfc  or  diinir.illi  the  weijjht  of  needles  on 
the  bahincc ;  nay,  it  vill  ovsicome  that  wtii^hl,  and  ' 
even  fullaia  fotne  olh..'r  additional  alfo:  while  the  al~ 
reflivc  power  ha;»  a  much  fmallcr  effcift.    Gaffenduii  in- 
decdt  as  well  at  Merfennus  and  Gilbert,  aiCat  that  it . 
hvs  none  at  all :  hut  by  ir.iAake  ;  for  Whifton  found,  . 
firoaa  repeated  t.-iala.  on  large  needle^  that  after  the 
touch  they  wcij^hed  lefs  tlSo  b<rfore.    One  of  45  8.^1  : 
grains,  I'j'l       ji'i'''^      tii''  loaeti ;  aad  another  o< 
6?726grai:ii  w.:^la,  ju.  k'li  than  14  gr.ii.is. 

.;.  1:  ir.  pixtb  ililc  tliat  iron  couli:l>  .dmo!l  '.vhoUy  of 
liie  attr?.:iive  piriictes;  and  the  magnet,  of  the  attrac- 
tive and  dircfiive  together}  mixed,  probably,  witlt 
other  heterogeneoua  matter ;  as  hanng  never  been 
purged  by  the  lire,  which  iron  has;  aM  hence  nwv 
arife  the  redba  why  iron,  after  it  ha*  been  touched, 
w2l  lift  up  a  much  greater  weight  than  the  loadltone 
that  totiohcd  it. 

J.  Th':  quantity  and  dirc^ion  of  ni.-i^netic  powers, 
communicated  to  ncedl.i),  are  rjat  propirly,  after  fucU 
commur.ira'ion,  owing  to  the  magnet  which  gave  the 
toucli ;  but  to  the  goodncfis  of  the  iteel  that  receives  il| 
and  to  the  ftrength  and  pofition  of  the  teirdlrial  load- 
ftone,  whofe  inflnenoe  alone  thofe  needlet  are  afterwards 
rubj\.5\  t.>,  and  dircded  by  :  f  ,  that  all  faeli  ni-cdL-s, 
if  };aod,  niu«  with  the  fame  llreiigth,  and  jjoiut  to  the 
fame  angle,  .vhate^er  loadllone  they  may  have  been  u- 

citcd  by,  provided  it  be  but  a  good  one.   Noi  does  it 
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fcetn  tliat  the  touch  doee  miicli  rtiorc  in  fttagncticll 
cafcif  tbtn  attrition  dues  in  drdrical  ones;  i.  o.  frrr> 
ing  to  rub  off  fome  obAru£Hng  parttck-s,  that  ad- 
here to  the  furface  of  the  flcel,  and  o}>cning  the 

pore*  uf  tJic-  Lody  tin;th'-J,  a;iJ  iu  in.ilit  wn-.-  fvr 
tho  cntraiivc  at.d  v.xit  i-t  ciiluvi.t  as  wxaii'in  cr 

■flift  the  pcKvcru  we  arc  l;>c  ikingof.  Hoiice  Mr.  W  liif- 
tou  takc»  occalltm  to  obierv/,  that  the  dircclive  povcr 
of  the  loadAonc  fectna  to  be  mceliauicaU  and  to  be 
derijed  from  magnetic  effluvia,  circubting  continualljr 
toond  it» 

6.  The  abfolutc  attradivc  power  oF  difTerent 
artued  loadl\<.)neK|  i»,  ctltr'n  p^ir'tl  r-x,  not  according 
to  either  tlic  diameters  cr  foliditiis  of  \}  <'-  load- 
ftonn,  but  according  to  the  quantity  of  ilicir  Ar 
^ce«,  «fr  in  the  du^ate  pnportaoa  itf  their  diame- 
ters. 

7.  The  pott  er  of  good  map^cls  iinanned,  fcnfibly 
equal  in  ftrc;Tgtl),  ftmilar  iti  fijjiire  ai'd  pufitiuii,  hni 
unequal  in  magnitude,  i»  fouirtitiiv»  a  littL'  gitutcis 
f  )nK-tirnis  a  little  kfs»  than  in  tlw  projwftion  of  their 
fimilar  diamctcrtk 

8.  The  loadfltme  tttraftt  needlea  that  have  bcvn 
touched,  ar.d  cihers  th.-;t  hi^ve  not  bden  touched,  ^^  ith 
equal  force  at  dillanccs  uucijua],  vtitf  when  the  diftancc 
of  the  former  it  to  tlir  diftance  of  the  latter,  at 
5  to  <* 

9.  Both  poles  of  a  nin;,'iiet  ctj'.uilly  attiail  nco'lo, 
till  th^y  are  touched;  then  it  and  then  uiily,  thai 
'onr  yv.\'.  1  t;ins  to  attniA  oneeml,  and  repel  the  other: 


thr.ii;:'i  V 
and  ' 
1 


\'j  pol 


:  will  lliil  a' 


ttrad  upon  contacii 


.il    ;  y  iiiiall  dillanci;5, 
Tlio  ;nJia£tive  iio  i^i  ^  t  1  jdilorjc-,  iii  tSc:r  f;- 


milar  pohtitiii  t'\  !»'.it  diffmiit  diihu.tts  fiom,  magne- 
tic ne^le^,  li  ill  ihc  fcfiiuiduphViitc  pruportion  of  the 
diftancea  of  their  fur&cca  from  thcii  needles  rccipro- 
caUy ;  or  aa  the  mean  proportiunala  between  the  fqnarn 

and  the  cnhcsof  thofe  diilancts  rcciprocitly ;  or  as  ilis 
fquaie  root*  of  the  5tli  ptJ\'.  tr.i  of  tliufe  diilaticos  reci- 
procally. TIuis,  tl'f  tn.;.iiu-t;c  foixi-  of  attiartion,  at 
twice  the  dirtancc  fn  ni  thi  hiifaoc  of  the  io.idiloiic,  is 
between  a  $\\\  nvA  6tli  part  of  the  forte  at  tiie  dif- 
tance J  at  thrice  the  didanee,  the  force  is  between  the 
15th  and  t6tk  part ;  at  four  tinier  the  diAance,  the 
powrr  is  tin-  3 2d  pari  of  the  6rft ;  and  at  fix  times  the 
dillaivce,  it  is  the  V^iU  \..\rX.  Where  it  h  to  be  iiott  f!, 
that  the  diilancis  are  ii<;t  coiiutt.;!  from  the  cxrlic,  us 
in  tilt'  laws  of  gravity,  but  (n-in  tlu-  fnrface  :  all  ex[;c- 
rience  alFuriny  lis,  lliat  the  mjijjiittic  jiowei'  refulu 
chidiyt  if  not  wholly,  in  the  lurfjces  of  the  loa.I- 
ftoae  and  iron ;  \\  itlmnt  any  partis  ular  relation  to 
any  cenkrc  at  alL  The  procortion  here  laid  down 
ira»  detemuiied  by  Mr.  wTii'tton,  from  a  prat  num- 
ber of  experir.icnts  by  Mr.  Mav.kftite,  Dr.  l^rook 
']"3vL>r.  uvA  hiiiifilf ;  nit.il'i'i  inp  the  force  by  the  chords 
of  tht'fv  nrts  !iy  v.  liich  tlic  .il  rovtral  ih'llaiicti 

dn'^'  s  tlic  litcJk'out  of  its  lUtin.d  dir.  c\ion,  to  wliicli 
ehuuU,  ;>  he  d>:iroiiiti  ;iti.»,  it  is  ;;l\v.'.ya  projiortionaL 
The  numbers  in  foine  of  their  moll  nceinate  trials,  he 
civea  in  the  fclicvin^  T^hU,  f-.-tliiijj  down  the  half 
Sioid*,  or  the  fines  of  half  tiiofe  aica  of  dccUnatioAr 
to  the  true  oieufum  of  tW  forte  of  magrtetic  at- 
tn)£lioft. 
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Otherpcrfoni  howcrer  hare  found  forte  variation}  ii> 
the  praportiona  of  msiguctic  force  with  r^Tped  to  dif' 
tance :  Thus,  Neivton  fuppofes  it  to  deereafe  ncaily  m 

liie  irll  licate  ratio  of  thr  ililt  uce  t  Mr.  Martin  oh- 
fcrvi-i,  that  the  power  ol  hi»  ajadtlone  decrealVs  in  flic 
fef'n'idnplicate  ratio  of  the  diltaticcs  iitxerfelv  (  but  Dr. 
l  Ullham  and  Mr.  Micliell  f^^und  ii  to  be  as  the  fqnasv  of 
the  dlilaiice  tarerfcly  :  u'liile  others,  as  Dr.  Brook 
Taylor  md  M.  Muicbenbtuek,  are  of  opinion,  that 
thitpoiver  follows  no  cmain  ratio  Mall,  and  that  the 
variation  ii  dilTcren'.  in  diflerent  iloner.. 

II.  Ati  iur^||tv>ry,  or  <lipjiin^-needlc-,  of  6  inches 
r.u1ii:6,  a-id  of  a  [)rilr,i;itic  or  olindric  figure,  v^hcii  it 
ofcdiatcs  akir.ji;  the  ii).u;netie  meridian,  peilorma  there 
eu  ry  mean  vibration  in  about  6*  or  t,^ics"'i  and  every 
fir..ijl  oiciUatiaii  in  aliuiii  5"i,  or  ^^o  ";  and  the  f.imc 
liiu!  of  iKcdle,  .J.  li-et  lung,  makes  every  nrean  okilla- 
tiun  iu  about  24. and  every  fmal^  one  in  about  zt", 

1 1,  The  whole  power  of  Magnctifm  in  thia  country, 

as  it  aflcds  needlci  a  loot  long,  ill  to  that  of  gravity 
nearly  a.;  l  to  ;  and  n«  il  atUcts  needles  4  icct  long, 
at  I  to  f}oo. 

l  ^.-Tiic  (quantity  of  tnagnetic  jwyrer  accelerating 
the  fame  dip|;nig-)ieidle,  a&  it  ofeiilates  in  dilTercnt  ver- 
tical |)lanei»,  is  always  as  the  cofmca  of  the  angles  made 
b}'  thofc  plania  with  the  magnetic  meridian,  takea  en 
the  horizon. 

Thus,  in  eAimaltnif  the  quantity  of  tarn  m  the 
huii/ontal  iiiid  in  iiic  vertical  fi'tt  :iun';  nf  necdleK  at 
J.orido!),  it  I.(  foniid  tiiat  the  latter,  iu  ittcdlesuf  a  knit 
liiii^-,  ij  to  tiic  vvlnilc  taice  ahiiig  the  magnetic  nreri.- 
di;ui,  as96to  ico;  and  iu oeedlct 4fcetiong,  :;s9i^67 
to  icooo:  \\hcrca^,  in  the  foimeTt  the  whwc  for^  e  in 
needles  of  a  foot  hmg,  is  as  28  to  icxi  {  and  in  tbof< 
of  4  fiett  V  iig,  as  35(1  to  loco.  Whence  it  fol- 
lows, that  liic  juiver  by  which  li4irizo.ital  reedles  arc 
governed  in  thi  tc  i>iirl  i  of  the  wo:  Id,  is  but  the  qunrter 
»,}  tiic  poucr  In  e.  11 !(.  !i  t  he  di  jpin^-needle  is  moved. 

Hence  alio,  a..  tl;c  Iiori/trntal  ueedk  is  ttiovid  only 
by  a  part  of  the  power  that  r.-.mcs  the-  cippiiig-nccdk- j 
and  as  it  only  pointii  to  a  ceil;iiii  |>!iice  i.i  the  hori/oiif 
bccaufethat  pl:.csr  is  tlie  nearcll  to  its  original  tendency 
of  any  that  its  fituatiun  will  aUow  it  to  tend  to ;  wheu- 
ever  tlw  di'pping-nrcdlc  ftands  cxaftly  perpend fcu!ar  to 
t!ie  hoii/on,  tiie  hori/or,':  '  m  11  imt  tifj.ict  one 

point  of  the  conipal.";  m<:u  1  li  i  .  ;  1;^ ; , !  ui  w  itl  wheel 
about  any  way  unci  it.iii;; . . 

J4.  ti:r.e  of  ufcillatiun  and  vibiation,  both  in 

dipping  ,'.i:d  h<>ii.>oiital  needles,  tiiat  asc  cqtmlly  good, 
is  at  their  IcukUi  diredly  }  and  the  adual  vekicitics  of 
theirpuintsaloog  their  arcs,  are  always  ttoequal.  And 
hence,  magnet'cnl  needles  arc,  (Jtlms  /u/j^w/,  AiUbet* 
ter,  the  longer  they  itrc }  aud  iLsX  iolht  famepmpoiw 
tioa  with  Uwirkngtbt, 

0/ 
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At  Caufrt  of  Maonetism,  Though  many  au- 
dm*  have  ^ropufcd  liypotlu-fct,  or  writteo  concenitnj|^ 
tbc  wdt  of  Magnetiriii,as  FtatarchtDclinrtc^  Boyle, 
Newton,  G3bm,  Hmfixker.Halley,  Wliiftou,  Knight, 

lit\  cair;i,  ;  Bothtng  how  es  ti  !i:io  vt't  aj  pearcd  that 
can  b«  caikJ  a  fatisfadtory  fulutiuti  iA  iu  j<henomaia. 
It  tii  certain  indeed,  tliar  both  n;;t;ir:\l  and  aitit'ic'al 
tlcftricity  will  give  pulaniy  lu  ncrcUe*,  aiiti  t  ven  re- 
»crfe  their  poles  ;  but  though  from  thi«  it  may  spjjcar 
probable  that  the  de'dtnc  fluid  U  alfo  UlC  caoic  of  Mag* 
netiTcn,  yet  in  what  mftoiier  the  iuld  while  pto- 
ducinf  Uw  magiirtical  phcaancitt*  feenu  to  b«  quite 
mfcaown. 

Dr.  Knight  indeed  deduces  from  fcveral  exprilu^c  ti 
th^  folhj\\ii)g  propofitiuiis,  which  he  ofTrrs,  not  iu 
nsucii  to  t:-.pl?.in  the  nature  i,{  the  caufe  of  Maguetiftr., 
astiic  manner  in  wliich  it  act^  :  the  magnetic  matter  of 
A  luodllonr,  he  fays,  moves  in  a  fbvam  fioni  one  ^ole 
to  the  other  iatcniaUy,  ud  » then  canned  back  n  a 
carrelwe  externally,  till  it  ann-e  again  at  the  pole 
where  it  firft  entered,  to  be  ajx-iiii  adjin'tu  i ;  tl.^  im- 
mediate caufe  t%ro  or  mnn:  nw.g:)eucal  hoJici  at- 
trad  each  other,  i«  the  ilmc  of  one  and  the  fame  ilream 
of  magnetical  matter  through  thtm  ;  and  the  imme- 
diatc  caufe  of  magnetic  rcpulfiun,  is  the  conflux  and 
accumulation  of  the  magnetic  matter.  Philof.  Tnuil". 
foL  44,  pa.  665. 

Mr.  Micbdl  r^eA*  tbc  notion  of  a  fubtk  fluid  ;  but 
though  be  pi«|iolcd  to  poUifli  a  tbcorv  of  Magnc- 
tifm  lilahliawd  bj cspcrtnoitib  ao  fodi  tlMory  haa  ap- 
peared. 

Signer  Beccariu,  from  obfcning  that  a  fudden 
ilroke  of  lightning  give*  polarity  to  Magnets,  conjec- 
tures, that  a  regular  and  conftant  circulation  of  the 
whole  mafs  of  the  elcAric  fluid  fiom  north  to  iouth 
may  be  the  original  canfe  of  Magnetifm  in  genenL 
Tlus  current  he  would  not  fuppofe  to  an'lc  i'luin  oi:c 
fource,  but  from  feveral,  in  the  northern  hcniifphcrf  of 
the  earth  :  (he  abcnatli  n  of  the  common  centre  of  all 
the  curreiUi.  from  the  nortli  point,  may  be  the  caufe  of 
therariation  of  the  needle ;  the  period  of  this  declina- 
tion of  the  centre  of  the  currents,  may  be  the  period  of 
die  variation ;  and  the  obh'quity  with  which  the  cur- 
rents flrik*  into  the  c«tb.  amy  be  the  cufe  of  the  dip- 
ping of  the  McdBe,  and  aOb  why  ban  of  iron  more  ea- 
lily  receive  the  n«ignetic  virtue  in  one  particular  direc- 
tiun.  Lettrc  dclr  Elettricilino,  pa.  269  ;  or  Piiell- 
ley's  Hift.  Elec.  voL  1,  pa.409.  Scc  aUbCraJlo^s 
Treatife  on  Magnet  ifm. 

MAGNIFYING,  is  the  making  of  obJcAi  appear 
hBgcr  than  tbcy  ufi»Uy  and  natnnlly  appear  10  the 
eye;  whoioe  coBTtx  leMe%  whieb  have  the  power  of 
this,  are  called  Magnifying  GlaiTes. 
The  Magnifying  power  of  denfe  mcdiiuns »  f  certain 
figures,  was  known  to  tlic  Ancients;  tliou|;l)  they 
were  far  from  uodcrtlanding  the  caufe  of  tliis  effe<£t. 
Seneca  fays,  that  fnull  and  obfcure  letters  appear 
kiger  and  brighter  through  a  glafs  globe  hlled  with 
water  i  and  he  abfurdly  accounts  fur  it  by  faying,  that 
thecTC  Hide*  ia  the  water,  and  cannot  lay  iiold  of  iU 
olijeA.  And  Alocander  Aphrodifcnfis,  about  two 
(cnf.ir'es  after  Sirica,  fsys,  that  the  reiif.m  why  ap- 
pk>  appear  large  when  immerfcd  in  water,  i»,  that  the 
i^attr  which  ia  coiit%«mito  aoy  bodj  taticAed 
Vou  II. 


the  £une  quaUtv  and  colour ;  fo  that  the  eye  it  deceived 
tn  inagtninf  the  body  itlcli  larger.  But  the  lirft  dBV 
tiiia  accoiiiit  we  hm  of  the  Macaifying  power  of 

glaiT^s,  is  in  the  nth  centttry,  in  me'writingi  of  Ro- 

Ktr  Uacon,  ai.il  AIImzcii  ;  .ind  it  is  not  improbable  that 
frum  their  ubki  vatiuns  thc  conilrudion  of  fpcctaclcs 
wa>  (Ici  ivtu.  In  the  Opus  Majus  of  Bacon,  it  it  de- 
munllratcd,  Uiat  if  a  traoiparent  body,  iatcrfpcrfed 
between  tlie  eye  and  aa  oljeft,  be  coosci  tOWKOa  the 
eye,  thc  objcA  will  appear  magnified. 

MaOHifvixu  GV<^^,  in  Optica,  ua  fnaO^bmcal 
convex  lent  1  whid^  in  traolmittmg  thc  rays  of  h'ght, 
inflect  them  more' towards  tite  axis,  and  fo  exhuMt# 
ijliji'i't-i  viewed  throv;  \  l'i..ir  '  u  L;.er  thaS  iriltt'MCwel 
b\         iijk(.ie-vr.     i-it-r  Mkroscoi'S,  . 

■  MAGNnT'Dt:,  thing  r.iade  up  of  parts  io. 
caliy  extended,  or  cuutinued ;  or  that  has  feveral  di- 
mcufiuns ;  as  a  Kne,  foifinx,.  folid,  &c.  Quantity  it 
often  ufcd  a«  fjnoByawua  with  M^pitude.  See 
QwaartT*. 

C/fOWf/riifij/ Maivitudi  s,  are  ufiufly,  and  ntoftprO>, 
perlj  ,  confldercd  a*  gciici attd  or  produced  by  motion] 
as  lines  by  the  motion  urpoints,  furf.icea  by  theOiOlMM 
of  line*,  and  folids  by  thc  motion  of  furfaceti, 

Ai'^rtr.t  Magnitude,  is  that  which  is  meafiucdby 
the  optic  or  vifual  angle,  intercepted  between  raya 
draw  II  from  its  cxtretnes  to  the  centre  of  thc  pupil  of 
the  eye.  It  it  a  fiwdaaaental  maxim  in  optics,  that 
whatever  things  an  fcen  ttnder  the  fame  or  equal  an- 
gles, appear  eq  -.al  ;  and  vice  vtrfa. — Tlic  apparent 
Magni'^-udes  of  an  object  at  diiTercnl  (Uftaaces,  arc  in  a 
ratio  ki.  titan  that  ot  their  diHances  reciprocally. 

Thc  ajpparent  Magnitudes  of  the  two  great  lumina- 
ries the  fun  and  moon^  at  rii'tng  and  fctting,  are  a  phe- 
nomeoon  that  haa  greatly  embanaffcd  the  aioden  nh«- 
lolbphera.  Aceorotng  to  the  ordinary  bwa  of  vinon, 
they  fliould  appear  the  leall  when  nearcft  thc  horizon, 
being  them  fartheft  from  the  eye ;  ;ind  yet  it  is  found  that 
the  contrary  is  true  in  fatl.  Thus,  it  is  well  known 
that  ttic  mean  apparent  diameter  of  the  moon,  at  her 
greateft  height  in  the  meridiao,  is  nearly  51 'in  rouoidl 
numbers,  fubtending  then  an  angle  of  that  qaantltTaf 
meafured  by  any  inArument.  But,  being  viewol  woea 
ihe  rife*  or  feta,  flie  lieeoM  to  the  eye  aa  two  or  three 
time*  aa  laige  aa  befoK  \  aad  jct  when  ncduicd  by 
the  inAnimeiity  her  dMUMtcr  la  not  fimad  inataMi 
at  alL 

Ptolorii)-,  in  his  Almageft,  lib.  I,  cap.  3,  taking 
for  granted,  that  the  angle  fubtended  by  the  moon  waa 
really  incrcafed,  alcribcd  thc  increafe  to  a  refradion  of  ' 
the  rays  by  vapoui,  wluch  a^uaUy  cnhrge  thc  a^i^ 
under  which  ue  noon  appears;  jntt  at  the  angte  «•  eOn 
largcd  by  which  au  obj.^l  is  ftcn  from  under  water; 
and  Ills  commentator  Th eon  explains  dilUncUy  huw  the 
dilatation  of  the  an^^Jc  in  the  object  tmmerfed  in  water 
is  caufed.  But  il  being  afterwards  difcovercd,  that  there 
is  no  alteration  in  thc  angle,  another  folulion  waa 
Jlartcd  by  the  Arab  Alhazen,  which  was  followed  and 
improved  by  Bacon,  Vitello,  Kepler,  Pcckham,  mA 
othera. .  Acconiing  to  AUiaxen,  the  Qgbt  apprehenda 
the  fnrface  of  the  aeavena  at  flat,  and  judges  of  the  * 

ilars  as  it  would  of  ordtnary  vifililc  obinTts  extended 
uuo:<  a  wide  plain  ;  thc  eye  fees  then  under  equid  an- 
klet iad«e4  Mt  witbal  petodun  •  difoeoc^  in  their 
X*  diflaace^ 
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dSftancw,  and  ^on  accmmt  of  the  {icmidiamctcr  of  the 
earth,  which  is  intcrpofed  m  une  cafr»  and  n«t  10  tbc 
other)  it  ts  hence  induced  to  Judee  thofe  that  appear 
wiorf  remote  to  be  nrcater.    Some  farther  improTcment 

HJiK  mr.'le  ill  ihti  explan.ufnti  bv  Mr.  Holibf!,  though 
he  Ml  into  fomc  mitlakcs  iu  bis  ajiplication  of  gcointtry 
ti>  this  fuhjedi :  for}>c  obfcrvts,  that  this  dtcipli  in 
wperatc*  giatiually  fiom  the  zenith  to  the  liui  i/nn  ;  and 
Inatif  the  appaiciit  aich  of  the  iky  btr  ilivi-J.-d  inu  a:>y 
fmrnber  of  equal  parts,  thofe  pai1;t,  in  defccnding  tu- 
iratdt'  the  horizon,  will  fubtend  an  angle  tltat  is  j^ra- 
duJIy  kfsandkT*.  And  he  was  the  firll  wbo  cx- 
prrTi-ly  coTifn1sjn:J  the  Taultcd  ;'i-.jiL;iiuiicc  of  tlic  llcy  as 
a  rial  portion  vf  a  circle. 

D<.8  Carti^,  and  fvcin  liiin  Dr.  Wiillis.,  and  rr.v{[ 
•other  autlwrs,  atco'.ml  fcirllie  ajipe;:i-s':ci' of  ;t  different 
di'Tanre  isutkr  the  forre  .inidc,  from  the  l<>:i^  f'jries  <<f 
cbjofis  iritctpdfed  between  liie  eve  j-n'.  the  e-.treinity 
of  the  feofiiile  hoi  izon;  which  makes  us  imagine  i 
more  remote  than  when  in  the  mertdlan,  wheir  the  e\ 

fees  Udthiilj-  !;i  the  way  bctnecu  the  ol-jci;^  a:-.<l  itkii. 
This  idea ot  aj^rc.itdiilaiict  :r'  '»  susiniprr'-  etliehirsu;i?  ry 
the  larger  ;  for  an  object  betujj  fcer  i:Tid  t  ceituiti 
angh-,  and  believed  at  the  fjnie  time  vc;y  re-note,  we 
fiatuijlly  jii  i:  mull  be  very  large,  to  upp'Mr  under 
fiirli  an  an^L-  at  fucb  a  dillance.  And  thus  a  pr-ic 
judgment  o*  themiadmalcesusfeetbefmiyOrthe  moon, 
larger  in  the  boriaon  tbao  in  the  meKdtan  |  notwitb- 
flandmf^  their  dfametenmeafuredby  any  tnflrument  are 
really  Icfs  in  the  former  fitiiaiion  than  the  latter. 

James  Gregory,    in  his  Gtoni.  Pars  Univerfalis, 

Ca,  141,  fubfcnlies  to  this  opinion:  Father  Malle- 
ranelie  alfo,  in  the  tirll  book  of  his  Recherche  de  la 
"Verifc,  has  cxplaicied  this  phenomenon  almoll  in  the 
eiCpKiCon  of  Det  Cartes :  and  Huygen^  in  his  Trea- 
tlTe  on  the  Parhelia,  tranflated  hj  Dr.  ^ttb,  Optics, 
art.  Jj'',  has  approved,  and  very  eleaily  ilhiftratcd, 
the  received  opinion.  TJie  caufc  uf  (his  fallacy,  fays 
he,  in  (liort,  is  thi*  ;  tb.tt  we  tliink  the  fun,  or  p.ny 
thinjf  elfe  in  the  heavens,  farther  from  iis  when  it  is 
ntarthe  hoti/.on,  tlian  whetlitappi'inehes  towards  t!ie 
^■el■tex,  beeaiifc  wc  imagfiiC  every  thin^  In  tlic  air  tliat 
appears  nc?.r  the  vertex  to  be  farther  fnnn  us  tlian  the 
-clouds  that  Ajr  over  oorhcadsi  v  Ik  ichs  on  the  other 
hand,  we  are  nfed  to  obferwe  a  lar^e  extent  of  land 
lyin;^  between  i:s  ar.d  the  objects  near  the  liuri/oii,  at 
the  farther  end  of  \'.h:eh  tiic  convexity  oi  the  iky  begins 
to  appear;  which  theiefcre,  with  the  objiv .  "i  L^t  a;>- 
■pear  in  it,  arc  iifually  imaj^iued  to  be  i»-ieli  fdilher 
tram  us.  Now  when  two  objects  of  equal  nia;^nitiule 
appear  nnder  the  fame  angk,  vre  always  judge  that 
"objeA  to  be  larger  which  we  think  is  rernoter.  And 
this,  Bccordiae  to  theiR»  is  the  tme  catjfe  of  the  <h!> 
crption  in  qnenion.  It  «  reaUy  aftonifliinj^  thtt  an  hy- 
pothj-fis  foj)a]pab!y  falfe  flionldevcr  be  hehi  and  main- 
tain! d  by  filch  eminent  men  ;  for  it  is  <Iriily  fern  tliat 
til'  mm  ri  or  f»iii,  when  near  the  hori/on,  very  fiiddeiily 
.change  tiieir  magnitude,  as  they  afcend  or  defcend, 
though  all  the  intervening  objcil^  are  fccn  Jult  as  be- 
fore X  and  that  the  luminary  appears  largeA  of  all  when 
feweft  objc^E  appear  en  the  earth,  as  in  a  thick  fog  or 
nift.  ft  is  no  wonder  therefore  that  other  rcafons  liave 
■baen  aiii^rned  for  this  renui:kuble  phenomenon. 

A«c«|wn^y  GaSendus  wa»  of  opiDioB«  that  thii 


cScSt  arifes  from  hence  ;  that  the  pwpi'l  of  the  cy«^ 
bcin^  alwapmore  open  as  tiic  place  i*  more  dark,  a» 
jn  the  moniHig  and  evening,  when  the  light  is  h  k,  and 
bcltdcBthe  earth  beinfrtben  corcted  with  profs  vajxiur*, 
througli  M  lonrjer  coljnin  of  which  the  ray>i  mull  pafs 
to  rei(,!i  tlie  borilon  ;  tlie  inia'^e  of  t!it  luminary  enters 
tiie  eye  at  a  )jreavcr  anjjie,  and  h  really  ]Mi!,tcd  there 
Ur.jer  than  when  the  iniiiniary  is  higber.  iSec  Ai-pa- 
li  ^  N  I  JJiili'  rtrr  and  Jii'.triiituJf. 

l\  Goutre  advances  aiiotlier  hypotUclis,  which  is,  that 
when  the  luminaries  are  in  the  horizon,  the  proximitT 
of  the  earth,  and  the  grofs  vapoun  with  which  tliey  then 
appear  envehiped,  have  the  fame  efPiN^  wi  h  re;^ard  to 
ur,  }('.  a  w;dl,  or  other  iler.lc  liodv,  placed  lieliiiid  a  ro- 
liiiiin  ;  vilueh  iniluit  tafc  appear^  latj^cr  than  vkhtn  iu- 
fnlated,  and  encompafiedon  ul  fides  with  an  illuminated 

air. 

'I'h.-  comnionlv  received  opinion  ha:«  been  difputedy 

I  I  ujiiy  by  1'.  Uou^e,  who  obferves,  Acad.  .Sei.  1  -00, 

I I  r,  that  the  horizontal  moon  appears  ecju.tlly  i  nyj^e 
i'ctofs  t!)e  fcLi,  where  lliere  are  no  objr etii  to  'in-iiijee 
the  effee"  afcribcd  l  i  tl  ein  ;  but  alfo  by  Mr.  Muly- 
ncix,  wlf)  fay,-,  I'hilof.  'IVanf.  al>r.  vol.  i,  pa.  jii,  , 
that  ii  th.i  livjMithtfib  be  ta.e,  we  niav  at  anv  time  in- 
crcafe  tlie  apparent  iraj^nltud-  of  the  moon,  even  in  the 
fiHridi.in;  for,  in  <iider  to  diviile  the  fp.icc  betwi-eii  it 
and  the  eye,  we  neeil  only  to  look  at  it  behind  a  cUtiler 
of  diimncys,  the  ridge  of  a  hill,  or  the  top  of  a  houfr, 
Sec,  He  makes  alfo  the  fame  obfcrvation  with  P. 
Ci  11  ■  ,  a'auve  mentions!,  and  farther  4)bfcrves,  that 
v.;itu  iiic  height  of  all  the  intermedi.ite  olyeCls  is  cut 
off;  by  looking  tlirou.'h  a  tube,  the  ima'.jinali\)n  is  not 
helped,  and  yet  the  moon  fccnis  liill  as  large  as  before. 
However,  Mr.  Motyneux  advance*  »•  hypothefis  of  ' 
bis  own. 

Bifhop  Berkley  fuppofed,  that  the  moon  appear* 
larjjcr  near  the  horizon,  becaufcihe  then  a;>pears  fainter, 
and  her  beam*  affeft  the  vye  lefs.  Aiid  Mr.  Robins  haa 
recited  fomc  other  opinioDS  fHl  tbis  fubje£l.  Math. 
Tracts,  vol.  2,  pa.  242. 

Dr.  Defagulitrs  ha>  ilhiilrated  the  dortrinC  of  the 
horizontal  moon,  Ptiilof.  Tianf.  abr.  vol.  S,  p.-t.  i  :^c, 
n]M)n  the  fiippiihtion  of  ocr  imagi^ilnji  the  vifiblc  he.i- 
veiu  to  be  only  a  fmall  portion  of  afphcripal  fur&ce, 
and  coufeciue:  ily  fnppoft.i,'  themoooto  b*  fiwther  from 
lis  in  the  nt'ti/on  than  rear  the  yenith  ;  aid  by  fcveral 
ingenious  contrivances  lie  deniouRrated  hi)w  li.ible  wc 
•ire  to  fnch  decepuons.  The  f:inic  idea  i»  puii-fned  lUll 
farther  by  Dr.  Smith,  in  his  Optict,  where  h*-  detcr- 
riiiH.i  that,  the  centre  of  the  apparent  fpliei  '.e  iinent 
of  the  Iky  lyin^  much  below  tJie  eye,  or  the  huriaoDy 
the  appimnt  diAtnce  of  its  parts  near  the  horizoB  was 
about  3  or4  times  grraterthan  the  apparent  diittace  of 
its  parts  over  head  ;  from  which  reafon  it  is,  he  infers, 
that  the  moon  always  ajipeir:;  the  briber (he  is  lo.-.er, 
and  ah'o  that  v.  c  always  think  the  ht^_:^l.t  of  a  ech  llial 
objcel  (o  be  more  than  it  rea.ly  is.  Thus,  he  deter, 
mined,  b',  mealunn;;  tlie  athial  height  of  fome  uf  the 
heave:ily  bodies,  when  to  his  i  ye  thcv  ieen-eil  te>  be  half 
wav  between  the  hori/on  and  the  zenith ;  that  their 
resil  altitude  was  then  only  2  3^  :  when  the  fun  was  about 
30"  high,  the  upper  always  appeared  lefs  thai-  the  un- 
der; and  he  thought  iliat  it  wis  cooftaotly  greater 
when  the  fan  wu  iS?  or  so*  biglk  Mr.  KobiM,  in 
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Tn£t*,  ToL  2,  p.  i4y,  ftewi  Tiw  to  detemune 

Ihc  apparent  concavity  of  the  f  y  ui  a  ir.orc  accr.rati- 
and  pcomctrical  iraniicr  ;  by  v^iii^li  it  ij.pi^ar.s,  ilial  if 
the  !ilthi;i!c  of  any  of  the  heavetily  bodiLS  hv  20",  at 
the  time  nlun  it  fccnis  tube  half  vny  between  the  ho- 
njon  and  tli-j  zer.ith,  .fa<  lloriXiOnt.ul  diftancc  will  be 
huikf  ItU  than  4  timet  the  perpendicular  diftiwce ;  but 
if  that  altitude  be  zS",  it  tirilt  be  little  imne  thu  i 
and  a  half. 

Dr.  Smith,  havinp  clLtcrmincd  the  apparent  figure 
ofthvfty,  thiu  apjilifS  i*  to  explain  the  phenomenon 
of  the  hutl^atal  tnoon,  and  other  turiilar  appear- 
mcct  in  the  licavcns.   Suppofe  the  vc  ABC  tv  rc- 


jrtftr.t  appLL-ent  concavity;  then  the  diameter 
of  the  fun  and  moon  would  feem  to  be  greater  in  the 
horizon  than  at  any  altitude,  tneafuie4  by  the  an^Mc 
AOB,  in  the  ratio  of  it»  apparent  diftances,  AO,  BO. 
TlKiniinbcn  that  exprefa  thefc  proportions  he  reduced 
into  the  annexed  table,  anfwcringto  the  eomfpooding 
altitudes  of  the  fun  or 
Htoon,  which  ai\  .ilfu 
exaftly  rrprrfcnttd  to 
tiic  t  vc  1:1  the  figure, 
in  wJiii!i  tliL-  moon, 
placed  in  tl.c  quadran- 
«d  «v  FG  defcribed 
aheuttheceotreO,  are 
all  equal  to  each  other, 
and  Ttrprefcnt  t!ie  bot'.r 
•It  ill  ■  :;:aon  in  the 
heights  there  noted, 
anathe  unequal  moons 
in  the-coBcavlty  ABC 
are  tenninatcd  by  the  vifual  lap  coming  from  theeir. 
cmnloeaGe  of  the  icail  iman*  at  thofe  Might»  tu  the 
eye,  at  O.  Dr.  SmTth  alfo  olifm«fl»  diat  tlie  apparent 
cciiic.T  .  c  nf  the  (ky,  bnnj(  Icfs  tVian  a  hemifphere,  i*  the 
Ouit  tLat  the  breadths  of  the  colours  in  the  inward  aud 
outward  rainbows,  and  the  interval  bct^sxi.;!  ti;e  bows, 
4^Kpcar  Icaft  at  the  top,  mi  greater  at  tlic  bottom.  Tliia 
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theory  of  the  hor  inmtal  moon  ts  aUo  cofifirmed  hf  the 

jpp.-.'.rsnctf  oftViL- tails  of  comrt»,  which,  whatever  be 
tiiti/ n-jt  ri|n..rc,  magnitude,  and  fiiu^iuun  in  .iLfoltilf 
rp.ifL-,  do  .ilv.  .ivj  Livipeir  to  be  an  arc  of  the  <:iiiiLa ..  nv- 
Dr.  Smith  hov  ever  jullly  acluiuwlcdgis  that,  ai  ditlet- 
ent  times,  th;  moon  appean  of  very  diiTercnt  magni* 
tudea,  even  in  tlie  fame horxcon,  anaoccafionally  ofa^  ■ 
exttaordinary  larj^^c  fize;  which  he  it  ootabk-  to  give  a 
fiitt^fadlor)-  explanation  of.  Smith's  Opticty  voL  I» 
pa.  ^15,  !<c,  Rcm.iiks,  pa.  f  J. 

MAIGNAN  (Emasuil),  a  religious  minim,  and 
one  of  tlic  grcattli  philofophcrs  of  hi&agi  ,  was  born  at 
Thouloiifc  ill  ifioi.  I^tke  the  famous  I'ufc-al,  he  bei-' 
came  a  complete  uuthematician  without  the  afTiflaiiic 
of  a  teacher  ;  w.d  filled  the  pirofi.{1oi's  chair  at  Ri  nitt, 
ia  1636,  where,  at  the  expcocc  of  Caidfnal  Spada,  lie 
piibliued  his  book  Dt  PerJ^Biva  Nerar^,  in  16148. 
lT|M>u  tliis  book,  P».i:!let,  ;.i  I.fiV  if  DcsCarte*,  ha» 
the  follow*  Jr.g  pailLgf:  "  M.  Laicavi  acquainted  Det 
Cartc^i,  that  there  was  at  Rome  one  father  Maiyj'ian,  a 
tniuim,  of  greater  Laviiing  and  more  depth  than  father 
Mcrfennc,  who  innJc  him  cxpcil  fome  objctitioiu  agaiiill 
Ms  principles.  'I'liis  fathei'a  proper  name  was  Etnanuel, 
and  hiii  native  phcc  'I'houloufe  :  but  he  lived  at  that 
time  at  Rutne,  u  here  he  taught  divtitity  in  the  coDTent 
of  the  Trinity  upon  Mount  Pincto,  which  they  other.  . 

c,;'!  the  convent  cf  the  Frtticli  Mr,i;TTiaB 
u  t  ..n  vii  t"  Tliouloufe  in  1650,  ni:  i  \'.  is  created  Pro. 
vii  t  il.  llis  knoulcdjjc  ill  niathin:;i'.:c5,  and  phyftcal 
c:  pLrjK-.ents,  were  vciy  early  known  ;  cfpeciaUy  froma 
difputc  vriiich  atofc  bctwucti  !iim  and  father  Sarchcrt 
abonl  the  iavealiun^  of  a  catoptrical  work. 

The  king,  who  in  i66oainakcl  binifelfwith  tbemtt- 
chiiics  and  eiiriof:ties  in  the  father's  ccO,  made  him  of^ 
fciiby  C'a;-dinal  ?»In/-auR,  to  draw  him  to  Pari*  |  bat 
he  him.i  ly  dcfiitd  10  fpeiiJ  the  icmai  l  i*  r  of  h! ,  tlayt 

iCotirfenfPhilofopliy,  !■ 
\^>^2  ;  to  i!it"  icciiiid 
edition  of  which,  in  foUo,  1673.  he  added  two  Treaiife*; 
the  one  againil  the  TorticM  of  Des  Cartes,  the  other 
upon  Uie  fpeaking  tnimpet  inTcnted  by  Sir  Samuel 
Morland.— formed  a  machine,  whien  Aewed,  bf 
it«  mavemcnts,  that  Des  Cartes's  fuppoCtion  concern- 
iug  the  manner  in  which  the  univcrfe  was  formed,  or 
might  have  been  foimed,  and  coiicciMir^g  theccntrifii* 
gal  force,  was  entirely  without  foundation. 

Thus  this  great  philofopher  and  divine  pafled  a  life  of 
tranquillity,  in  writing  booki,  making  cxpertmentk,  and  , 
reading  U-iturcs.  He  was  frequently  confulted  by  the . 
moil  eminent  philolbpberii ;  and  has  liad  a  thoufud  an* 
fwera  to  make,  rfther  by  writing  or  otherwife.  Nci* 
%xr  \  iroir.il  !<.!":,  'livlincd  to  idiencfs.  It  is  fa:'J  thnt 
he  t^.:.  Ih.'lini  iii  lii .  flcep  ;  fur  his  very  dreams  em- 
ployed i  v;-  :ii  probKirs,  wi;n.(i  lie  pui^jcd  loiretiincf 
tili  he  came  to  a  fulutioti  or  demonibutjon  ;  ami  he  hat 
frequently  been  awaked  out  of  his  deep  of  a  fudden,  by 
the  ezquifite  pleaftire  which  he  felt  upon  difcovcry  of  iy 
The  eaeeDence  of  hit  raanoera,  and  hii  itnfpottcd  vir- 
T  ..  :i:ntleied  liiici  no  left  worthy  of  cReem,  than  hJc 
^  I  :  .J  ^:nl  learning. — It  it  laid  that  he  compofed  with 
great  eafe,  and  without  any  alterations  at  all<>>-Hc dicA 
at  Tliouloufe  in  16' f>,  at  75  years  of  age,  • 
MALLE.\BI.r„  the  property  of  a  fi,!id  duaHc 
body,  from  which  it  ma/  be  beatcni,  (orged,  and  ex* 


in  a  cloyllcr.— He  ptibliflicd  a 
4  volumes  8vo,  at  'i'houl.vn 


•  Digitized  by  Google 


MAN 


[   76  ] 


MAN 


tended  und<T  the  hammer,  without  bicduvg^i  which  it 

a  prn-icrty  of  aOnUtab. 

MANFREDI  (Eustachio),  a  crIAratcd  aftro- 
DOtnirr  and  nuthematician,  boni  at  Bologna  in  1674. 
Hi«  genius  was  always  abbvt-  lii?  ay^c.  lie  wa^  a  tokj 
rable  pott,  and  wrote  ingenious  veri'e*  liilc  he  was  but 
a  child.  And  while  very  young  he  formed  in  liij  t  i 
tber**  houfe  an  academy  of  youth  of  hi»  own  age, 
irtM became  the  Academy  of  Science*,  or  the  Inllinife, 
tlMFe*  He  became  Frofcflar  of  Mathcinittic*  at  Bo- 
logna tn  1698,  and  Superintendant  oiTthe  watcrt  there 
in  1704.  The  fame  year  he  was  placed  at  the  head  of  the 
College  of  Montalte,  founded  at  Bologna  for  young 
men  iiitcr  du!  fi  r  the  r  Kiirch.  In  1711  he  obtained  the 
office  of  Aiu<  i:'i:t  er  to  the  Inftituteof  Bologna.  He 
became  mimir  r  i  f  tfie  Academy  of  Sciences  of  Paris 
in  1726,  kt'd  of  the  Roy^  Society  of  London  in  1729  ; 
tad  died  the  1 5th  of^cbruary  1739. — Hit  WOfin  arc : 

1.  Ephmfridtj  Metmm  CJltfimm  «t  mm  tfi^  ad 
munm  1750  ;  4  volumes  in  4*0. — ^The  firft  volume  nan 
excellent  introduclion  t'>  aftronomy  ;  «nc3  thr  n:hrr 
three  contain  ntimeroi;";  calculation?.  Hjs  fiflci* 
WCi'C  greatly  ;ifrirti'ng  to  him  in  toiiipoling  tins  work. 

2.  Df  Tranfiiu  Mcrtaru ptr  Selm,  anno  J "2 J.  Bo- 
logna i;^4,  in4to. 

1,  De  Amm'u  IntrraOitm  Steliartim  Aherrat'toniiut, 
Bologna  I7S9»  in  4tOi>— BelMca  a  number  of  papers  in 
the  Mcmoinof  die  Academy  of  ScieBeea»aBid  ia  other 
places. 

MANTI.IUS  (Marcus),  a  L.^tin  admromieal 
poet,  wlio  lived  in  the  reign  of  Auguftii<  (  .el'.ir.  He 
wrote  an  ingenious  poem  conc«min«,'  t!u-  ;!ars  jikI  the 
fi^herCf  called  jifircnumuon ;  which,  lot  being  men- 
tioned by  any  of  the  ancient  poets,  wus  unknown,  till 
about  twocentujics  fince.  when  it  was  found  buiied  in 
feme  German  b'brary,  and  publiflted  by  Poggim.  There 
is  no  aeeourt  to  be  found  of  this  author,  but  what  can 
be  driw  ;i  fiorn  hi;  j-c  em;  which  contains  a  fyjlem  of 
the  ancient  iHruii  jn.y  and  aerology,  together  with  the 
philoibphy  of  the  Stoics.     It  coiififll  of  five  hooks; 

m^^mm^JL  *V^m^^   n        -  t V    t*-liif<Vi  111*  Tint  Ki>«*n  n>mvi*mt. 


thOWli  there  u  w  .t  f"  t!i.  uhich  lias  not  been  rvcovercd. 
Id  thw  work,  Maiiilius  hints  at  fomc  opinions,  which 
"hter  agci  have  been  rcidy  to  glory  in  as  their  own  dif- 
eoTcnes.  Thus,  he  devnda  the  florditT  of  the  hea> 
vens,  againft  the  hypcithefi*  of  Ariftetle :  be  aflcrtt 
th.1t  the  fixi  d  ftars  .ir;-  lU'T  „r  r.T!  :n  t'le  fimr  rtmcave  fu- 
pcrfitics  of  the  heavens,  antl  ctitull)  dilLiP.t  from  the 
ccntT*  of  the  world  :  he  maintains  that  they  are  all  of 
the  fame  nature  and  fubftancc  with  the  fun,  and  that 
each  of  them  hat  a  particular  vortes  of  its  own  :  and 
laflUf»  he  bqH  that  the  milky  way  U  only  the  united 
tnftre  of  a  grWt  many  fmall  iroperceptil)lc  Itars  ;  which 
indeed  the  Modems  oow  lee  to  be  iuch  thraogfa  their 

tckfc9pcs. 

The  bcft  editions  of  Manilius  are,  that  of  Jofeph 
Solicer,  in  4to,  1600  ;  that  of  Bcntley,  in  4(0,  1738, 
l|Bd  that  of  Edmund  Burton,  Efq.  in  8vo,  1783. 

MANOMETLK,  or  MAMOscore,  an  inlhumcnt 
to  fhew  or  meafure  die  ahcntiiDm  ia  the  (wtty  or  dett- 
iitTof  the  air. 

THie  Manometer  diflrri  from  the  barometer  in  tbt% 
That  the  latter  oii?v  f  -  i  ,  tu  inc^furc  the  w^Al  of  the 
atmofphcrc,  or  of  the  column  of  air  oter  it )  but  the 
/onner,  tbt  denfity  of  the  «ir  ia  which  it  vt  iin»d|. 


wfaidt  deaihy  dc|Koda  not  only  on  the  weijght  of  the 
atmoi|ihere»  but  aHb  on  the  mS&m  of  heat  and  coU, 

Sec.  Authors  however  nfteri  confound  the  two  toge- 
ther ;  and  Mr.  Boyle  himfclf  has  given  a  very  good 
Manometer  of  his  contri^'ance,  un  ier  the  nnme  of  a 
Statical  Barometer,  confining  of  a  bubhle  of  thinglafs, 
about  the  fize  of  an  orange,  which  being  counter- 
poifcd  when  the  air  was  in  a  mean  ilate  of  dcnfity,  by 
means  of  a  nice  pair  of  fcalei,  funk  when  the  atm>> 
fphere  bccamcligntrr,  and  rofe  as  it  rrt  >  liravicr. 

The  Manometer  tifed  by  captain  P(>t;i;is  in  his  voy- 
age  towards  the  North  Pole,  confirtcd  i  t  a  t'jLx  i4'  a 
fmall  bore,  with  a  ball  al  the  end.  The  baronuicr 
being  at  29*7,  a  fmall  quantity  of  quickfdver  was  put 
into  the  tube,  to  take  off  the  communication  between 
the  extenial  air,  and  that  confined  in  the  ball  and  the 
part  of  the  tube  below  this  quickfilver.  A  fcale  ia 
placed  on  the  fide  of  the  tube,  which  marks  the  d&> 
poet  of  dilatati,wn  arifmg  frooi  the  increafc  of  heat  ia 
tnh  ftate  of  the  weight  of  the  air,  and  haa  the  fame 
gradual  ion  as  that  of  Falirenheit's  thermometer,  the 
point  lit  freey.In^  bcin(^  p^arkcd  ti.  In  tliis  fl.ite 
therefoie   it  Ihev,  liie  liej^rtcs  <;('  }u-at  Vi  the  lame 

manner  ns  a  th<  rrnonu  ter.  when  the  air  becomes 

lighter,  the  l  ubbie  inelafcd  in  the  bflOp  being  le& 0001- 
prctTed,  will  dilate  itl'clf,  and  oecttpy  ■  fpooe  w  nnch 
larger  aa  the  comprcfllng  force  iakbi  tfaeiefbre  the 

changes  arifing  from  the  increafc  of  hcat*  will  bcpro- 
portiouably  larger ;  and  the  inftram'cRt  will  (hew  the 
differences  in  the  dcnfity  of  the  aii,  arifKit;^  finm  the 
changes  in  its  weight  and  heat.  Mr.  Ramidcu  found, 
lluc  a  luut  cqu  J  lo  that  of  boiling  water,  increafcd 
the  magnitude  of  the  air,  from  whst  it  was  at  the 
freezing  point,  by  jVjjj  of  the  ns  I^.  le.  Hence  it  fol- 
lows, that  the  ball  and  the  part  of  the  tube  below  the 
beginning  of  the  fcale,  ia  a  magnitude  equal  toal> 
rndll  414  degrees  of  the  fcalc.  If  the  height  of  both 
the  Manometer  and  thermometer  be  given,  the  height  of 
the  barometer  may  be  thence  deduced,  by  thitniK| 

a*  the  he^ht  of  the  MaaoaMtcr  incieafied  by  414, 
to  the  height  of  the  thermometer  increafcd  by  414, 

fo  isJ9'7,  tn  tlie  hei);lit  of  t!ie  barmnefer  ; 

or  if  in  denote  the  height  of  the  M<uiumetcrj  and  /  the 
lidghtof  thetbexmoautert  then 

ai    414 : «  -t-  4H « s  a^"?  s  ^TTTi^  ^ 

which  is  the  height  of  the  b;iri  meter. 

Another  kind  of  Manomccci  wa^  made  ufe  of  by 
colonel  Roy,  in  his  attempts  to  correfl  the  errors  of 
the  barometer ;  which  is  dcfcribed  in  the  PhiloC  Tianil . 
vol.  67,  pa.  689. 

MANTELETS,  «  kind  of  moveable  parapet,  or- 
icreai,  of  about  6  feet  high,  fet  upon  tntckt  or  Ihtte 
n  ?ireh,  and  guided  by  a  long  pole  }  Td  that  in  a  Hi-gc  it 
may  be  driven  before  t!i«  pioneers,  arjj  ki  vt  a*  bhnds, 
or  fcreciis.  to  llielrvs  ihemfrom  the  enemy's  fmall  ftiot,^ 
Mantelets  are  made  of  different  materials,  fo  as  to  ren» 
der  them  muikct  proof ;  as  of  ftrong  boards  nailed  tog^ 
thcTt  and  eovrred  with  tiu ;  or  of  thick  leather,  or. ' 
of  layeraof  r  ip-,  J:c,  finnly  bound  logetlier. 

There  arc  alfo  other  fon»  of  Maotdets,  covered  on 


the  top,  ufed  by  tbemincn  ill  liparoadung  the  walls  or 
CMiBy«.  The  doa£k  Mastckti  fun  1:  an 

Mgle,. 


Digitized -by  Google 


MAP 


r   77  1 


MAP 


angle,  and  ftud  fquarr,  mskmg  twu  frooU.  It  «p- 
pcRri  from  Vegetiiu,  that  Mantelets  were  in  iifeimoiiig 
the  Ancients,  under  the  name  of  VincK. 

MANTLE,  or  MAtntn-trff,  is  the  lower  part  of 
1^  bfcaft  or  front  of  a  dunwcy.  It  was  fonneTl|r  a 
pMceof  timhcr  tint  hyacrofi  the  jambs,  fupporting 
the  breaf*uork  ;  hut  hy  3  lale  aft  of  parhameot,  chim- 
ney-brcdiiji  arc  aot  to  be  Supported  b^  a  wooden  mautlc- 
tree,  or  turning  piece,  bttt  an  iMtt  faart  or  bf  ib^ 
arch  of  brick  or  Itone. 

MA  P,  a  plane  figure  reprtfenting  the  furface  of  the 
earth,  or  fome  part  of  it ;  being  a  proje^iur.  of  the 
globular  finJMX  of  the  earth,  exhibiting  countries, 
mUf  nttttf  mamnmia,  dljc%  &c»  in  their  du«  pafi.< 
twUf  or  bcuIt  fiik 

mMHcdlWUBmifidarnvticubrt  thitiiFkr* 
taL 

L'niTtr/alMAfs  are  filch  a<  exhibit  the  wbdlc  lu&ce 
of  the  earth,  orthctwohcmirplicrcs. 

pOTtbitfar*  or  PmthI  Maps,  are  thole  that  athihit 
§ome  pntkllhr  ivgion,  or  part  of  the  earth. 

Bodi  kuidfaR  afually  called  Geographical,  or  Land- 
Map*,  as  diAingniihei}  from  Hydrographical,  or  Sea- 
Map*,  which  rrprefent  only  the  feas  and  fea  coafts,  and 
are  properFy  ca&ed  Ckctrts. 

Anaximandcr,  the  fi  hobr  of  ThalcA,  it  is  faid, 
about  400  years  be  fun  Chrifl.  firft  invented  geogra- 
ahicaitables,  or  Maps.  The  Pcutingerian' Tablaiyjiob- 
Uhcdbj  Corncliiu  Pcaiiager  of  Aufl>urgh,  contiXDU 
itinei^  of  the  wbole  Ronan  Empire  j  alJ  ^fccib 
ecptfon,  wooda,  aad  MiTts,  being  lad  down  neoonl> 
fag  to  their  mcafurrd  diftancr",  bat  witlioatoy  WU^ 
tion  of  latitude,  longitsidc,  or  bt-ariag. 

The  Maps  puhlifted  by  Plolomy  of  Alexandria, 
about  the  1441  h  year  of  Chrift,  haTC  meridian*  and  pa- 
nllek,  the  Letter  to  define  and  determine  the  fituation 
of  pbces,  and  are  great  improvement*  M  the  conilruc- 
tion  of  Ii^aps.  Though  Ptotomy  hinittf  own*  that 
In  Mapt^wcre  copied  fion  iiamc^tlMt  wcfc nade  by 
Hnrnras,  Tirus,  Sec,  with  tlie  addition  of  feme  improre* 
Bents  of  own.  But  fromliif;  ;?mc-  till  .ibout  tlic  l^tli 
fenturv,  dimng  wfiicli,  pco^Traphv  and  ni<v.l  fcic  xi.'s 
MTfrr  nc^lt-fTrtl,  no  nrw  Ntaps  wltl-  piihlnJiicl.  Mcr- 

catof  waft  the  tirll  of  note  among  the  Modems,  and 
nest  to  him  OrtcUus,  who  undertook  to  malcea  new  fet 
of  Map».  with  the  modem  dnifiom  of  coiintriet  and 
aanxs  of  plaoei ;  (at  want  of  whurh^  thole  of  Ptolo« 

my  were  become  almoft  ufekf*.  A  fter  Mcrcatw,  many 
others  publiflied  Maps,  but  for  the  moft  part  they  were 
toerc  copies  of  his.  Towards  the  itiidiiK-  ot  tlu-  i-ih 
century,  Bleaa  in  Holland,  and  Sanfon  in  i'lancc,  puL- 
lirtied  new  fets  of  Maps,  with  many  improvement*  ht>ra 
the  travellers  of  thofe  times,  fvhich  were  afterward* 
copied,  with  little  variation,  by  the  Englifh,  French, 
aad  Dntek  j  the  bed  of  thefc  betas  thofe  of  ViCeher 
■idDeWftt.  And  later  obTervation*  haw  fbmffllnl 
uswitliftni  more  accur.ite  iii;d  ci,|n'ou'j  Rti  of  Mipi, 
by  Dc  Liilf,  R'liK-rt,  Weill,  cvc,  &c.  Coiiccr'iing 
Mapr,  fee  V  irenius'?  (.Tcojf.  lib.  3,  cap.  ^,  priip.  4  ; 
Foumicr's  Hydrog.  hh.  4,  c.  24  ;  WolAu»'a  Elcrn. 
Kydrog.  c  0  ;  John  Newton's  Idea  of  Navigation ; 
Head** Cpnftrodioa  of  Globe*  and  Maps;  Wright'* 
CooftniftiDBa  of  Map*,  ftc,  Stc. 
\  Ca^nSm  tf  IIamv  Ifaft  Me  «BdlnAcd 


n^iking  a  prr^<>dion  of  the  globe,  either  on  the  plane 
ot  i  .mi.  particular  circle,  or  by  the  eye  placed  in  fon»« 
particular  potnt»  according  to  the  mlieaof  Ferfpe^t^ 
ftc}  ofwhiehtlicrpaKlimraliacthodih 

FirJI,  Hem^tnamM^^At  WmU*  ar  mfmerd  Mi^ 

I  ft  Method. — ^A  map  of  tlie  world  null  repr<.  feot  two 
hemifpheres  ;  and  they  muil  both  be  drawn  upun  the 
plane  of  that  circle  wijiih  divider  tlictwo  heiiiil;  l.-  ic^;. 
The  firft  way  i«  to  projctl  each  hemifj-diere  upon  the 
I>laiic(it  i'umc  particular  circle,  by  tltc  riilc<i  ot  Ortho- 
graphic projection,  forming  two  bemiiphcrLk,  upon* 
one  common  bafe  or  circle.    When  the  plane  of  {pro* 

y£aaa  it  that  of  ameridian*  the  nmpa  will  be  the  oft 
ud  weft  hemifpherei,  the  other  meridian*  wiO  be  c]> 

lipfcs,  and  tlif  parallLl  circK  s  will  be  ri^bt  liuc^;.  Upoa 
the  plam- i;f  ttic  ci^uiiioCtj,;],  the  meridians  v\iU  be  right 
lim;.  croOiii^^  ill  the  centre,  which^rilt  reprefent  tlic 
pole,  and  the  parallels  of  latitude  be  circles  having  - 
that  common  centre,  attd  the  Maps  ivill  be  the  nor. 
them  mid  Ibothem  hcmifpherea.  The  fault  of  tbia. 
tnytf dnwuf  Map*,  u,  that  near  the  outUdc  the  ctrcUa 
are  too  near  one  another}  and  therefore  rq  ial  fpaccs  ont 
the  earth  are  reprefentcd  by  very  W  ' .1  ipacc*  upon 
the  Map. 

ad  Method. — ^Aootiier  way  is  to  proj'  Cl  the  (ame 
hemifpheres  by  the  ri;k  i  ot  Stcrcojri.-iphic  projec- 
tion ;  in  which  way,  all  the  parallel*  wili  be  rcprefeut- 
cd  by  circles,  and  the  meridians  bydrdeaor  rii^bt  lines. 
And  here  the  contcatj  £iak  hattpcu*  vttt  the  ciidaa 
toward*  the  ontfide*  are, too  ftrafuader,  and  about  the; 
middle  they  are  too  near  together. 

jd  Method. — To  remedy  the  faults  of  the  two  for- 
mer methods,  proceed  as  follows.    I'irll,  for  the  ealt 
and  weft  hcmiipheres,  licicribe  the  circle  l*l''.N(^for 
the  meridian  (pi.  xvii,  lig.  1 ),  or  plane  uf  projection  \ 
through  the  centre  of  which  draw  the  equinoctial  EQ_^ 
and  axis  PN  perpendicular  to  it,  inakiug  1'  and  N  the 
north  and  font h  pole.    Divide  the  qundrants  PK,  FX, 
NQ^,  andQP  into  9  equal  parts,  each  reprefenimg  lo 
d(\.;ief;,  hi  ;'iti!iin^  at  ifu- cqul:.odtial  EQj  divide  alfo 
CP   and  L'X  into  y  ti.;i:  il  piits;  beginning  at  EQ; 
ami  tliiuu^'h  t  lie  CO  Ml  I  [HI  I. ding  points  draw  the  paral- 
lel* of  Wiiude.    Again,  divide  CE  and  CQ^into 
equal  parts  ;  and  through  the  points  of  dirition,  and 
the  two  pole*  P  and  N,  dnw  cirdes,  or  rather  cliip£et», 
for  the  mcridikni.   So  ihall  the  Map  be  prepared  to  re» 
the  feveral  place*  andcoiintrim  of  the  cartb. 
Secondly,  for  the  north  or  fouth  hemifphcre,  draw- 
AQJ>E,  fur  til-,' eqiiiin»5tial  {  (vs.  2),  div-dln^r  Jt  into 
lite  tour  quadrants  FA,  A(^Qji,  ?nd  BE;  and  each 
quadrant  into  9  equ.d  )>^trt8,  rcpitiv  ii.  i^  cacli  to  de- 
grees of  longitude  ;  aud  then,  fixim  the  points  of  di- 
vition,  draw  bnes  to  the  centre  C,  for  the  circle*  of 
loii^tiule.   Divide  any  circle  of  In^tttde,  as  the  firft 
meridian  EC,  into  9  equal  part*,  andthixmgh  thefa 
points  defcrilie  circl    from  the  centre  C,  for  the  pa- 
rallels of  htitiui-  ;    iiumberiag  them  as  in  the  li-  * 
gure. 

lii  this  3d  meihod,  cqunl  ipaces  on  the  earth  are  repre* 
fented  by  equal  fpaccs  on  the  Map,  as  near  a*  any  projec- 
tion will  bear ;  for  a  fphcricol  furi'ace  can  00  way  be  ' 
reprefemted  euAly  upon  a  plane.    Then  thefcyenl. 
couatDcaof  ths  wadd,  liBH*  lOaadst  ic»«09iAa»  towM^. 


M  A  P  [78 

ftc,  Sre  toVc  cntrrcd  intlic  Map,  according  to  their  la- 
tiludci  ;'.n'1  l;>n;j;ttudc;. 

Ill  filling  up  the  Mip,  airplac?*;  vcprefcnting  Isnd  arc 
iiUed  vrilh  fu'  h  ihinj ;s  a^s  th«r  cooiuncs  «nmaiii  s  hiit 
till*  Ccas  are  left  white  j  tiie  lhore>  adjoiniog  to  tht.  fe« 
bein^  fliadcd.  Riven  are  marked  by  ilroiif;  liner,  or 
by  dovhli-  Iii)L«,  dt.i'.vn  wlild.'t'j^  in  idrm  of  tlio  rivtr^s 
tney  rrpi>lfnt  ;  aivl  Imall  rivers  art-  .-xpr  -iTl-^  l>y  fm.ill 
Ii:>CJ.  Dirt\:ri:iit  Lnuntn'cs  au-  b.:!*  ;lii\iti '■iiillicii  by  dit- 
fcik.'iit  colon  I  i,  or  at  li'.iil  flic  b  )nl.-:s  «t  llfn-.  I'lrriu 
arc  rt  prcfciiU-d  by  tn-cs  ;  and  niaimtaiiii  In  ic^rcl  to  inakr 
thcrn  a]>jn^r.  S.iiii*>  aic  doiiotoi!  bv  iin.  11  ]v.ii;it!.  tir 
Ipcci;^;  <iiiJ  rot  k  I  Mttdi.T  wati-r  bv  a  fjr.nil   i  In 

any  void  fj»acc,^  draw  the  inariacr'&  cuaipjifti  with  the 
32  point*  or  Htndt. 

IT.      draw  a  Map  9/  any  fxtntciJsr  Cnmtrj, 

til  Mrll.Oi/.  —  For  tlli?  pii:|:<  t'c  it;;  t.rlfiit  nrill  bo 
known,  astci  latitude  and  lun^iunic  ;  :v.^  (.)[ip<;''c  .'ipiiin, 
lyin^  between  tlii:  north  latitiid-.-i;  ^(^i  aii  l  44,  and  <.<- 
tending  from  10  to  25  degrtea  ot  longitude ;  ib  thnt 
tU  extent  fiom  north  to  fuuth  it  8  degree*,  and  from 
call  to  wdL  1 3  dc?rc ei. 

Draw  the  line  AB  for  a  meridian  paflj;!^'  tbroHj»b  the 
r.Iddlc  of  the  coiniiry  (iii^.  on  v.IiiLli  fct  off  8  de- 
grees from  1)  to  A,  lakcri  ficin  any  convenient  I'calc ; 
A  bciii^  the  iiDrtb,  and  H  tl:e  fouili  ]>  i:it.  Tlirc.if.h 
A  and  H  draw  tlic  iK  ptiidiailaii  C  D.  r.F,  for  ilie 
extreme  patralteU cf  latitude.  Dividt-  AH  into  8  pints 
or  dcercciy  through  which  draw  the  otiterpaialkl*  of 
latitude,  paraOel  to  the  former. 

Vtir  the  meridiiiis  ;  divide  aiiv  dcf^ree  in  AB  into  60 
equal  parts,  or  gcojjniplTie.d  niife-i.  Tlien,  bccaufe  the 
length  of  a  dejjrec  in  each  parallel  tlcci  eales  toward*  the 
p<jte,  frr)m  tiic  table  fhexsiic;  this  decrc.dV,  under  tlic 
artitlf  Di  ijKi  t  ,  take  thi:  nuiii!Krt)t  miles anfwerinjj  to 
the  latitude  of  15,  x^hicli  is  48]  nearly,  and  fct  it  from 
B,  7  l^niei  to  E,  anil  6  times  to  F;  fo  i*  F.F  divided 
into  degrees.  .Again,  from  the  fame  table  take  the 
number  of  miles  of  a  degree  in  the  latitude  A,  nh  4^j^ 
nearly;  which  fit  nfT,  fiJiu  A,  7  times  to  C,  am!  ^> 
timci  to  1).  Then  fro!n  the  poiutnof  divifion  in  lUs. 
liue  CD,  to  the  coircfpundiTij/  pi)iuts  in  the  line  FF, 
draw  fo  many  nglit  lino,  for  the  meridians.  Number 
the  deuces  of  hititudr  up  loth  fides  of  tlic  Map,  and 
the  degrees  i  f  io;:gitudc  ou  the  tap  and  bottom.  AJib* 
in  feme  vaeant  nhcc  make  a  fc:ile  of  milcB  {  or  of  de- 
gree!, if  the  Map  rcpnlent  a  hurgeoArtof  theeaitbt 
TO  ferve  for  finding  the  diftances  of  placet  upon  the 

'J'lieii  tr  .if.c  the  pniper  diviUiJSiH  and  fubilivillons  of 
the  ti  iiK' ry  :  a;id  havni;^  the  latitudes  and  longitude* 
of  the  principal  place*,  it  will  be  e;ify  to  fet  them  down 
Jn  the  Map:  fi:<-any  town,  5ic,  muft  be  placed  where 
the  cirdca  of  it»latitude  and  longitude  intcrfe^  For 
inftancc,  Gibialtar,  whc  fe  latitude  is  16'  11%  and 
'  kn^tode  It*  ^^\  will  be  at  G :  and  Madrid,  whofc 
bt.  1140^  10',  and  long.  14"  44',  will  beat  M.  In 
like  tnarir'cr  t!:--  montli  of  a  river  muft  be  fct  down  ; 
but  to  drfcrtbc  the  whole  river,  the  latitude  and  longi- 
tude  of  every  turning  muft  be  marked  down,  and  the 
towns  and  bridges  by  which  h  pnffV';.  And  fo  fur 
v-oodt,  forrli»,  inourit:iiii hikes,  cuftles,  £cc.  The 
^oundanea  tmQbe  dciicribccl«  by  icttiBg  down  the  re- 
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markal  lc  place*  on  the  fea-coart,  and  drawing  a  conti- 
nued hne  thron,:^'h  them  aU.  Aod  tliii  Way  h  very  pro- 

per  for  fmall  countries. 

id  HiefbrJ. — Mnpi  of  pailicuLr  places  are  btit 
portions  of  tbcglobt*  and  tncrdbrc  (nay  be  drawn  af. 
terthefanK  manner  «t  the  whole  it  drawn.   That  \%. 

fuch  a  Map  m.iv  be  drawn  t-ilhcr  by  the  ortliogiaphii? 
or  Hcrci»giBphic  pTijcftioii  ot  the  fpiierc,  fts  v.,  the  lull 
lirob.  lijt  in  pittial  Maps,  an  erilicr  w  ay  is  as  ft-'JoM'*. 
Havirj,' tlrav,  -j  the  rrcridi;;!'-  A  { lig.  3^  ,ind  divid.  d  it 
into  eq\ial  pii !^  aj  ir  the  latL  nictiiod,  ihruOLh  all  i!  c 
p(;:nts  (if  iii-ifuin  dla^^  line  *  pi-rju  -  dicidar  to  All,  Icr 
the  par;i!IJ'i  of' l.ititudc  ;  CD,  Fl*  being  the  cxtrcnt^ 
paraiiei.  Thco  to  divide  thefr,  fct  off  tbc  degrees  in 
each  parallel,  diminiflird  after  the  manner  dirmcd  for 
thci  A-t.  cMrcire  parallels  CD,  EF,  :n  the  I  d  ir.itl:  j  ' : 
and  throuvii  all  I'lc  cortctpoii.iing  poirils  I'.rjw  tl.i  inc- 
ric'ia;i3,  wl.i^h  v.iil  lie  curve  liiici;  wliicii  \v,-i\:  r'jjiil 
liiiei  ir.  tl'.e  I  'll  method  j  btcaufc  only  l.'.t  cxtrei:u"  pi- 
ralleUwcre  divided  by  tlie  table.  This  mwiliod  is  proper 
for  a  Urge  tmct,  aa  £uTope,  &c  :  in  wiiicli  caf  -  tbe^ 
pArailett  -and  meridian*  need  only  be  drawn  t  j  cv^ry  5 
or  10  difjrees.  ■  This  method  it  much  ufcd  in  draw  111^; 
Map^ ;  MS  all  ihe  part*  are  nearly  of  their  doe  magnitude, 
but  A  lluic  dilhntcd  towards  tlie  outfide,  fiom  the  ob- 
lique ir.tcrftttions  of  the  meridiani  and  par.dlels. 

^d  AL'.'lcil. — Draw  I'li  of  a  convcnii.ru  length,  for 
a  meridian  ;  divide  it  into  ij  e<pial  parts,  ar;d  through 
the  points  of  divifion,  dcfcribe  as  many  cin'ie^  for  Ine 
parallels  of  latitude,  from  the  ccntie  P,  which  rcpre> 
fenu  the  pole.  Snnpofe  AB  (fig.  4)  the  height  of  tlie 
Map  ;  then  CD  will  be  the  parallel  pdUng  through  the 

Ereatell  latitude,  and  F.F  will  rtjtrefcnl  the  eqiiatbr. 
lividc  the  eij^iiator  FF  into  equal  jMirts,  01  tiie  fame 
fr/e  as  thofe  in  AD,  both  ways  beginning  at  J\.  Di- 
vide alfo  all  the  parallels  int<»  the  fame  number  of  equal 

f parts,  hut  leffer,  in  proporti>m  to  the  numbers  Tor  the 
everal  latitudes,  as  directed  in  the  laft  method  for  the 
reailineal  parallels.  Then  throagh  all  the_conrefpond> 
ing  dirifion-i,  draw  mrve  lines,  which  wiB  repiefenC 
il.L  '.riiiil'.i  1 lilt  o.'.tcmo  Mu  .  being  FC  and  FD. 
l.aiily,  iiunibt-r  the  dtgieta  ot  Luiudc  and  longitude, 
and  place  a  fcale  of  cqiul  parts,  either  of  miles  or  de- 
grees, foi  ineafuring  di(lat;ces. — This  is  a  very  good 
way  of  drawing  large  Maps,  and  is  called  the  globular 
projedion  ;  aU  the  parts  of  the  earth  being  repreficated 
nenVlvof  their  due  magnitude,  excepting  tbat  they  ire 
a  little  dillortcd  on  the  otitiidet. 

Wh^n  the  phce  is  but  fmall  that  a  Map  tstob* 
made  of,  as  if  a  county  was  to  be  txlubitcd  ;  the  meii- 
dians,  a*  to  renfc  will  be  parallel  to  one  another,  and 
the  whole  will  diiie:  very  little  from  a  plane.  Such  a 
Map  w  ill  be  made  more  eafdy  than  by  the  preceding 
rules.  It  will  here  be  fufticient  to  mctlurethc  diftaiKCt 
of  placet  in  miles,  ini  fo  lay  them  duwi»  in  a  plane 
reAingular  map.  But  this  belongs  more  properly  to 
Surveying. 

Tlf  L'fr  ^/Maps  is  obvious  from  tbetr  conftniftioo. 
The  degiccsof  the  meiidiai:s  and  parallels  Ihew  the  h- 
titudes  and  longitude*  of  phces,  and  the  fcale  of  railed 
annexed,  their  diilancei  ;  the  lit  nation  of  places,  with 
regard  to  each  ot'icr,  as  well  as  to  the  cardinal  poiuu, 
appears  by  infpeftion  ;  the  Utp  of  tht  n  aji  being  abv,iT» 
tbc  iwtUii  ths  boUon  the  iMitb,  the  x^ht  band  ttie 
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aft*  and  the  kft  lundf  tbc  weft  \  oakft  the  c«ift|iaf4» 
dually  anoexedf  fbew  the  contrary. 

MARALDI  (J  AMIS  pHiLir ),  a  learned  ailrono- 
mrr  and  mathcniaticiar.,  viai  born  in  1665  at  I'l.  ;  ir.:ili)o 
ill  the  county  of  Nice,  a  place  ali':ady  honocn  j  bv  tlic 
birth  of  lii*  maicru?.!  uncle  ihc  nlcbiatid  C'sllial. 
Iljivtng  inudc  a  confidirrablc  pin;^Ti.ri  in  tn;ithcn".itiLS,  at 
the  a^c  of  22  lii&  uncle,  who  liud  been  a  l:>ti^  time  f  t- 
tlcd  in  I'laiicc,  iiivitctl  li'.iv.  iL^re,  that  he  tri^^ht  liiui- 
iidf  caktvate  tbe  proniiliiigeeniiis  of  hi*  nephew.  Ma- 
riUi  nofiKMiT  applltd  hlmSlf  to  the  contrmplnti'an  of 
t'lK  heavens,  than  li-  ti  .  civcd  tlic  defigu  :  f  fi,'r>i;:i  ;  1 
catalogue  of  the  fixui  llji.,,  the  fi)-j;;<Iation  aU  tin.  ai- 
troijon)ie:;l  fdilleo.  In  coufcqiicrcv  of  thij  difij^n,  he 
applied  liimftif  ti)  obfcrve  tfiem  with  the  niofl  ciinftar.t 
attiT.tioii  ;  2"d  t)t  bi.-ca'-.e  by  this  means  f)  in-inKite 
ttitS  them,  that  cu  beipj;  Atewn  anyone  of  llKmf  how- 
ever fmall,  he  couM  immediately  tell  what  conftdbtion 
it  bdongcd  to*  and  place  In  th:'.*L  t  on9e11<iti;>n.  He 
hatbcen  Icnown  totEfcovcTthufe  fn-.iill  comets,  which 
adronoirers  titeii  tal;e  for  the  llaisof  die  eoiilt-Ilali(>!» 
1;:  which  lliey  are  leen,  for  w.ujf  <  f  knov.-itij^  prccifely 
what  ftars  tl;e  eoiiflellatioa  cot.l'.l!<  jf,  v  l.en  uthrrs,  on 
the  fppt,  :i:id  with  cye»  dircdrd  cqur.Uyto  the  Umh 
part  of  the  )'eavcns»  conld  not  Ua  a  long  time  fee  any 
liJng  of  liiem. 

In  1 1700  he  was  cmpluyej  under  CalSni  in  prolong- 
ing the  Tiench  i!it:iJ:ui  to  ihc  n-jrtlieni  exUcniily  of 
France,  snti  Ii.id  no  Ur\A\  fhai  ,-  i:i  con-plttiiig  it.  lie 
then  fct  out  for  Italy,  where  fknie.it  llic  irili  invited 
biin  to  aiiiii  at  the  ali'cmbties  of  tlu*  Conpcjjiitiun  then 
flltiojf  In  Rome  to  rtforni  !!ie  cak'tidur.  Dianchiiii  alfo 
atailcd  himfclf  of  his  alTillaucc  to  confinid  the  great 
ttCridian  of  the  Carthufiuu  church  Ul  that  city.  In 
171B  Maraldi,  with  three  other  acadcnudam,  pro- 
longed the  Frendi  meridian  to  the  fouthern  extremlty 
of  that  country.  He  was  admitted  a  member  of  the 
Academy  of  Sciences  of  Paris  in  iC)<)(),  in  the  dejiait- 
mcnt  of  Aftronomy,  and  comminicated  a  gre.U  multi- 
tude of  paucrs,  wliich  arc  priuled  ia  their  ir.ctr.oir!;,  in 
almoll  cver^  year  from  169910  1729^  and  iifually  fcve- 
ni  papers  in  each  of  the  ycara ;  for  he  waa  indclaiigable 
m  Uit  obfenratlont  of  every  thing  that  was  cnrioot  and 
■jfef  il  in  the  motit^ns  and  phciiuiiiina  of  the  heavenly 
Li  JiLs.  As  to  tlie  cataht^iie  of  the  fixe  li  ilarF,  it  was 
tot  quite  conipkttd  :  ju(l  as  lie  had  placed  a  n-.iiral 
quadrant  on  the  tems  of  the  obfenatory,  to  obCtrve 
foine  Aari  tc\vr>rdi  the  north  and  the  zcnitht  )k  fdl 
fick,  and  died  the  t  (1  uf  Deceu  bi  r  1 739. 

MARCH)  the  3d  n-.oi.th  of  the  jcar,  accprdiiig  to 
the  common,  way  of  computing,  and  copfiAa  of  31 
days.  The  fon 'enters  the  fign  Aries  aboat  the  20th  or 
21    day  of  tiiii  tnetith. 

Anu>n^  the  Romans,  March  was  the  finl  month  ; 
and  in  foir.e  ccclt.fiuftical  cof.'.fmtations,  th.at  c:der  is 
fiill  preiervcd.  In  Englajid^  before  the  alter;,ti<;n  of 
thelme*  March  was  the  ill  mouth  in  order,  the  year 
alwaya  commencing  with  the  25th  dar  of  the  rnonth. 

It  haa  been  faid  it  wat  Roraului  who  firft  divided  the 
ve.-ir  into  nicnth.s;  to  tlie  firfl  of  which  he  gave  the 
name  of  his  fiippofed  father  Mars.  It  is  i/bl'ervtd  by 
Ovn'd,  liowcvcr,  that  the  pe<ij.le  of  Italy  had  the  month 
•f  Mitrch  befure  the  time  01  Buniulus ;  but  that  they 

.  placed  it  diiferently ;  fome  makiDg  it  the  third,  fime 


the  4th,  ibuur  the  jthj  and  others  the  lotkoonth  of 

the  year. 

^I.\RI^'^F,  Barometer.    See  Barometer. 

MARINKRS-Comp.^s!.    See  Compash. 

MlARIOTTF.  (Edmk),  an  e;:ii:ient  French  philo- 
f>|ih-.-r  and  mathematician)  was  born  at  Dijon,  aid  ad- 
mitted L!  member  of  the  Academy  of  Sciences  of  I'.u  il 
'm  iCf/>.  His  works  howeeer  are  better  known  I  bin 
lu3  lif,-.  He  wa.s  a  good  matlicinalieian,  and  the  (iri\ 
French  phiioCopher  who  applied  much  to  experimental 
phyf  rs.    The  law  of  the  mock  or  collifion  of  bodies, 

l!u'  1 1  :  el  V  rf  |:.n-!Tii-i'  .■nil  Uin! '.ri  of  fliiu]  t].:  '.rx- 
liin.  sjt'vi'lu.u,  ,...J  ui  die  air,  p;i;  1  li  uLnrly  eiij»agcd  !(»» 
attention.  He  carried  Into  his  philcfuphieul  refearches, 
that  fpirit  of  fcrutiflv  and  in^-ettigation  fo  ncccffarjr  to 
thofc  who  would  malw  any  coaliderafale  progrefs  wit. 
He  died  in  1684.  ^  . 

He  communicated  a  nomber  of  curious  and  Talaable 
papers  to  the  A  cademjr  of  Sciences,  which  were  printed 
m  the  colle^ion  of  their  Memoir.^  dated  1 6615,  viz,  from 
voluinc  I  to  voliimc  to.  And  all  his  wurks  ^^el•  n.l- 
leCted  into  2  vohnnes  in  ^to,  and  printed  at  Leyd^'ii  :a 
1717. 

MARS,  one  of  the  fcven  primary  planets  now 
known,  and  the  firit  of  the  four  iisperior  ones,  being 

Shtced  iromediau-ly  next  above  the  earth.  It  i«  ufually 
enoted  by  tbn  charaAcr  g",  being  a  maik  xuddy 
formed  fttta  a  i:ia;i  h'jldin;.^  a  fpear  protruded,  VCpK- 
fcr.tinj;  thej^od  of  v.'ar  of  the  fame  name. 

The  me^n  di('at,ce  of  Mars  from  the  fun,  U  1  J24  of 
thofc  parts,  of  w!>ieh  the  diflanee  of  the  earth  fromths 
fun  is  I  coo;  his  exccntricity  14 1  ;  and  hia  teal  diflanee 
145  milUons  of  miles.  The  inclination  of  hisorlft 
to  tlieplane  of  the  ecliptic,  n  l*  52'  ;  the  length  of 
hit  year,  or  the  period  of  one  mouition about  the  futtf 
is  686?  J  of  onr  days,  or  667I  of  his  own  days^  which 
.7re  4c  minutes  longer  than  ours,  the  rcvolutien  on  hi* 
axis  being  performed  in  24  hou"s  40  minutes.  His 
rr.ean  diameter  is  4444  mile*;  and  the  fame  feen  from 
the  fun  is  1 1*  :  the  inclination  of  the  axis  to  bis  orbit 
o"  o';  the  incli  iition  of  his  orbit  to  the  ecliptic  . 
1^  52';  place  of  the  aphi-iion  ttj;  0°  32' ;  place  of  his 
afcending  node  8  (7*  17' ;  and  his  parallax,  accord- 
ing to  Ur.  Hook  and  Mr.  FlamJleed,  Is  fcaice  30  le« 
cords. 

Dr.  Honk,  in  1 665,  obfen  rd  fevcial  fpots  in  Mars  ; 
which  having  a  motion,  he  cnnehidtd  the  planet  turned 
nrjnd  its  ccrare.  In  1666,  M.  Caflhii  obfcrved  fcvcral 
(pots  iii  the  t«  o  faces  or  hcmifpheres  of  Mars,  which  he 
found  rrnde  one  rcralution  in  a^hours  4omintites. 
Thtieobfcrvatioiks  were  repeated  in  i670fandconiirmed 
-  by  Miraldi  in  17C4,  and  1719:  whence  both  the  mo- 
tion and  period.  Or  natund  day,  of  that  planet,  were 

determined.  ' 

in  the  I'hilof.Tranf.  for  1781,  Mr,  H^'fchel  gave  a 
feries  of  obkrvationi  on  the  rotation  of  tl.ij  planet 
about  ?t8  RxiB,  from  which  he  concluded  that  one  mean 
fiUercal  rotation  was  bttwe«n  24  b.  ^9  m.  y  fee.  and 
24  h.  39  tn.  az  fee. ;  and  in  the  Philof.  "IVanf,  for 
17S4,  is  givcTi  a  paper  by  the  fame  gentleman,  on  the 
reir.-irkable  apnewranccs  at  the  polar  regions  of  thephu 
net  Miirs,  liic  iticliua'.ioti  of  its  axis,  the  poiiiion  of  its 
poles,  and  its  Qjbtroiciical  tigurc ;  with  a  few  hints  rc- 
btitUE  (ottt  lealdkmeter  lodatmorpheyc,  deduced  from 

hit 
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his  ol.ft»-at:on3  inki-n  from  tlie  year  1777  to  17S3 
inclufivcly.  He  obl.-vvcd  fcvcral  rvniarkable  bright 
fpot$  near  both  polci,  which  had  faaic  fmail  motion  { 
•ad  tiic  refulti  of  hi*  diTcrfatHMi*  are  m  foOow  } 

"  Inclination  of  axis  to  the  ecliptic,  59"  zz'. 
The  node  of  the  axis  it  in  K  17°  47'. 
Obliquity  of  the  planet's  ecliptic  ih'^^z'. 
The  point  Aries  oa  Min'i  ccUpiic  lafwm  to  our 


28'. 


The  iigurc  of  Mars  is  that  of  an  oblate  :^eroid« 
vbofe  equatonai  diameter  i«  to  the  polar  on^  aa  1^55 
to  1273,  or  aa  16  to  15  nearly. 

Tlii  ttjuatcrial  diameter  of  Mars,  reduced  to  the 
jjif  in  d'ftancc  of  the  earth  from  the  fun,  is  9'' 8'''. 

Arid  iliL  pLinct  has  a  confidcrable,  but  moderate  at- 
mofpherc,  fo  that  itn  iiiljabitants  probably  enjoy  a 
dituatioD  in  many  refpeCls  fimilar  to  oun." 

M»r»  sil^-ays  appears  with  a  ruddy  troubled  light| 
OMving,  it  i^.  suppoird,  to  the  natuic  of  h»  atmofpbcic^ 
-through  which  the  light  paffea. 

In  the»  arronieal  rifSnjf  of  tWi  planet,  or  when  ?n  op- 

pi:iril:itri  It  fliC  fvir,  "t  13  iV.c  tinii->  r.i;,i\r  to  Ur.  than 
V  litii  in  conjunction  wah  hitn  ;  awl  U>  uppcaii  nun.h 
larger  and  brighter  than  r.t  i  ilur  tirr.t  ,. 

Mars,  having  hh  ligl^t  (-.om  the  fun,  and  revolving 
VOHad  it,  has  an  increait.-  nr.vl  decreafc  like  the  moon  : 
it  may  alfo  be  obferrcd  alinofl  bifeAcd,  »vhcn  in  the 
<quadratt]reit  or  in  peri^on  ;  but  is'  never  fecn  cor- 
nlcular,  at  the  inferior  pianeta>  AU  which  Ihewa  both 
that  his  orbit  includes  that  of  the  earth  within  it,  and 
Jthat  he  Alices  not  by  his  own  'i^ht. 

MAK'ilN  (Bis  I  AM  is),  was  born  in  1704, 
and  became  one  of  tht-  iriofl  ccltbrattJ  maihc- 
maticiana  and  optician*  of  hi*  time,  lie  tirll  taught 
jt  fchool  in  the  country ;  but  afterwwd*  came  up  to 
London*  where  he  read  ledarca  oa  experimciitai  phi- 
Jofophy  for  many  years,  and  carried  on  a  very  extenlive 
trade  as  an  optician  and  globc-maker  in  Fleet- flreet,  till 
the  growing  infirmities  of  old  age  compelled  him  to 
vithdraw  from  the  adive  part  of  bufiutls.  TruJling 
too  fatally  to  what  he  thought  the  inttgrity  of  others, 
he  unfortunately,  though  with  a  capital  more  than  fuf- 
fiiCtent  to  pay  all  his  debts,  became  a  bankrupt.  The 
Unhappy  old  man,  in  a  moment  of  defperation  from 
this  iraexpe£led  firoke,  attempted  to  deftrojr  hiooliclf ; 
and  the  wotiod,  though  not  inMnedntdir  mortal*  hat 
tencd  his  death,  a!  fih  h.ippenfld  tlie ptta  of  February 
1782,  at  7?!  )  e;;ri  vf  age. 

H'.  had  n  valuable  colle^ion  of  foffils  aiu!  curiorr-ics 
«f  almotl  every  fjireies  ;  wliich  after  his  dciillt  were  al- 
moft  given  away  by  public  auftion.  He  was  indefati- 
gable U  an  artill,  and  as  a  w  ritcr  he  had  a  very  happy 
jnethbd  of  explaining  his  fubjetl,  and  wrote  with  clear- 
nefa,  and  eren  coniidierabk  elegance.  He  was  dbiefly 
eminent  !n  the  fcicnce  of  ojttii  Ti ;  but  he  was  well  ikiUed 
in  the  wholctii\!t  uf  thi-  iv,itlicinatic;il  and  j.'iilofophi- 
cal  fcienccs,  and  wfuic  ufcfiil  books  on  every  one  of 
them;  thiHigh  he  was  not  dii^inguiihed by  any  remark- 
able inventions  or  difeoveric-s  of  his  own.  His  publica- 
itioM  were  very  numerous,  and  eencra%  vfcflUi  fame 
«f  the  principal  of  them  were  aa  follow : 
!nw.FhiIo{ophkaI  Otaimitar ;  bcii^  tVkw  aS  the 


prrfcnt  State  of  Experimental  Phyfiolo^,  or  Natural 
Fliikifophvi  i".v;,  iivo. — A  r;"iv,  ct>iiiplctc,  and  tti^a 
vcrfal  .Sviilem  or  15ody  of  Dceimal  Arithmetic,  1735, 
{svo. — ^Tbe  Young  Student'^  Mtmorial  Book,  or  Po*- 
Jwt  LSiTBry,  t^$^f  Svo.— Defcriptionand  l^fe  of  both 
the  Globes,  the  Armtllary  Sphere  and  Orrery,  Trigo. 
aometry,  173^',  2  vo!s.  8vo. — .Syftem  of  thcKtwto- 
nian  rhilo'ophy,  i75y,  3  vols — Ni;w  Elements  of 
Optics  I7j';- — Mathematical  Inflitutions,  I'^'X,  2  vols. 
— Philolo^ic  and  Pkilofophical  Geography,  1 7 59. 
^Livcs  of  Pliilofo^ert,  their  iuvcntione,  &c.  1764, 
—Young  Ceutleman  and  Lady'a  Fliilofophy,  iji^ 

{>oU.--MirceIlaneous  CorrdjpOBdeoee,  1 7df,  4  vols.— 
nftitutiontof  A (Ironomical Calculations 3  pau^,  i^fij. 
— IntmduAionto  the  Newtonian  Philofuphv,  1765. — 
Treatifc  of  Logarithms. — Treat iu-  on  N.n '.'aiion.— 

Dcfeription  and  Uie  of  the  Aii-puoip  Dcfcriptioa 

of  the  Torricellian  Barometer. — Appendix  to  the  Uie 
of  tlie  Globeii, — Philofophia  Bn'taiinica,  j  vols.— Prin- 
ciples of  Pump-wiSrk. — Thijuiy  of  the  I-f}-dromcter.— 
Dcfeription  and  Ul«  of  a  Cafe  of  Mathematical  laibv* 
mcnta.— Ditto  of  1  Univeifil  Sliding  Role.— Micro, 
grauhia,  on  tin:  MiVrofcopc. — Priueipk-*  of  Ptrfpcctlvc. 
— Courfe  of  lAttures. — Optit.il  Efiays. — ElTay  on 
Electricity — Eday  on  Vifual  Gl  uTes  ot  Spc^^taclci. — 
Horologia  Nova,  or  New  Ait  of  DialUiig.—Theory  of 
Comets. — Nature  and  ConftruAion  of  Solar  Eclipfcs. 
— Vcuus  in  the  Sun. — The  Mariner's  Mirror. — ^l^her* 
mometr-um  Magnum.— Surrey  of  tbc  Solar  Hjifli m 
£iGiy  on  Ifland  ChiyftaL^Logarithmoiosta  Heva, 
ftc.  fte. 

MASCULINE  Signj.  A  fli  ologct s  divide  the  Siena, 
£tc,  into  MafeuHne  and  tcmininc  ;  by  reafon  of  their 
qualities,  which  are  either  active,  aad  hot,  or  cold, 
accounted  Mafculine  ;  or  piTivc,  dry,  and  moift,  which- 
arc  feminine.  On  this  pnncuilc  they  call  the  Sun,  Ju- 
piter, SatttiK,  aad  Mats,  Mafcuhuc ;  and  the  Moon 
and  Venua,  feminine.  Mdenry,  they  fuppofe,  par- 
takes of  the  two.  Among  the  vSi^ns,  tlicy  account 
Aries,  Libra,  Gemini,  Leo,  SagittAnus,  and  Aquariui^ 
Mafculine;  but  Cai-.ccr,  Capricornui^  TlMtriHf  VilgO^ 
Scorpio,  itnd  Pilccs  aic  feminine. 

i'tASS,  the  quantity  of  matter  in  any  body.  Thia 
is  rightly  cfti|nated  by  ita  weight}  whatenr  be  iu 
figure,  or  whctbcr  in  balk  or  magmtnde  be  lime  ar 
fmalL 

MATERIAL,  relating  to  Matter. 

MATHEMATICAL,  relatr::.r  i:.  M^themat? 


et. 


,  ^   

Mathematicvl  Si?.,  one  of  the  two  leading 
philtdiipliicJ  fe^s,  wli:\:h  aiufv  about  tlir  beginning 
of  the  1 7th  century;  the  other  being  the  Metaphy- 
fical  fed.    The  former  directed  its  rcfcarchei  by  the 

J>rinciples  of  GalTcndi,  and  fought  after  truth  -  bj  ob« 
ervation  and  cxpcricuce.  The  difeiplea  of  ikok  left 
denied  the  poffibility  of  enx'^tii:^'  on  the  bafts  of  me-. 
t.iphyfic3l  and  abftraA  truths,  a  :\-gularandfolid  fyftem 
o}  jilidufophy,  wiLhout  the  ,i;d  ofafliduous  oLfervatioa 
and  rcprated  cxj.fiinuuts,  wJiich  are  the  moil  jiatural 
and  cffi-Ctu  J  iiicaiib  of  philofophical  progrcfs  and  im- 
provement. Tlic  advanccmtiit  atid  reputation  of  this 
icA,  and  of  natural  knowledge  in  general,  were  much 
owtqg  to  the  plaa  of  pbiktfo^aing  propofed  by  lord 
in  the  HlaHiflrnintt  the  Royal  Soctcty  ia 
I  JLonooBt 
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London,  to  the  genius  and  ioduftry  of  Mr.  Boyle* 
md  to  the  unparailcUd  rcfcarchefi  and  difcoveries  of 
S'l  1  faac  Newtoii.  Barrow,  Wallis,  Locke,  nndtnany 
otier  great  luminaricH  in  learning,  aJoriicd  iliis  fcCl. 

MATHEMATICS,  the  fciciicc  of  quantity  ;  or  a 
feieacc  that  conitdcis  magnitudes  citlicr  as  computable 
•rnMafiinibk. 

'  The  word  in  iti  oiipail,  ftrnhmt,  m^ArjCr*  figau 
fiet  SftifiSiu  or  litmtt  in  ^caend ;  and,  it  Itnnt,  bas 

been  applied  to  *.!;r  iK ic' 1 1 : uf  tiuantity,  tithci  by  way 
of  enii:ii  rjci.-,  nT  I  ll.iuIc,  this  fiaving  the  llart  of  all 
Other  i'cit , 'rif  icU  took  tbtir  conniKjn  n.TiK-  fmin  it. 

Aft  to  the  origin  of  the  Mathcmatici,  JolVphus  dates 
k  befbie  tbe  flood,  and  makes  the  fons  of  Scth 
tkSentnvIl  the  courfc  and  order  of  the  ht'avenljf  bo- 
^ci :  he  «Ua,that  to  peiptuate  their  difcoverict,  and 
fccore  thein  frurn  the  iniuiic*  either  jof  «  ddi^e  or  a 
conflagration,  th'.'y  had  them  engraven  on  two  pillars, 
the  one  of  ftonc,  the  ot!.:r  of  biick  ;  tbc  A  rmer  of 
wbich,  he  fay*,  was  yet  llaading  iu  Syu.i  iii  his  time. 

Indeed  it  is  pretty  generally  agreed  that  t!.L  {\r'.\ 
cultivators  of  Alathematics,  after  the  flood,  were  the 
AfTyrians  and  Cluldeans  ;  from  whom,  Jofq>htii  addif 
the  iiciaice  una  carried  by  Abnbam  to  the  £gTpU«iw ; 

  '  ■       that  Aiiftotk 


who  proved  fncb  notable 

rren  fixes  the  firft.  rife  of 


Nfathemaiie!:  amone  them. 


From  Egypt,  584  years  before  Chrirt,  Mathematics 
p^ifTed  into  Greece,  bciog  carried  tlu'iher  by  Thales  ; 
«ho  having  learned  geometry  of  the  Egyptian  pric  As, 
taught  it  m  bis  own  country.  After  Thales,  came 
PyUiagoraa;  who,  among  other  Mathematical  arts, 
paid  a  paitktdar  regard  to  arithmetic;  drawing  the 
greateft .  part  of  hii  pbitoliB^y  from  aumfaeis.  He 
was  the  firft,  according  to  Xaettiat,  who  AftnAed 
geometry  from  matter;  and  to  him  wc  nMt:  tin;  i!oc- 
tiine  of  incommcafurabic  magnitude,  and  tlic  Ij-.c  re- 
gular bodies,  befidcs  the  fir:!-  prineiples  (if  niufie  and 
aftronomy.  To  Pyliiagoras  fucctedtd  Auaxagoms, 
Ocnopides,  Brifo,  Antipho,  and  Hippocnites  of  Scio  ; 
nU  of  whom  particularly  appliied  thcinfelves  to  the  qua. 
dntUK  of  the.  circle,  the  dnplieatnre  of  the  cube,  &c  ) 
but  the  laft  wiib  moft  fucccfs  Jif  any  :  hi-  Is  alfo  men- 
tioned by  Procliis,  as  the  fixH  who  compiled  elements 
«f  Mathematics. 

Dcmocritus  excelled  in  Mathematics  ai  well  as  phy- 
fics;  though  none  of  hii  works  in  cither  kind  arc 
evtant;  the  dcilrud^ion  of  w  hich  is  by  fume  autliort 
albibed  to  An'ftotle.  The  next  in  order  is  Pbtfo,  who 
sot  only  improved  geometry,  but  introduced  it  into 
phyfics,  and  To  laid  the  ibundation  of  a  fuUd  philofo- 
phy.  Froir  his  iehc«il  art^fe  a  crowd  of  maihemati- 
cians.  I'roclun  tiientioi!*  13  of  note  ;  among  whom  w^s 
Leodanius,  who  ini}  roved  the  aniflj  lis  firft  invented  by 
Plato;  ThcsEtCtUs,  wiio  wrote  F.lements;  and  Arthytas, 
who  has  the  credit  of  bting  the  lirft  that  applied  Ma- 
thenatica  to  ufe  in  life.  Thefe  wu-e  fuccecded  by 
Neocles  and  Theon,  the  laft  of  whom  couiributed  to 
the  e!'.ii  cntk.  Eudoxus  excelled  in  arithmetic  and 
geometry,  ai,d  was  the  firft  founder  of  a  fyftem  of 
aftronomy.  Mencchmus  invented  the  conic  fedlions, 
and  Theudius  and  Herniotimus  iir.provcil  tlie  elements. 

For  Aritlolle,  hi^  works  are  fo  ftorcd  with  Mafhcma- 
tici^lhat  Blancaaus  compUed  a  whole  book  of  them: 
«it  of  lua  fchool  cttttie  £udemui  and  Tbeophnftiu; 


{he  &rfk  of  whooa  wrote  iqwn  nombert,  geometry,  aal 
invifible lines;  and  die  latter  coropofed  a  matliemati* 

cal  hillory.  To  Ari/leus,  Ifidurui,  and  Hypiiclcs, 
wc  owe  the  books  of  .Sulid.  ;  which,  with  the  other 
book.t  of  Element*,  were- . improved,  cuUcded,  and  me- 
thodifcd  by  EucL'd,  who  died  :  ''4  vt  ais  before  the-  btrtk 
of  Chilli. 

A  hundred  years  after  Euclid,  came  Eratofthenct 
and  Archhnedcsi  aiWi  contemporary  with  the  latter 

wa»  CunoM,  a' geometruriaii  ajid  a'.lronoiner.  Sooa^ 
after  came  Apotlouitii  Feigarus ;  wliofe  excellent 
conies  arc  lliil  e\ijii:.  To  hi:n  are  al'o  afcn'i)jd  the 
14th  and  15th  bouks  of  EucI'd,  ar.d  which,  it  is  f;iid, 
were  contracted  by  Ilypik-lei,.  Hippai'chaa  and  Mc- 
nclaus  wrote  on  the  fubtenfcs  of  the  arcs  in  a  circle  ; 
and  the  latter  alfo  on  fpherical  tnangks.  Tlic-odo- 
fius's  ^  books  of  Spherics  arc  ftill  extant^  And  all 
tlicfe,  Klenrlaus  excepted,  lived  before  ChrilL 


Sevcnt)  ■)cj.r.,  _fur  Ci 


was  born  Pt  dimy  of 


Alexandria;  a  j^ujil  gcuun;  l  i  and  tlie  prince  of 
allronomeio  to  him .  fi  i  l  e^dul  the  p!ifL>faplier 
Plutarch,  it^^itf  whofe  Mathematical  problems  are 
ftill  extant.a^fker  him  came  Eutociu^  «^  com* 
mented  on  ^Mimedes,  and  occaiionally  mentions  tb« 
inventions  of  Fhilo,.  Diodes*  NicMnedea,  Sporui,  and' 
Heron,  on  the  duplicature  of  the  cube.  To  Ctefebes 
uF  Alexandru  we  are  indebted  for  pumps ;  and  Ccmi« 
lui  ,  who  lived  fooii  after*  ii  prcfmed  by  PfocbiB  to 
Euclid  liimfclf. 

Diophanlus  of  Alexandria  was  a  great  maftcr  of 
numbers,  and  the firfl  Greek  writer  011  Algebra.  Among  , 
others  of  the  Ancients,  Niei  iuachui  \%  celebrated  for 
bis  arithmeticalf  geomelxical,  and  muiical  works  :  Se> 
rains,  for  his  book*  on  the  feAioo  of  the  cyh'nder  { 
Pi<:i!iif,  t.\  Ii'i  i-Qmmcntar;cs  nn  Eucl'J;  anJ  Tficua 
tlie  eieJit  a:t!on<f  fon'.e,  ot  being  aulhur  of  the 
bonks  <;}  i!er.ient-i  ;iK;;oid  to  Euelid.  Tlie  lall  to  Ix 
named  aniuag  the  Ancients,  is  Pappus  of  /VlexaiKlna, 
who  flouriihed  about  the  year  of  Chrift  400,  and  if 
jufUy  celebmtcd  for  his  books  of  Mathematical  calico 
tiood  ftill  exiint. 

hbthematica  are  commoaty  diftinguiflied  int9  Sp$^ 
ttJat'ive  and  Praffual,  Ptrre  and  Mixed, 

Sptculiiiive  Mathematics,  is  that  which  bav^ 
contemplates  the  pioperties  of  things  :  and 

Pra^kal  Mathematics,   that  which  applies  the 
knowledge  of  thofe  properties  to  fome  ufcs  in  life. 

Pure  MATtiEM.v rics  is  that  branch  ivhich  couftdeft 
qiuwttity  abftradedly»  and  wtthout  any  (elation  to 
matter  orftudici. 

Mixdl  Mat  Hi:  MAT  ICS  confiders  quantity  as  fnbfift. 
ii-.g  in  mateii;d  bciii^  ;  for  inllanco,  length  ia  a  pole, 
depth  in  a  river,  heiglit  in  a  tower,  &c. 

Pure  AInihirkU'utf  ag;-.in,  cither  conCders  quantity  as 
diferete,  and  fu  coniptitable,  as  arithmetic}  Of  aa  caa> 
Crete,  and  fo  mcifurcabi^  as  geometry. 

Mixtd  Malhtmaliii  are  very  cxtenfive,  and  are  diftiup  ' 

([ttiihed  by  varboa  namely  accocding  to  the  di&rent 
ubjefts  it  confiders,  and  the  different  ,  viewl  in  %*]lid^ 
it  is  t.iken  ;  fuch  as  .^.H  .  .  <  my,  Geogiaphyp  Optic^ 
llydrollatics,  Navigation,  Jcc,  &c. 

Pure  Mathematics  ha^  one  peculiar  advaiitaj-^c,  that 
it  occallons  no  conlcHs  among  vmmgUug  dilputjiuts, 
as  bappena  iu  other  toudiM  w  IwwMges  aad  tJie 
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letfoa  becaufe  the  definitions  of  the  terms  are  pre- 
ntfediUiiercry  pcrfon  Uiat  reads  a  propofition  bu  the 
bme  idea  of  everf  part  of  k.  Hence  it  it  eafy  to  ftnt 
an  eod  to  all  matnematical  controverfic*,  by  fticw  j  jr, 
cither  that  our  jdvcrfary  has  nt)t  ftuck  to  his  definitions, 
or  \\\it  not  laid  down  true  preinifts,  or  clft  thin  he  iias 
draivn  cunrluliuns  from  true  princii)!cs  ;  and  in 

cafe  we  are  not  able  to  do  ci'hcr  of  thcff ,  wt  muft  ac> 
knowledge  the  truth  of  what  he  has  proved. 
*    It  is  true,  that  in  mixed  Mathematics,  where  we 
reafbn  mathetnaticaHy  upon  phyfical  fuhjcfls,  fiich 

i]rntllt':!i5  Cl/llut  !if  :;;VCn  fl*  ID  ^jcotoct  r  v  :  We 
mull  tljcrclorf  be  ta.-iUut  wit!>  dcfctiptioiis ;  which 
will  be  of  til e  fame  ufe  as  dcftnitions,  provided  wl'  be 
conHflfnt  with  ourfelvca,  and  alvi-ays  mean  the  fame 
thing  by  thofe  terms  we  have  once  explained. 

Dr.  Barrow  nves  »  verr  etegant  deilcfiptton  of  the 
excellence  and  iiurfulnefs  of  mathemMical  hhowlcdge» 
in  hia  inaugural  oration,  upon  beihg  aMwhted  Pro- 
ftflbr  of  Mathematics  at  Cambridfte.  The  Mathems- 
tics,  he  obfervci,  elTetfluallv  excrcifi  ,  ni  l  v  i inly  delude, 
nor  vexation/ly  torment  Andious  in^^^ith  obfcurc 
fubtilties,  but  plainly  demonflrate  e4|||^Rhtn;r  within 
their  reach,  draw  ccrtaJij  conclufionj,  inllriift  by  prtv 
Stable  rule*,  and  unfold  pleafant  queitionj.  Thefe 
difci|ilincs  likewiffr  ennre  and  corroborate  the  Jiu'ad  to. 
■  conftant  diKgence  tn  ftudy  ;  they  wholly  deBver  us 
frriir  r.  i'rr-'lu^uus  fitnplicit v,  moil  |}run:;lv  f.f\'\:\'  uj 
iig^.isi.  iLc  vanity  of  Iccj-iticiiin,  cfTfCtiKiliy  rcftraiii  i;? 
from  a  raih  prrUimption,  mod  eafily  incline  us  tu  a  J 
aflent,  and  perfcftly  fubjefl  ui  to  the  government  of 
r^ht  reafon.  While  the  miud  is  abftnoed  and  deiri> 
ted  from  ienfible  nutter*  diQindlf  views  pore  fotms^ 
conceives  the  beaoty  of  ideas,  and  mvefijgatet  the  har- 
mony of  proportions ;  the  mmnera  themfelves  are  fenfi- 
Uy  correaea  and  nnproTed,  tbcalTe^^ions  comaofcd  and 
redified,  the  fancy  calmed  and  ftttlt'  1,  nml  tin  undcr- 
Aanding  raifed  ano  excited  to  more  dtvmc  contctnpla. 
tions. 

MA'I'i'l.R,  an  extended  fiibftance.    Other  properw 
.lies  of  Metccr  are,  that  it  reltflg,  h  fulid,  divifible, 
Ubveaiblei  jpalTive^  itc  j  and  it  forms  tbe  priodple*  of 
whidt  alt  bodies  are  compofedl 

Maltcr  .iik!  roim,  the  'wti  finip'f  nr^tl  or*,;tii:'1  pr'.n- 
-cipk'i  u;  air  t;i;n<.^,  .iccnrd'iij;  tu  the  Aiicniiis,  cian- 
pofmg  fomc  r!t.:p]c  lu.i.iri-:-,  '.vliich  :hey  called  KltuKiits ; 
from  liic  viriutiJ  combinations  of  which  all  r.atinal 
thingt  were  afterwards  compofcd. 

Dr.  Woodward  wa*  of  ophubn,  that  Matter  ia 
ori^'nally  and  really  Tanoiit,  bcin^  at  iiril  creation 
divided  into  feveral  ranks,  feis,  or  kinds  of  corpufclet, 
tliflering  in  fubflance,  gravity,  hardncfs,  flexibility, 
figure,  fi7.c.  Sec  ;  from  the  various  compofitions  and 
comhinatums  of  which,  he  thinks,  arifc  all  the  varie- 
tWi  in  b<niir  s  as  to  colo-iir,  hardnefs,  gravity,  talles,  8(c, 
But  ii  t«  Sir  Ifaac  Newton's  opioion,  that  all  thofe  dif. 
fercnce-.  rcftiU  fmm  the  various  imagcments  of  the 
ftme  Matter;  which  he  MOOtinU  bomo^eout  md 
UQifimti  in  all  bodies. 

The  quantity  of  Matter  in  atiy^  body,  is  its  meafurc 
arifing  from  the  joint  confidcr»t:on  of  the  magnitude 
aiid  dcnfity  of  tl..  In  I  ■  ;  as  if  ono  bnfly  be  f.vice  as 
d«n{c  as  anotlur,  and  alfu  occupy  twice  the  fpacc,  then 
ifsll  ft  to^lSih  4  ttmcfthfl  Matter  of  the  Other.  Tbb. 
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quantity  of  ^Tatter  ti  bcftdifoimctd  by  the  tveybtfli* 
gravity  of  the  body,  to  which  It  is  always  proportWinU 

Newton  i>hferTCB,  tluit  "  it  feem*  probable,  God, 
the  bej^inniiig,  formed  Matter  in  folid,  maflTy,  haid, 
itnpenetrdble,  moveable  particle*,  of  fuels  (it  ::.,  ti;^uri:s, 
and  with  fuch  other  pmpeities,  and  in  iucli  prupurtioa. 
to  fpa':e,  a»  moil  c3;iduced  to  the  end  for  whti.h  ho 
formed  t!.  -r  ;  and  that  thcfe  primitive  particle*,  hdt^ 
-  joNd,  nn:  II  I  oinptrably.  balder  than  any  porous  bodiet- 
compounded  of  them  i  even  fo  very  hard,  as  never  to 
wear,  and  break  in  pieces  t  no  ordinary  power  being 
aM  -  to  divide  what  Ood  t  inif^tf  tiuni?  one  in  the  firtl 
tiiation.  WInle  tlic  pir'.iL,Li  cu  .tin  ic  entire,  they 
may  cctiipofc  bodici  oi  oi.c  and  tht  i.'mc  u.i'.urc  and 
texture  in  all  ages;  but  fiiould  tljcy  wear  away,  or 
break  in  piccr?,  the  nature  of  things  depending  on  them 
would  be  chaneed.  Water  and  earth,  conpoiixl  c^' 
o!4wom  particles, 'wouM  not  be  of  the  fiune  aatttre- 
and  texture  now  with  water  and  earth  compofed  of  en- 
tire particles  in  the  beginning.  And  thei-efore,  that 
nature  may  be  lading,  tut;  cl..tn';;-cs  of  cDi  porcsl  thiii;j» 
are  to  be  placed  only  in  the  various  i'eparaiiuut  and 
,  iiL'w  affociations  and  motion*  of  thcfe  pertnanent  par« 
ticlei ;  compo'ind  bodi-?  h«ng  apt  to  break,  aottu  tiie- 
midft  of  folid  particles,  but  where  thofe  particles  tat 
faikl  together,  ajid  touch  in  a  few  points.  It  feema 
ftrther,  he  continues,  that  thefe  particles  have  not  only 
n  vis  ir.rrt'r-,  acconiprmiL-d  vv'tli  fucli  pafTive  Uws  of 
nv.cinii  aa  naturally  njliilt  from  ttat  force,  hut  aiio 
thnr  tficy  .ft  niovrj  by  certain  a^ve  piincipiti,  fuch 
a*  in  that  of  gravity,  and  that  which  cauleth  frrmcttta. 
tion,  and  the  cohefion  of  bodies.  Thefe  priimipk-s  ax8 
to  be  confidered  not  as  occult  qtiahties,  fuppufcd  to  m* 
fait  from  the  fpecilk:  fenfla  of  things,  but  a$  general 
laws  of  nature,  by  which  the  thing*  themfciirei  are 
formed ;  their  truth  appeoring  tf>  us  by  pliuiooicna,. 
though  their  caufes  arc  not  yci  difcovercd. 

Hobbes,  Spinoia,  Sec,  maintain  that  all  the  beinga 
in  the  univerfc  are  material,  and  that  their  diife^ 
cnces  arife  fnim  then-  different  modification*,  motiooa,. 
^tc.  Thus  they  conceive  tJiat  Matter  extremely  fub* 
tile,  and  in  •  btiflc.  motion,  ma;  tbsnk ;  tad  fo  they 
exelnde  fpirit  am  of  the  worfd..  * 

Dr.  Bei  kk  y,  on  the  contrary,  argues  a<;;ain(l  tliecxift- 
(ncL  <jf  Mj'  tr  r  itfcif  ;  and  endeavours  to  prove  that  it  is 
a  rnc-rec;./  r<j';vi,v,  rr^d  has  no  cxiilencecut  of  the  mind. 

iiuiac  Idle  pliiloiupher?  have  stdvsnced  a  new  hypo- 
thefis  concerning  the  nature  ai;d  ilFciitial  properties  of 
Matter.  The  fiift  of  thefe  who  fiiggdUd,  or  nt  kaft 
'pttUifhed  »n  accmmt  of  this  hjpotl^s,  was  M.  Bof- 
covich,  in  hh  Theoria  Philrrij  l  is-  Nitr.uih'r.  He 
fuppofcs  that  Matter  is  not  in;iJi:aciiaLk-,  but  ih»i  it 
confills  of  phyfical  poicitn  only,  endued  with  powers 
of  attraAion  and  repn!lii>T5,  taking  place  at  diffcrcnt 
d:flancc»,  that  is,  furrounded  with  ymwM  f|llicm  of 
af  trad  ion  and  repullion ;  in  the  fame  minncr  Miblid 
Matter  h  generally  ftippofed  to  be.  PiWvidcd  ^cie« 
fore  that  any  body  tnove  with  v  fuffieient  degree  of 
velocity,  or  Mtc  fufficient  nipmentum  to  Avcrcome  any 
power  of  rcpullion  that  it  may  meet  with,  it  will  find 
no  difficulty  in  making  its  way  ihroujjh  any  body 
whntevtr'.  It  the  velocity  of  fuch  a  body  in  motion  be 
ftiihcicntlygicat,  Bofcuvich  contends,  that  tbeparticka. 
of  mjr bodirtlmai^  triack it wtU  not  enahe 
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Mt  of  dMir  plMce  bf  it.  Wkh  «.  4cfi»e  «f 
futocfey  feawthM^  lob  tlnn  thii,  thef  wM  be  conlU 

denbly  agitatc<l,  and  ignition  might  pcrhnpi  be  the 
confequence,  though  the  jwogrefs  ot  the  bodj  in  mo- 
tkin  would  not  be  Tcnfiblf  interrupt r<i ;  md  mth  1  ttB 
Ic&BOimatuin  it  might  not  pad  «t  all. 

Mr.  IGdwD,  Dr.  Pri-flky,  ml  finne  oth^n  of  our 
own  ocmntiy,  are  of  the  (kme  opnion.  Bee  PiicAkf't 
HHlory  of  Difcovcrics  rrlatJifg  to  Li^t,  pa.  390.^ 
In  conformity  to  this  Jtyimtnefii,  thtt  author  nuua. 
taintf  that  Mattc^-^'not  that  inert  fubftance  that  it 
ha?  Ik-oii  fup;)or<3  to  be  ;  tJist  powci'K  of  aitr.ifTtbn  or 
rtpultion  are  mcctTary  to  iti  very  heinj^,  aiui  that  no 
part  of  it  npjjtars  tu  be^^impcnetrahlc  to  other  p.irii. 
Accordinffly,  he  defines  Matter  to  be  a  fubttance,  pof- 
fdfcd  of  the  property  of  extenfion,  and  of  power*  of 
Mtn^lMa  or  fcpuUkm»  which  axe  not  difttnA  from 
Abtter,  ami  forvqirn  to  ft,  »  it  hu  (teen  gmcnlly 
ittia[^;ined,  but  al/ffilutcly  tfTi-tit^il  ii)  its  very  natnre 
and  bein;;  :  fo  that  w  htf  bouii  *  are  divcfted  of  thcfc 
powers,  tbty  btcoti^c  ni, thing  at  all.  In  another  place, 
ih.  PncHlcy  ha  p\ctt  a  {omc^TLat  diifcmtt  account 
of  Matter ;  at-cordmg  to  «  hidi  it  k  odf  <  nntnber  of 
centres  of  attra£lion  and  rcpuUii^ ;  or  more  properly 
of  centres,  not  divifiblcf  to  which  divfne  agency  is 
dtrcAcdt  and  m  fienlktioBaDd  thotig!it  arc  not  incom^ 
pitiUe  with  lliefe  powers,  folidity,  or  impetietnibility, 
and  confcquently  a  vis  InertilB  only  huvlnj;  been  thouj^hit 
repugnant  to  them,  he  instntxin^,  that  we  have  r.t>  rea- 
fon  to  fuppnfc  that  tlitrc  are  in  man  two  liibftancca 
'abfolutely  di(lii;cl  from  tacli  oilier.  Stfe  Difquifttion* 
on  Matter  and  Spirit. 

Bnt  Dr.  Price*  in  •  correspondence  with  Dr.  Fricft> 
icf,  poUMied  tmder  the  tide  of  A  Fice  Difiniffion  of 

the  Doftrinca  of  Materialifm  and  PhiTofophieal  Ne- 
ceflttv,  1778,  has  fii^'j;etU-d  a  vsiritt)  of  iinanfwL-rablc 
objenions  agaioft  this  hyp<ithefi»  of  the  penetrabih'ty 
of  Matter,  and  againll  tbc  conduions  tliat  arc  drawn 
from  it.  The  tis  ittertix  of  Nhtter«  hej  fays,  is  the 
-foundauon  of  til  that  i«  denonftnled  by  mtunJ  phi* 
lofopbcTs  coneenin^  the  Uiwi  of  the  coDinoo  of  bodies. 
This,  in  particular,  n  the  ibwdrtxa  of  Newton'i  ^hi* 
lofophy,  and  efpecidty  of  hk  thive  law«  of  motion. 
Soh'd  Matter  has  the  power  of  aiJliiij:;  on  otlirr  Matter 
by  itnpulfc  ;  bi:t  unfuiid  Mattrr  ca^inot  af\  nt  all  by 
irripuhe;  ard  this  is  the  only  way  in  v.  l-.icli  it  is  capal>le 
<of  <ftinjj,  by  any  ailiou  that  is  propnly  its  owu  If 
^be  iuit  that  one  particle  of  Mattir  c;su  uct  upon 
another  without  conufk  and  im]>ulfei  or  that  MMter 
can,  by  its  own  proper  agency,  attfnft  or  repd  other 
Matter  which  is  at  a  diitance  from  it,  then  a  maxim 
lifthCTto  tmiverfally  received  rouft  be  Wfe,  that  "  no- 
thing can  adrt  whtic  it  is  not."    Newton,  in  hi^litu-rs 

10  Onitiey,  calls  the  notion,  that  Matter  yuiMTtt  an 
:!v  I'r  power  of  attradion,  or  that  it  can  ait  u]>on 
ftlatici  at  a  diftam-e,  twid  attraft  and  repel  by  its  own 
egenry,  an  ablurJity  into  which  he  thought  no  one 
coutd  poflibly  inli.  And  m  mother  place  he  cxpreff> 
Jy  dilchum  the  notion  of  hmatc  gravity,  and  mn 
tiiken  {>airis  fo  fliiw  t!iat  hi'  did  not  Ip.kc  it  to  be  an 
ifTcntlal  propfT^y  of  bodies.  By  the  fame  kind  oi  rva- 
■foning  purftMrd,  it  wuR  appear,  that  Matter  has  not 
the  power  of  attraAii^and  rcpeOfng ;  that  this  power 

11  ue power     fimciiBRiipi  cnfej  "^"j^  spn  Mitt* 


ttt  anpdid^f  to ftafiad  hunt  aad  CMftoiMAr  ilMil^ 
■ttnaioa  and  itpdfioa,  not  beny  lAioHe,  nneh  fab 

inherent  qualities  of  Matter,  as  fuch,  it  r  u^  Kt  nut  to 
be  defined  by  them.  And  ii  Matter  luji  ;ij  u'  h;  r  pru- 
pcrty,  as  Dr.  Prieflley  aflcrts,  than  the  p.  .'  rr  l  i  at« 
traAing  and  nrpcUing,  it  muii  be  a  laoo-entityi  be- 
caufc  tlus  is  a  property  thatcaonut  belong  to  it.  fie* 
6desi  all  power  is  the  power  of  fomething  |  and  yct  i£ 
Matter  is  nothing  but  this  p&wte,  h  mA  be  the- 
power  of  nothing!  and  the  very  idea  of  it  is  a  cou- 
tradiAitjk  If  Matter  be  not  fuUd  extenfioa,  >vLat  cao 
it  be  mure  than  mere  extcn/lon  ? 

Fartbrr,  Mjittci  tl;at  is  nut  fol^d,  is  the  CsLRie  with 
pore  }  and  ihcrcfcit  It  canr.ut  po'Tefs  what  philofi^phers 
mean  by  the  laotaentum  or  force  of  bodtcs,  which  ia 
always  iu  propottioa  to  tfae^anti^  of  Matter  m  b» 
dtesy  void  of  pcvb  . 

MAUHDYTMOMDAV.HtiieTbnffiiayinMBoii^ 

week  ;  which  was  called  MamJ^  or  Mandatf  Tfii^rf^lif, 
from  the  command  which  Chrift  gave  bis  apoltle*  to 
commemorate  him  in  the  Lord's  Supper,  which  he  this 
day  inftituted  ;  or  from  the  new  commandmcat  which 
he  gave  them  tV  love  one  another,  after  he  bad  walhed 
their  feet  a*  a  token  of  his  love  to  theaa. 

MAUP£R  rUIS  (pETia  I.oi.i»  MoaciAU  oi)^ 
a  oclebratfld  Fieoch  mathcnuttkian  and  philufopher» 
wii  bom  at  St  Malo  in  1698,  and  was  theiv  privately 
<  li  a  i  till  he  attained  his  i6th  year,  w!i'ii  iir-  *-a« 
placcii  undtr  the  celebrated  jwt>feffor  of  pUiioiaphy, 
M.  k  lilond,  in  the  coUepe  of  la  Marche,  at  Pari*  j 
while  M,  Guifncc,  of  tlie  Academy  of  Sciences,  waa 
J»if  ififtrudor  in  mathematics.  lor  this  fcicnce  he 
foon  difcovcicd  a  ftraog  imdinaiion*  and  nartiGuiMlr  fat 
geometry.  HeSkewjTe  pnAifed  ihfinnncnial  mfo 
in  his  early  jreara  with  great  fucoeft  ;  but  fixed  oa  n* 
profcfTion  tm  he  was  20,  when  he  entered  into  the 
army  •,  in  which  be  rejr,.-iined  about  ^  years,  during  1 
which  time  he  purfued  his  mathematical  Audie*  witA 
great  vigoar  ;  and  it  was  foon  remarked  by  M.  Freret 
and  other  academidam*  that  nothing  but  mathoKMioi 
could  (adify  hii  naive  Ibnl  and  «Agwided  thiiftlor 
knowkd^. 

In  the  year  1713,  he  wae  reccieed  into  the  Roy^ 
Academy  of  Sciences,  and  read  his  firft  performance, 
which  was  a  memoir  upon  the  conftnt^ion  and  form 
of  mufical  ifftniments.  During  the  iWil  years  of  his 
ndnuflion,  he  did  not  wholly  confine  hi»  attention  to 
awtbematics  t  he  dint  into  natural  philofophy,  and  di^ 
cotctcd  great  knowledge  nnd  dextetttf  in  uLfcwariupa 
and  enerineatfl  upon  animah. 

If  tnc  cuftom  of  travelling  into  remote  rounfries, 
like  the  fares  of  antiquity,  in  ordrr  to  initiated  into 
the  Icarn'.d  myftcrie^  oi  ihofe  times,  had  llill  fubliltcd, 
no  one  would  have  conformed  to  it  witli  more  eager- 
ncfs  than  Maupertuii.  Hia  firtt  gratification  of  this 
paflion  was  to  viiit  the  country  which  had  given  bittJl 
to  Newton ;  and  during  his  reiidence  at  JLoudoM  h< 
bei»nea«*eaIoiia  anamnircrnndfcOowcrof  that  pbi- 
Tofopber  at  any  one  of  hti  own  conntrynen.  His  next 
i-y  curfion  was  to  Bafd  in  Switxcrlaod,  where  hcfomu-d 
a  tricndfhip  with  the  celebrated  John  fieruoulli  and  his 
family,  wliich  continued  till  his  dcatli.  At  his  return 
to  Paris,  he  applied  himfelf  to  his  fiwonritc  ftudtes  % 
-«ritb  fliarter  tw  4bu  «*cr.  And  kaar  ardi  he  fui- 
H»  filled 
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filUd  the.  dutiea  of  w  jtcadcnicfltn*  my  be  feen  by 
nnnuDff  over  tbe  Memoin  of  the  Academy  from  the 

ycr.r  I '2^  til  1744;  wiitrrv  it  iippcrars  jliat  he  was 
iictibei  idlt,  i.ur  i>ccnpic>l  by  ob;v.\:ts  of  finall  iinpor- 
tancr.  The  inoft  fublimc  qcicflioiis  ia  the  mathtma- 
ticul  fcicuccsr  rtxci  ttd  (cum  liis  iuod  that  clcgaiKx, 
danicb,  anti  jweeiiiun,  lb  renuuJcaUe  la  all  wriu 
bn. 

Intlieyeur  1736,  hewM  fent  to  the  polar  aixU, 
to  meafuiT  a  degree  of  ttic  meridian,  ia  order  to  afccr- 
bun  the  figure  of  the  earth  ;  in  which  cspedWon  he 
■*»a^  acccfiipaii.-cd  i>y  Mcfl".  (.Mairault,  Camiif  .  Mo  I'  l  r, 
Oilthicri  and  Cclfu^  the  cttcbraled  piolci<t>r  t>i  .uii»*- 
fw>my  at  Upf;il.  Tliis  butinc fs  rt-iidcrcd  him  fo  fanioiu, 
that  oil  hi»  return  he  was  admitud  a  mctuber  of  blmbtl 
every  academy  in  Eiii-i<pc. 

In  the  year  1740.  Maupertuia  hadav  invitaliaa  from 
iSkt  kinc;  (if  Pntllia  to  go  to  BcrKn;  which  was  too 
flattninj;  to  be  rifiifcd.  His  rank  among  11  of  lei- 
lei's  had  nut  whoily  e.'iaccd  bin  Icve  for  Ins  tirll  j>'o- 
friT.-m,  ihat  '  }  arjiiii.  He  follow -.-d  the  kiiij;  to  tlie 
field,  but  at  the  hitilc  of  MdIwiI/  was  deprived  of 
the  plettfure  of  iKi!;^'  picfent,  win  :!  \ic^orj-  dtclitred  in 
favour  of  hit  ruyul  patio:),  bv  a  lin;^tilar  kind  of  advcn* 
tatt>  His  hurfe,  during  tlie  LcU  of  the  acnon,  runniBg 

away  with  biioy  lie  f<--ll  into  the  hands  of  the  enentj  { 
and  wai  at  lirll  but  roughly  treated  by  the  Atlflnan 

HufTars,  to  >'.lu)t;'i  Iif  f.j-.iM  in.t  h'.lIv  !,',iiftlf  known 
/or  want  of  liiigui^c  ;  tn^t  hiiiij;  tii.ii^d  pnlontr  to 
Vienna,  he  rtceivcd  fut;':i  liui.Liurs  from  the  emperor  a» 
never  were  effaced  from  iiis  memory.  Maupertuis  U- 
ntetited  very  much  the  loft  of  a  watch  of  Mr.  Graham's, 
the  cekbmUdEaglifli  artift,  which  they  had  taken 
from  him ;  the  emperor»  who  bappened  to  liave  ano* 
il, tr  hy  the  fame  artill,  but  cnricncd  with  diamonds, 
lued  it  to  him,  faying,  "  the  Huflant  meant  only 
ti>  id  u:t]i  y<io,  tii^y  bavefimtiBe  yoiir  watcii»  and 
1  return  it  10  you." 

He  went  foon  after  to  Berlin  ;  but  as  the  rtfoim  of 
the  academy  which  the  king  iif  IVuITia  then  meditated 
T.a»  not  yet  mature,  he  repaired  to  I'aris,  where  his 
affaira  oiUed  him,  and  wa«  chofen  in  1 74^  diredor  of 
the  Academy  of  Scieneca.  In  1 743  he  vai  received 
into  the  French  Academy  ;  which  was  the  fird  itidance 
of  the  fame  perfon  btin^  .1  menilicr  of  both  the  aca- 
demies at  I'aiis  ;it  tlic  lame  time.  M.mpertuis  ag.iin 
affumcd  the  foKlier  at  the  fiegc  of  Fiibotiig,  an<l  was 
|ntchcd  upon  by  mvufhal  Coigny  and  the  count  d'Ar- 
gcnfiw  to  carry  the  new$  to  the  I-'reDch  king  of  the 
fiinrnder  of  that  citadel. 

Maupc't  t-^  rtturmd  to  Berlin  ia  the  year  1744* 
when  a  nkiniage  was  negotiated  and  brotijjhi  about, 
by  the  good  offices  of  the  queen  nn  ;!i<  ',  }  Iallii  our 
author  and  madan:oifel!e  de  Bc^rck,  a  lidj  o(  gn-at 
1  i,.i:tv  at"l  merit,  .ind  nearly  rel.itnl  to  M.  dc  Boick 
at  that  ii.Tie  minider  of  Ihite.  This  deterniirA'd  him 
to  lettle  at  licriin,  at  he  was  cxtieriiely  titlAched  to 
hia  aew  fpoitfei  and  regarded  tUitt  alliance  aa  the  rood 
(brtnoate  circumftaAce  of  hit  L'fe. 

In  tl^  m     1746,  Maupe.  tuii  waa  dcclartd,  by  the 
king  of  l\uina,  Prefidciii  of  the  Royal  Academy  of 
Sciences  .it  Bcrliti,  and  f<  on  aittr  by  the  fame  ptnicc 
.  was  honoured  with  the  Order  of  Mcriu  However, 
«i|        acyiittBhM^  bQWran  aod  adxantagi-ay  la  far 


from  Icilcnjflff  hia  ardour  for  the  fcience*,  feetned  Uf 
fimlfliiiew  uliiremeiita  tokbourand  application.  Kot 

a  day  paflcd  but  he  pnKliiced  fome  new  p.  0  ..a  ■  ,;■  cflfay 
for  the  advuncemciit  of  kiiowletige.  |Nor  d.ti  ije  c>>atine 
himfelf  to  niutiieniatical  lludies  only  :  inctjphyllcs, 
che;iii(l|-y,  botany,  polite  literature,  all  fliareil  his  at- 
tention, and  ctMitrihuUd  to  his  fame.  At  tlic  fnn.e 
time  he  had,  it  fcvnUf  a  ilrangc  inquietude  offpiriti 
with  a  dark  atrabihiirc  humour,  wluch  rendered  him 
nufcreblc  amidH  honours  and  pkaftire«.  Sut7i  a  tem- 
penunent  did  not  promifc  a  (raeif.c  Iif' ;  and  he  uui 
in  fi^t  engaged  ill  U  vera]  quanels.  One  of  ihefe  vvas 
with  Kotnig  the  ptofefuir  of  philiifupliy  <i\  Fr.iiieker, 
and  anotlitr  nitur  ttnible  with  Voltaiiv.  Mn-jpci1ui» 
had  iaf<  ited  in  the  volume  of  Memoirs  of  the  .^OKicm]^ 
of  Serlin  for  1 74^,  a  difcourfe  upon  tlie  kws  of  mo* 
tiuD  t  which  Kocniff  wv  not  content  with  attacking* 
but  attributed  to  Leiboitz.  Manpcrtuii,  iltjng  wiSi 
the  iniputatlon  of  plnjjlaiinii,  engaged  tlu-  aciiiLniy  of 
Berlin  lo  call  upon  liim  fur  lu'»  proof;  wh.'eli 
failing  to  pioduee,  iiis  lun.c  Itruck  cut  of  the 

acidunu  ,  of  \vl);cii  he  was  a  member.  Sivcial  pam- 
pi  lets  uerc  tlie  CL>iifeqiKtjee  of  this  rccrfiiic  :  ^nd  Vol- 
tciiie,  ioi  io:iK-  rtafo.]  or  utl.'-i  .  igagvJ  in  the  4]iur>el 
agaiiilt  Maiipertuis.  We  lay,  lor  fume  reafon  or  Other  y 
bccaufe  Maupertuia  and  Voltaire  wereapp  i;  i  utK-  upon 
the  mod  amicable  term»}  and  the  httei  1  .Tlk  ud  tlie 
former  us  hii  nuliei  in  ■  1  ..:!  :  :  ties.  Wiltairc 
upiii  t!ii»  (iccafion  exerted  i.is  uii  ^iid  fatire  againll 
him;  and  upon  the  whole  Mas  fo  inuel:  tranfportcd 
bcyotid  what  was  tho-iglit  light,  that  he  found  it  ex- 
pedier.t  in  1753  to  quit  the  court  of  IVuflia. 

Our  philofbpher'a  conltitution  had  long  been  confi- 
dcrabl^  impalivd  by  the  great  fatij;;ucRof  vanoasklndt 
to  wbidt  his  active  ntind  had  involved  him;  though 
from  the  amay.iiig  lurdibips  he  had  under,;oiie,  in  hig 
northern  expedition,  tnotl  i.f  his  bodily  fuiterings  may 
be  traced.  The  Intcnlc  fhni-pnefsrf  ilu"  air  could  only 
be  fupportcd  by  means  of  llioiig  liquors  ;  whieh  helped 
but  to  lacerate  hij  lur.gs,  aiid  bri.ng  on  a  fpitting  of 
blood,  which  began  at  lead  13  yean  before  he  died. 
Yet  fliU  hia  miod  fecmed  to  crjc-  t'n  i  reatcll  vigour; 
for  the  beft  of  hia  writings  w^re  ;  u  l  ued,  .ind  mod 
fublimc  ideas  developed,  duri:ig  the  tiiic  of  his  t  nn- 
fincmrnt  by  ficLiieht,  when  he  was  iiunble  t.>  occu- 
py his  prefidial  chair  at  the  acad«-;ny.  He  took  feveral 
jciunieys  to  St.  Malo,  during  th---  l.itl  years  of  liii  lifl^ 
for  the  recovery  uf  his  health  :  ai:d  ihougli  he  alwayt 
received  benelit  by  breathing  hia  native  air,  yet  ftill, 
upon  his  return  to  Beiliii,  his  diforder  Ukcwife  returned 
with  greater  vielencep  iiis  lall  journey  into  Trance 
was  undertaken  in  the  year  1757  ;  when  he  was 
obliged,  fcion  uft^r  hi«  arrival  tlure,  lo  qi:it  bis  fnvodrite 
rctrent  at  St.  Malo,  on  .iceount  of  the  d.nigtr  ajid  eoji- 
fuhon  \»hieh  tlj;;l  town  (hru\\a  Intti  by  tin  arrival 
of  tbe  Engiilh  in  its  utighbourlidnd.  1  r^);^l  thence 
be  went  to  fiourdcanx,  hoping  there  to  nurt  with  a 
ncHtial  fliip  to  carry  lum  to  II.irobun;h,  in  his  way 
back  to  Berlin;  but  beir^g  dirappointedhi  that  hope, 
he  went  to  Touhaife,  w  here  he  remained  leveti  mciitlib. 
He  had  then  thoughts  of  going  to  Italy,  in  hopes  a 
milder  climate  would  riftore  liiin  to  hi-vi'.ili ;  hut  ht-d- 
ing  himfcif  grow  wurfc,  he  rather  incliiied  lUM^ds 
.GcnQanjf  awl  wcot  no  Meolidiald,  when;  lor  tbrw 
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..nrntM.'  tie  Cojoycd  die  convcrCition  of  lord  Marlfclial, 
with  whom  he  had  foooedv  been  much  conncAcd. 
At  Itngth  he  armed  at  Bafil,  OAobw  l6,  1758, 
where  he  was  rcccuft!  1;y  riinn!  Birnoolli  and  hi* 
femily  with  the  iltmuit  tcmkn.'-u  am'.  afTciSion.  He 
at  firft  found  hi'mfclf  much  bct'.  r  lur«  than  he  had 
been  «t  Neufchatel :  hut  this  amendment  wns  of  fhort 
dnntion  ;  fwr  as  the  winter  approached,  his  diforder 
rrtfftftHt  accompanied  by. new  and  more  alarming  fymp- 
tomt..  He  langulfhcd  here  many  months,  during 
which  he  w.i;  attoiu'cd  by  M.  de  la  Condamw« }  and 
died  in  i7Tv',  -il      years  of  ajjc. 

The  \vo:k  i  \i  luch  he  pubhfhed  were  collected  into 
4  voKinu-s  fivo,  pubhfhed  at  Lyons  in  I7j6,  where 
a'fo  a  new  and  tk-^nt  edition  wa»  piinted  in  1768. 
Xbcfc  contain  tl.e  foHiAving  works : 

I.  Elfiy  on  Cofmolog)-. — 2.  DIlVourL  on  tho  dif- 
ferent Figure*  of  the  Stars. — ^3.  Efluy  on  Moral  Phi- 
lofophy. — 4.  Philofophical  Refleftions  npon  the  Origin 
of  Languages,   n  i.l  tlic   S-j-nilication  of  Woi-dj — 

5.  Animal   PliyliLS,   cnni.:;:nn*ng   Generation    &c. — 

6.  Syftem  of  NuMiir,  or  the  Formation  of  bodies— 

7.  Letters  on  various  iiihjcAs. — 8.  On  the  Pni  ^refs  of 
tfaft  Sciences. — 9.  Elcnunts  of  Geogrjji!  >  —  1  .  Ac- 
ewne  of  the  Expedition  to  the  Polar  Circle,  fur  de« 
taaming  the  FigUTt  oTtbe  Earth ;  or  the  Meafurc  of 
die  Earth  at  the  Polar  Circle.— 11.  Accoant  of  « 
Journey  into  the  Heart  of  Lapland,  to  fcatch  for  an 
A:.LiL;:t  ^[onumenl. — 12.  On  the  Cointl  of  1742.— 
1?.  Various  Academical  Difconrfes,  pio'icmncd  in 
ibc  French  aad  BruOua  Academies.— t^.  Diflcrt  -.t  un 
npoo  Lanp'yy  *5-  Agreement  of  the  DffTi  i.  nl 
UWSltf  mtlire*  which  have  hitherto  appeared  incnm- 
patible. — 16.  Upon  the  I*awa  of  Motion.— 17.  Upon 
the  Law»of  Reft.— i«.NanticalAftronomy.— 19.  On 
the  Parvllax  of  the  Moon. — 20.  Operations  for_ deter- 
mining the  Figure  of  the  Eanli,  and  the  Variations  of 
Gravity.— 21.  Meafuie  of  m  JDegwe  of  tbe  Meridian 
at  the  Polar  Circle.  • 

Befidc  thefc  works,  Maupcrttna  was  author  of  a 
gitat  m^litndc  of  intcrcftingpafieni  particularly  thofe 
printed  in  the  Memoir*  of  the  nm  and  Berlin  Aca- 
demies, far  too  numerous  here  to  mention}  in 
the  Memoirs  of  the  Academy  at  Paris,  fi«n  the  year 
17:4,  lu  I  ^49  ;  and  ir  ihofe  of  the  Academy  of  Ber- 
lin, from  tl-.e  year  174'i,  to  ir^6. 
•  MAXIMUM,  denotes  i\'c  great <  ll  ^lae  or  quan- 
tltr  Mtninab'r  in  any  given  or  the^reatell  value 
of  a  wiaUc  quantity.  Byv.  lixhit  ft  .uuis  oppofed  to 
Minimum,  whl lac  Icull  pcOible. quantity  in  anvcafc. 

A»  in  the  algebraical  expreffioH  rt* far,  wheit  a 
and  I  arc  conilant  or  invsji  if  lc  fjtiaiititics,  and  x  a  va- 
riabk  one.  Now  it  is  evideai  that  the  vaLie  of  this 
mnainder  or  dilTerence,  a*  —  tx,  will  iiicreafe  a«  the 
icrm'i*-,  or  X,  decrcafcs  ;  and  therefore  that  will  be 
Aegreateft  when  this  i^  the  fmal'.e.l;  that  is,  a»  — 
»  a  maximum,  when  »  is  the  leafi,  or  nothing  at  all. 

fig^ir^  the  expreCfionor  diference  «»  —  — ,  rndent- 

If  iMKdw  M  the  fndiba  ^  dinunilbes  $  and  this  dimi- 

mflic»a»*iiicre;.f  1  ;  therefore  the  giwn  expreffioo  wiU 
be  the  grcattit,  or  a  maximum,  when  «  11  the  grcatcn, 
OTiafinite. 


Alfo,  if  alcmgtlie  diameter  KZ  (tie  ^Jfg.  Irlon.) 
of  a  cirxdc,  a  perpendicular  ordinate  LM  be  conceived 
to  move,  from  K  towards  Z  ;  it  is  evident  that,  front 
K  ii  iiicrcafes  continually  till  it  anwc  at  the  centra 
ill  t!  r  pofitltin  NO,  where  it  is  at  the  greateftlbte  j 
and  from  thence  it  contintially  decrcafes  again,  at  it 
moves  along  from  N  to  Z,  and  qnrte  vanilhcs  at  the 
point  Z.  So  that  the  maximum  Hate  of  the  OfdlMtC 
IS  NO,  equal  to  the  radius  of  the  circle. 

MttMn  de  Maiimis  tt  Minimis,  a  method  of 
findin|[  the  greauft  or  leaft.  llaU  or  vahtc  of  a  wim^ 
qnantity. 


Some  quantities  contimiany  increafc,  and  fo  have 
no  nuixtm:im  but  what  is  infinite}  as  the  ordinate* 
be,  DL  uf  tlic  parabola  ACEs   Some  continually 

decreafc,  and  lo  ;li<.ir  leal,  or  mliumum  ftate  is  no- 
thiug  J  as  the  ordinates  I'G,  HI,  to  the  afymplotrs  of 
the  hyperbola.  Oth<  r:^  iiieieale  u>  a  certain  magni- 
tude, which  is  their  maximum,  and  then  decreafe  again ; 
as  the  ordinates  LM  ftc  of  the  circle.  And  others 
again  decreafe  tp  a  certain  m^itudc  TV,  which  w 
their  minimum,  and  then  mcreaCe  again  ;  as  the  ordi- 
nates of  the  curve  SVY.  While  otbeia  admit  of  ' 
fevcral  maxima  ami  uii-.iima ;  as  the  ordinates  of  the 
curve  alid:-,  where  at  /  and  J  thev  are  n  nxinia,  and 
<t,  r,  ^  minima.  And  thus  the  mixima  aad  of 
all  oth.er  variable  quantities  may  be  conceived;  e\- 
prcfling  thofc  quantities  by  the  ordinates  of  lomc 

curves.  ,     , .  . 

Tf  ■  Tra  maxima  and  minima  aic  found  m  the  JUe* 
menu  ef  Euclid,  or  flow  imroedtately  from  thcmr 
thus,  it  nppeaii,  1  .  the  j'.h  pro-,-,  of  hook  2,  that  the' 
greatea  reftangic  dtat  <w  U  a.:"le  e4'  the  two  parts 
of  a  given  line,  anyhow  divided,  is  ■  ':e:i  the  Inie  is 
-divided  equally  in  the  m.iddle ;  prob.  7,  book  3,  ihcw» 
that  the  greatell  line  that  can  be  drawn  from  a  givea 
point  within  a  circle,  is  that  which  pallcs  tbrougll 
the  centre  ;  and  that  the  leaft  Ime  tliat  can  be  To 
drawn,  is  the  contimiatioo  of  the  fame  to  the  other 
fide  of  the  circle  :  prop.  8  ib.  (liewft  the  fame  forlmes 
drawn  from  a  point  without  the  circle  :  and  thus  either 
inftances  might  be  poiulcd  out  in  the  Eknicnts.-— 
Other  writers  on  the  Maxima  and  Minima,  are,  Apol- 
y^^y^  in  the  wboU  5th  book  of  bis  .Conic  Sc^iu  i 
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and  it*  tliC  Pjcfjcc  or  Dedication  to  th»t  book,  he 
fav*  othcis  had  tWn  alfo  treat rd  tft  fubjcft,  though 
in  a  f!igl»rer  manner. — ArtliimcJes  ;  as  iu  prop.  9  of 
Ilia  Trcatift  on  the  Sahtrc  and  Cylinder,  where  he  de- 
tnunilnttet  that,  of  all  fphcrical  ferment!!  under  equal 
fupcrlidei,  the  hcntlTplwre  u  the  grcatcft. — Seitnu^ 
ia  his  id  book,  or  that  on  the  Code  Sefkiom.— 
l^pput,  tn  many-  parts  of  hu  Mathematical  CoUee* 
tt-,>n(  ;  as  in  h"b.  3,  prup.  28  Sir,  lib.  6,  prop.  31 
&c,  where  he  treats  of  foine  fjriuu*  cafc»  of  va- 
riable gcomettical  qiiaiit'tics,  il. owing  how  fome  in- 
create  and  Jecrkal--  both  way^  to  tn&oity ;  while 
etthen  piucced  only  onr  way,  by  {MTCIlfe  -or  de. 
erca&,  to  tufimty,  and  the  other  way  to  «  ceit«n 
nagnittide ;  and  othen  ai^un  both  way*  to  a  certain 
*n4gnltiije,  f::  >  i  1^  a  tnaximum  and  minimum  ;  alfo 
lib.  7, prop.  13,  i4,  1C5,  166,  &c.  And  all  theft  are  the 
geometrical  Maxirua  and  Minima  of  the  Anacnts ;  to 
wiiich  way  bt  iuiJci  lomt  others  of  the  fame  kind, 
«ix.  Viviftni  De  Maximu  Sc  Minimis  Gcomctrica  DKi- 
nacto  in  ^nintuni  Coniconnn  ApoDoiiii  Pergzi,  in  ful. 
at  Flor.  i6$9  ;  alfo  an  logeniout  little  tracl  in  Thomiis 
Simpfon's  Gcumetry,  oh  the  Maxima  and  Minima  of 
Geometrical  Q^uaatitiet. 

Other  writings  on  the  M:?xinia  aiu!  Minima  are 
chicflv  treated  in  a  more  gcnct^  way  by  the  modtm 
aii.'il;.  :i  -  ;  and  lirft  among  tijefe  perhaps  may  be  pbued 
thai  of  Fennat.  This,  and  other  methods,  arc  bell  re- 
lemd  to,  and  explained  by  the  ordinatei  of  curves. 
Tor  whenthe  ordinau  of  » oim  incrcafca  to  a  ocrtaia 
ma^tude,  whrrvH  i«gitateft»  andaftenMirdfldecicalea 
again,  it  is  evitk-nt  that  luo  dulinatcs  u'l  the  contrary 
/idea  of  the  {^icitojl  Dixlinntc  may  be  equal  to  eaik 
Other;  and  tlit  onlitiatcs  dccreafe  to  a  certain  point, 
lA'here  tlicy  utc  at  the  leatl,  and  afterwards  I'ncrcafe  again ; 
there  m.iy  a]fobc  two  equal  ordinatet*  one  on  each  fide 
of  the  leatt.  ordinate.  HAkc  then  an  equal  ordinate 
cpntfpooda  to  twodiflincnt  Ibrdfles,  or  for  erery  valae 
of  an  ordinate  there  are  two  values  of  abfcifics.  Now 
as  the  difference  between  the  two  abfcifTes  is  conceived 
to  become  Icfs  and  Icfs,  it  is  evident  that  the  two  equal 
«rdinates,  corrtfpondinj^'  to  them,  apprcjach  nearer  a/Id 
hearer  together ;  and  »  rh  tii'  diff- lot^cji  of  the  ab- 
fcifics arc  infinitely  ?'".t'.<,  or  m  tfing,  then  tliC  equal  ordi- 
nates  unite  in  orsc,  v  1  h  if  liilur  ihc  maximum  or  mi- 
nimiun.  The  Ricthiid  hence  derived  tbeut  ia  this :  Find 
two  vahiet  of  <n  otdirtate,  exptelTed  hi  tentu  of  the  ab- 
fc;!Tr^  :  put  thofe  two  values  equal  to  enud  utlicr,  can- 
ceUiiig  liie  pi>rts  that  arc  common  to  both,  .lud  dividing 
all  the  rcinair.ing  Urms  by  the  difl'ercncc  between  tlie 
al>ft  ifrtf  s,  which  will  be  a  common  fadtor  in  them  :  next, 
fuppofing  the  aSldBca  to  become  equal,  tliat  the  equal 
otdioatcs  tnajr  concur  in  the  nuuchnum  or  mioiattm, 
that  difference  will  vanidi,  ai  wdl  as  all  the  tem*  of  the 
cqtution  tliat  IjitluJc  it ;  and  therefore,  flriking  thofc 
terms  oiit  of  the  cqti;ttion,  the  icmaitung  terms  will 
^\\c  the  value  of  the  abfcifi  condpondfng  to  the 

maximum  or  n^-r.itra;m. 

For  example,  fupjMifc  it  were  required  tO  find  the, 

Seatcrt  ordinate  in  a  tinle  KMQj^  Put  the  diameter 
Z  =  <7,  the  ahfi-iis  KL  =  x,  tht  ordirntc  I.M  —  j  / 
lienoc  the  other  part  of  the  diameter  k  Jy>Z  s  a  —  jr, 
and  conleqtiently,liy  the  natttreof  tha  citdtKL  x  LZ 
■Wag  cqul  LMv  «  x  «       or  Mr  —  s 


Again,  jnft  MotW  MtSBi  KP  ss  *  ^  tf,  what  Jh 

the  difference  LP,  the  ordinate  PQ,  iKitig;  equal  t» 
I.M  or  j;  here  then  again  KP  xTZ  ==  PQS  or 

x^J)C*-^Jt^J  =  aar  —  **  —  2(/*  +  ad—d*=j*i 
now  thde  two  valuea  of  j*  e^wl  to  each  other,  fo 
aar  ^  «•  =s  <f *  —  «»  —       +  arf  —  </*  j  cancel 

the  common  tcnr..;  an  J  x'.thm  o  —  j./.i  -f-  ,1'/—;/*, 
or  idx  +  =  ,;J  ;  div  :de  all  \>)  il,  U)  rt-.all  ix  +  d  ^  ^ 
a  gcnei.'d  equal;  ui  cicnvrd  tnim  the  eqvi.ility  ot  tl;e  two 
ordinates.  Now,  bringing  the  tu-u  <.t|uai  uuUiiate>  to- 
gether, or  making  the  two  abfciflcs  equal,  tlieir  difTer- 
enee  d  vaniihea,  and  tlie  lall  cquatioa  becomes  bardy 
2ar  s:  <r,  orw  a:  S«,  s  KN.  Uc  value  of  the  ab&Oa 
KN  when  the  ordinate  NO  is  a  maximum,  vik,  the 
greatefi  ordinate  bifccts  the  diameter.  And  the  opera- 
tion and  coneliiiiun  it  is  evident  will  be  the  (ame,  fn 
divide  a  given  iuie  into  two  parts,  fo  tliat  their  re<^taiij{le 
{hall  be  the  grcatcft  poOible. 

For  a  fecond  (^amplc,  let     ^  i 
it  be  jrquircd  to  divide  the      A      C       D  B 
given  line  AB  into  two  fuch 

parts,  that  the  one  line  dtawn  into  the  fqinre  of  tlie 

other  maf  betK-  ;,; 'c.i' :  !l  Ti'-lc.  P',  t:''i^'  the  jr;.,-cB 
line  AB  =  a,  and  one  pail  AC  =  x  ;  Lh^-n  tiie  otho: 

part  CB  will  be  «  —  jr,  and  therefore  x«  X  »  —  j*  =r 
ax*  —  «'  is  the  pmdu^  of  one  jMt  by  the  fquarc  of 
the  other.  Again,  let  one  part  be  AD  as  *  4-  then 

the  other  part  is  a  —  x  —  d,  and  ar      tf^  -  x  u  —  .v  — ./  — 

—  —  +  zad  —  3«/^  .  *  +  a^  —  iK 
Then,  putting  thefe  two  products  equal  to  cmIi  odwr« 
canedlin^  the  common  terms  «s*  »ic*i  aod  dMiing 

t!>c  reniauidcr  by  d^  there  refulu 

o=  —  +  —  3i/,«  +  «rf  —  «/»;  benee, can* 
celling  aU  the  tama  that  contib  sf,  there  rematnt 
o  =  —  jM*  -f  saw,  or  j«  St  s«,  and,  «  3  }a  ;  that 

is,  the  given  line  muft  he  divided  into  two  parts  In  the 
ratio  of  3  to  I.  Sec  IVrmat's  Opera  V'aiia,  pa.  63, 
and  his  Letters  to  F.  Mcrfcnne. 

The  neat  mrthod  was  that  of  John  Huddc,  given  by 
Schooten  among  the  additions  to  Des  Cartel's  Geome- 
try,  near  the  end  of  the  i(l  vol.  of  his  editi<m.  Thia 
method  is  aMb  dra*n  from  the  property  of  an  equatioB 
that  ha-,  ttvo  eq«d  lOOta.  He  there  demonftrates  that^ 
having  rnngv  li  the  teimt  of  an  equation,  that  has  two 
mots  equal,  aei-orflfnj^  to  the  urder  of  the  exponents  of 
the  unkn<i"nijtif  iititv,  taking  ali  the  tcinuovcr  to  one 
fide,  and  i<!  n-.iki'i^  'h^m  ri]ualto  rwthingon  the  other 
fide  ;  1!  then  the  termii  in  that  order  be  multiplied  by 
tlie  terms  of  any  arithmetical  progrc/rion,  the  refulting 
equatioa  will  ftill  have  ooe  of  its  roots  cqaal  to  one  of  the 
two  equal  mota  of  the  former  equatioo.  Now  fince,  by 
what  has  been  faid  of  the  foregoing  method,  when  the 
ordinate  of  a  curve,  adtnittinf^  of  a  maximum  or  mini, 
mum,  isexprefrcd  in  ter/T;-i  oi  tiie  abfiiiT;i,  that  abfi  ilf:!, 
or  the  value  of  v,  will  bf  two-iold,  bccautc  there  aiT 
tiiu  ordiiiatrs  of  the  fame  value  ;  that  i^,  the  equation 
has  at  leull  two  i  iftjun!  roots  or  values  ofa*  but 
when  the  ordir.r.te  I  (et.iries  a  maximum  Or  nhmniliap 
the  two  abfciHes  unite  in  one,  and  the  two  fOOtt^ 
or  values  of  x,  are  equal;  therefore,  from  the  above 
faid  projxrrty,  ihen  rms  i.?f  t!iis  eqcntinn  for  fhL'  mn-.i- 
Ihum  or  minimum  being  muitipiied  by  the  terms  of  any 
antbmctkal  pnigidliont  the  root  of  the  Rfnhii^  rquti- 

tioa 


Digitized  by  Google 


MAX 


C   «7  ] 


tfon  w31  h<  one  of  tbe  bU  cful  imtiiar  the'vilNeef 

the  abicifi  x  when  the  ordinate  n  i  Tnaxiaium. 

AUli^-ij;li  ti  IMS  of  17  ar'thmcli'c  pr(i|;refnon 
■uy  be  uicd  for  tJiij  piirpole,  funic         nioic  conve- 


nicnt  than  otlicrs  j  and  Mr.  Hud>lc  dir;ch  to  make  ufe 
of  that  pr  v,;:-dTion  which  w  formed  by  itic  exjxjncnt* 
tSx,  ^7;  ti>  tnuliiply  each  term  by  the  exponent  uf  its 
^Micr,  wad  puttiap  ail  kbe  jftfiiitiug  pniduda  equal  tu 
Motliing  ;  vimidi,  it  k  eWdent,  taeiualjthe  fame  pro. 
ccfs  .1-1  tt  kinj^  the  fluxions  of  al!  llic  terms,  and  pultinj 
thtiii  rij  lal  to  ii©tliiug  s  l>cing  the  coininon  proccft  now 
ttfcd  f.ji  the  I'.inif  purpjie. 

Tnus,  in  the  iormer  of  the  two  furc^ing  examplcif 
vhcrc  ax  —  x*,  or^S  itto  beawiaittiB  f . 
nulu  b/  I  1 

giae«    «r  —  a«*  so;  |Kn«ea#  9     apdjr  SK 

u  before. 

And  in  the  2d  example,  where  «j*  ~  A^  u  to 

)t  a  nwxitnuin  ;  inult<  by       -       -    2  3 
'  t4       -         -        '-        -       -  tax*  —  3jr'  =  0) 


bence  24t  ^ 
kcforc. 

•  The  next  gcni-ral  inct]iod»  and  whidi  »  now  ufuaBf 
fa£ti£edf^  ■  thatof.Neu'ton,  or  the  mediod  of  nu«i> 
loni,  wMcli  proceeds  upon  a  principle  difltRitt  fnmt* 

{Jm"  of  the  tw  )  fuiiu'.r  rii'.thmis  of  Fcriii.it  and  MuJJe. 
I'iielc  proceed  upvn  tbr  idea  of  tht  two  tqiial  ordiiiatta 
•f  3  curve  uniting  into  oH'-,  at  the  pLic^-  of  tlie  ru.ixi- 
mam  and  minimum ;  but  Newton's  upon  the  principlci, 
Iba  tbe  fluxion  or  incroiMiitcf  M  onitinite  isaatlMi!g'» 
at  tbe  point  of  tbe  muknum  or  minimnm;  a  elrciun* 
tiweeswikii  naotedtatdy  follows  fiiom  the  nature  of  that 
io^nne :  (or,  fince  a  quantity  oenlet  to  MCKnfe  at  the 
maximum,  aod  to  dccreafc  at  the  mtnimnm,  at  thofe 
points  it  neither  iiicrcafes  nar  dtcrcafes;  and  fincc  the 
fluxion  of  a  quantity  is  prupaitioual  to  its  increal'e  or 
decreafe,  therefore  the  fluxion  Is  nothing  at  the  maxi^. 
mum  or  minstDun.  Hence  tbis  rule;  Take  the  fluaiofi. 
of  the  algebraical  expreflion  denoting  the  maximum  Ot 
•mmmamt  a«dpitit«qwltia.aallui^iandtlutt«i|M> 
tsoo  w31  determine  the  value  of  the  unkaown  letter  or 
4{aantTty  in  queftjon. 

S.J  ill  thr  firft  of  the  two  foregoing  exnmpk-!,  where 
it  ii  rcfjiurcj  to  determine  *  wliena.r  —  ■r'  ii  a  maxi- 
mum  ;  the  duxioA  of  this  isoj^  —  »xx  =■  o  i  divide  by  j., 
i>(hull  (I  —  ax  =  o,  ord  —  ax«  andx  =  {a. 

AiSot  ia  tbe  id  czaomk,^  vhcre  ox*  muil  be  » 
Mkundim :  bere  1^  flaaion  it  tMxx  pe*»  a  o  ) 
hcBce  2<t  —       =  o.  Of  2a  =■  3x,  and  x  =  {a. 

When  a  quantity  becomes  a  i^taxirautn  or  raiuimura, 
aad  is  cxprdrc<^  by  t  wo  or  more  afrii~mative  and  negative 
terms,  in  which  only  one  variable  loiter  it  contained ; 
it  is  e\Jdent  tliat  tlic  fluxion  of  the  aRlmattve  terms  will 
be  equal  to  the  fluxion  of  the  negative  oncit ;  fiuce  their 
dliTerence  k  cqwjl  to  nothing. 

,  And  wben»  in  tbe  capidEoB  for  tbe  fluxum  of  a 
■Mtrmntn  or  mtOKnuai,  there  ate  two  or  more  fluxion. 

a«y  IcUcrs,  cacb  contained  in  both  alfii  liiativ  '  u,  I  m  ;  i- 
ti«e  terms  ;  tlic  futn  of  the  terms  ciir.i::ii.i.iij  th;  rtu  .iuii 
of  each  let ler,  >m11  Ik  ifjual  to  iiotiii;;^;  :  Fer,  i:i  order 
tbil  aoy  eaprcJ&on  be  a  maximuai  or  minimum,  whicU 
ttrfifffr  two  e*  man  variable  quautiiies,  it  miiR  i>ru- 
imct  a  nMKimum  or  msnimiun,  if  hjit  one  of  tuofc 
Ik  ra£pofcd  minbk^  '80  If  4M  ->  xrjp  4-  £jr 


MAY 


; «  ainimva^}  iu  fluxion  is  a*—  ly*  ^-amU-  # 
hence  «t  —  zyi  =  o,  and  iy  —  ixj  a  o  ;  from  tho 

former  of  thcfe  v  =  [u,  ant!  from  the  lattrr  x  ~  i^i. 
Or,  in  fuel)  a  cafe  t^kc  tlie  fluxion  of  the  whole  cxprcl* 
fiDii,  lll[lp^>lln^r  cL.ly  <»ne  quantity  variable ;  then  take 
the  tiuxiou  agai  i,  li^pjioiing  another  quantity  only  va« 
riable  :  and  fu  on,  tor  aK  the  fevrral  rai  iablc  quantities  | 
wbidi^wiU  give  th«  £une  number  of  cquatioat  for  de. 
tcmtnrnjr  thoGe  qmntitici.  So,  in  tbasrimveeiamph:, 
+  'v.  ttf?  fluxion  is  ai  —  2_j'.\-  :^  c  ,  fijiptirinj 


only  A 


—  24r 


blc  ;  which  gives  _y  ~  \a  :  and  tiie  liuxioii 


IK  —  2;ry  4-  =  o,  w  hen  v  only  it  tarilfak  |  wfaidt. 
gives  X  =  -Ji  ;  the  fame  as  brfore. 

Farther,  when  any  quantity  is  a  maximum  ornunl*- 
■Him,  all  the  powers  or  roots  <if  it  will  be  ib  tOO|  tit 
will  alfo  the  rel'uit  be,  when  it  is  iiicreafed  or  dccrqittd*, 
or  mulu'piiedt  or  divided  by'a  given  or  conllaot  auaur 
tity  ;  and  the  logarithm  of  tbe  lame  will  be  alfo  a 
max:murn  or  niiminuii.. 

To  Jind  "wLtlLcr  a  prof^frif  nfreiraic  qu.intily  ad- 
mil  'ij  a  maximum  or  mtn'-mum.  —  I\vcry  iilf!;thraic  eou 
pitrifion  does  not  adnvit  of  a  maximum  or  minimum,, 
properly  fo  called  ;  fur  it  may  either  increafe  coiiti- 
Mtllyto  infiaitiTt  or  decicslie  continually  tu  aotfaipgi 
k  twth  wbich  cnfct  tbae  t»  aeitJier  a  proper  maxnniin 
Dor  mintniuin  i  for  the  true  scnxin  um  is  that  value  to 
which  a:i  cxprcRion  increufcs,  and  after  which  it  di?- 
creiifes  agaiii  ;  and  the  minimum  is  that  value  _h 
tbe  exprcffion  decreafcs,  and  after  that  it  iucre^ld* 
Itgnjli  Thmfore  when  tlu:  exprelCon  admiu  of  a 
maxrmam,  it»  fluxion  is  pofitivc  before  that  poi«t» 
Bcgative  after  it ;  but  when  it  admits  of  a  auoinmefs. 
Itt  fluxion  it  negative  before,  and  pofitive  after  it. 
Hence,  take  tlie  fluxion,  of  tlie  x-^prcfTion  a  little  be* 
fijrelhe  fliixiiui  is  equr.I  ti>  nothiii;;,  mid  a  little  after  it; 
if  the  tirft  ii-.ixiun  be  poitiivc*,  ar.cl  tlie  Lit  negative,  the 
middle  ftatc  a  maximum;  but  if  the  iirll  fluxion  be 
■egative,  and  tbe  laft  j^fitke^  the  middle  Itate  it  a  mw- 
lumum.  See  Nbdajioa't  Hiuunnm  ^bok  i>  clutp» 
wd  book  a,  chap,  c,  act.  %^ 

MAY,  Mmu^  toe  fifth  numth  tn  the  year,  raelco^- 
iiij;  frt  m  our  fufl  cr  January ;  but  the  third,  count, 
the  year  tu  begin  with  March,  a*  tlic  Romans- 
ancicutly.  It  was  cidltd  Mrilus  bv  Ruinulus,  W 
refpe6t  to  the  fen^tors  and  nobhrs  of  hi:i  city,  wl^o 
were  named  majons  ;  as  the  fuUowinp  month  waa.. 
calkd  Jumiu,  tn  bonopr  pf  the  jouth  of  Ropia^in  hat^ 
nmjmuentmt  who  ferfcd  him  in  the  wiur.  Though  fw^e 
hj  it  has  been  thus  called  from,  jlfoM,  the  mother  of 
Mci  cuiy,  to  whom  they  offered  facrifice  on  tHe.firfl  day 
of  thi»  ir.»n-.b  :  and  Papias  derive!  the  MlpiC  hpipl, 
MatUiis,  to  qmd  tunc  terra  maJtat. 

In  this  month  the  fun  enters  the  Hgn  Gemini,  and! 
tbe  plants  of  onr  hcmifphcre  begin  moitly  to  flower. 

MAYER  (To  hi  as),  one  of  the  gieateft  aftroap> 
mera  and  mechaniftt  of  tbe  i8tb  century,  was  bum  at 
Mafpach,  in  the  dnehy  of  WIrtemberg,  1723.  He- 
t.itiL'l.t  L-i'-.Ttlf  mdiiit  matics,  and  at  14  years  of  »gc 
dtligJicd  iiW4;iii'i'i.'s  and  iiiflniments  with  the  grcnU-ll 
dexterity  and  Jull.-i els,  Thck'  puil'ui'.s  did  not  hi-idLr 
him  from  cultivating  the  Belles  Letires.  He  acquired 
the  I<alin  tongue,  and  wrote  it  with  elegance.  In 
1750^  the  uninrfity  of  Gottingen  chofe  him  for  their- 
mathcaiatkal  ^nlnbri  and  every  year  oC  bit  Aoct  Ufe.- 


did 


Digitized  by  Google 


M  E  A 


[    88  ] 


M  E  A. 


i»a»  dicaceforwar<l  markod  witli  fome  confiderable  dif- 
eoverics  iii  gcometi-)-  and  adroii'imy.  He  puUiOlcd  fe- 
«enil  work$  in  Uu3  wajr,  which  are  all  accmmted  icx* 
odfent  of  thnr  kind ;  tmi  (omt  papcn.are  infeited  in 

the  fecond  volume  (-f  the  Mcmoiris  o:  ilic  Univei  f-tv  uf 
Gottingen.  Ho  win  vit\-  accurate  a-d  iiukf  iL'L;  Ik- 
in  hi*  altronomical  obfiT^'ations ;  indccj  Iiis  I.ihuurs 
fccra  lo  hate  v&j  early  cxhaufted  him}  for  he 
died  worn  out  in  ,1762*  at  ao  more  than  39  ycut  of 

His  T.^b1c  of  RcfnAionst  deduced  from  hualbono- 
mica!  obren-atiOM,  *ery  nicely  r.^rc--  with  th;it  of 
Doftor  Hradlej-  ;  and  ni«  Tlipon,  iif  xhc  Moon,  and 
Aftioiiom!c;d  Tab'.i"".  and  Pu-cqit.^,  were  fo  well  edivin- 
ed,  that  tliey  wc  re  rewarded  by  tlie  Li)};li(]i  Board  of 
X-ongitudc,  with  the  prtrntum  of  tliite  ihoufaiid 
pound*,  which,  fum  w  as  paid  to  hie  widot*  after-  hit 
death.  Thcfc  tabic i  and  precept*  were  piibJiflwd  hf 
the  Board  of  Longitude  in  1 770. 

MEAN,  a  middle  Ifate  between  two  extreaw*  t  m  r 
m^f.n  n\<it'(;ii,  ui.m:  dilUuKC*  arithmctkal  iocan«  geo- 

Bieliicul  u.i:a;l,  i:C. 

yiri.'futKiUal  ^ItMt,  is  halfthe  1  i".  of  the  extremes. 
-So,  4  it  an  aiithm^tical  mean  between  i  and  6,  or  be- 
tween 3  and  5,  or  between  1  and  7 ;  alio  aa  arithneti* 


cal  mean  between  «and  i  ii 


u 

Gfwifiriral  Meak,  l 'hv.itv  ■  ly  called  a  mean  pro- 
portional, i»  the  fquarc  root  of  the  produft  of  the  two 
extremes }  fo  that,  to  finda  tncan  proportional  between 
twosiven  extreme*,  inuhiply  thcfc  together,  and  extract 
the  Iqaate  toot  of  the  product.  Thus,  a  mean  propor* 
tional  between  i  and  9,  U 

1 '- 


between  x  and  4i  >s  x  =  <^/<j  =  3  alfo  ;  the 
mean  between  4  and  6  ^s  X  6  =  ^/i^;  and  the 
mean  between  a  and  ^  is  \^ai. 

The  geometrical  mean  is  always  lela  than  the  arith- 
tnetical  mean,  between  the  lame  two  extremes.  So 

but  the 

any  tno  tertni^  a  tKe  greater^ "a: 

a  +  i 


  y         —  -  -  -  »  ■  ■  .  W        ■^■■P^  V  V  ^ 

the  anthnetkal  mean  between  2  and  4I  i«  ^ 
•eometncal  mean  ts  onl^  3.   To  prove  thii  ^  - 
leta  and  i  be  any  tno  tenni,  a  the  crest 


lc£i ;  then,  nnivertaUy,  the  aritJunetical 

Ihall  be  greater  than  the  geometrical 
greater  than  *         For,  by 

Iquatinp  Lotli,  tluy  are    <j*  + 


fubtr.  .^j/'  from  t;:ih,  then  a'  —  z,w 
tbatis  ,     fa    —  ij* 

7o  find  a  Minn  PrcJiortic^naJ 
Ctometrically,  between  two  given 
lines  M  and  N.  Join  the  tvro 
given  lines  together  at  C  in  one 
coatinucd  line  ABj  npon  the 
vKameter  AB  deferibea  femicfrcle, 

CD; 
gopor- 


o  > 


>o 


(reft  tlie  pcijundicula 
which  -.vill  be  the  mean 

tii  :  a1  between  AC  and 


or 


M  and  N. 

7*fiid  tiut  Mtan  Pr0^arxiM«fr  between  two  p;\cn 
«xtrc»eiu  Multiply  each  exttcme  by  the  fquarc  of 
the  odwr,  ifi,  the  citatcr  extreme  hy  tba  iqnaic  of 
the  Icb,  and  tbe  iSs  cxCieme  by  the  f^iare  of  tbe 


greater  t  then  extrad  the  cube  root  ont  of  each  pro. 
dnfi,  and  the  two  roots  wiU  be  the  two  mean  propor- 

tionsh  foiiahl.  That  15,  X^n^h  and  \  . /'  t'lr  fvo 
mean*  bct\Mcn  a  and  b.    So,  between  2  and  16,  the 

two  mean  pr(>port»onaUaT«4  and  8  »  for  Va»  x  itf  = 

y''64  =  4,  and  \  ' i  x  16'  =  ^/jii  =  8. 

Ill  a  liiniiar  inaimer  wc  proceed  for  three  rru.-ans  or 
four  means,  or  live  mcanii,  &c.    l  iom  all  which  it 
appears  that  the  feries  of  the  fev«i«l  munbers  of  mean 
proportioBata  between «  and  h  will  be  aa  fbUowa :  vi:^ 
one  mean,    i^/til  ; 
two  means,  ^  j'^,  \/aL*  ; 
three  means, X'a'L*,  \f<th^\ 
four  m»an»,  i/a^b*  ;  \/ab* ; 

live  n  eana,  V«*iS  t^''^*>  V^'^  V«<*» 

<Vc,  &c. 

Htvmamcal  Mean,  ia  double  a  fourth  proportioaal 
to  the  fnm  of  the  extremes,  and  tbe  two  extremea 

2ah 

thculclTCa  mwoAh:  tbttl>a>  «  '^ita  '.:  2I  :  — — 7- 

a  -r  o 

=  m  the  harmonical  mean  between  c  and  h.    Or  it  » 

the  rccipmcal  of  the  arithmetical  mean  between  tlie* 

recipruc-Li  of  the  given  extremes;  tl>ai  is  t.i'.r  the 
riciptocils  of  the  extreme*  a  and  b,  W'hii.h  viiU  be 

i  and  -  ;  then  take  the  arithmetical  mean  bctweeu 
a  b 

thcfe  reciprocals,  or  half  their  fnm,  which  wiS  be 

JL  4.  JL  or         ;  lalllr,  the  reciprocal  of  this  Is 

2a  lb  znb 

—  ^        barmonical  mean  :  fur,  ai  ithmeticolj 

a  +  b 

and  harmonicals 
other ; 

fo  that  if  a,  m,  i,  &.C  b^  arithmetical?, 
t     I  I 


arc  i||^utual1y  reciprocals  of  each 


then  (hall       —  . 


i 


be  harmonicals ; 

the  latter  will  be 
bctwcem 


or  if  the  former  be  harmonicals, 
arithmeticals. 

For  example,  to  fiod  a  harmonical  mcao 
t  and  6  |i'  heiv  a  %  a,  and  t  a  6  f  theiefSwe 

.       ^  L.^  ^  ^-'^  =  iiL  r=  i  =  at  the  barmonical 

5+1      2  +  68"* 

mean  (on^ht  between  2  and  6. 

In  t!  ;  ;  '  !  uk  of  P.ippus's  Mathematical  CoUec> 
i:u!i»  v.  c  iu.c  a  very  gcK}d  traft  on  all  the  three 
forts  of  n  tnn  proj^ortiona!!!,  beginning  at  the  5th  pro- 
pofition.  He  uhlcrvfs,  that  tlie  Ancients  conld  not 
refolve,  in  a  geometrictl  way,  the  problem  of  findine 
two  mean  proponionaii ;  and  bccaufe  it  h  not  caly 
to  defcribe  the  conic  ftiftions  in  piano,  for  that 
purpofc,  tt>ey  contrived  cafy  and  convenient  inftru* 
ments,  by  which  they  obtuiucd  good  meduTliiRd  COn> 
ftrudUons  of  that  probUm  ;  as  apptcrs  by  tlieir  writ- 
ings ;  as  in  the  MiTohvb*'  of  FiTitofther.cs,  of  Philo, 
with  the  Mtchatiics  ...  1  C'.it.ipi  I'ics  of  Hero.  For 
thcfe,  rightly  deeming  the  problem  a  folid  one,  cfre<l^ed 
the  conAniiftion  only  by  ir.ftruincnts,  and  Apolloniiia 
Perg.-eU5  by  means  of  the  conic  felons  %  which  Othera 
again  performed  by  the  hcl  fi&R  of  AfiftlBinj  alfo 
2ucomicdci  folvcd  it  by  tbe  coochoi^  by  means  of 

whicb 
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whrch  fikew^e  li«  trifrfied  an  Mvle ;  and  Pappos  him- 

Wf  i,'T'r-  ntiutlu  r  fultition  of  the  Tame  pn>bleni. 

Piippu&  add*  ti«liitition«  of  the  three  foregminsf  dif- 
ferent forts  of  mcaiii,  w.'tli  many  probKins  aiui  pro- 
pesrtics  concenibg  them,  and,  amai^  others,  this 
Cttrioat .  Cmilarity  of  them,  viz,  <i,  mfi,  bdn^  three 
continued  teran,  eithier  iritbmcticala*  geomeUicalay  or 
faamomcali  1  then  in  the 

Arithineticals,  a  :  a  :  :  it  ~  m  x  m  —  h\ 
Gcometricals,  a  i  m  :  :  a  —  m  i  m  —  b ; 


a  :  m  :  :  ii  — 
Harmonical^   at   b  :  :  a  —  it  :  ":  -  / 
"Mzhs-tind-F.xIremt  Proporiim,  or  Extrerr.(-(ind-Mfnn 
Pnport  'ton,  is  when  a  line,  or  any  quantity  is  fo  divided, 
that  the  Icfj  part  is  to  the  greater,  as  tlic  ^catcr  in 
Co  the  whoJe. 

Mean  /fumafy,  of  «  phnett  ii  an  angle  whtdi  t» 
dKrayt  pmpofciond'^  the  ttme  of  the  planet**  monTon 

from  tbf  apnch'on,  or  pcn'tn.-!ii m,  or  proportions!  t  j 
the  area  dcfcribcd  by  the  ratLiuii  -.xtitft-;  that  is,  A3  ihc 
whole  periodic  tiinc  in  one  revohition  of  the  plaiiet, 
i»  to  tiic  trnric  pn^  the  apheh'on  or  pcrihtiiao,  fo  is 
560°  10  the  Mean  a:  otr,  .ly.  Sec  Animulf. 

M&AR  jtAUt  in  Optica.    Sec  Axts. 

MiAK  Cm^mffiM  or  Oppijitktit  n  when  the  mean 
plafae  of  the  fun  is  in  conjnnctioni  or  fipj>orition«  wkh 
the  mean  place  of  the  moon  in  the  ecliptic. 

Mean  DiamfUr,  in  Gajjrfi.^r,  a  Mnn  bckweeo 
the  diameters  at  the  head  and  bung  of  a  calV. 

MlAM  DtfiMce,  of  a  Planet  from  the  Sun,  i«  an 
arhhmetieal  mean  between  the  pianet'i  greauft  and 
teaft  diftaneet  t  and  thii  i>  eqnat  to  the  fenitnuifTcrie 
axis  of  the  elliptic  orbit  in  which  it  moTCti  or  to  the 
right  line  drawn  from  the  fun  or  focus  to  the  extre- 
mity of  tbf  ror.j-i;^ati'  a-:is  of  the  farf.'". 

Mr.  Av  Motkn,  ift  that  by  which  aplanet  i»  ftippofed  to 
noTc  eqnably  io  its  orin't ;  and  it  iialwaya  proportioiud 
to  the  time. 

Mf  AN  Timtf  or  Eijual  time,  is  that  which  ia  mea- 
fnredby  antqnahle  motion,  ai  a  dockr;  «•  diftinguilhcd 
frooi  apparent  time,  arffiog  from  the  unequal  natioti 

of  the  e.irth  or  fun. 

MEASl^REn  dfnote*  any  quantity,  afflimcd  as 
unity,  or  one,  to  u  '1  vh  the  ratio  of  other  faouMigvnCout 
or  like  quantities  rnay  he  expreffcd. 

Me  A"!  IRK  df  an  -^rij[fe,  is  an  arc  of  a  circle  de- 
fcrihed  from  the  ai^ar  point  as  a  centre,  and  inter- 
cepted betw«en''thc  kgs  or  (idt*  of  the  an^lc  :  and  it 
is  iifiwl  to  cftimate  and  exp*efs  the  McaTure  of  the 
anjrlc  by  the  number  of  dcpjrccs  and  parts  cootaipcd  in 
th^t  arc,  of  which  ^fio  make  up  the 
whole  circnrrference.  So,  the  mea- 
furt  of  the  an^Ie  HAC,  in  the  arc 
BC  to  the  jadiu*  Al?,  or  the  aic  Ir 
to  the  radias  A^ 

Hence,  a  right  angle  is  mcafurcd 
by  a  quadrant,  or  90  dtgrtts  ;  and 
any  angle,  »■  liAC,  is  in  jn  portion 
to  a  right  angle,  »a  U<c  arc  RC  is  to  a 
quadrant,  or  as  the  dcjgreea  tn  EC 
arc  to  yo  degrees. 

CoiriMM  Ifiiiiwa*.  fiee  COIMOM 

MeAtoKE  of  a  Figure,  or  Plane  Surface,  is  a  fquare 
nehfOr  fotme  ftot}  or  faiwi*  jmA,  &ic«  .Uuu  W|  « 


fquare  whofc  fide  in  an  inch,  or  a  foot,  or  a  yvi,  or 
fomc  other  determinnte  . length}  and  thia  fqdnre  ai 

called  the  ntafuring  unit. 

Measurl  of  a  Lin,',  is  any  right  h'ne  tnben  at 
plcnfure,  and  confidcred  a*,  unity  ;  ai  an  inch,  OT  a 
foot,  or  a  yard,  &c. 

Imu  tf  iAxA*V%ii.    Sec  Line  cf  Af^ufum. 

MbaIVKI  ^  a  Afii/f,  or  tf  iyltUtcr,  la  it» 

treiplit. 

MiiAsvisi;  of  ii  Number,  n  my  inunbci  tLsl  divi.ics 
ivithr.Mt  Ic.T.ing  a  remainder.    So,  2  is  a  Me:iiur< 
of  4,  of  8,  or  of  any  even  number;  and  3  i>  a  Mca- 
fuh:  of  6,  or  of  9,  or  of  12,  &c. 

MF.AScai  ^ «  Rafitt  i«  its  logarithm,  in  any  fyftem 
of  logsrithitia ;  or  it  n  the  exponent  of  the  power  to 
which  the  ratio  Is  equal,  the.  exponent  of  fomc  riven 
rsttio  being  affumed  as  imrty.  So,  if  the  lojfantnm  6r 
Mcafure  of  tlic  n:tio  of  10  to  i,  he  afiuK.ct!  cqu.  l  Id 
I  ;  tiitn  the  Mcafure  ot  the  ratio  of  loo  to  i,  will 
be  2,  btcaiifc  100  is  .=  lO*,  or  bccaiife  100  to  i  is  in 
the  dujJicate  ratio  of  10  to  i  ;  and  the  Mcafiire  of  the 
ratio  of  looo  to  I,  will  be  \,  becauTe  loco  is  =:  10% 
or  becaufe  tooo  to  1  ia  trxpilicatc  of  the  mio  of  la 
to  I. 

Mfasukf  c/"<;  5" ',•'■';/,  Is  n  cufiiL'  Iiuli,  or  cubic  fo  tt, 
or  ciilnr  viini,  \c  ;  tliat  i5,  a  cube  wiiulc  tult:  is  :in 
inc'i,  ur  a  toot,  ot  ;i  van!,  S.c. 

Measure  of  a  iiuffrpslt,  tiie  fame  as  the  Mcuture 
of  a  figure. 

Msasuaa  of  Fthnty,  is  the  fpaoe  uniformly  pa.Ted 
oter  by  a  monn^body  in  a  giicn  time. 

Umverfal  or  Pei/>i:ual  MKASvas,  i»a  lehfid' of  Mca- 
fure unalterable  by  time  or  place,  to  which  the  Meafurcs 
of  diifcrcnt  ages  and  nalioim  might  b;  icd'jccd,  al)d  hv 
which  they  may  be  compared  and  tlllmalid.  Such 
a  Mrafnre  would  be  verj'  ufeful,  if  it  coi.ld  be  at- 
tmrcd  ;  Jince,  bc'n;^  irf  d  at  all  times,  and  in  Jl  places, 
,1  ^'ri  nt  deal  of  c  Kihiiion  and  error  would  be  abided. 

Il.iygens,  in  his  Horol.  Ofcil.  pro|n>fe(i  for  thi« 
])iirp<>ic,  the  length  of  a  pendiihuti  that  flionid  vibnite 
itio  id>,  iiicafiircd  from  tl.f  p(nnt  of  fitljjcnhon  to  the 
point  of  ot'cillation  :  the  3d  p.m  of  fuch  a  pendtilum 
10  be  called  hoiaiy  tr  ot,  and  to  fetve  as  a  llandard 
to  which  the  Mcalurr  of  ail  other  feet  might  be  refer- 
red. Thus,  for  inilance,  the  proportia-.i  at  the  Faria » 
foot  to  the  horary  foot,  would  be  tlat  of  864  to 
88i  ;  becaufe  the  length  of  3  Paris  fc^  t  is  H64  half 
linct,  and  the  length  of  a  pendulum,  Wbming 
ronds,  contains  88 1  half  lines.  But  tliis  Meafure,  in 
order  to  its  being  tvniverf.il,  fuppofcsthat  the  aition  of 
jn-avity  is  the  fame  on  every  iwi  of  the  i-.u^h's  furface, 
wliich  13  contrary'  to  faft  ;  for  which  renfon  it  would 
really  ferve  only  for  places  under  the  fame  puaiki  of 
latitude :  fo  that,  if  every  different  latitude  were  to 
have  iu  foot  canal  to  the  jd  pjut  of  the  peoduluoi . 
vibrating  feconas  there,  any  latitude  wnuM  ftill  Iwrc 
a  differt-nt  length  of  faot.  And  hlulc!*,  the  difficulty 
of  meafuring  cxafti',  tin-  liiibmce  li  -uxcn  the  centres 
of  motion  and  ( ii'r.r.'.i  '"-i  .irrUu  '.i,  th-t  hardly  any  tWO 
mcafiirers  would  make  it  the  fame  qimntity. 

M.  Mouton,  canon  of  Lyow,  baa  alio  a  titmttlc  IJg 
Mtnjm-a  p^trit  Irm/mUtmu. 
I  Since  4hat  tbne  nrioM  odicr  expedients  have  been 
prooofed-ibr  fiftablilUaK  an  trnvnafid  Meafuie,  but* 
■       N  hhhen* 
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Utlierto  wfthottt  tlie  perfeft  tfkCL   In  1779,  a  me- 

tkod  was  propoful  I0  tin:-  b'oc'rly  tif  Art-;.,  .iic,  tjy  n 
Mr.  Hatton,  iu  coiiinii.fiKc  of  ;i  prcnuuni,  wLich  had 
been  4  year«  advcrlifol  !)v  tl  .'.t  i.  ib'tution,  of  a  gold 
medal,  or  100  euincas,  *  for  obtaining  iux'ariabic 
flandarda  for  weighu  and  Mcafjrci,  communicable  at 
all  timet  rod  to  all  ration*.'  Mr.  Hatton's  plan  coii- 
Otted  in  tiw  appilicadoii  of  i  snoveable  point  of  fufpcn- 
fion  to  one  aoa  the  fame  pendulum,  ia  order  to  pro* 
duce  the  fuU  and  abfolute  eficd  of  two  penduKims,  the 
ciifFcrence  of  vrhofc  kngth*  «-as  the  in  .  ;nii..!  Mcafiire. 
Mr.  Whitehurft  iriicli  improved  upmti  ihh  idea,  by 
very  curious  and  accurate  macliincry,  in  his  tratt 
pnWiShcd  17P7,  intitlcd  *  An  Attempt  towards  ob- 
tuiiiiug  invariable  Meafures  of  Length,  Capacity,  and 
Wc^ht,  from  the  Meofuration  of  time,  4(c.  Mr. 
Whitehurii's  plan  i<t,  to  obtain  a  Meafurc  of  the  greateft 
Icngtii  tlir.t  ciii.vt  ii't  r  ev  i'l  perrtul,  from  two  pendu- 
lums whuif  viLiratlniij  cift:  in  the  ratio  r.t  :  lo  1,  and 
wSiiifc  loiv^tfi^  ((.^Liidc  with  till  Eiij^r'nlh  n.ituiaid  in 
whole  iiuinbeti.  'i'iiC  nmi.bcr!*  he  has  cholcn  Ihew 
l^rcat  ingenuity.  On  a  fuppofition  that  the  length  of 
a  fccooda  pendulum,  in  the  latitude  of  London,  is 
39*2  inche*,  the  length  of  one  vibrating  42  times  in  a 
mittitte,  rotiA  be  Ro  inchea  %  and  of  aiwtber  nhrattng 
84  tinics  in  a  minute,  mu/l  be  30  inchet ;  their  differ.. 

ttiiX,  (\0  inches  or  5  feet,  hV'^  fl;>nr!;ird  Minrtjif.  By 

his  cspcrimcnts,  however,  tlic  oiikrcr.-t  it:  tin;  lengths 
of  the  two  pcnduhinii.  timnd  to  hu  5(j'Sy2  incht  s 
inftcad  of  60,  owing  to  the  error  in  the  aiiumcd  length 
of  the  ftconds  pendulum,  y)'2  inches  being  greater 
than  thetnith.  Mi.  Whitehurft  hat  fuUy  accomplilhed 
tiM  deli^,  and  (hewn  how  an  tnvariahle  ftandard  may*. 
;it  n;li  time  s,  be  found  for  the  fame  latitude.  He  hal 
I'.H'u  aktrtniiKc!  ;>.  (.-A,  as  accurately  a*  human  powers 
fcrm  c.ip:il  nf  afccitainiog  il,  ot  f.icU  confcqucncc 
itx  natural  philolophy.  Tlie  UilTt;rtuce  betwctn  the 
lenctha<tf  UK  Vods  of  two  pendulums  whofi-  vibrations 
aieluHnm,  is  a  datum  from  which  may  be  derived  the 
troe  length  of  pendulums,  the  fpaccs  through  whiclt 
heavy  bodies  £lU  in-  A  given  time,  \v  ith  many-  other 


particuhn  rehtivs  to  the  doftrine  of  gravitation,  the 
figure  of  tlu-  t:irth,  &c,  &c.  Thcrcfult  ik  iucd  from 
this  expLiiiiu;  t  i<,  that  thf  length  of  a  kcouds  pen. 
(liiliim,  \l!;rdiiiiL:  i<i  a  circular  arc  of  3"  io',  is  VJ'i  19 
inchts  vci  V  neatly  ;  but  vibrating  in  thearcof  a  cycloid 
it  isQuUi  he  39'I36  inche»;  and  hence,  heavy  bodies 
wiUfnUt  fii^  fecoud  of  their  defccnt,  16-094 

feet,  or  16  ft«»  l|  inch,  very  nearly. 

It  is  faid,  tlie  Frendi  phflofopners  have  a.  plan  in 
contemplation,  to  take  for  a  univeiial  Mcafurr,  the 
lengtli  of  a  whole  mtr.' llaii  cKcle  of  the  earth,  a?ui  take 
all  othtr  Mcafiiics  fii'ni  fub-divifions  of  that ;  which 
will  be  a  very  gi««l  way. — Other  projefts  btW  alfo 
been  dcviiedy  but  of  litiie  or  no  confideration. 

MEAiuaa,  ro  a1cgnl,_comiiieicial,  and  popular  fenfe, 
denotes  a  certain  quantity  or  nroportioo  oTaoy  thing, 
bought,  fold,  valued,  or  we  ttke. 

The  rcf^iilation  of  \vci;,'hts  and  Meafiircs  cnii^ht  to 
be  uniwrl'ally  the  lanit  thioughout  the  nation,  and  in- 
deed  all  nattur.t.  ;  ?.ud  they  <houUtlwitfiM«  bc  fcdltecd 
to  fume  fixed  rule  or  t'undard. 

Mcafurcs  are  varioun,  according  to  the  various  kindit. 

^  dincnfions  of  tlie  things  neaiived*  HcMc  aiife. 


LmaJ  or  LvngttuJmat  MlAStiaEl,  for  lines  .«r 

lengihi  : 

Sfuorf  Measuki-,  far  arca«  or  fupoCcIct :  and 
ScJid  or  Ciil'-r  MEAsuaia,  for  tne  folid  contents 

and  capacities  of  bodies. 
The  feveral  Meafurci  ufed  ia  £iigIaiKl«  aic  as  n  liie 

following  Tables: 


Batley 
Corns 

3  = 

ICK  = 

594- 
33760  s 


I.  £i^t^  Ltag  Mtt^un* 


I  Inch 

12=      I  Foot 
36  =     3  —     I  Yard 
198=    i6[=     5iss     I  Pole 
7920=  660=:  220  9  40KiFiulong 


190C82  —  63360  =  5280  =  1760  =  jaosSslMtla, 

Alfo,    4  Inches  =  I  Hand 

6  l-'ect,or2  yds  £=  1  Fathom 
3  Miles  s  t  Lea^e 

60  Nautical  or  Geograph.  Miles  =  i  Degree  . 

69^  Statute  Miles  =  I  l)i  u"iff'"«»f'y 
360  Degrees,  or  25000  ftiiics  nearly  =  the  Ciis 
cnmfinvnce  of  the  Eattb. 


or 


y 
.36 

»7 
AS 
54 


3.   CAuift  Jfttglbvu 


1  Qjiartcr 

4  as  J  Yard 
la  2s  3  9  I  Ell  1  lemifh 

5  s  I  1£U  KngliOi. 

6  s  1  O  Frrachiw 


4  — 
16  = 


to  s 


Inches 
»44  = 


3.  S quart  Mcafuie.. 


M96  as 

39204  » 


I  Foot 

9   ax       I  Yard 
i73|s    30i=     I  Pdfc 
15681S6  s  10890  rs  1210  8  40  =  1  Rood' 
6s7<640  s  43560  =;  4840  ss  160  =  4  =  1  Acre.. 

4.   StlBdt  or  CiJUid  itfhjfiScrau 

Indies 

1728  =    I  Foot. 
46656  s  a.7  8  I  Yard;. 


'5.    Wme  Meafurt: 
X  Quart- 

4  s    I  Gallon  3  23 1  Cttbic  ladies^ 

168  =  42  =  J  Tierce 
>52  =  63  =  li  =  I  Hoglhead 
336  =   84  =  2   =  I J  =  I  Puncheon 


PEnt> 
?  = 

8s- 

V-4  - 
~  _^ 

1008=  504=126  =  3   =2'=l|  =  lPipe 
3016 «B  1008s a5is 6  s4  S3  stsnlTlUg; 

i!^0>         Cubic  Inches  =  i  Cnllon 
10  Gallons         =  i  Anker 
18  Gallons         =  I  Runlet- 
^\\  QalloM       m  I  £ancl. 
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2  =  iQ^nart. 

8ar    4=     I  Gailun  =  282  Cubic  Inchct. 

56=    9=  1  Firkin, 

144.:=;  73=  18=  3  =  I  KQticrkin. 

iii=i44=  36=  4  =  s  =  iB8iTeL 

4j2  =  2i6=  54=  6  =  3=  ij=  iHogflicad. 

176=288=  72=  8=4=2  =  I  ^=  I  Puncheon. 

Note,  The  Ak  gdkncoota&ii  282  cubic  tochea* 


M  £  C 


8  =    t  Gallon  =  268*  CiAie 
16=:    2s  iPcckt 

Sss    8a    4s  iBaftcL 
_  =s  32  =  16  s  4a  tCo 
512=  64=  32=  8=  2SS  iQnrtrr. 

2560  =r  320      160      40  =  10  =  5=i\Vcy. 
5120  =  640  =  3ZO  =  So  =  20  =  10  =  2  =  1  Lift. 

Alfo,         Cubic  Incbct     =  i  Gallon, 
and    36  BulhdtofCodt  s  i  Cbddnw. 


8.  J*»f«fficHS  ef  the  X-enf  Mea/uru    fevrral  tTatmu  f  iht  JBt^^  Favt. 

Thcufjndili 
Pirw. 

Tbmi&ndih 

EDgllfll              ■  • 

-  foot 

1000 

I2*000 

Amilcfdam  • 

'  -  cU 

2269 

27*228 

n  ^ 

rant   '      •  ^ 

>  foot 

1065  J 

12-791 

Antwerp       .  • 

.  ell 

2273 

37*276 

KTnhiid,  orLerden 

■  foot 

12-396 

Rynland,  or  Leydcn 

.  cH 

3360 

37*120 

Aoincraaiit  * 

•  foot 

942 

11-304 

Frankfort        •  . 

*  cU 

1826 

2  1*912 

cnll  • 

-  foot 

1 103 

13*236 

Hiunburgh 

-•  «n 

1905 

2  2  BOO 

Antwerp 

•  foot 

946 

11-352 

Lripfic 

.  ci: 

lliy.i 

27-120 

Dort 

.  foot 

1 184 

1 4*208 

Ltibeck 

.  ell 

22*896 

•  foot 

958 

11-496 

Noicnribargli  ■ 

.  ell 

2227 

J6*7*4 

Mechlin       -      .  • 

-  fool 

919 

11*028 

Bavui  ia       •  - 

-  ell 

954 

1 1*448 

Middlcbur;gh  « 

.  foot 

991 

11*892 

Vi<;r.na  • 

-  cl! 

•053 

12*636 

Stiwibwrgli 

'  foot 

920 

11*040 

BoDoaia  n 

-  cll 

2 '47 

25*764 

Vfcuicn       •  • 

•  foot 

964 

11-568 

Daotzie  • 

.     .  ell 

1903 

22-836 

Colo2[n          -       "  - 

.  foot 

'.54 

11-448 

Florence 

Bnwe  or  ell 

'913 

22-956 

Frankfurt  ad  Mccnum 

-  foot 

11-376 

Spanidi,  orCaftlle 

-  palm 

75' 

9-012 

Spanllh 
Toledo 

-  foot 

1  2'0  I  2 

Spi'.iiilh 

-  varc 

3004 

36*040 

•  foot 

899 

10-788 

Liibuu 

»  vare 

2750 

33*000 

Roman  • 

>  foot 

967 

1 1*604 

Gibraltar       ...  vare 

2760 

33-120 

On  the  monuincnt  of  1 
CeiU'us  Staliltttf      ;  - 

-  foot 

972 

trti64 

Toledo         •  • 

-  vart 
r  palm 

2685 
86 1 

32-220 
10*332 

Bononia 

.  loot 

1204 

14*448 

Napkt        •  • 

<  bnce 

2100 

25*20C 

•  foot 

IJ69 

r8-P38 

\  caima 

6880 

82*560 

Venice 

-  foot 

1162 

Gtnoa         •  • 

•  palm 

830 

9-960 

Dantric       •  » 

-  foot 

944 

i  i  '328 

Milan           -  » 

0  calamus 

6544 

78-52S 

-  foot 

y65 

1 1-580 

Pariiii         -  • 

-  cubit 

1866 

22-392 

Prague         •  • 

.  foot 

1026 

12-312 

China       •  • 

r  dibit 

1016 

i2'<9: 

Riga 

-  foot 

1831 

21-972 

Cairo 

-  cubit 

1824 

2  1-fi8t 

TwiD 

•  foot 

to62 

12744 

Old  Babylonisa 

•  cubit 

1520 

I8-24C 

•  foot 

1007 

I3-084 

OldGndc 

>  cubit 

1511 

18*132 

OldRonaan 

•  foot 

970 

1 1  -640 

Old  Roman  • 

•  cubit 

1458 

i7-49( 

Lyont 

.  cll 

3967 

47-604 

Turkllh  . 

«  pike 

2300 

26-4CC 

.  cU 

3070 

24*913 

*  naih 

$«97 

MEASURING,  the  fame  at  MeKsr»ATtos, 
nhich  fee. 

MECHANICS,  .T  mixL<l  rriatht-matical  fcicnce,  that 
treats  of  farces,  moiicin,  and  moviii-^'  powers,  with 
ihctr  ^k6t»  in  machines,  &c.  The  fcicnce  of  Mecha- 
aioi  a  dillnigiullicdt  by  Sir'Ifuc  Krwten*  »to  Fne* 


tical  and  Rational :  the  former  treats  of  the  Mechanf- 
cat  PoNvcis,  ami  nf  r!ifir  various  combinatfoi.s ;  the 
latter,  ur  Rutioi:n!  Mechanics,  comprehends  the  whok 
theory  and  tn'n;-  ai  furo«t  with  the  motion*  indcf- 
fc^s  produced  bv  tbctn.  , 
That  part  of  Meclntuci^  which  treitt  of  the  weirhtt 
N  2  gnvit7> 
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ntfitfi  vid  rqtiilibrium  ef  bodies  and  powcn,  n  caBcd 
Statics  i  aa  ditlinguifhc  j  from  tint  pMt  wlikb  confi- 
den  the  Mcchaiiiciil  powera,  mud  uieur  apftHaitMMi} 
wbicfi  it  properly  c»}lea  Mechuud. 

Some  of  the  piinciplc«  of  >Stztic*  were  cft^blt!ii<:ii 
by  Arcliiir.rtlcs,  iti  hi*  Tiea'Jfc  00  tltc  C«»iire  i  f 
G.^vity  oi  ]'l::nf  r;f;u:e«i;  bcfidcs  which,  little  mere 
upon  Mechanic*  i*  to  be  fouud  in  tht  wriuitg»  tif  liiu 
AiicteiiU,  exc«i>t  what  is  contained  in  the  8th  book  of 
Papouv'f  MatBcnuitkal  Collcdtiom^  eonccrtnag  th« 
fiy«  IVf crbanJeal  IWeirt.  Galileo  bid  the  bdl  tovr^d^ 
tioaof  Mechanic*,  when  he  tiivcfli^at.'jd  the  deicctii  of 
hc:tvy  Lodics;  and  fince  bis  time,  by  the  aifiilancc  <,{ 
tht  niw  method}  of  computatiua,  a  jjicat  profjnf*  has 
bvcn  made,  efpetially  by  Newton,  in  his  Principia, 
wbkhis  a^jCncmltreatifecn  Rational  and  Phyfical  .Me- 
chanics, i:i  ila  Livgcll  extent.  Other  \vnter«  (in  tbit 
fcKnce,  or  forie  braiicli  of  it,  arc,  tiuido  Ub;tldus,  in 
bii  Liber  M«ck»icaaui|  T««nccUi,  Ltbn  de  Motit 
Gravitim  natMffllfleT  D«?r«;«ndentmm  k  ProjeSorum  j 

B?,lf:i- I!  Tiac t  :t  i!'.  '.TflM  .■Kittir.ii:  (  Jr.:  'i.ni  ;  I1;:v- 
gvns,     li,ii-.-i.ij^-|i.in   (r:i-.;l..tui  irir,  ,;iul     I'laCUKiS  dc 

Motii  Corpuium  i  \  I'.  1  eiilTujur  ;  l.clhuitz,  KeliiU'ii'- 
tia  Sulidurum  io  Acta  Kruditor.  an.  1684$  Guldiinis 
De  Ontro  Gnvttatii ;  WaUis,  Tntdtatui.  dc  Mcchani- 
ca ;  Vangaon,  Pnojet  d'unc  Koavelle  McpbaniqiK, 
and  his  papen  in  the  MeiDoir.  Acad.  «n.  1702  ; 
BordU,  Tnidatiu  Dc  Vi  PercufHonis,  Dc  Molionibu* 
Naturalilms  a  Gravitate  pcndtiilibu*,  and  De  Mctu 
Aninwiliiiiii  ;  D^-  Ch.iL-3,  Trcatife  on  Motion  ;  Par- 
die*,  Ditcuiirtc  oi  Local  Motion  ;  Parent,  Elements 
of  Mechanics  and  Phyfics  ;  Cafatus,  Mecliani- 
ca;  Ouglitred,  Mechanical  Inflitatiuns ;  Rohault, 
Tvadatus  db  Medianica  ;  Lamy,  Mcchanique  ;  Kelll, 
IntrodiK^iioN  to  tne  Fhibropliy  j  De  Ja  Hire,  Me- 
chaiitqutf ;  Mariotte,  Traftf  dtt  Choc  d«  Corps ; 

Ditton,    Law:>  of   ^^^,t■oll  ;  PIi.:.ruiiiiir.i.i  j 

Gravefandc,  rh\W-  :  Eult;,  'i'r.  ■\^Ui,  cic  Mi  it;  I, 
Muflchcnbroek,  Phylici  ;  Mi  rii.ii,i>n.f  :  D.  us- 

Eilicrt,  Mechanics;  Run  ling,  Naturu!  i'liilolopliy  ; 
merfon.  Mechanics ;  I'.ii  kinfon,  Mccha  iic:,  ;  l.a 
Grange,  Mech«nique  Analytiquc  }  Nicbolfonp  Intro- 
'duAioD  to  Natural  Plulofophy ;  Enfidd,  Inftitutca 
of  Natural  ffatbfophr*  ftc,  Sic  At  to  tlic  Defcrip- 
tioa  -of  Macbinn, "  tee  Strata,  Zeifinjjitig,  BefTon, 
Au^-ufli:i?  ik-  RanuTlis,  Bottler,  I.eO|x>ld,  Sturmv, 
IV:r;iult,  Limbcii,',  Eincrfon,  Royal  Academy  of  Sci- 
«ni  C  ,  S;c. 

in  treating  of  machines,  wc  fllOlJd  confidcr  tlie 
weight  that  is  to  be  raifcd,  the  power  by  which  it  is  to 
be  nalcdt  aod  tbe  jaibrument  or  cqgioc  by  which  thin 
cflefi  it  to  be  produeed.  And»  in  treating  of  ihcfe, 
there  arc  two  principal  problems  that  j.;.  tL  .t  them- 
felves  :  the  firil  is,  to  determine  tht  pi  upuriion  which 
the  power  and  weight  ought  to  have  to  each  other, 
that  they  may  jull  be  in  cquilibrio  ;  the  fecond  is,  to 
determine  wiiat  ou^jht  to  be  the  proportion  between 
the  power  aad  weijjht,  that  a  nwcliinc  may  produce 
the  ercatcft  efieft  in  a  given  time.  All  writers  on 
Mmianicatreiton  the  firft  of  thcfc  probkmi.  but  few 
bave  eofifidered  thefecoiid,  though  not  kfs  ufeiVd  than 

Ai     liic  tuii  problco),  this  general  rule  hokb  ia  all 

4 


powers  ;  nsmely,  that  wbtn  tbe  powtr  and  weigbt  tre 

reciprocally  proportionai  to  the  diflaneea  of  the  diiec> 
tioaa  in  which  they  a£k,  from  the  centre  of  nMMaoBj 
or  when  theproduft  of  the  power  by  the  diftanee  of  itt 

dircftiiin,  is  Ci,aa!  to  the  produiil  ut  ihewf'^'il  Vvthc 
diflaiicf  of  its  tiuccUuu}  this  is  tJie  caic  ir.  wLilIi  the 
power  and  weight  fotlain  cacli  other,  nnd  art  in  eqni* 
iibriu  ;  fu  that  the  ouc  wqald  not  prevail  over  the 
other,  if  the  (.iigine  were  It  Mft|  wid  if  it  weie  in 
motiao,  it  wonla  eontiooe  to  proceed  nai&irmly,  if  it 
were  not  for  the  fridtion  of  iu  partSt  and  other  refiA* 
ances.  And,  in  general,  the  fticit  of  any  |)ower,  or 
force,  is  a->  the  produ>!:t  ol"  that  furcc  iiiukiplicd  b>  the 
diliance  of  its  direction  frain  tlie  ctntie  of  ii.i'tiui,,  sr 
the  prodii^^  of  the  power  aud  its  velocity  when  in  mo- 
tion, lincc  this  velocity  ts  proportional  to  the  diftiiice 
from  that  ccntic. 

The  ftcond  general  problem  in  Mechanic*,  is,  to 
daietBiinc  the  pmportion  bet  m  « cu  the  power  and  weight* 
fo  that  when  the  power  ^revaik,  and  the  tmaetune  is  i» 
mofiim,  the  grctitcfl  cfTrLl  j:  r  av  b.j  j  induci-d 

bv  it  in  71  given  time.  It  i.>  luai.Uwki,  Utii  li.  ,  i 
enquiry  of  the  greatcll  importance,  thouj^h  ft.-,  line 
treated  of  it.  When  the  power  is  only  a  httle  greater 
than  what  isfiiificicnt  to  fullain  the  weight,  the  oiutioa 
uCpaily  ia  too  flow  ;  and  tiioti^h  n  greater  weight  h« 
niifed  in  this  cafe»  it  ia'not  fufiicient  to  compeiiutc  for 
the  lofs  of  time.  On  the  other  band,  when  the  power 
is  much  grwalcr  than  what  Is  fnfficient  to  fuilain  the 
weight,  tnis  in  raifed  in  tIi:K  ;  buc  it  may  h.i-tjR-ii 
that  this  is  not  fujficicnt  tu  compenfatc  for  tin  iota 
arifing  from  the  fmallncfs  of  the  load.  It  ought  there- 
fore to  be  determined  wlfcn  the  produi^  of  the  weight 
multiplied  by  its  velocity,  is  the  grcatell  poflibic  ;  Tor 
tbib  product  nicafwca  tiw  tSeA  of  the  engine  in  « 
given  time,  which  ia  ahraya  the  greater  in  proporttoo 
butli  Hi  ihc  \ve!f,iu  is  j^rci'.iT,  ar;J  ili  vti.n:ity  it 
;;ie:ili;r.  For  fuiiiO  caloil.itioii^  oa  lliii  pruLloir!,  fee 
Mi'.Liaut in',-.  A<  toiin:  ui  Kc\s  iiin's  Difcoveries,  p.  171, 
Cv'c  ;  aiu)  his  iluxiAins,  art.  r^oH  &c.  And,  tor  the 
vuriuus  properties  in  Mechanics,  foe  the  fcveral  tcnv.s 
MoTtOM,  FoKCE,  MacHaniCAL  Powsat,  Laraa,  &Ck 

MSCEiANIC^  or  MBCHAwrcit,  fomething 
hthsg  to  Mechinicit  or  -regulated  by  the  nature  and 
Jaws  of  motion.  ' 

Mm  H\MCAL  Is  rilfo  -.I'l  l!  ir.  M.lt^:■^Tl jl  ICS,  (:<  fi^iilfy 
a  coiiitruCliiiu  ur  pr*>of  ol  fujnt  p;<jL!ciu,  nut  «U>nc  in 
an  accurate  and  geometrical  mansrr,  b<it  coarftly  and 
unartfully,  or  by  the  alTi'lance  of  inAniments  }  m  ai« 
inoft  problems  relating  to  the  duplieattire  of  thecilibC|» 
and  the  quadnture  of  the  circle. 

MncRANiCAt  /ffiOhm,  fucb  propertie*  in  matter, 
as  R-fiil*.  from  thc'r  figure,  bulk,  and  motion. 

MfcHASirAi.  Caufr:,  are  fuch  as  arc  foundcj  on 
Mcchaniial  Afftdlions. 

Mechamcal  Curvtt  called  ajfo  Tranfcaultntalf  ia 
one  whofe  nature  cannot  be  ea^rcflied  by  a  finite  A%c» 
braical  equation. 

Mkchanical  i'l'ilvj'^pry,  alio  called  the  Corpiifi%- 
hr  Pitiafi^r  ia  tiiat  wliich  explain*  the  pheiio. 
mena  of  nature,  and  the  operations  of  corporeal  tilings, 

on  the  p(i:itiplt6  of  ^  -rhiTrt  -  :  \'\/,  li.e  nuiti<jn, 
gravity,  iigurc,  arrangemcal,  dil^uiiiioD,  grcatnelie. 
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tr  fffH^f*^  of  ite  putt  wluA  «ompofe  nMoid 

McCHAMTCAL  Sohttttn,  cf  A  Problfiti,  i»  cither 
when  the  thing  is  done  by  i«p«aud  trtiili,  or  when  the 
lina  ufedin  the  folution  ne  aottndjr  gflometijailt  or 
tj  oajpnlcal  conftni&ton* 

VttenAyncki  fowrr/,  «v  certarn  fimjtle  niieliinct 

which  arc  v.f/d  fur  r.iilnitr  ^roati  r  Wfi'v'Iits,  <;-ovriconi- 
inggTfrtrr  rcfii'iiincislhau  coulj  be  LlfcClcii  h\  \hii  p.a- 
■    tt/alllrcnjili  without  them. 

Tbefe  fiinple  machines  arc  afiiaJly  accounted  fix  in 
cnmber,  riz,  the  Lcv«r,  the  Wheel  and  Axle,  or  Axis 
in  Pen'trochio,  the  Puliey.  the  lacUoed  Plane,  tbe 
Wedge,  and  ilie  Scmr.  Of  the  vinotn  comboiiitioBa 
of  thcfe  fifliple  povrn  do  all  engines,  or  compound 
machines,  oonfift :  and  in  treatinj?  of  them,  fo  as  to 
fettle  their  theory  ar  1  [in  pcrtics,  tlity  arc  confidered 
is  mathernaticKlly  tx.iCt,  oi  vuid  of  weight  and  thick- 
■efi,  und  moving  without  friclion.  Sec  the  proper- 
ties and  demonftrations  cf  cnch  of  thcfe  under  the  fcvc- 
ral  words  Leter,  &:f.  To  wh^cli  raa)  be  uddcd  tlltf 
Rowing  general  obCernttioiM  oa  tbcm  aQ»  m«  coiHiee- 
tire  way. 

I.  A  /.rtvr,  the  moft  fimple  of  all  thf  mi-ch.inic 
powers,  i*  an  engine  chiefly  ufed  to  raik  large 
«-<ight»  to  fraall  heights ;  fuch  as  a  liandfpik.<-, 
when  of  wood  ;  nnd  a  crow,  wlien  of  iron.  la 
itteorjl  ■  lever  is  confidtrcd  as  an  iiiflexililc  liiiei  like 
Ae  beam  of  a  balance,  and  fubje^l  to  the  lame  profoi- 
tioM  ;  only  that  the  power  aijplicd  to  it,  it  commonly 
an  aiiim.il  power ;  ana  from  the  different  w.iys  of  uHn^ 
it,  or  applying'  it,  il  is  called  a  lever  of  the  firil,  lc» 
co  id,  or  t!iird  kiiul:  W/.,  of  the  I  ft  kind,  wlini  the 
weight  is  on  one  tide  of  the  prop,  and  the  jKiwtr  on 
the  other  i'  of  the  3d  kind,  when  the  weight  is  between 
Ae  prop  and  the  power  ;  and  of  the  ,^d  kind,  wbco  the 
power  aVtiMen  the  prop  and  the  weight. 

Many  of  tlie  inftruments  in  conunun  ufe,  are  levers 
of  one  of  the  three  kinds ;  thtis,  pinf^rs,  fhccrs,  for- 
ceps,  fiKiffrrs  and  fuch  like,  arc  compuunded  of  two 
Icvcn  of  the  firft  kiwi ;  for  the  joint  about  which  ihcy 
BKyie,  is  the  fulcrum,  or  centre  of  motion  ;  tlie  po*vcr 
{sappjied  to  the  handles,  to  prefs  them  together;  attd 
the  wtriKht  is  the  body  which  they  pioch  Of  «ut.  The 
catuogknive*  iiied  by  druggifts,  patten-nakcrt,  block* 
makers,  and  fome  other  trade*,  are  lerert  of  the  ad 
kind:  for  the  ]^  .'^^  *•  fi  .cd  by  a  ring  at  one  end, 
which  makes  th  tu'crurii,  or  lixed  point;  the  other 
end  ij  movt  d  by  tl^L  hand,  or  po\ii.r  ;  j::d  thi.-  body  to 
be  cut,  or  the  refinance  to  be  ovircomc,  i>tho  weight. 
Doon  are  levers  of  the  2d  kiml  ;  the  hi.ngt*  bein^^  liic 
ceatie  of  motion }  the  hand  applied  to  the  luck  ts  tho 
power ;  wUIe  the  door  or  weifrht  Uea  between  them. 
A  pair  of  bellowTS  confifts  of  two  levers  of  the  2d  kind  ( 
the  centre  of  motion  where  the  ends  of  the  boards  arc 
fixed  r  :rir  the  pipe  ;  the  poxvcr  is  applied  at  the  h:<n- 
dle»  ;  aiad  the  air  preffed  «ut  from  tHtwccn  tlic  boards, 
by  its  rcfiftancc,  ai'ts  agaiufl  the  middle  of  the  hiwds 
Kke  a  weijght.  The  oara  af  .1  boat  are  levers  of  the  zd 
kind:  the  fixed  puint  i;>  the  bUde  of  the  oar  in  the  wa- 
ter ;  the  power  a  the  hand  ading  at  tJie  other  end  ; 
and  the  weight  to  be  moved  »  the  boat.  °  And  the 
inieafthe  niddcrofav«flel*  Spnng  fiieenaodtoiift 


arc  levers  of  the  3d  kind ;  where  the  centre  nf  rrotvon 
is  at  the  how-fpring  n:  one  end ;  the  weight  or  refift- 
ancr  IS  act  1       by  the  other  end;  and  the  hand  or 

Ijowcr  is  applied  bctwicn  the  ends.    A  hddcr  reared 
)y  a  man  agoinft  a  wall,  ii  u  Itverof  the  3d  kind  :  and 
ib  are  alfu  lumoftaU  the  boiie»  and  mofclei  of  animal:;. 

In  all  lero™,  the  eBeft  of  any  power  or  weight,  is 
ho'h  }  roprii-tional  to  thst  power  or  weight,  andalfo  to 
iti  da'anic  trofn  the  centre  "of  moiion.  And  hence  it 
is  that,  in  r'l'f  i*  weights  by  a  lever,  wt  chute  the 

lotigeft  levers  J  and  alfo  rett  it  upon  a  point  as  tkt  from 
thenand  or  power,  and  as  neartp  the  wci^t,  aspoft* 
bte.  Hence  aUb  dictt  wiUbe  an  cqiiOibniiiA  beiweeit 
the  power  and  weight,  when  thofe  two  produ£la  are 
equal,  Wx«the  power  m:i!rip!icd  by  its  difLncc,  equal 
to  the  ^^•«^ght  multiplied  by  its  diftaiice  ;  wl.rn,  alio, 
the  \rti[rht  and  power  arc  to  each  other  rccipmcaQj  a> 
their  diliances  from  the  prop  or  lixfd  point. 

7.  The  Axis  in  Peritrochiu,  nr  Wheel  and  .\xle,  is 
a  fimple  engine  confiffinif  of  a  whcrl  ii^cd  vpon  rhc 
end  of  an  axle,  fo  that  tb^- both  turn  roii  ;d  i  i.:^thcr 
in  the  finne  ttaWi  Tb»  engine  may  be  referred  to  the 
lever:  for  the  centre  of  the  ax.N,  or  virheel,  is  the  fixed 

point  ;  r  ;diiis  of  th<!  v  '     1  ik  the  dlft;ini-c  of  thc 

power,  aCtiiij';  .it  thc  Littuitittrenee  of  the  whiel,  fnim 
il  r.  p»'int ;  and  the  radius  of  the  axle  is  the  u  v- 
ot  the  weight  iVuui  ihe  fame  point.  Hence  thc  (.ffcCt 
I  of  the  power,  independent  of  its  own  natural  ii.tLnfitv, 
.  ia  ai  the  radiua  of  the  whed }  and  the  effed  of  thc  weight 
h  at  the  nidint  of  the  atlc :  fo  timt  the  two  wiD  he  m 
C']iiit^H; '  i,  when  tlje  two  prothi  "  Teqr.nl,  which  an* 
m  .Jk  by  multiplying  e:i;:h  tjf  thtle,  the  w^i^lit  and 
p  iu  tr,  hy  the  radius,  or  dillance  at  whi^h  it  act;; ;  and 
then  ahb,  the  weight  and  poivcr  arc  rcciprueally  prii- 
porttonal  to  thofe  radii. 

In  pradice,  thc  thicknefi  of  the  rope,  that  winds 
upon  the  axle,  and  to  which  the  weight  it  ftftcncd, 
is  to  be  conltdened:  which  it  done,  by  adding  hsdf  ita 
thicknef?  to  the  ndrna  of  tfacaxit,  for  hs  drftance  from 
the  fixed  prill",  v.hon  there  is  only  one  f<dd  of  rope 
npon  thc  ax.k  ;  or  as  many  times  the  thicknifs  as  tliere 
ar;  folds,  wanting  otilyone  half  when  thcif  are  fcvoral 
folds  of  thc  ropf,  o:ic  over  nriinhcr  :  which  !i  the  rea- 
fon  that  im  rt  p./wir  I  c  1;  ^  'i.d  when  tlic  axitia 
that  thickened  (  at  ofteo  happen*  in  drawing  water 
frottra  deep  and  narrow  well,  over  whieh  a  long  asle 
cannot  be  placed. 

If  thc  rope  to  which  thc  power  Is  fafhrncd,  he  fuc- 
ccfllvdy  applied  to  different  wht  cln,  whole  diamrtcrs 
are  larger  and  larger ;  thc  axit  wiD  be  tuiut<l  witli  {1:11 
mure  and  more  eafe,  unleb  the  iotenllty  of  the  powirr 
be  ^miniihed  in  the  fame  yoportibft  j  ai»l  if  fi>,  the 
axM  wiQ  iitwayabe  dnwn  with  the  fdnie  ftrcngth  by  a 
power  continually  diminiHung.  Tlits  is  prndifid  ia 
ipring  clofk.i  and  watches  ;  where  the  fpiral  fpring, 
which  IS  Ilrcngilt  in  i:s  aih'on  when  lirjt  wound  up, 
diawt  thcfu/ce,  or  continued  axis  in  peritrochio,  full 
by  thc  fmallcr  whecU,  and  as  It  unbends  and  becomct 
wcuk,  drawt  at  the  larger  wheelti  to  fuch  manner  that 
the  watch  woik  w  always  carried  round  with  the  fame 
force. 

At  a  very  ball  azit  would  be  too  weak  for  very 
gtm  wf^Ot,  or  I  bige  wheel  would  be  espenfn  e 

wcU 
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VcU  aj  cuii.Lci  fur.';;;,  .i.:id  taLe  more  room  iliati  pci  hapi 
Can  l)c  fparcd  for  it  ;  thorefon',  ;:iit  tlicaclionof  the 
power  may  be  iocreafed,  without  incurring  cither  of 
thofc  inconveniences,  a  compound  Axis  in  I'critrocliio 
it  ufed,  wliicli  i»  cfictU'd  by  con.bining  wheel*  and 
ax!«(  by  means  of  pinions  or  fmsll  wb.ceU,  upon  tbe 
•xleSt  the  teeih  of  whieh  take  hold  of  teeth  made  in 
the  large  wheels;  as  is  fern  in  clock.R,  jacks,  and  other 
Compouml  muchine:^.  And  iu  fuch  a  combination  of 
wheels  and  axles,  the  effect  of  the  power  is  inercafed  in 
the  ratio  of  the  continual  product  of  all  the  axles,  or 
firall  wheels,  to  that  of  all  the  large  ones.  I'bua,  if 
tlwre  be  two  fmall  wheels  and  an  axle,  turning  three 
hergt  wheels ;  the  uk  b«ioe  2  inchci  dianicter»  and 
each  of  the  fnudl  wheels  4  tncnn,  while  the  large  onet 
are  2  feet  or  74.  inches  diameter;  then  2x4x4^^52 
13  the  continual  product  of  the  fmall  dia;;iLlri5,  ami 
!■{  X  ^4  X  —  13824  is  tliat  of  the  large  jn-i; 
therefore  I3f»24  to  32,  or  432  to  i,  is  the  ratio  iu 
whicb  the  power  is  inercafed  :  and  if  the  power  be  k 
tamt  wbofe  natural  ftrength  i$  equal,  fupoofet  to  150 
pQttnda  weight,  thea  4^2  x  150  >■  d^Soolht  orl8  ton 
18  cwt  6ii^b,  is  the  weight  he  would  be  to  ba> 
lance,  fufpendcd  about  the  axle. 

3.  ^  i'/W//  Pullrft  is  a  fmall  wheel,  moveable  rounJ 
a;)  axis,  called  its  centre  pin  ;  which  of  itfelf  is  nut 
properly  one  of  the  mechanical  powers,  hccaufe  it 
prodoces  00  gain  of  powcc;  for,  as  the  wci;;lit  Imnjrs 
D]roae  end  of  the  cord  that  pafTes  over  tlie  puH'-y, 
•Mtbepower  ads  at  the  other  cadof  thefamc^  thcie 
aA  at  equal  dillancea  (rom  the  centre  or  axis  of  motion. 
End  ronfec^uentlv  tin-  i^.v.  ;y  is  cininl  to  tJu-  wc-i.^ht  v^hcn 
in  ci|uib'brio.  So  iLal  luc  cIulI"  uk  of  the  iiuglt  pulley 
Is  to  change  the  dire(ftion  of  the  power  from  upwards 
to  downwards,  6cc,  and  to  convey  bodies  to  a  great 
height  or  iS&MBBt,  without  a  petibn  moving  finm  hi* 
pbioe. 

But  by  combining  feveral  Angle  pulleys  together,  a 
conGderaUe  gain  of  fovtr  is  made,  and  that  in  pro- 
portion to  the  additional  number  of  ropes  made  to 
pal's  over  tlieni  ;  ;.nd  yet  it  tnjoys  at  the  fame  time 
the  properties  of  a  iingle  pulley,  by  changing  the  direc- 
tion of  the  aftion  in  any  manner. 

•  4>  TTir  ImSaed  P'tine,  is  made  by  planks,  bars,  or 
bcuil,  laid  aOope;  by  ^^hich,  large  and  heavy  bodies 
onj  be  nOire  eafdy  raifcd  or  lowered,  by  Aiding  them 
up  or  down  the  plane ;  and  the  gain  in  power  is  in 
proportinn  ns  the  length  of  the  pl>r;c  U>  its  lui^^ht,  or 
ai  iddius  to  the  iine  ot  the  angle  u!  uicluuliuu  of  Uic 
plane  with  the  hori/.on. 

In  drawing  a  weight  up  an  inclined  plane,  the  power 
aAs  to  the  greateft  advantage,  when  it«  direAnn  is  ft^ 
ratlel  to  the  plane. 

5.  The  Wtilgt,  which  refeinbles  a  double  inclined 
plane,  is  ver^  ufeful  to  drive  in  bcluw  very  heavy 
weights  to  nufe  them  hutHi  fmall  iteiglit,  alfo  in  dear- 
ing  and  fplitting  blcieks  of  v.in.d,  and  (lone  &c  ;  and 
the  power  gained,  is  iii  piuj  uuion  of  the  flant  fide 
to  half  the  thieknefs  of  the  back.  So  that,  if  the 
back  of  a  wedge  be  2  inches  thick,  and  the  fide  20 
inches  long,  any  weight  preJing  on  the  hack  wHl  ba* 
lance  20  taaea  ai  much  aAii^  on  the  fide.  But  the 
gneat  advant^  of  a        Um  m  ^  being  iirgcd»  not 


by  preffuic,  but  ufually  by  [>crculTu>i!,  as  tlie  blow  nf 
hnmrriiT  or  ii!.iIU-(  ;  Iiy  \vl.ii  li  ircniis  a  wcJ^t  may 
driven  iu  below,  aiKl  lo  be  made  to  lift,  almoil  any  the 
greated  weight,  as  the  largefl  (hip,  by  a  man  flnkil^ 
Uie  back  of  a  wedge  with  a  nuilkt,  ' 

To  the  wedge  may  be  referred  ^  axe  or  hatdiet, 
the  teeth  of  faws,  the  chifcl,  the  augnr,  the  fpadc  and 
fhovcl,  knives  and  fwords  of  all  kinds,  as  alfo  the 
bodkin  and  needle,  and  in  a  word  all  forts  of  iriftrumtiits 
which,  beginning  from  edges  or  points,  become  gra« 
dually  thitkci  as  they  lengthen  ;  the  manner  in  which 
thepov/er  is  applied  to  tut  h  iiitlnirnt  iits,  being  differ* 
rnt  according  to  th>  ii'  dillci^.-nt  (lupt.  ..,  and  the  VarioUS 
u£es  for  which  they  have  been  cuntrivcdi 

6.  the  Strrso,  is  a  kind  of  per^)etual  or  endleis  la. 
clir.eil  Plane  ;  tt-.r;  i  w  r  of  which  is  ('.ill  farther  nfliflcd 
by  the  addition  oi  „  L.mdle  or  lever,  where  the  jHi  Acr 
ads;  fo  that  the  gain  in  power,  is  in  the  proportion 
of  the  circumference  dei'ctibed  or  palTed  tbruugb  by 
the  power,  to  tlie  dtftancc  between  thread  aad  taread 
in  the  fcrew. 

The  ufes  to  which  the  fcrew  is  apph'ed,  are  vaiiovi  | 

a&,  the  prcfling  of  bodies  clufe  together ;  fuch  as  the 
prefs  for  napkins,  for  bookbinders,  for  packers,  hot« 

pie;Tcr»,  Sec. 

In  the  fcrew,  and  the  wedge,  the  power  has  to  over- 
conic  botli  the  weight,  and  alfa  a  very  great  fri£lion 
in  thofe  machines  ;  fuch  indeed  as  amounts  fomctimes 
tt'  ill  much  as  tlic  weiijlit  to  be  raifed,  or  more.  But 
then  this  fridion  is  of  ufe  in  retaining  the  weizht  and 
machine  in  its  place,  eve»afterthe  power  is  tuen  o£ 

If  machiius  i  r  engines  coidd  be  made  wlthnnt 
fiictioji,  llic  kail  degree  of  power  added  to  that  wliicii 
balances  the  weight,  would  be  fuflicicnt  to  raife  it. 
In  the  lever,  the  fri<flion  ii  little  or  nothing ;  in  the 
wheel  and  axle,  it  is  but  finall ;  in  pullcyii,  it  is  very 
confiderablc  ;  and  iu  the  iucliued  plane,  wedge,  and 
fcrew,  it  is  very  great. 

It  is  a  general  property  in  all  tlie  Mechaitic  powerSt 
that  when  the  weight  and  power  are  regulated  lb  as  to 
balance  each  other,  in  every  one  of  thefe  machines,  if 
thev  be  then  put  in  motion,  the  power  and  weight 
will  be  to  each  other  recipiocally  as  tlie  velocities  of 
their  motion,  ur  the  power  is  to  tlic  weight  as  the  ve- 
locity of  the  weight  is  to  the  velocity  of  the  power  ; 
fo  that  their  two  momrr>t:i  are  equal,  \\t,  the  jproduA 
of  the  power  mtdtijUtil  by  its  velocity,  equal  to  the 
jiiLuluft  of  the  \M-^;l;t  ;irjitrj;Iii':l  by  its  velocity. 
And  hence  too,  uiiivcilally,  what  is  gained  in  power, 
is  lod  in  time ;  for  the  weight  moTtS  aS  fflUch  HowCf 
as  the  power  is  froalkr. 

Hence  alfo  it  is  plain,  that  the  force  of  the  power 
is  not  at  all  inercafed  by  engines  ;ooly  the  velocity  of 
the  weight,  either  in  lifting  ur  drawing,  is  le>  diminifhed 
by  the  jq>pIication  of  the  inArumcnt,  as  diat  the  no> 
mentum  of  the  weight  is  not  gn-ater  than  the  fbree 
of  the  power.  Tlais,  for  inftancL-,  if  .my  force  can 
raifc  a  pound  «cij;lit  with  a  given  Sk^viiv,  it  is  im« 
pofTtblc  by  any  engine  to  raife  2  pound  v.  i  i^^t.t  w  :th  the 
iiune  velocity :  but  by  an  engine  it  may  be  made  to 
laife  ajtouod  weight  with  half  the  velocity,  or  even 
1000  times  the  weight  with  the  toootb  part  of  the 
velpcfty. 

Set 


MED  f 

Set  M«claunn'i  Accoant  of  Kewton's  Philof. 
Difcov.  book  2,  chap.. 3;  Hamiltoir's  Philof.  l£fl".  i  ; 
Philof.  TraoL  5},  pa.  1 16}  or  Landen'«  Meiiioira» 
vol.  f,  pa.  I. 

MECHAI>nSM,  cnlicr  the  ranflnii^ion  or  the 
tnacliinery  emplovcJ  in  any  ihirjj  ;  a?  the  McchanrLm 
,    eftlic  bari-n-ctr-,  of  t''n;  nn'crofcopc,  Ae. 

MEDIUM,  the  larac  mean,  either  arithmetical, 
geometrical,  or  barmonicaJ. 

MtDtVM  deaotet  alio  that  fpac«,  or  legtoo,  or 
011^  fte,  thnnijgb  which  a  body  paiTea  !o  >u  motloa 
towards  any  po:nt.  Thus,  the  air,  or  atraofphcrc,  i& 
xhe  medium  in  which  birds  and  beads  live  and  timve, 
ai)d  in  which  a  projc^^ilc  ir,  ivu  ;  wijtcr  is  the  medium 
in  which  li(hc«  move ;  and  xthcr  t»  a  fuppofed  fuhtilc 
Mcditun  in  which  the  planets  more.  Glaiii  is  alfo  called 
a  Medium,  being  th^t  through  which  the  lays  of  liglit 
iDOve  and  paf«. 

Mediums  refift  the  notioa  of  bodiea  moving  through 
them,  in  proportion io  their  dmfity  or  fpcciGc  gra- 

Tity. 

Sul'lilt  or  Altherial  Mi  Dll'M,  is  an  univcriaronc  whofc 
exiilence  is  by  Keu-tun  rciidLTod  probablf.  He  liiaki/s 
it  oiUTcrlal ;  and  vatlly  more  rare,  fubtilc,  etailic,  and 
aAne  tbmair;  and.  by  that  meam  freely  permeating 
the  pom  and  ioterdkci  of  all  other  Mcdiiunst  and 
£fiifing  ifefclf  through  the  arfnle  ermtion.  By  the 
intervention  of  tliis  fubttle  Medium  he  thinks  it  is 
that  moil  of  the  great  phenomena  of  nature  are  eifec- 
ted.    See  /f.rHm. 

This  Mcdaum  it  uould  fcirm  he  has  recourfe  to, 
»fi  the  firft  and  moft  irmotc  phyfical  fpring,  and  the 
ultimate  of  all  natural  caufes.  By  the  vibrations  of 
this  Medium,  he  funpofcs  that  heat  is  propagated  from 
Jucid  faodiea}  aa  alio  the  intcnilneia  of  heat  iacieafed 
aad  prefetTcd  ta  hot  bodies,  and  ft-om  them  conumv 
nicatri!  t  o  cold  ones. 

By  tlii*  Medium,  he  fiippofes  that  hVht  ii  reficAed, 
inflected,  refracted,  ami  put  Liltcm.iiely  iiitu  fits  of 
eafy  reflexion  and  tranfiniiiion  ;  which  cifeclA  he  alfo 
clfewbere  afcribes  to  the  power  of  attiaAioat  f*'  ^'ist 
j(  would  fecm,  this  Medium  m  the  fonice  and  eau£i- 
«■«■  of  attraAlbn  itfdf. 

Agavt/  tbta  Medium  being  nf\)ch  rarer  within  the 
iMarcahr  bodies,  than  in  the  heavenly  fpaces,  and  grow- 
ing denfcr  as  it  recede*  farlliti  tVoni  them,  he  Aip- 
pofes  this  is  the  caufe  of  the  gravitaiioa  of  thefc 
bcKiies  toward*  each  odicr,  and  0?  the  paita  towardst 
the  bodies. 

Again,  from  the  vibrations  of  this  fame  MeJi-jni,, 
excited  u  the  bottom  of  the  eye  by  the  ran  of  ^ghtf 
and  thence  propagated  through  the  caplltainenK 

the  optic  nerves  into  llu'  fi  iifi,i  iuir,,  he  fuppr.ff:  l^.it 
viliun  ;s  perfurmd  ;  and  In  likt'A';li'  fi(ii:i  ihe 

vfbr.itions  of  X'nu  cr  fornc  other  Medium,  cvc-tid  in 
the  auditory  nerves  by  the-  tn-Tnors  of  the  air,  aud  pro- 
pagated through,  the  rnpiHanKnts  ot  thufe  oerres  loto 
the  icnfon'um :  and  fu  of  the  other  feafca. 

And  again,  he  coneeifa  that  mttTctilar  motion  ta 
performeoby  the  vibrations  of  the  fame  Medium,  ex- 
cited in  the  brain  at  the  command  of  the  will,  and 
tlicncc  propagated  through  the-  c.ijtillaments  of  ti  c 
aerves  into  the  mufclcsj  and  thus  coatra&iog  and 
iSM%  ttcau. 
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The  elaftic  force  of  this  Medium,  he  (hews,  mult 
be  prodlgioully  great.  Light  mo\'e4  at  the  rate  of 
coufiderabiy  more  than  10  millions  of  miles  in  a  mi- 
mitVr;  yet  the  ^ribrationa  and  pulfaL'ons  of  this  Mc> 

d'u-n,  to  caufe  the  fits  of  eafy  reflei^io-.i  and  tranf- 
iri.lioii,  mult  be  fwifter  than  lii'l^t,  uhich  la  vet  7 
iiiindred  tliu'.ifaud  tiir.t  i  if-.i  r  iJi.m  iound.  Tlic 
cluitic  f<)rce  of  this  Medium,  thcreioic,  in  proportion 
to  its  deiiftty,  nmtl  be  abuvc  490000  nilllon  ot  times 
greater  than  the  clallic  furce  uf  the  air,  in  proportioo 
to  its  denitty }  the  vdocrties  and  pulfet  of  the  daftic- 
Mcdiums  being  in  a  fubduplicate  ratio  of  the  elaftici- 
titi,  and  the  rarities  of  the  Mediuma,  taken  together. 
And  thus  may  it  be  ci)nctiv\rd  that  the  vibr.aion  of 
tliis  Medium  is  the  cauCc  alfo  of  the  cUIlicity  of  bo* 
dies. 

Farther,  the  particles  of  tlifs  Mcdiiun  being  fuppofed 
ir.tltrmitely  ftnall,  even  fmaller  than  thofe  of  light  ;  if 
they  be  like  wife  fuppofed,  like  our  air*  endued  with 
repelling  p:-  .v<  r,  hy  which  they  recede  from  each  Other, 
t!ie  SiiiiJiiM. f .  oi  the  p.iiUclei  iii.iv  exceedingly  contri- 
hiite  to  '.lu-  i['.ereafe  ot  the  rej>illing  powei',  and  COn- 
i'ei;ucn:Iy  Lu  itiat  of  the  cl.iU'city  utul  rarity  of  the 
Medium  ;  by  that  means  fitting  it  for  the  free  tranf* 
million  of  light,  and  the  free  motions  of  .the  heavenly 
bodies.  In  this  Medium  may  the  pJanets  and  cometa 
roll  without  any  coofidcnUe  relulance.  If  it  be 
700,ocx>  times  more  elafttc,  and  as  many  times  rarer, 
than  air,  its  rcfiftance  wiH  be  above  600  million  limes 
lefs  than  that  of  water  ;  a  refiftance  that  would  caufe 
no  fenfiblc  alteration  in  the  motion  of  the  phmets  ilk. 
ten  th'iuf.uid  years. 

MECiAMETER-    Scr  MicROMiraa. 

MEtBO.MIUS  (MAKiUfj,  a  vot  fcamed  perfon 
of  the  17  th  century*  of  a  family  in  Germany  which- 
had  long  l>een.  famous  &r  learned  men.  He  deroted' 
liimf.-Ifto  l'ter;Uii:e  and  critk-ifm,  but  particularly  to 
the  ieamiiig  of  ihc  Ancients  ;  as  their  mufic,  the  llruc- 
turc  of  their  galleys,  &.C.  In  1652  he  pul'h  ihed  a  ct;l- 
leC^itm  of  fevcn  Greek  authors,  who  had  written  upon 
Ancient  Millie,  to  which  he  added  a  Latin  verfion  by 
himfclt  TliU  work  he  dedicated  to  qaccn  Chriltiaa 
of  Sweden  {  ia  confcquence  of  which  he  receited  an 
invitation  to  that  Princefs's  court,  like  fercrat  other 
learned  men,  which  he  accepted.  The  queen  cn^.iged 
him  one  day  to  lin^  an  a:i  ('rani  ier.l  r^i.h.;,  svIiiIl'  a 
perfon  danced  the  Greek  dancts  to  tlie  found  of  liis 
voice  ;  and  the  immoderate  mirth  which  this  occufioDed 
in  the  fpctlstors  fo  covered  him  with  ridicule,  and 
difguftid  him  fo  vehemently,  that  he  abniptly  left  the 
court  of  Swcdco  immediately))  hwtuy  Wteriag 
with  his  fids  the  face  of  fionvMit,  tlie  fimmrite 
plTj  frci'nr.  ai.(!  hulf.-:.-i  to  the  qucen«  who  had  perfuaded- 
her  t.j  cxliiljii  ili.it  fpeclacle. 

Meibrim;!! .  ic.ctMided  that  the  Hebrew  capv  i.f  the 
Bible  was  full  of  (rroij^  and  undertook  to  corre^ 
them  by  moans  of  a  metrCf  which  he  fancied  he  had' 
difiDovcred  in  thofe  ancieat  writinga  1  but  this  it  feema 
drew  upon  him  no  fmafl  nfiOefy  from  the  Learned. - 
Neverthtlcfs,  befides  the  work  above  mentioned,  he 
pniductd  fcvcral  others,  which  (hewed  hrm  to  be  a 
gOL.iI  fehi.dar;  witnefs  h':^  N'i.)tes  upon  Diogrnts  L:(cr- 
tins   in    Menage's  edition  ;   his  dt  Fabrica 

THfomm,  1^1, in  which  he  thiaka  be  djCbovered  the 
4  •  mctiMd; 
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■lethod  In  which  lh<  AiicicnU  difpofcJ  tlicir  banc*  d; 
car;.;  his  edaioii  of  the  Andtiit  Greek  Mytholo;;ift^  ; 
and  his  Dialogues  on  Propoition*,  a  curioiu  work,  iu 
which  the  intcrhx:iitori,  or  perfoB*  teprrfcnted  M 
ipeaking,  are  Eutli  !,  Archiincdc3»  Apollomus,  Pip- 
pus,  RjtociiiB,  Thco,  and  Hermotimm.  Thw  bft 
work  was  oppofcd  :>y  Laiij^ius,  ai:ii  h;-  Dr.  W  ilhs,  i;i 
a  1.-1)11  fidcrable  Tract,  prinu-d  ill  tlic  iiitl  volume  uf  liiJ 

MFJ.O'Dy,  i-^  the  ajTrtuhle  effect  of  iJitTcrfnt  m-i- 
Gcal  founds,  r.uigctl  or  difp-ir-d  is>  a  proper  fix-- 
criSoiH  being  the  eHeftonly  <  f  one  fingk  vmI,  roicc, 
or  tnllruinciit  5  by  which  tt  is  diilinguiihed  from  bar- 
irony,  whit  li  piojpcrly  rcfiihi  from  the  Union  of  t«« 
or  mare  ir.ulical  founds  heard  to,;tt!ier. 

MIINISCITS,  a  lens  or  gwfs  convex  on  one  fide, 
mi  cooc»ve  on  the  other,  iioinetiine&  alio  calletl  a 
Liuic  or  Lunula.    Sm  its  figure  uadtr  lie  vtkk 

1>E1IS>  ...  ■ 

ToJnJihe  Fecat  of  a  Metii/in,  the  nM  w  the 
difilicncc  httwtcii  tht  dJametcts  of  the  coowmt^  tml 
concavity,  U  to  eithnrof  them,  fo  »  the  other  diame- 
ter, to  the  focal  length,  or  diftance  of  the  focus  from 
the  i\^cuitcu3.  So  th:it,  haWnif  j^ivcn  the  Jiamclcr  of 
the  convexity,  it  is  c;ify  to  fui  i  '.l  .it  of  ili--  CMitcavify, 
loas'to  rcinctve  the  focu*  to  any  nrupoKd  dirtaiice 
{iram  the  MeoifciM.  For,  if  D  and  rf  he  the  dlaineteni 
of  the  two  Cdea,  and  /  the  focal  diiUnce ;  then  rtnce, 
by  the  xtile  D  — :  D  t:  :  A 
therefore     </:  D  ::/—</:  /, 

Hence,  if  D  till  diamttrt  of  the  coma^.ly  be  tToul.  e 
to  J  that  of  the  rc/iivcxity.  /  ht  tq  i.-l  io  D, 
or  the  focal  f'.iihuicc  tcpi^il  to  the  dlar..t;cr ;  and 
tbotfore  the  Meniscus  will  be  equivalent  to  a  plano- 
convex Iens> 

Again,  if  D  =  y,  or  the  diameter  of  the  concavity 
triple  to  that  of  tlic  convexity,  then  ^wll  /  =  'D, 
or  the  fj-<''.  diilance  equal  to  the  rnliMs  nf  ci  iti.-h-.  ::y  ; 
and  tfttrvU.ri  the  Mcnifcus  will  be  tt^ui.al'.nt  to  a 
lens  cquallv  ccr.wx  on  either  iidc. 

But  if  D  =»  J<4  then  will  /==  iD  i  and  therefore 
the  Mcolfcui  wit  be  tqaivalc:  t  to  a  fphcre. 

Ladh .  If  D  «  rf,  then  wfll/he  intontte }  and  there- 
fore i.  r:iy  f.illing  parallel  to  the  axia,  will  ftOl  coDttuue 

jKi'il!  '  to  it  aflir  refraction. 

Mr  XSTRl'L'Mt  Sni.vt\T,  or  Disjoivsht,  any 
Ihiui  t^-t  vill  diflolve  haid  bodies,  or  feuarate  their 
inrt*.  »jir  li  >-^e  K  ^.•  «^  r^  arcounH  for  the  aftion  of 
MenfirkicrAB  fi  ')m  :  b  uli  with  which  they  are  im- 
prc^i  ai.  d  ;  the  patticlcs  of  acid*  being  endued  with 
nraaive  force,  in  which  ihcir  activity  con- 
K  Is,  And  hv  virtue  of  which  thev  diflolve  bodies.  By 
tiiisaUrai^'  "'  ihfv  gather  to^' 'i^*^"^  particle* 
ofhodict,  nhctlier  mcuUic,  ilonv,  or  the  like,  and  ad- 
here wr)'  oUdy  to  Ibem,  fo  ai  fcarce  to  be  feparated 
from  them  by  diftilbtion,  ftr  fuhlimatiou.  lhu» 
fiio..i{ly  lUraAIt-.p,  and  gathcrin?  together  on  all 
daL-stliey  oil-',  di;;ioin,  and  iTiake  uf  under  the  partickt 
«f  bodies,  c.  ihcy  diiTulvc  them;  and  by  the  at- 
nafti'.e  riJi'f    ''''  '^"■'y         aga.nll  the  par- 

tides  of  the  bodies,  they  nwvc  the  fluid,  and  fo  excite 
heat,  (baking  tome  of  the  paiticki  to  that  degree,  at 
i«  wMYcn  tJicm  Ato  vr,  and  fo  geijcnting  BWbu«> 


Dr.  Kciil  ha*  given  liic  t!i«)ry  or  foundation  of 
thr  a^lioti  of  M-.tillruums,  in  fevcraJ  pro[M)rttions, 
Sc<  A  T  ri-..u  ri  .IS.  Fiom  tliofc  propofnion*  are  ptr- 
Ceitrrd  \he  rv:ifon.s  of  the  difTcrcnt  elfeet*  of  differ- 
ent McDllriHima ;  why  fome  bodieSf  aa  metalit  difldve 
in  a  faline  Menftrutiin  i  odicn  again,  as  refini^  in  a 

fuh)hiiu\irii  LMie  ;  &c  :  p.irtiLularly  why  frl\.  r  d'T  .'.t  j 
in  aijiKi  for;i.s,  and  gii'.d  kuIv  in  aqua  rci^i*  i  ail  ibe 
oriities  ui  vhieli  aie  aeouiUublc  fcr,  from  the  dif- 
fcTcnt  di-jjieci  ot  i  ,heli  >n,  or  i'ttrnc'tion  in  the  {>artt  of 
the  h'sdv  to  bo  dllTolvcJ,  the  dilTerent  diaiiiciers  and 
tigurct  of  it*  porei*  the  different  degree*  of  attmfUoa 
in  the  Menitruum,  and  the  dilTerent  dtametera  and 

figure*  of  its 

MLNSUR^\I»iLI  I  V,  the  fitncfs  of  a  body  for 
being  apphed,  or  coiifoni'.able  to  a  ccrtaiu  meafurc. 

M£;N3UHAriOK.  the  aa,  or  an,  ofmeaftirin^ 
figured  estenfioo  and  bodieat  or  of  findt^g  the  di«. 
nicnifioQii  end  ooniwta  of  bodwti  both  bnttBsui  ttid 
Iblid. 

Every  iVfT  rent  fpccie:*  of  N'Tenfjr.ition  is  eflimated 
and  meatured  by  oth.-r^  o£  the  fame  kirvj  ;  fo,  the  - 
foUd  contents  of  bodies  ate  ttieafiired  by  cubes,  a«  ctibic 
inchca,  or  cubic  Rit,  &c ;  furiacet  by  fmiarc^  aa 
fqtiare  inchea»  fert,  &c  ;  and  lengthi  or  dtUiK«i  Iff 
other  Hnet»  ai  utehei,  fcetf 

The  contcnta  of  reftftiMwr  Sgarea,  whether  phme 
or  frKd,  ci  i  he  acei: :  Jt'-ly  dctcnntncd,  or  erprtfTed  ; 
but  of  many  curved  ones,  not.  So  the  qiiadratiir;-  of 
the  circle,  ard  ciibaturc  of  the  fpiiei  .ive  prchkn^t 
thnt  have  never  yet  bfct  .^cc^^^attly  fblved.  See  the 
varinu .  kinda  of  Menfm^ioii,  as  weilaa  thatof lbedit> 
fereat  ftgiHtai  under  their  re^|K£tive  toma^ 

The  SHk  wnteia  on  GeoiMtry  were  dtiefty  wntera  . 

on  Mrnfuratton;  as  Euclid,  Archimedes,  Sec.  See 
Ql- AE*ATiJiiE  ;  alfo  the  Preface  to  my  Menfuration, 
for  the  mnft  nrr.ple  infonnation.  ' 

MERCATOR  (G;  rahh),  un  eminent  jreographer 
and  mathematiciati,  was  brini  in  1512,  at  Ruremnnde 
in  the  Low  Conntriet.  Ke  :)p|i1itd  him(i^.with  fuch 
induilry  to  the  fcienecs  of  gLo;;r,iphy  and  matheim* 
tics,  that  it  has  been  f:\id  he  nt'tfJi  forgot  tn  cat  nnd 
fleep.  The  emperor  Cli^n'es  tire  rth  encouraged  him 
much  in  his  labours ,  ai.d  the  d  -.kr  of  Jidiers  mnde 
him  hi$  cofmogrppher.  lie  cuninofed  aiid  p^hlifhcd 
a  Chroi^ology  ;  a  ard  f.T.a'ilcr  Atla^  ;  a".d  fome 

Geographical  T.tble* ;  bcAde  Other  books  in  Philufo- 
phy  and  Divinity.  He  wat  alfo  fo  eurion*,  a»  wvN  » 
11'.^  i.i  UR,  that  he  e;i^r^'.ved  and  coloured  hij  mr.ps  film- 
kit.  He  made  vaiin"?  maf,  }dobc»,  and  other  inathe- 
mntiea!  iiiftiurnenls  for  the  ufL*  of  the  emperor ;  ard' 
gave  the  nr.oft  arrplc  proofs  t»f  his  uncommon  fkilMn  ' 
-what  he  orofefTetL  His  methodof  laying do\vn  chart* 
is  ftill  ufed,'which  bear  tfie  name  of  Menator'i  Ehartt; 
alfo  a  pnrt  of  navig-.ition  it  Arom  htm  called  ^tfrnrtf/'rrV 

Satlieg  He  died  at  Duifhourg  in  1 594,  at  82  yean  of 

age.— See  Mbrcator's  Chan,  below. 

MtRCATOR  (Nuhlu),  an  nr.it; :;^t  it.nthcmatf- 
cian  and  aflronomcr,  whofe  nair.e  ia  H:^U-Dulch  wn» 
Hnuffnuin,  waa  born,  abotit  the  year  1640,  atHolUein 
ill  Denmark.  From  hit  worka  we  lcam»  thjtt  he  had 
an  carlv  and  Ehcnl  education,  futtable  to  h»  dillai- 
gdbeo  geaim^     which  he  m*  enabled  to  extend  his 
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Tefearclics  mto'the  mathematical  fciences,  and  to  tiuke       j.  Ltigaritbmalechnli,  fv:  M(tho,!:is  CinJ>rutn£  L*- 
Tcry  coDfidenUe  improT(!ii?:i'. ,  :  for  it  sppcart  irom    ^arithmu  tuvot  Ofcunna,  el  fa-  'Hi  ;  /.rij>to  mtthte 
Iwwritiagit  ■■  well  u  ttom  the  chuvBtCt  given  of   tommmkata .anno  ft.  1667  nmut  Augi^i  i  em  ame 
lAn      other  in«tl»einaticiaiii>  thit  hS*  talent  rtther    tfillt,  fWa  ^am-Mnra  Hyprrloltj  Iff  Invtnih  fmrnnm  ■ 

lay  in  m  provinp,  ai  d  nrfnptin^  any  difcciveries  and  im-     I.':^ir]thv')nn<i.     ^iuH irt    Wirohxr)    Mcrcatore  r/olf.ilo 

e  S'^i-'icla"  Rep,i.    Una  i-.'him  jr/nji/nr  Alichctui  yin^cli 
Rieri'i  E\ rrriliitio  ~ 


?iiuvcn;rnls  tu  nff,  than  ii;vciU!on.  However,  hii  genius 
nr  tl-;:  niathf matical  rcieiirfi  was  very  tonrpii-uoiis, 
and  introduced  him  to  public  regard  and  elkim  in 
hb  own  coaatry,  and  facilitated  a  concfpondencc  with 
foA  M  were  eminent  in  thofc  fcicncct,  in  Denmark, 
Itdy^and  England.  In  confequeoce,  fon.c  uf  btt  coiw 
gave  him  an  invitation  to  this  coontrr* 
winch  he  fomc  time  after  accepted,  ani  he  aftenrarai 
continued  hi  Knglaud  till  h:»  death.  He  l  .  d  r.  t 
been  lonj{  here  before  he  was  admitted  1'.  R.  S.  and 
gave  frcqucjit  proofs  of  his  clofc  appiicatimi  to  I1\ju\  , 
a*  well  as  of  his  cmioent  abih'tic*  in  iniprovin>r  Lvnc 
hnnch  or  other  of  the  Cdciicea.  But  he  U  charged 
IboKtiinc*  with  honnowing  the  inventiocs  i  f  <  'iLrs, 
and  adoptinjLt  them  as  his  own.  And  it  apf  .  '.  i.pon 
for  .-  (iccar;oiis  that  lie  was  t^ot  «>f  an  ('■•cr  hhond  it^i  id 
in  fcieimtic  comniuiiicatitms,  Thm,  it  had  fome  tiir.e 
before  him  been  <>bffrv«!,  that  tlitif  w..<.aii  at;a!of;y 
between  a  fcsle  of  ki;;uritlimic  tangents  and  Wright's 
protradion  of  the  nautical  meridian  une,  which  confifled 
of  the  fums  of  the  fecaats ;  though  it  does  not  appear  hj 
whom  this  analogy  wat  fitft  atfcovered.  It  appcara 
however  to  have  been  firft  publillwd,  and  introduced 
into  the  practice  of  navigation,  by  Henry  Bond,  who 
Bcntions  thi»  j>ropciiy  in  an  tJitioii  nf  Norwood's 
Epitome  of  Navigation,  printed  about  i^'mj  ;  and  he 
again  treats  of  it  more  fully  in  an  <diti(ni  t)f  G;ii;!er'& 
Works,  pnnled  in  1654,  where  he  teaches,  froir.  this 

§operty,  to  refolve  a||nie  cafes  of  Mercator's  .S  tiling 
r  the  logarithnuc  taagcnto,  independent  of  the  tabic 
iBeridioin.1  parts,    l^his  -analogy  had  only  been 


fc-.:nf!  to  he  ncivlv  tn: 
tu  l)c  a  malhi-siidtiea 
ft.irs  to  have  been  fi 
dciirous  of  making  tlic 


al  n 
firfl 


by  tri.i 
)ro(«i  ty. 


h  it  r.ot  ih :ronflrated 
Such  domiindnitiQn 
■<1  hv  Mcrcjtor,  who. 


mod  iMlvanta^c  of  this  and 
•concealed  nivcntion  of  hia  in  i.avig  Ltion,  by  t 
paper  in  the  Phtlofophical  Traufadions  fur  June  4» 
1666,  invites  the  puwi'c  to  enter  into  a  wurer  wttb 
him  on  his  ability  to  prove  the  Iruth  or  falfehood  of 
the  fuppofcd  analogy.  'I'bis  mercenary  prtipofal  it 
fcems  was  not  taken  up  by  any  one,  and  Mcreator 
refcr%4d  ht»  demoiillration.  Our  author  l  owcver 
dlllinguiihed  himfelf  by  many  valuable  pice  is  on  ])hi- 
lolbpaical  and  mathematical  fubjcc^s.  Hii  fa  tl  attempt 
SOB,  to  lednee  Allrology  to  i-ntional  principles, 
wUdi  prawd  ft  nin  ittempt.  But  hia  writings  of 
tun  particnlar  note,  are  aa  fellow : 

I.  /;rr  Drftn/>lio  Citri  ^  Tfrrfln  C;t. 

!■■■':.■:,  ruu  JutuLin:r>..:trr,  j]tr-iiiir  Jr(^ucntiluj  otDrc  Tn^o- 
t.  r\'.r-  -  '.'juxrir'.nim  I.',^ilnll>t:u,  cTr,  /(  A7  l,'/  '  Il.vtff- 
man  h'j/jhio  ;  printed  at  Dantzick,  165I1  izmo. 

«.  Rat  'tona  Malhtmaliem  fiAdaSt*  mm  1653  { Copeih 
hif[c%  in 

3.  Dt  Emaublmu  mma  Dittnit  ga£hir  «»■ 
fmulmr  &  Jkmm^kmtitr  CjtB  Se/it  ff  Lme,  &fe| 
m  4ta 

4.  Ifyftotffft  jljlroromka  nova,  ft  Ctllfil^Ut  gut' 
OlfemattoniLiu  ;  Lond.  t664t  infoliOt 

Vol.  II. 


Ci.r^  ^rla  <!•'  Mi\':mi:et  Jlfinimif, 
f'i-  oi  ergumenti  tr^flantiam  isi  extmplarium  rarilaitiu 
i\  ufa  !  Lond.  1068,  b  410. 

0.  Ii^Htatimum  jipnnomkanm  SM  de  Mota 
AJhonm  rmmurn  Ij  propria,  ftcmium  byfotbtfa  vHt- 
nim  flf  rfc.tifWiifi  prtc'puat  ;  Jeaiir  Hjpothtfron  tx 
feneatit  cmfrufiiont,  cum  ttAuTit  T'ythviian'u,  Soltridut 
J.uruf  ihn,  1  .!i"T-f:!arll\!i,  Ruihh }::nij  Sr.':i,  Fmarurn 
"It  F.niini[ti<r.,  r.irurr.ijnf  nfu  pntrpUs  tt  extmpUi 


una' 

TDt.l  'y'f ' 


^u,Liii  ,iU;Jit  jlpp-nJix  Je  in,  f^ut  d5» 
J.  :  •AU'^i  irr  lueruni  l  l.ond.  1676,  8vo. 
7.  I:ui.,f;  K!:n^:nSa  Gometricat  not' J  crdmt  at  Pie- 
theda  ftre,  dtmoitfirata,  l/nm  am  Nie.  Menalmrit  m 
"Gremnriam  /ntreduSimr  trevif  j»a  Mt^gmhuBmam  ihtia 
e\ ^-'.na'.nh  Pi  :t:  if:':,  Is'  "^h  -ammjI^^fSoatt  UC ^aGm^ 
dc'i  :<  irlur.    l.i'-lJ.  I  <^-V,  1  2mO. 

Hi  .  jaju  vsm  the  I'hil  ifoj  liirnl  TranCiiflion^,  arc, 

1.  A  I'robljai  or,  fon;e  Tuints  in  Navigation  :  voL  i, 
pa.  2 1  >. 

2.  lUuflralions  of  the  Logarithmo-technia :  toL  J, 
P».75?- 

J.  Confiderations  concerning  his  Geometrical^ and 
Direft  Method  for  finding  the  Apogees,  Excentricitkit 
and  Anomalies  of  the  Planets:  vol.  5,  pa-  ii68. 

A'ercator  died  in  1  ^94,  about  54  years  of  age. 

MERCATOR's  CLurt, or  Prtyeiiion,  is  a  prujedion 
of  the  furfacc  of  the  earth  in  piano,  fo  called  iiom 
(lerrard  Mercator,  a  Flemt{h  Geograpber,  who  firil 
publiihed  maps  of  this  foil  in  the  year  1556  }  tfaoo^b 
It  was  Edward  Wr^t  who  lirft  gave  the  true jma- 
ciph-s  of  fuel)  charts^  with  thctr  ^plicatioa  to  mvi. 

gatioii,  ill  I  ,-99. 

I'l  x\\\i  e!Kirt  or  projection,  the  meridians,  parallels, 
and  rhumbs,  are  all  itraight  hues,  the  dcgif  14  of  lon- 
gitude being  every  where  incrcalcJ  in  as  u>  \k  equal 
to  one  anotbcr,  and  having  the  degrees  of  latitude  aifo 
increafed  -  in  the  fame  proportion ;  namely,  at  every 
latitude  or  point  on  the  globe,  the  degrees  of  latitude, 
and  of  longitude,  or  the  parallels,  are  increafed  in  the 
proportion  of  radiiit  to  the  fine  of  the  pu],:r  diilaiic?, 
or  culine  of  the  latitude  ;  or,  which  is  the  fame  tiling, 
in  the  pro[K)rtion  of  the  fecant  of  the  latitude  to  ra- 
dius; a  proportion  which  has  the  effect  of  makii-fj;  ?.!! 
tlie  parallel  circle  n  be  ripreftnttJ  by  par:ilii.l  .mi  v'l  I 
right  lines,  and  all  the  mctidiana  by  parallel  lines  alio, 
but  tnereafing  infinitely  towards  the  poles. 

Fium  thfv  'iijportinn  iS  the  ircixaic  of  the  drr 


rgrcfS 


ic  imidian,  vr/,  ih.i!  tliey  incicafe  Wi  tlx  Ivcant  of 
it  is  veiv  cxidi'i'.t  that  tlie  length  tjf  an 
rr.i  r.'ih'an,  beginning  at  the  equator,  is  pro- 


of  X\ 
till  l.tt.'t 

arch  of  tl  -    o       c  I       •  • 

poitional  to  the  lum  of  all  the  fccants  of  the  latitude, 
L  e.  that  the  increafed  meridian,  is  to  the  tnie  arch  of  it* 
tt  the  firai  of  dlthofe  feeants,  to  »  many  timet  the 

radius.  Rut  it  is  nut  fo  evident  that  the  fame  incrcftfcd 
mciidi.in  h  alfo  analogous  to  a  fcale  of  the  1<  igaritlimie 
tangents,  whirli  however  it  is.  '•  It  dies  n<it  aj;;iear 
by  w  liom,  nor  by  what  aiccidcutt  was  di/covered  the 
O  anakgjr 
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taalocy  bctwem  a  fcale  of  loganthmi'c  tan^eata  and 
Wrumt'sprbtraAicn  of  the  nautkal  incridiauljae,  which 
wnJulcd  of  the  funu  of  the  fccants.  It  appears 
however  to  bavc  been  Aril  publiflied*  and  iatraduGcd 
Into  the  piadlce  dT navigation,  by  Mr.  Henry  Bond, 
who  mentions  this  property  iu  an  loition  of  Nonvoru'.'s 
Epitome  of  NavigBtion,  printi'*!  abuut  164^;  aiul  he 
aj;aiii  trcalii  of  it  mure  fiiUy  i  i  .n)  edition  of  Guoti  r's 
\Vorl;c,  priiilrd  in  1651,  wJicTc  lie  teaches,  from  ihtl 
ptt.jj  r  y.  to  rcriilvc aU  ue  cafes  of  Mcrcator**  Sailinz 
by  liis:  Icfgarithmic  taragCBtSt  ii)dc]>i.-iidcnt  of  the  table 
of  meriiUeRBl  parts.  Tmsimilog)-  hud  only  been  found 
however  to  be  nearly  true  by  trialii.burnot  den^onftrated 
to  be  a  mathcmatic.-il  property.  Such  dcmonftration,  it 
fcems,  was  firll  difcovercd  by  Mr.  Nicholas  Wcrcator, 
which  he  offered  a  wager  to  difclofe,  b\jt  this  not 
being  accepted ;  Mcrtator  rcferved  hii  deinonfliation  ; 
as  nrntt  wctl  in  the  accr.iint  of  his  life  in  tlie  fore- 
goi:i^  jji^c.  The  propofal  however  excited  the 
•tteatiun  df  mathematidaat  to  the  fu|^e£k,  and  demon- 
ftratiofts  were  not  long  wantfnr.  The  firft  was  pub> 
liliv;!  .bdut  t'Ai)  y.-n:-;  iift-r,  }<-.'  James  Gregory,  in 
hii  F-\ni.uaiiv,!i»j  Gtumciricx  i  irom  hence,  and  other 
funilar  f  roptrticR  there  dt  monllratid,  he  thews  how  the 
tabled  of  lo];:jarIihmic  tangents  and  fecants  may  cafdy 
he  cuniputed  front  the  ijatiiral  tan^^cnts  and  fccants. 

*■  The  fame  analogy  bcl\f  cen  the  loganLbmic  tao- 
gent>  and  the  meridian  Knc*  as  aUb  other  fimHar  pro> 
ertics,  xvcre  aftcro-ards  more  elegautly  dtmonftrated 
y  Dr.  Hallcy,  in  the  Philof.  Tranf.  for  Feb.  1696, 
and  various  methods  given  f*»r  computing  the  iV.ji.  :, 
examining  the  n^iturc  of  tiic  fpirals  into  wlticii  the 
thumbc  are  ttansfoimed  in  the  Acicographic  projctlion 
•f  the  fwhcrc  on  the  pi . me  uf  the  equator:  thedoilrine 
of  which  was  rendered  l['.Vi  .-uorc  cafy  and  elegant  by 
the  iqgeiiioua  Mr.  Cotca*  to  hta  Logumetria*  &ek 
printed  in  the  Phflot  Tranf.  for  l?!^*  «id  afterwarda 
jn  iVi"  rol!c!rt*on  of  his  works  publifhtd  17^2,  by  his 
couli;,  Di.  Robcit  Smtlb,  who  lucccedcd  turn  as  Plu- 
mian  profdTor  of  philMfiphy  in  the  Univerfity  ot 

Cambridge." 

The  learned  Dr.  Ifaac  Barrow  alfo,  in  his  heSdouu 
Geonietiicx,  Lcct.  xi.  Appe  nd,  firft  publitliej  in  t6ytt 
delivers  a  fimilar  property,  futin-Iy,  "that  the  fua  of 
«U  the  fecants  of  any  are»ia  analogous  to  the  loinuitha 
of  the  ratift  of  #•  +  /  to  r  —  /,  viz,  radius  plus  fine 

tfi  rr.<ii-'"  'r.ir  ilj  ;  1.1-,  \v!;vh  is  "Ji-^  f-imc  thiiip,  tliat 
the  inti  :dion.il  [virti  aniweriiig  to  auy  degree  01  lati- 
tude, ai  e  as  the  lo^an'ihins  ol  the  r.ji:os  of  the  verfcd 
fines  of  the  diilanccs  from  the  two  poles."  Preface  to 
IT  LogTitlim^,  pa.  CO. 

The  meridian  line  Mcrcator'a  Chart,  it  a  fcale 
of  {ogarithmic  tangents  of  the  half  colatitisdes.  The 
difierences  of  longitude  on  any  rhunJ>,  arc  the  loga- 
rithms of  tin;  fame  tangents,  but  of  a  different  fprcicii ; 
tliofe  IpcciLS  being  to  each  other,  as  the  tangent*  of 
the  anjrleii  m„dL-  \»iih  the  mciidl;ir».  Ilct'cc  aiiy  fcale 
of  L>j;niii}ii'i.'c  1.111'^i.iils  h  a  table  of  the  diflereiiecs 
of  !o-ij^'i.ik1c,  til  It  i  inil  lutitud^  s  tip'in  fe  me  one  de- 
t<-ri;ji-'  ic  a:nl    thiTtfiiri-,       the  tangent  of 

the  an|^v  of  fucU  a  rhumbs  is  to  the  tangent  of 
nny  other  rhtiuibi  To  ic  ths  difference  of  the  higarithma 
of  anj  two  taiigent^  to  the  diffcicncc  «f  C^gititdc 


OB  the  proprifcd  rhumb,  intercepted  between  the  tw* 
latitudes,  of  whiik  half  complements  the  logarithmic 
tangents  were  taken. 

It  wa»  the  great  lludy  of  our  predeccflbrs  to  con* 
trive  fudi  a  cnart  in  piano,  with  fiiaight  Unea,  o« 
wluch  all,  or  any  parts  of  the  world,  might  be  truly 
fet  down,  according  to  their  longitudes  and  latitudes* 
bcar:tiL;s  and  di.i  inL.'-.  A  iiutlnjd  for  this  puipofc 
wai  luiitcii  by  Fiolomy,  licar  loQO  )eari>  Cuce  ;  aiiJ  a 
general  map,  on  fueh  an  idea,  was  made  by'Mcrcatov  ; 
but  the  princiuleiv  were  not  demouflrated,  and  a  ready 
wa^  fhctvn  ot  defcribing  the  chart,  till  Wright 
fdauied  how  to  enlarge  the  meridian  line  by  uic  cobt 
tinual  addition  of  fccanta  |  fo  that  aD  degreet  of 
longitude  might  be  pioportional  to  ihofc  of  latitude, 
as  on  the  globe:  which  renders  this  clurt,  ui  fcvcraJ 
refpedls,  far  more  convrnicnt  for  the  navigator's  ufc, 
than  the  elob«  itfelf  j  and  which  will  truly  Ihew  the 
courfe  anddiibace  from  place  to  places  in  alt  enlist  oA 

failing. 

MtKCATOt*t  SaUm^,  or  more  properly  fViight** 

Sa'Tii^',  is  tl.^-  ir.ctl.n!  lif  Li.iv.j.utli.^;  liiccafct  of  failing 
on  tiiu  jirsuwij^li.^  ul  (. .-t^r'b  cii-irt,  which  princi- 
ples were  laid  down  by  l^dw.u  J  AN'rij^h:  1:1  the  begin» 
ning  of  the  lall  century  ;  01  ttie  ait  u;  linding  on  a 
plane  the  motion  of  a  (hip  upon  any  afCgiKd  courfe, 
that  {Itall  be  true  at  wcU  in  hM^kude  and  latiutde,  an 
dilbncc  ;  the  meridians  being  ul  paralldt  and  the  pnr^ 
rallels  of  latitude  (Iraight  lines. 

In  the  right-angled  triangle 
A.'.-,  kt  AL  be  the  l:uo  Jiftcr- 
eiice  ol  latitude  between  two 
places,  the  angle  ^  Ar  the  angle 
of  the  courfe  failed,  attd  £ie 
the  true  diilancc  failed;  then 
will  be  be  what  it  caDcd  the 
departure,  as  in  plane  failing  : 
produce  Ai  till  W  itjual 

to  the  meridional  dj'n mm  of 
latitude,  and  draw  liC  jMi.tljt.1 
to  *f ;  fo  (hall  BC  be  the  dit- 
fcrence  of  longitude. 

Now  from  the  limilaFity  of 
the  two  triangles  AtCt  ABC, 
when  three  of  the  aarts  are  given,  the  ret  any  .bt 
fikMsd ;  as  in  the  foUovring  analogies:  As 


departure ;  • 
dif.  ht. ; 


Radiu^  :  r<:i.  CiHirfe  :  :  diilancc 
Kadiui  :  Ck>d.  courfe  :  :  dillaiice 
Radius  :  tan,  courfe  :  :  merid.  dif.  lat  :  dif.  longitude. 

And  by  means  of  tliefr  analogiesi  may  all  the  cafes  of 
Mcrcatoi  's  J%ailiiig  be  rtfolvtd. 

MERCURY,  the  Imalkft  of  the  infcrior  pfaMM» 
nod  the  neareft  to  the  fim,  tbout  which  it  it  carried 
with  a  very  rapid  motion.  Hence  it  was  ih.-Jt  the 
Greeks  called  lbf»  pt.iiict  after  the  name  c^i  ilie  nimble 
nicffei-,'  r  i-t  the  Gods,  ai,<l  rej-a  Tented  it  l)ie  fi-  • 
gnre  ol  .)  youUi  with  wuigti  a.t  hi^  head  aud  levt  i  froiii 
whence  i<i  derived  $  ,  the  charader  m  pident  ufe  fef 
thi^  planet. 

TliL-  iiicnn  di:Unce  of  Mercury  from  the  fuOt  ia  to 
that  of  tlic  earth  frani  the  fun,  as  1(87  to  loeo,  nod 
thcreibre  hit  dilhince  it  abont  a6  nillrooa  of  milet,  or 
little  more  than  oae^hiifd  «f  the  cirlh*a  diftaoce  from 
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die  Tun.  Hc*n?e  f^ic  fun's  [^i-imclcr  will  appear  at 
^^<^cnrT,  iici'.r  ^  tkma  ii?  lai  .'c  a.s  al  the  earth  ;  and 
h^ncc  .••!''o  t!  r  fiiirj  i!:'!it  an;i  heat  rccetvcd  there  h 
about  7  times  thoic  at  tlic  earth  ;  a  dcgrcouf  heat  fuf- 
ficient  to  make  vmxer  Wt.  fiuch  a  dcK^-'C  of  heat 
dMrtfore  buA  render  Ilierciii7  not  habitable  to  ere^ 
tna  of  awr  conftkutfon :  and  If  bodicn  on  its  furface 
be  not  rnflamed,  and  fct  on  fire,  it  mull  be  becaufj  tlieiV 
iilgtic  of  denrttv  i»  proporu'unably  greater  tlian  that  of 
fnch  bi,Kii,'5  is  lis. 

The  uMtnttLToi  Mercury  is  aKrt  nearly  onc-tfi'rd 
of  the  diameter  of  the  earth,  or  about  2600  miles. 
Hepce  tbe  furface  of  Mvircuiy  ia  nearly  i-9th, 
•ad  bk  magtutude  or  famlk  usTth  of  that  of  the 
'  (Htk,- 

*  The  indinatnMi  «f  lut  oibit  to  the  plane  thk 

ecliptic,  is  6"  54';  !ns  j)erioi.l  of  rL-v")!u':iriii  ro'in.l  l?ie 
fun,  87days  J3hr>iiis;  his  i^rrardt  rlon;-s'i-in  tV'  m 
tbe  fun  2?!»j  tbe  ciccentritiii y  nf  hi-,  o-tiit  -!  <  :"Kis 
■tean  diftance,  which  is  fargrtatrr  t'lr-n  th:^t  of  any  of 
the  other  pianeta ;  and  he  movci  in  hii  orbit  aboot  tbe 
at  the  aaiMtn^  rate  of  95000  miles  an  hour. 
Hie  phce  of  fait  npheliba  is  jt  23"  a' ;  plaeeof 
ceadtnj;  node  ^  14°  43 and  C4Milieqtieiitl]r  that  of  the 
^cencin?  node  }tl  14"  43'. 

Hil  Lenj;th  (if  day,  ur  rotation  on  Tiit  axis,  Inclina- 
tiua  of  axis  to  his  orbit,  Gravity  on  hi»  furface,  Dcn- 
fity,  and  Qjii^.i.tiiy  of  matter,  are  all  unknown. 

MercuiT  changes  his  phafcat  like  tbe  moon,  accord- 
iaf  tobi*  various  pofiliana  widi regard  to  the  earth  and 
Iwi  except  oaljr,  that  he  uema  ^penn  onu  full,  be 
canKfaii  cri%Mened  fide  it  never  ttimed  dtreA!^  to- 
wards ti»,  unlrfswhcn  he  Is  fo  near  tlic  fini  as  to  bf  L(l 
to  our  fij;ht  in  liis  btams.  And  as  liin  ciiliL^litt-uei!  fide 
is  aln-^y&  towards  the  lun,  it  i>  plain  thnt  he  Hiinciirot 
by  any  ligiit  of  his  own  |  ftn  if  he  did,  he  vruuld  c(>u> 
ftkntly  appear  round. 

The  ML  obfemtioin  of  thit  plmet  are  thofe  made 
«hea  itisleeiiinidiefati'tdifc,  calted  tt«  tiaitfit ;  for 
fa  ila  kwatr  oonfnttAion,  it  n>rtiftfTT^  pafles  before  the 
Ad  Ufcc  a  Kttlr  Vpm,  edipflnj^  a  frinH  part  of  the  fun's 
liady,  only  obfervable  \rii\i  a  trWcrpe.    That  i-.rdc 
from  -whirh  Mtniiry  akcnds  northwaiJ  ubove  the 
echpiic,  Ift  in  the  1  ;ih  degree  flf  TaUrirs,  and  the  op- 
paTite  in  the  15th  degree  of  Scorpio.   The  earth  h  in 
ttofe  fMrta  OQ  the  6th  of  Miovenibery  and  i|th  of  Maf, 
K»%le  f  and  when  Mereoi^  goiikb  to  either  of  hn 
Mdea  at'hi*  Mrrfor  eenjanftHHi-dwiit  the(e  time*,  he 
Tvill  appear  in  this  rrmncr  to  psfs  over  the  difc  of  ;bc 
fun.     But  in  Till  otiicr  part*  of  his  orbit,  his  conmrit- 
t ions  are  inviflfde,  Iii-r.mif  he  goes  citlu'i  ah  ivr  nr  be- 
low the  fun.    TLc  firft  <jbfcrvation  ef  this  kind  vra* 
by  (;srR:ndi,  in  Norcmbcr  1631.    Sevei'al  n  1- 
fne^  obfcrvattons  of  tbe  like  ttanfits  are  coUcfled  in 
Da  Wutidfa  HiA.  of  the  Royal  AcaA.  of  Sciences, 
«b  ^yo,  cd.  1.   And  Mc  Whifion  batg^s  a  lift  of 
ieaeTal  periodt  at  which  Mercury  may  be  Ceen  on  the 
fun's  difc,  y'lr,  ir.  17^2,  Ni  v.  12,  at  jh  44m  after- 
ttovoi  in  f        Ma;,-  4?!.,  Hi  fAi  yym  in  the  forenoon  ; 
ia  1789,  IVc.  f  th,  at  ^li  5  jni  afternoon  j  and  in  1799, 
May  7th,  at  2h  34m  afternoon.    There  are  alfo  fcvc- 
nl  intermediate  tranfits,  but. none  of  them  vifible  at 
Sec  Dr.  HaOev'a  aceoaitt  of  the  Tiwifitt  of 
•  ibthefhaoC  TttmL  8*.  19$.  > 


MERIDLAN,  in  ARronomy,  is  a  gresit  ctVcIc  of 
•  the  ccleflial  fphere,  paffing  through  tbe  poles  of  the 
worl:!,  nnri  h  Jth  the  zenitn  and  niiair,  crofGng  the 
cquinactiai  at  rij^ht  ai\rj!v-»,  and  dividing  tiiC  iplieie 
"*fntQ  two  equal  parts,  or  hemifpheres,  thc.ooe  caACTtf, 
apd  the  Qthcr  wellcrn.  Or,  the  Mcri^jaa  it  a  vertical 
cnvle  pafTnitr  tliron^jh  the  poles  of  tbe  wofld. 

It  ii  called  Mcndi.in,  from  the  Laf  in  m/,'/<^f,f,  mid- 
day or  noon,  bec4ufc  when  the  futi  coirsts  to  the  fouth 
pan  of  this  di«Ie»  it  it  noon  to  all  tbefe  phoct  fittiated ' 

uudtr  it. 

MERtDiAS,  in  Oeo,'7mphy,  is  a  f^rmt  circlo  paflinf 
through  the  poles  of  the  ca'th,  uud  any  given  place 
whofe  NfcriJi.iii  it  tj ;  r.nd  it  lies  exaiQly  undeTt  or  ia 
the^aiie of*  the  cekflial  Meridian. 

-  "Thefe  Meridians  afe  various,  and  cbanjje  aceofdinf 
to  t'lf  longitude  of  pl;ice5  ;  fo  that  their  nuriTi  -  '  nisr 
he  U  :!  tabt:  infinite,  for  that  all  piures  from  e.iil  lu  vvv.t 
have  tfuir  k  .  :;ri!  1  .  I  .■i.:ii<'r,  ns  the  Meridian 
invcits  the  whole  eartii,  there  arc  many  place«  liiuated 
mder  the  iame  Meridian.  Alfo,  as  k  is  nnun  when- 
ever die  centre  of  the  fun  is  in  the  celcftwi  Meridian  ; 
and  as  the  MetMiaa  of  the  earth  ia  in  the  plane  of  tbe 
former ;  it  follows,  that  it  is  noon  at  the  lame  time,  fat 
all  places  fituatcd  under  the  fame  Mrridfan. 

/'Vi'?  Meridian,  is  :!:at  fnun  wliith  the  reft  are 
counted,  reckoning  both  cail  and  wdl  >  «nd  in  tlK 
beginning  of  lon^tude. 

The  fixing  of  the  Firft  Meridian  is  a  matter  merely 
arbitrary;  and  hence  different  perfoas,  nations,  ant 
agea,  have  fixed  it  ditfereatly :  from  which  circam* 
ftance  fome  confitfion  ha*  amen  in  geography.  The 

rule  at-ionj;  t'le  Ancients  was,  to  mak».-  it  pai^tllrough 
the  placi  fanl.ert  to  the  \vt-(l  tfiat  was  known.  But  tlie 
Mo(L-r.j3  kni'v.  ir;^  thr.t  there  is  no  fiich  place  on  the 
earth  as  can  be  ettecmed  the  moft  wcfterly,  the  way  of 
compiitiiig  tbe  longitudes  of  jfaee*  mn  oac  ue4 
point  is  mudi  laid  afidc. 

Ptolomy  xflamcd  the  Meiidiaa  that  palTes  tbrongk 
the  farthcft  of  the  Canary  Iflanda^  as  hit  lirft  Meridianf 
that  being  the  moft  weftcm  place  of  the  worid  then 
known.  After  him,  as  more  couniries  were  difo(^ 
vcrcd  in  that  ouartcr,  the  Firft  Mcridiiia  was  remov 
farther  off.  The  Arabian  geographers  chofe  to 
the  Firft  Meridian  upon  theutmolt  Ebore  of  tlie  wertern 
ocean.  Some  fixed  it  to  the  ifland  of  St.  Kicliolaa 
near  the  Cape  Verd;  Hondios  to  tbe  i0e  of  Bt, 
James  ;  ethett  to  the'  iffand  of  IM  Cmwo,  one  of  the 
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at  that  liinc  p'ljnted  divc**lv  ii()rtli,  without  any  v*. 
riation  :  and  it  v.:  -!  no;  t'lcii  known  tli;:t  the  varia- 
tion of  the  m  edl  ■  i  i  lUt  lf  fuijjcit  to  variatioti.  The 
lateft  gtot^rafilirr;;,  particularly  the  Dutch,  have  pitch- 
ed on  the  Pike  of  Teneriife  ;  otbeia  on  tbe  IHe  oC 
Palm,  another  of  the  Craariea  ;  and  h1Uy»  the  Freneht 
by  onkr  of  the  king,  on  die  ifflaad  of  Fera,- another 
of  the  Canaries. 

But,  without  much  regard  to' any  of  thefe  ml  ri, 
peo^jraphiTS  and  map-inakcrs  often  airum*-  t'lc  Ivleiitiian 
of  tlie  place  whei-e  they  live,  or,  the  e;;pital  of  their 
country,  or  iu  dncf  obfcrvatory,  for  a  Firil  Meridian  | 
and  from  thcnce  reckoo  thebngitadetof  placea»  caft 
and  weft. 

Aftranoraenb  ia  ifcctr  cdcBlaUoat»  nfnaUj.  dwA 
0»  (fa* 
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ihc  Meridian  of  the  place  where  their  obfcnrations  are 
mad^  for  their  Tirll  Meridian  ;  as  Ptolomv  at  Alex- 
andria ;  Tycho  Brahe  at  Uniuboui^  i  kkcioli  at 
Bolugna}  Fbrnftecd  «t  the  ftonl  Obfrmtoty  at 
Greenwich  {  and  the  Frrach  at  the  OUervatwrj  at 
Faria. 

There  i«  a  fujxgcftion  in  ilf  riil  Tranf.  that  the 
Werfdians  vary  in  time.  And  it  b^*  been  faid  that  this 
it  rcndmd  probable,  firom  the  old  Mciidi.iii  li:ic  in  the 
church  of  St.  Petronio  at  Bologna^  which  is  iiaid  to 
vnrj  no  lefii  tKiin  8  drgree«  from  the  true  Mtridian  of 
lilt  pl.cr  at  tl.is  time;  and  from  the  Meridian  of  Ty- 
■t.hu  at  Ur  i!  iljourg,  which  M.  Pleart  obferrcs,  raries 
18  mitiutis  iVoni  the  modern  Meridiau.  If  there  beany 
thing  of  truth  in  this  hint,  Dr.  W  Jli»  faji,  ilie  alte- 
tatMHl  Biuft  arife  from  a  change  of  the  teiicfliial  pules 

Sere  oneaith*  of  the  caith'k  diamal  moduli),  not  of 
dr  pointing  to  this  or  that  nf  the  fixed  Aar:i :  fur  if 
the  poles  of  the  diurnal  motioa  remain  fixed  to  the 
fame  place  on  the  earth,  the  MeridrUW,  which  paf* 
throiij;h  tlRi'f  pv'lcs,  i:n;il  remain  the  fame. 

But  the  notion  of  tlic  i  iisnt^rs  of  the  Meridinn  fccms 
overthrown  by  an  obferv.i-.!.  ui  ot  M.  ChazcllcK,  of  the 
French  Academy  of  Science*,  who,  when  in  F.gypt, 
fetind  that  the  four  fides  of  a  pyramid,  built  30GO  ytari 
Ko,  ftiU  looked  very  cxaAlv  to  the  four  cardinal  points. 
A  pofition  which  cannot  De  codidered  as  merdy  for- 

tLit. 

MiK  ipi.vs  :/  ii  G'obr,  or  Sphere,  is  the  brazen  cir- 
cle, in  whic!i  tlik  gluLf  h:i:;i;:^  .iMcl  turns. 

It  is  divided  into  four  i^o'ii,  or  360  ilcgrecs,  begin- 
ning at  the  equinodial:  ou  it,  each  way,  from  the 
cquinoAialt  on  the  celcdial  glub;H,  is  counted  the 
north  and  foutb  declination  of  the  fun,  moon,  or  liars  ; 
and  on  the  terrcltrial  globc^  the  latitude  of^  places^ 
north  and  fouth.  There  are  two  points  on  this  circle 
cr.lkd  thi.- ;  uiul  a  i'i.iir,ctf :-,  < o.uii: fujiii  tfieacc 
through  the  centre  of  either  globe,  is  called  the  axis  of 
the  Mirth,  orjusaraiib  «■  whidi  it  i*  fuppoled  they 
turn  round. 

On  the  terreftrial  globes  there  are  ufually  drawn  36 
Meridians,  one  tliroi^  every  icth  dcijrcc  of  thecquar 
tor,  or  through  emj  l«h  degree  of  longitude. 

The  ufts  of  tliis  ciri  h  arc,  to  fct  the  globes  In  any 
particular  Liti't  Jc,  u,  lliew  the  fim's  or  a  ftar's  dech- 
nation,  riL;ii(  riiv.enrion,  greatelUtitude,  &c. 

Mesidian  i^n^,  an  arch,  or  part,  of  the  Meridian 
of  the  place,  terminated  each  way  by  the  horizon-  Or, 
a  Meridian  line  is  the  ioterfeftion  of  the  plane  of  tiic 
Mendfan  of  the  place  with  the  plane  of  the  horizon, 
often  callt  d  a  north-and  fouth  UDCt  bccattfe  its  di* 
leftioii  is-  friim  noilh  to  fouth.  * 

Tlie  Meridian  line  of  moll  cflential  ufc  in  aflrono- 
jny,  geography,  dialling,  &c  ;  and  the  greatell  pain* 
are  ta^en  by  ailronomers  to  fix  it  at  their  obfcrvatories 
to  the  utmofl  prccifion.  M.  Caflini  has  dtllinguiflied 
hunfelf  by  a  Meridian  line  drawn  on  the  pavement  of 
the  church  «f  St.  Petronio,  at  Boloeoai  being  ex- 
tended to  ISO  fcet  in  length.  In  the  "roof  of  this 
church,  1000  inches  above  the  pavi-rm  nt,  a  fmall 
hole,  through  which  the  fun's  imiiL- c,  \'  I  :  »  in  the 
meridian,  fiiUinjj  upmi  the  line,  mark  .  his  judirti  u  .^ll 
the  jear.  Wbca  .finilhcd,  M.  CafEni,  b^  a  public 
wdtDgi  quaiBttr  'vSattuA  th«  ntttbcattkiaiH  «f  £» 


rope,  of  a  new  oracle  of  Apollo,  or  the.  fun,  cHabb'ik 
cd  in  a  tenpkf  which  might  be  confuhed*  witk«atiiv 
confidence,  as  to  ^  diffieolties  In  aftniiMiDjr*  6«e 
Gkomok. 

To  draw  a  Aliridl'.n  I.'i-.-. — There  arc  many  w  avi 
of  doing  this  ;  but  fome  01  the  ealicll  and  fimplell  ant 
as  follow: 

I.  On  an  horizontal  plane  dcfcribc feveral concentric 
cbdei  AB,  ah,  &c,  and  on  the 
common  centre  C  tit£t  a  liilc.  or 
nomon,  per^eadieuhr  to  the 

horizontal  plane,  of  about  a  foot 
in  length.  About  the  2 1  It  of 
June,  between  the  hours  uf9  and 
1 1  ill  the  morning,  and  between 
I  and  3  in  the  afternoon,  obferee 
the  points  A,  a,  B,  b,  &c,  in 
the  circles,  where  the  /hadow  of 
the  ilile  tenninatea.  Bile£l  the  ardies  AB,  aht  &<V 
in  D,  d,  &'c  If  then  the  fame  right  line  DE  htfeft 
all  thcfe  arches,  it  will  be  the  MiriJian  line  f« 

As  it  is  not  cafy  to  determine  pretiiely  tlie  extremity 
of  the  fliadow,  it  will  be  bell  to  make  tlic  Ilile  flat  at 
top,  and  to  drill  a  fmall  hc/le  thn)Ugh  it,  noting  the 
lucid  point  proje<flcd  by  it  on  the  arches  AB  and  oj, 
.inftcadof  marking  the  extremity  of  the  ftiadow  itfidf. 

X.  Another  method  is  thiiat  Knowiag  the  IbnA 
quarter  pretty  nearly,  obferve 
the  altitude  FE  of  fome  liar 
on  the  t  .lil  luiiut  itjiiudnot  far 
from  the  Mciidiau  HZRN  : 
then,  keeping  the  quadrant 
firm  ou  its  axis,  fo  as  the 
plummet  may  ftill  cot  the 
fame  degtect  direct  it  to  the 
wellem  fide  of  the  Meridian, 
and  wait  till  yen  tii;d  tiic  li.ir 
has  the  liatne  alulude  aii  be- 
fore, as  fe.  Laillv,  bifeil  the  angle  ECV,  formed  by 
the  interfeclion  of  the  two  planes  in  which  the  quadrant 
has  been  plaetd  ;;1  tiic  time  of  the  two  obfervatiuns,  by 
the  right  line  ^il,  which  will  be  the  Meridiaa 
fotight. 

^Iany  other  methods  sn-  given  l.y  autnors  ofde- 
feribing  a  Meridian  line;  iis  hy  tin  jtuIi  (l.ir,  nr  by 
equal  altitudes  of  the  fun,  ^kc  ;  by  Sciiootcn  in  his 
Kxercitationes  Geometriae  ;  Grey,  Duham,  StCf  in 
the  Pliilof.  Tranf.  and  by  FeiguloD  in  hit  Lciftuet  oo 
Sclcdt  Subierts.  ^  ^  . 

From  what  lias  been  faid  it  it  evident  that  wfienmr 
the  Ihadowof  the  llik  covers  the  Meridian  line,  the 
centre  of  the  fun  is  in  the  Meridian,  and  therefore  it  is 
tfii--i  r-.xm.  Ai:J  Ikt.cc  ilic  iifi of  a  iVIeridtao  tfiK  1)1 
adjuibiig  the  tuotton  of  clocks  to  the  fun. 

If  another  Ilile  be  ereiJlcd  perpendicularly  on  tiUf 
otlier  horizontal  plane,  and  a  fignal  be  given  when  thie 
fhadow  of  the  former  ilile  covers  the  Mecidhm  line 
drawn  on  another  jrfanCf  noting  (be  apes  or  cztremtty 
of  the  fhadow  projefteid  by  the  lireond  Ilile,  a  Unc 
drawn  throurfi  th  it  p-  int  :i  i<I  the  foot  of  dwHile  Wlli 
be  a  Mcridiaii  uae  a:  t;u'  2<1  [liace. 

Or,  iiiii.-ad  of  the  21!  tlilc,  a  plunsb  line  may  be 
hung  u^,  and  its  (hadow  noted  on  a  plane,  iqwn  % 
figjud  giTCD  tfwt  the  fladow  of  inotbcriiliiBniet,  ev 
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of  •  flile,  fallt  exadly  in  another  Meridian  line,  at  a 
Irttlc  diftaacc ;  which  fhadow  will  give  the  other  Me- 
ridian line  parallel  to  the  former. 

Memoiah  Xiiwt  on ,«  D'ait  a  a  i^ht  lue  arifioff 
finBthe  {iit«rfedion  of  the  Meriifan  of  the  place  with 
t]»c  plane  of  the  d:j".  Tins  vi  '.l.c  ]y.\:-  nf  no  ,i:,  or 
12  o'clock,  and  from  iK-nct  ihr  oivux.li  of  li.e  hour- 

Mekidian  J.ine,  on  Gunttr's  fcalc,  is  divided  un- 
equally towards  87  dtgrcfs,  in  fuch  manner  at  the  Me- 
ridtao  in  Mercator**  cbart  u  divided  and  numbered. 

This  fwe  it  very  ufeful  in  navigation.  For,  ift.  It 
fervet  to  gmduaic  a  fea-cliart  according  to  the  true 
wnjfrdfon.  jd,  Bcin^  joined  with  a  line  of  chords,  it 
l<r\r,  for  the  pi oti  iftion  and  rcfoliition  of  fucli  Tt(M- 
liitcal  Uiuni^Lii  i$  ai  L'  ronccmcfd  in  latitude,  loagitude, 
courfe,  anddiftancc,  in  tlio  p.adlieeof  failin|f{  ai  alfo 
ifl  pricking  the  chart  truly  at  fca. 

Magnet ical  Meridian,  io  a  CTcat  circle  paflln^ 
thmni  or  bj  the  anagnetical jpoVea  {  to  which  Men. 
Jbot  ue  magnetkal  ncMle  conforaii  itfelf. 

Meridian  Altitude,  of  fjn  or  lhir&,  is  their  alti> 
tade  when  in  the  men'dian  of  tijc  place  where  ihcy  are 
obfervcd. 

MtaiDiONAL  Diflante,  in  Navigation,  is  the  fame 
a-tth  the  Dcpart'.irc,  or  eailtng  and  widtingi  or  di^ 
Uace  between  two  mi^ridirtns. 

^  MsaiDiOilAb'Pdf /i,  I.Llet,  or  M'lmiiu,  in  Naviga- 
dnit  are  the  nita  of  the  increalied  or  enlarged  meri- 
<B»,  in  the  Mereator*a  chart.   Tablet  of  thefe  puta 

trt  In  mod  books  of  navigatiiin  ;  r.iiJ  ;Ikv  fLise  both 
fct  conftrucling  that  lort  of  t!iarta,  arul  tor  working 
that  kind  of  navi^atiun. 

Under  the  article  Msrcatcr'*  Chan,  it  is  (hewn 
dat  the  pwtt  of  the  enlarged  Meridian  incieale  in 
fmportion  M  the  cofine  of  the  latitude  to  laditti^  orp 
wk^  is  the  lanse  thin||,  as  radius  to  the  lecant  of  the 
htJtude  ;  and  therefore  it  fbOom,  that  the  whole  length 
of  the  enlarged  nautical  Meridian,  from  the  equator  to 
ar.y  jiuiijt,  ur  latitude,  will  be  proportional  to  the  fum 
of  all  the  kciints  of  the  fcrcral  latitudes  up  to  that 
point  of  the  Meridian.  And  on  this  principle  was  the 
fsA  Tah!e  of  Meridional  Parts  conftru&ed,  by  the  ia- 
mtor  of  it,  Mr.  Edward  Wright,  and  piibliAlcd ID, 
1599 ;  viz,  he  took  the  Meridionid parti 

of  i'  =  the  fee.  of  i'; 
of  2'  =  fee.  of  i'  +  fee.  of  2' ; 
of  3' s  fecants  of  1,  z,  and  3  min. 
*  of  4'  B  fecants  of  1,  2,  3,  and  4  mui. 

aadfo  on  by  aconftant  addition  of  the  fccantit. 

The  Tables  of  Meridional  Parts,  fo  conftntded,  are 
perhaps  exad  enough  for  ordinary  praAice  in  naviga- 
tion ;  bnt  thejr  woukl  Lc  marc  accurnte  if  tfic  Meridian 
were  divided  into  more  or  fiiw'lt  r  pai  ts  than  fmj^lc  mi- 
nutes ;  and  the  fm;'ilcr  the  parr  .,  fo  n-.iit  li  iIil'  greater 
tke  accuracy.  But,  as  a  continual  fubdivilion  would 
greatly  augment  the  bbourof  calculation,  other  ways 
m  computing  fuch  a  tabic  have  been  dcvifed,  aadtreatod 
of,  by  Bond,  Gregorv,  Oughtred,  Sir  Jonas  Moor* 
Dr.  ^Valiis,  Dr.  Halley,  and  others.  Sec  Merca- 
lon's  Chart,  and  Robertfon's  Navigation,  vol.  2, 
book  8.  The  bcil  of  thefe  methods  was  dirivnl  from 
tliif  property,  viz,  that  the  Meridian  line,  in  a  Merca- 
Mi'iclMitt  ttandsgogi  to«  fadeof  bgutUiakuuip 
a 


gents  of  half  the  complements  of  the  latitudes;  from 
which  property  aUb  a  method  of  computing  the  cafe* 
of  &)<fCttot't  Sailing  has  been  deduced,  by  Dr.  Hal- 
ley.  Vide  ut  fupn,  tUb  the  PhiloC  TnnC  voL  ^ 
pa.  559. 

7»fiidtbe  MaaiDioNAL  Parts  to  any  Sfikentidt  mM 

tbf  fnmf  fxa!liu'f!  at  in  a  KftL-rf. 

Let  the  feni;di,i,T,.;tcr  of  t!n-  rqii:'.t(jr  lit-  to  t'u-  dif- 
tancc  of  the  centre  from  tin-  r'ucui  of  li  i;i  ;>.iiiig 
cllipfc,  asm  to  I,  Let  A  rtj»rek-iit  the  Iaiin;ilK  ftjr 
which  the  meridional  parts  are  required,  /  the  fine  of 
the  latitude,  to  the  radiu*  1  :  Fir  !  the  aie  B,  whofc 

fine" is  — ;  take  the  logarithmic  .a:  ,;cni  uf  half  the 
tn 

complement  of  B,  from  the  common  '.ablcs  j  fubtracl 
the  log.  taagetit  from  lo'oooococ,  or  the  log.  tangtnt 
of  ;  multiply  the  remainder  by  the  number 
791 5 •70446-9,  and  divide  the  produtl  by  m  ;  lli.ii  the 

Suuticni  fubtra£kcd  from  the  Meridional  paru  in  the 
ihere,  computed  in  the  ttfual  manner  for  thetstitode 
A,  will  eivc  thr  Meridional  parts,  expr.  1  !;i  ii  i  utts, 
for  the  lame  latitude  in  the  fphcroid,  w  htn  it  is  liir  ub- 
late  One. 

H^timp/f.  If  mwi  :  I  : :  ic>00  :  22,  then  the  great- 
eft  di.Tcrence  of  tlic  MeriJional  parts  in  the  fphcre  and 

fche^oid  is  76-OQ29  minutes.    In  other  cafes  it  is 
und  by  mult^ing  the  remainder  above  mentioned 
by  the  number  1  lyj^jH* 

When  the  fpheroid  is  oblong,  the  ^(Terence  tn  the 
Meridional  parts  b<  t\er(  n  t;u-  i[iheie  aad<fpher<irj,  for 
the  fame  latitude,  in  iLcu  ti^Lcnnintvl  by  a  cm  n!  Li  an-. 
Sec  Philof.  Tranf.  no.  461,  feet.  14.  Alfo  Mac!.f.iri;i'» 
l  luxions,  art.  895,  And  Murdoib's  NUreator's 

Sailing  Sec. 

MERJLON,  in  Fortification,  that  part  of  the  Para- 
pet, which  Jict  between  tvvo  embrafnres. 

MER.SKNXE  fM.^K  .  i  0,  a  Wuul  French  au- 
thor, w-as  hum  at  iiuiirg  of  Ovic,  in  the  province  of 
Maine,  1588.  He  ftiidied  at  La  Fleche  at  the  fame 
time  with  Dct  Cartes  ;  with  whom  he  contradcd  ft 
ftrid  friendlh^  which  continued  till  death.  He  a&^ 
tcnnirds  went  le  Paris,  and  ftndied  at  the  SorbooBC  t- 
and  in  16 1 1  ratered  himfclfamon|f  the  Minims.  He 
became  well  fkilkd  in  Hebrew,  phiiofojihy,  anc!  inatlie- 
maticf.  From  16)5  to  16,1),  he  taugijt  plululophy 
and  theology  in  the  convent  of  Never* ;  and  became 
the  Superior  of  that  convent.  But  being  d;.'lirous  of 
applyiii;r  liir.fcif  raoi-e  freely  and  clofcly  to  Iluc'.y,  hc  . 
refigncd  all  the  polls  he  enjoyed  in  his  order,  and  re- 
tired to  Paris,  where  he  fpent  the  remainder  of  his  life  ; 
cxeepUng  fame  Jhott  escurii ons  which  he  occafionaUy 
made  into  Italy,  Germany,  and  the  Netheriiods. 

Study  anJ  literary  convcrratioii  were  afttrw.irds  his 
whole  enphiymt-iii.  He  held  a  correfjxindrtice  with 
In^'il  lit  the  Itariieil  men  of  hu  tune  ;  l)-..ui^  a-.  i[  vcrc 
the  very  centre  of  communication  between  literary  min 
of  all  countries,  by  the  mutual  correfpoiideiicc  which 
he  managed  between  them »  being  in  r  laace  what  Mr. 
Colltns  was  m  England.  He  omitfed  no  opportunity 
to  engage  them  to  publilh  their  works  ;  and  the  world 
is  obliged  to  him  for  fcveral  excellent  difcoverics,  which 
would  probably  have  he^;i  hill,  ljul  fur  lii,>>  tiieourage- 
ment }  and  on  aU  accounts  hc  had  the  reputation  of 
befiq;  one  of  the  beft  mens  m  wdl  ai  jpnQofbplienL 
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of  1ti«  -time.'  Mo  porCm  ifM  more  eonont  fn  venv- 

-i'-Mxn^  into  t1ie  fccrit*  of  nalutc,  and  carrying  all  the 
arts  atid  fcicnce?  to  pcrfcclion.  He  r.a*  the  chii'f 
fnend  and  litcrarj"  agent  of  Thi  Crrtcs  at  Paris  ; 
^ving  him  advice  and  allilLmcc  upon  jdl  occallotis,  and 
mforminp  lu'in  of  all  lli.it  patfcdat  Pari*  and  c]fcM-here« 
Tor,  1jcih<i.t  pci"rrn  of  uiiivcrfid  learning,  but  parttcU^ 
larly  cxci.llin!j  i  i  pin  ika!  and  Tratlu mwical  knowledge, 
Dm  Cartes  tcarcdlT  ever  did  any  thiagf  or  at  lesA  wat 
not  pcrfeAly  fatiJicd  with  any  l»<^  had  done, 
trithout  t.rii  knoui  i^  wlut  Mcrftnin:  lli  ut,  lit  of 
ft.  It  i;  (vcu  faiil,  th.U  wli-.-n  Mcrf>.T.UL' gave  uul  in 
I'ffri'',  thnt  Des  C;ntos  was  crciliiii;  a  new  fj'ftcm  of 
phyiics  iippii  the  fuundalion  of  a  vacuum,  and  found 
thcj>iiUlic  VI I  y  indifferent  to  it  on  that  very  aocoantf 
be  uDmcdiaurf  fcnt  notice  to  Des  Cartes,  that  a  va> 
oiuin  was  not  then  the  fafbtoR  at  Parts ;  ttpoo  which, 
t\i3t  pliil  ifopLtT  changed  hh  fylteai,  aod  adopted  the 
old  d'j'flrini-  uf  n  p!«ium. 

Mc;  frnnc  \ras  a  man  of  j^ood  invention  alfo  hiinfclf ; 
and  he  had  a  pfcuHar  trtlt-nt  in  funning  curious  qnef- 
tionii,  though  ho  <i\!  m  t  .lA-.  ys  fuccted  in  rcfoNin)j 
thtm  ;  howrvcr,  heal  leall  gave  occafion  to ot!»ers  to 
do  it.  It  is  faid  lie  invented  the  CycKiid,  otherwifc 
called  the  Rouk-tte.  Prtfentl^r  the  chief  gcometci- 
moa  of  the  ag;e  engaged  in  *he  contemplation  of  thia 
i)cw  curve,  among  \il;i  rm  Mcrfennc  hiipfdf  held  a  dif- 
tinguiflied  rank.  Aiuv  a  very  iluilioiw  and  ufcful  life, 
he  died  at  Paris  in  1648,  at  63  years  oi"  a^i-. 

Merfenne  was  author  of  many  ufcful  woiks,  j)articii> 
laily  the  following : 

I.  ^uefiienet  ttteberr'tmd  in  Gff:-f  ;n. 

3.  Harwtomtwmm  UirL 

3.  T)e  Sonorum  Nattintf  tt  ^fiSiiutw 

4.  Cogiiaia  Phyftco-Hftahtma&t  t  *  val(.4tOb 

5.  Jm  Ft  rite  Jtt  Sc'uticet. 

6.  J  ft  ^i^fiiofi!  inotttei. 

iv'iny  lettcn  a  the  woAt  of  Dea  Caitc% 

4nid  other  autiiors. 

ME80LABE,  en-  MrsotARiuM,  a  matheiMtkad 
hftnirr.ent  invented  bj  the  Ancieota,  fbrfindine  two 
-flicnn  propnrtionalaiiicaHinieaQ^,  which  they  eoiud  not 

perform  geometrically.  It  confifta  of  three  ^mraUelo- 
grams,  moving  in  a  groove  to  certain  intetfcfhona.  Itj 
figure  i»  defciibcd  by  F.utocins  in  his  Commentaiy  00 
ArchiTRfdeii.    See  alfo  Pappus,  lib.  ^. 

JiflESO-L<'OARiTHM,  a  term  ufcd  by  Kepler  to  fig- 
llifythe  logarithms  of  the  cofines  and  cotangenta. 

mETO,  or  Mftov,  the  fon  of  Paufania*,  aitunotu 
ttatthcnuiriciu  of  Athent*  who  flourilhed  432  rears 
before  Chrift.  In  the  firft  year  of  the  «7th  Oly  mpiad, 
be  obfcnrcd  the  fnlflice  at  Athens :  and  f:l>unii.<!  Iii, 
^iwfatUi'atariiir,  that  is,  his  Cycle  cf  19  I'dir;  ;  h\- 
which  h?  erdcavonred  to  adjud  tlic  conrfe  of  the  f:  n  to 
that  of  tilt  mcj-jn,  and  to  make  tiie  folir  and  lunar 
ycarF  begin  at  thv  fame  point  of  :ime.  SeeCvcLt. 

Metonic  Cyclf,  called  alfo  the  Gtddat  Ntu^tTt 
tecALtuK  -  Cw  h,  or  Cyrh  rj  th  M»'^n,  thatwMdiwga 
it) vented  by'Mctoa  the  Athcaiaa;  being  a  period  of 
19  years.    S«  CTCtt. 

METOPE,  or  Mftopa,  in  Architcv'^ure,  tlic 
fquare  fpacc  between  tlie  triglyphs  of  «he  Doric 
Freeze  ;  which  among  the  Ancirnts  ufid  to  be- atlomi-d 
with  the  hcada  of  bcalb,  bafoaa,  fa£es,  and  other  ip< 
4rttiiiaiit8vGsdh  frerifieing« 
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A  Dnu-Mthpt  ia  a  fiiaee  foaiewhat  lefa  tkmlialf  • 

Metopr,  7'.  the  comer  of the  Doric  Freeze. 

^!1CHAKLMAS,  the  fend  of  St.  Michael  the 
arcl:  ini'cl  ;  iirM  on  the  29th  of  Se]^tenibcr. 

MKRUCOUSTICS,  the  fame  with  Micao- 
>HO"irs. 

MICROMETER,  it  an  inllrument  ufinlljr  fitted  to 
a  tclcfcnpf,  in  the  focns  cf  the  olijod-glafa,  for  men* 
furiflg  fmall  angka  or  diAancea }  aa  the  apparent  dia* 
mftm  oftheplanetf,  <kc. 

''"■icre  arc  lV»crBl  fort*  of  thefe  t  i^ninunt^,  i:p  >ti 
dili^uut  principles;  the  origin  of  u'i(!i  \::v\  Sin  d;!- 
p'Jtcd.  The  general  ji' J;k-';j1c  r's  tli.'.i  i!r-  r:i;i;  u'rimt 
moves  a  fine  wirepamltclto  itfclf,  in  the  plane  oi  the 
pi^liire  of  an  object,  fonncd  in  the  focus  of^ a  telefrope, 
and  fo  with  greiit  exa.^cfs  to  mcafurc  its  perpendicu- 
hir-diftatiee  mkiti  a  fixrd  wnr  in  the  fame  jfLutt  i  and 
thus  are  tneafurcd  fmall  aa^^ei,  fubtcnded  by  TCmote 
objefts  at  the  nnked  eye, 

Fcr  exi7mj>/<r,  Let  a  planet  be  viewed  tlirough  the' 
telv-fcopc  ;  and  when  the  parallel  wire*  are  opened  to 
fuch  a  dillance  a»  to  appear  eK.iftly  to  touch  iwo  o]j- 
pnlite  points  in  the  circumference  of  the  planet,  it  i» 
esident  thv  the  perpendicular  diftance  between  the 
wirea  ia  then  equal  to  the  diameter  of  the  puM  :re  of 
the  phimrt,  ferned  in  the  fbcna  of  the  ob'i'  ,;lr.!*. 
Eet  till?  ilifl.mr-.',  wliofi-  n'.fafuri;  11  i^ivt-!i  Ijv  !h.-  rr.r- 
chatiilm  of  the  micrometer,  be  rcprclcnted  by  tiic  line 


fj;  then,  fincc  the  meafure  of  the  focal  diftancc^L 
may  be  alfo  kiiown,  the  ratio  of  ^ L  to  ^h,  that  is,  of  ra< 
dtnato  the  taneeot  of  the  angle  qLp,  will  gi\-e  the  angle 
Melf,  byatable  of  finea  and  tangent!):  and  this  angle  ia 

equal  to  thi^ppontt  a-!glc  PI-Q_,  wliich  the  i  c.il  -".-.ime- 
ter  of  the  plauct  fublcndt.  at  L,  or  ;it  ll:f  iip-kcil  tye. 

With  refpcit  to  the  invention  of  tl;o  Micro. in.  ter  j 
MefT.  Azout  and  Picard  have  the  credit  of  it  ia  cum- 
men  fame,  as  being  the  firft  who  publi(hed  it,  in  the 
year  1666  ;  but  Mr.  Townley,  ia  ikc  PbSaL  TranC 
(cchima.  it  for  one  of  our  own  ooantrymeOt  Mr.  Gaf> 
coigne.  Hie  rclatea  thatt  from  fome  fcattered  papcn 
and  letters  of  thia  gvntleman,  he  had  learnt  that  be* 
f  yrr  .  uir  civil  wars  hc  had  invcjited  a  MicTfJit.iic:  ,  of  aa 
ntich  tffeti  as  that  dnce  made  by  M.  Azoitt,  and  had 
inadc  uic  of  it  for  fome  year  ,  i  .it  only  in  t;ikiiig  the 
diameters  of  the  planets,  and  oi.i  nice^  upon  land,  but 
in  detcrniining  other  mattaa  of  nice  imj>ort.ince  in  the 
heawna  {  aa  the  moon's  dittaaoe,  .&c.  Mr.  G«f«oiglMl^ 
tnftnraient  alfo  fcn  faito  the  handi  of  Mr.-Towidpy«  who 
fays  farther,  that  by  the  help  of  it  he  could  make  above 
40,000  divifi»u«  in  a  foot.  Thi*  inftnimentbeinfr  <hewn 
to  l")r.  Hook,  he  gave  a  drawing  nml  I'l  lcii'itioii  uf  it, 
andpropofod  fei-eral  impn)v<:tnent»  in  it;  whti:!*  1:  a\  be 
feen  in  the  Pliilof.  Tranf.  vok  I,  pa.  6^,  andAbr.  ■?(  1.  f , 
pa.  317.  Mr.  Gaiicoigne  divided  the  image  of  an  ob. 
jeftt'iB  fbe  fic«a  of  the  objcdfc>gb&,  b}-  the  appmch  of 
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piece*  of  Btctalp  fpoand  to  «  vcty  fine  ei^e  i  at- 
Acad  of  vliicli.  Dr.  TTook'wonU  fubftitntc  two  fine 

lia'.-f,,  nrrtihccl  piii-iIL:!  to  cnc!i  other;  and  t'.vo  ntlier 
JiKtliaii*  ot  Dt.  liuok,  (liti<it.'nt  iiorn  tliis,  ate  dc- 
icn'bcd  in  his  poilliumoiu  works,  pa.  497  Sec.  An  ac- 
couot  of  fcvcral  curioui  obfcrvationa  M*iiich  Mr.  Ga.C- 
coj^enuidc  by  the  help  of  hi&  Micfumeter,  particularly 
n  Bcufttriiig  diamctrr  of  the  moon  and  other  p;a- 
BCtt,  my  be  deen  ia  the  Ptiilof.  TntiT.  toI.  pu.  1  ; 
where  Dr.  Bcvis  rcfci-s  to  an  original  letter  of  Mr.  Gaf- 
coigtte,  tu  Mr.  Oughtredt  urittca  in  1641,  for  an 
iooDuot  girea  hj  toe  aodior  of  hit  own  uncDtioo, 
tec 

Monf.  Dc  la  Hire,  in  a  difcourfc  on  the  aera  of 
the  iiiTention«  of  the  Micrometer,  pendulum  clock, 
and  tdelcope^  tei.d  bcu'ic  the  Royal  Academy  of 
Sciences  in  1 717*  makes  M»  Hujeeiuthe  iovcntor  of 
the  Micrometer.  That  author,  he  obfenret,  in  hit 
OEifcrvation*  on  S  tt  Ji n' Ring,  ^cc,  publiiii(-\'.  in  1659, 
giTts  a  method  of  uiiuii,^  the  diameters  <  f  tin-  pl.incts 
by  menus  of  a  tclcfcopc,  viz,  by  pLiiii:ig  ai>  1  hjcct, 
which  he  call*  a  virrula,  of  a  fizt  piop^-r  to  take  in  the 
diffance  to  be  mcafurcd,  in  the  incus  of  the  convex 
oUc&-glaf$ :  in  this  cafe,  faj>»  he,  the  fmalleil  objc& 
WW  be  fees  TCry  diftinAly  in  that  place  of  the  gUft. 
By  fuch  meant*  he  adds,  he  mcafured  the  diameter  of 
the  planet*,  ss  he  there  dcliven  tliem.  Sci-  Huygcus's 
"tni  of  S  iturn. 

Tl<s»  Microtntter,  M.  Dc  la  Hire  obfervc»,  k  fo 
very  h'ttlc  different  from  that  publtfhcd  bj  the  mar(|uiii 
De  Malvafu,  in  his  Ephemeridci!,  three  yrr.rs  r.ftrr, 
tibat  tiwy  OUSht'tObe  cSeeisitd  iIk  iarn<-  and  tht 

ICeraaieter  of  the  nu^uis  differed  yet  iciiii  from  thai 

TnUilbed  (bar  yean  after  hi«,  by  Azont  and  Pieard. 
Itiici-,  D'  ^3  Hiri-  tonchid- li,  th^t  'r  i>  ;i>  H^v.^..t", 
ihc  world  1:.  i'ldtLUti  lor  tile  iii'ttiiiuu  i^l  '.It-  '.JcivHj.c- 
ttr;  wilf.iiUi  taking  any  notice  uf  tin  (  l.iini  of  cur 
coubtryra^ui  Gafcoigne,  which  however  is  ouuy  years 
prior  to  any  of  tlicm. 

Dc  la  Hire  fays,  that  there  is  no  method  more  fusp 
pie  or  cotnmodious  for  obfcrring  the  digits  of  an 
edmfe^  than  a  net  in  the  focus  of  the  tdefci^.  ThcCe, 
Ik  hyn,  were  nfually  made  of  (iJkcn  thrrsds  ;  and  for 
tlu's  j..-irtl .  iilar  purpofc  fix  couceittric  circle-.  Jiiid  n'So 
htxii  ul<.<i,  drawn  upou  oiied  paper  ;  but  he  .tdviica  la 
draw  the  circles  on  very  thin  picvcs  of  glafs,  with  the 
point  of  a  diamoitd.  He  alfo  givet  fomc  particular  dU 
icfiioDS  to  iSTtA  pcrfons  in  ufing  them.  In  aauthv 
HCWcir,  he  ihews  a  metltud  of  making  ufe  of  the  fiunC 
net  for  aK  cclipfcs,  by  uftii;^  a  telefcupe  vtilh  two 
objeA-gLiTes,  aod  placin^^  tlu  r,  ;ii  diftvrcat  dillancca 
from  eac'i  other. 


em.  1731  j.::.d  1 717. 
M.  C:dlttn  invciitcd  a  very  inff^uions  method  of  af- 
certainii.  1  the  n'^^lit  afccnriuns  and  dcclijtat ions  of  fiart, 
by  fixinj;  fiy'tr  crofi  haii  In  the  fcicns  of  the  tdefirop^ 
mad  tixrnlng  it  ab<>ut  its  axis,  foas  to  make  then  move 
ja  0  liiic  trniUd  to  one  of  tl  em.  Cut  the  latctim* 
ptoved  Ivlicrametm  will  aafwcr  this  ptirpefe  with 
ffrrater  e«aAnefs.  Df.  Mafkelyne  has  publifhed  direc- 
tions for  li.<.  jT-c  </i  it,  cxtraficd  from  Dr.  Biydley's 
papera,  ii^-  lbc  yial-A.  Trauf.  vol.  61.  See  alfo  Smith's 
Optics,  vol.  2,  pa.  J45. 

AV'olfn.j  dcfrrlbcs  a  MtcrcnKter  of  a  very  cafy  and 
fimujtr  ftxiKSorc,  firll  contrived  by  Kirchius. 

Ah*  .^^ctham  t<dk  us>  that  im  Micrumetgr  is  aot  pa». 


intoaituhe*  ai  it  ufual,  but  is  contn'ved  to  meaforethe 
fpeAm  of  the  fun  on  paper,  of  any  radius,  or  to  mc» 

fui  L'  any  part  of  thrm.  By  thi-.  mc:tris  lie  can  calUy, 
a;id  vtiy  exactly,  with  the  help  uf  a  fine  tii:i-jd,  lake 
the  declination  of  a  folar  fjxit  at  any  time  <,!"  the 
djiy ;  at'.d,  bv  his  half  fccondii  watch,  meature  the  dif» 
tancc  of  the  fpot  from  either  limb  of  the  fun. 

J.  And.  Scgner  propofcd  to  enlarge  the  field  of  view 
in  thefe  Micrometers,  by  makinv  them  of  «  confident* 
ble  extent,  and  having  a  rr.ovcablc  cyc-glafs,  or  fcvcral 
cye-glafTes,  placed  oppofite  to  differtnt  parts  of  it.  Hc 
tlj/;.'dil  Imwrvcr,  ;iiut  two  would  bo  ijiiitc  i^itiicicrit,, 
and  iie  giviv  paiticiilar  directions  how  to  make  uJe  of 
fuch  Micron.etcrii  in  allrcnomical  obfimitiooti  See 
Comm.  Gotti.ij^.  vol.  i,  pa.  27. 

Aconiidtniblc  iiiijMovement  in  the  Micrometer 


communicated  to  the  Royal  Society,  in  1743,  by  Mr. 
8.  Savary;  an  account  of  which,  eatraftrafrom  the 

minutes  by  Mr.  Short,  was  pnl.Ii  lied  in  t!ic  Pliilof. 
Tr.iiif.  for  17JJ.  The  fiHl  luiit  uj  iucii  a  ASjcrometcr 
was  fuggefted  by  M.  Roeratr,  in  1675  :  and  IVl.  Bou* 
guer  proiK'fed  a  cnullru^liuu  fimLlartO  tliat  of  M.  Sa- 
varj-,  in  1 748  ;  for  which  fee  HiLlOMBTEa.  The 
,  late  Mr.  Dclloiid  made  a  farther  iaHuoveneut  iu  tbi» 
kind  of  Micrometer,  an  account  of  which  was  given  to 
tlie  Royal  Society  by  Mr.  Short*  and  puUiOied  in  tlie 
Phfbf.  Tranf.  vol.  48.  luacad  of  two  objcd-glaffcs, 
hi-  <i  Old)  I'  .f,  v,li:i  h  hc  neatly  cut  into  two  fcmi- 
tiichs,  ai  d  iitud  cell  Icmicirele  in  a  metal  frame,  fo 
that  thti.  di.iniciiii  ilidi.  g  m  imic  aiiothrr,  by  meant 
of  a  Icrew*  may  have  their  centres  fo  brought  together 
as  to  apipear  Kke  one  glafs,  and  fo  form  one  image  ;  or 
by  tbcir  centres  receding,  may  form  two  images  of  the 
&me  objed:  it  being  a  property  of  fuch  gl^iles.  Car 
any  fcgment  to  exhibit  a  perfeift  image  of  an  oljicft,  al- 
thongli  not  fo  bright  as  the  whole  i;l.iis  woulu  ^rivc  it. 
If  proper  Icalcs  arc  fitted  to  th:s  iuih  unicnt,  lliewiug 
how  far  tlic  centreii  recede,  ivlativc  to  the  focal  length 
of  the  glafs,  tlicy  will  alfo  fhcw  how  far  the  twopartt 
of  the  lame  object  arc  afundcr,  rcLitive  to  its  diitanoe 
6am the  obji^t-glafs  ;  and  coiifequently  give  theas^ 
mdw  wliicb  the  diitaocc  of  the  putaot  that  obied  m- 
fecn.  This  divided  objedi-glafs  Micrometer,  which  wat 
applied  !i;.-  I'lc  l.itc  Mr.  I)"lIo:.d  to  the  obirct  end  of  a 
reflctting  tckicujpc,  ar.d  hm  been  ivith  euual  advantage 
adapted  by  his  Ion  to  the  end  of  an  achromatic  telcf.- 
iicope,  is  of  fo  rafy  ufe,  and  afiords  fo  large  a  fcale,  that 
k  it  generally  looked  upon  by  ultrotiomerE  as  the  moft 
convenient  aad  eza£t  ioihument  fior  mcafuriog  Imall 
difiances  in  the  heaven*.  However,  the  conunon  Mi. 
ciometer  Is  peculiarly  adapted  for  meafuriiig  difTemices 
of  rigi't  afeenfion,  aod  dtclinitioii,  of  celelfia!  objects, 
but  Itfs  convcuient  and  ex.idi  for  mcafutiu^i  their  abfo- 
lute  t^iil::nc<s  ;  whereas  the  objeit-glafs  jVlicTomctcr  is 
peeu'i^.iy  littcd  for  meafiinDK dill&nccs,  thourh  gene- 
rally f  u;  pofed  Improper  for  the  fonnei  purpolc.  But 
Dr.  MjIkcK  rc  lias  £»und  that  tliis  may  be  applied  witli 
very  littk  tivbble  to  that  purpoie  aUb'}  aod  ne  km  fur. 
oiflied  thediredioni  oeceliary  to  be  foQowed  whenk  it 
ufe d  in  ihi:-  in;-.'Kier.  The  additi 'i:  icijuilitc  for  tbis 
ptirpul'e,  ill  n  cdl,  eontiining  two  wires,  interfering 
nc\\  other  .it  rijfht  aDj;les,  placed  in  tlie  focits  of  the- 
cycffUitt  of  ( be  tclcfcope,  and  movrablr  round  about, 
by  the  tuminig  of  a  bLitton.  1-or  the  defeription  of 
luc  ■ppiTatBt>  with  the  method  of  applyii^  and  ding 
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it,  fee  Dr.  Maiiulyne's  paper  on  tlw  fubjefk,  ia  the 
Phflof.  Tranf.  vol.  6i,  pa.  536  &c. 

After  iili,  tfr-  life  of  the  obj«it-gl  ^^^cr^lTlftt■r  It 
attended  Willi  cliiliculltes,  arifmjj  from  the  ahcralious 
in  the  focus  of  the  eye,  wljicli  arc  apt  to  caufc  it  to 
give  difTi  icnt  mt^furta  of  the  fume  angle  at  di^ent 
ti'mc^.  To  obviate  thefc  Hitilcuhiet)  Dr.  MsflcehnCi  tit 
l'J^6t  contrived  a  pri(matic  Micrpmeter,  or  a  Micro- 
meter  coafifting  of  two  adnnomatie  pnfim,  or  wedges, 
applied  between  the  obfct^-g"*!"*  and  cyc-plafs  of  an 
ac-hn)matic  telefcupc,  by  moving  of  which  wedges 
nearer  to  or  farther  from  the  objvxi-glaf';,  the  two  images 
itf  an  ohji-'dl  produced  by  tliem  ap|K'arcd  to  approach 
to,  or  recede  from,  each  other,  fo  ihnt  the  focal  length 
of  the  ohiecl-glai",  become*  a  fcale  for  meafuriiig  tlic 
angular  dnlaiiceof  tbetWO  linages.  The  rationale  a;id 
ufe  of  this  Micrometer  are  explained  in  the  Philof. 
Tranf.  vol.  67,  pa.  799,  &c.  AndafimilartoveDtfcm 
the  nlilx-  i\<>chon,  and  iirproved  by  the  abbo  B  /i  "- 
vich,  vvai  dlio  conunuuicaied  to  the  Royal  Society,  and 
ptiblitlu'd  in  the  lame  wlume  »f  tlie  Tndafiiom* 
pa.  789  &c. 

Mr>  Ranifden  has  lately  dtfcribed  txvo  new  Micn>- 
meterti  which  he  has  contrfwd  for  remedying  the  de- 
fe&toftlic  objed-ghtrs  Micrometer.  One  <n  thcCe it 
a  catoptric  Micrometer,  which,  befidn  tbeadTiotBge 
it  derivetfrDin  tlte  principle  of  refle^on,  of  not  Iwing 
^lluihed  by  the  heterogeneity  of  light,  avoids  every  dc- 
feQ  of  other  .Micrometers,  at»d  c;iri  have  no  abcrratiot), 
nor  any  dtfctt  arifmg  frt  rn  tli.j  MLpcrkction  of  mate- 
rials, or  of  execution ;  as  the  great  iiinplicity  of  its 
COnftrufkion  reaiiires  no  additional  mirrors  or  glaifes,  to 
tbofe  required  for  the  telclbopc  ^  and  the  reparation  of 
the  image  being  eifedcd  by  the  iticlioatibii  of  the  two 
fpecula,  and  not  depending  on  the  focwof  lensor  mir- 
ror, any  alteration  in  the  eye  of  an  obfervcr  cannot  af- 
fect the  angle  mcaiiirol.  It  has  peculiar  to  itfelf  the 
ad%untages  of  an  adjullment,  to  make  the  images  co- 
incide in  a  direction  perpendicular  to  that  of  tbi-ir  mo- 
,tion  ;  and  alfo  of  meaiuring  the  diameter  of  a  planet 
On  both  fides  of  the  teto;  which  vrill  .ippcir  110  in. 
oonfidcrable  adrantn^  to  obfemHn  who  know  boir 
much  eaitcr  it  ii  to  alcertani  the  contaft  of  the  external 
edges  of  two  images  than  tlieii  pcrftcl  euiiiCHio.'ice. 

The  other  Micrometer  iiiventv'd  and  dcferibed  by 
Mr.  Rimfdcn,  h  fuited  to  the  piincfph-  of  refnidion. 
This  MicromeK-r  is  applied  to  tiK-  er^ct  eye-tube  of  a 
tefrafting  tcLfc  pf,  aiid  is  pl.icfd  iti  the  conjugate  fo- 
cus of  the  full  ryr.glafs,  lis  li.e  image  is  coiilidrrably 
jnagnilied  before  it  comes  to  tin.'  Micrometer,  any  im- 
perfection in  Its  yhii  will  be  magnified  only  by  the  rv- 
maining  eye-gl;,tles  which  in  any  telefcopc  fcldom 
cxceedi  5  or  l>  tiiiies  ;  and  lu-rtles,  the  fi/e  ol  the  Mi- 
cromeltr  glalJ  will  not  be  the  lOOth  p.irt  of  the  area 
which  would  !  ^  <.t;.i;'  cd,  if  it  were  ;i!.»e«.d  at  the  object- 
glafs  ;  and  yet  the  liiire  extent  cjf  fcjtu  is  prtfeived.  and 
the  imagis  arc  uuiforrulv  bri;i!it  in  every  part  of  the 
field  of  the  tckicope.  See  the  deCcri^tion  and  con* 
llni£tion  of  thcfe  two  Micrometei*  tn  the  PhOof. 
Tranf.  voL  ^9,  part  j,  art.  27. 

IftTol.  72  of  the  Iliilof.  Tranf.  for  the  year  17S2, 
Dr.  Herichel,  after  i  ■■  in;:;  tl..  .i.  n-a..  ir-pi-r- 
fcitions  of  the  parnlic-l  wn^^  \.u  uini:*.r,  tt[Ki,-iBl:y  for 
meafuiing  the  appiirti  *  di  um.T:-  i:f  1'  , ;,  unJ  the  dif' 
taucea  bctwcta  double  and  multipk  flars,  dclchbcsao^ 


for  thcTe  pnrpoliri,  which 'he  caUi  alanii  Miotmeleri 
one  that  »  free  from  fuch  defcAs,  and  na*  the  advaa* 

t.';;c  of  a  very  cidirgid  feale.  In  fp  ;'  :ii  ;  <it'  •.leap, 
plication  of  this  i;ifti-un:ent,  he  f.iys,  ii  u  wcii  knuwn 
to  opticians  and  others,  who  hr^ve  been  in  the  habit  of 
tiling  optical  imlruments,  t'i:-f  itf  ci-n  with  one  eye 
took  intt)  a  n.icn/fcope  or  {. i'  1  j,'^,  and  fee  an  ob^eA 
much  majgnificd,  while  the  naked  eye  ntay  fee  a  tea!e 
upon  which  the  magnified  ptAore  is  thrown.  In  thia 
nianntr  I  have  generL'Uy  determined  the  power  of  my 
telelcoprs  ;  and  any  one  who  haa  actjuirtd  a  friciliiy  of 
taking  Aich  obfer>"ations,  will  vei-y  leldom  mill  ikc  fo 
much  as  one  iti  50  in  determiuiiig  the  puwtr  of  an  in. 
ilrumcnt,  a:!d  thatdegreeof  cxaoncfa  ufiilly  foflkienb 
for  the  pill  pofe. 

"  The  Ne^vloulan  form  is  sdmii-aWy  adapted  to  the 
nfc  of  this  Micromeur }  for  the  obfervcr  (lands  almin 
ercA,  and  look*  in  a  hori7ontal  dirr£lioB,  notwitn* 
n.i;n!;:i,;  tVi  -  tdefeope  (houM  I.-  •  )  to  the  zenith. 
— The  icale  of  the  M  icionii-lci  j.L  iLn  cotiVt  i.ier.t  dif- 
tanee  of  JO  fect  I'lom  the  eye,  with  the  power  of  460, 
is  above  a  quarter  of  an  inch  to  a  fecund;  and  by  put- 
ting on  my  power  of  9^?,  I  obtain  a  Icale  ol  more 
than  half  an  inch  to  a  Iccond,  without  increafmg  the 
diftancc  of  the  Micrometer  ;  wh-  reu^  the  moft  pcrfc& 
of  toy  fdrmer  Micrometers  with  the  fane  iaitrometit* 
had  a  fcale  of  left  thun  the  ::oocth  part  of  an  inch  to  * 
fecoiui. 

«*  '["lit.-  incafurc^  o;  •'.iij  M  ..-i.jn.i.ttT  ate  nci  ca.itir.cd 
to  diiiib'.r-  it.irs  only,  I  n!  i  ;  iy  be  applied  to  any  other 
objetts  that  require  the  utmoU  acct;mcy,  fuch  as  the 
diameten  of  the  pi mcls  or  their  f:;iel!itcs,  the  moun- 
tains of  the  moon,  the  diameters  of  the  tixed  tlan,  &c." 

The  Micrometer  has  not  only  been  ap]>lied  to  telrf^ 
copes,  and  cmployeil  for  allronomical  piirptiTes ;  bat 
there  have  been  various  contrivances  for  ad.iptipj'  it  to 
microfcopicalobfervations.  Mr.  l.eeuv  .:lL(n  k\i  ii.tilu  d 
of  cftimating  the  (izc  of  fntrtll  objecU,  w.ij  b)  com. 
paring  them  with  grains  of  fand,  of  which  100  in  a 
line  look  up  an  inch.  Thefe  grains  he  laid  upon  the 
fame  plale  with  his  objetls,  and  viewed  them  at  the 
fame  time.  Dr.  Jurin's  method  was  fimilar  to  this  { 
for  he  found  the  diameter  of  a  piece  of^fine  lilver  wire, 

bv  '.vr.ipptng  it  very  clofc  upon  a  pin,  and  t.hf;'rv:ng 
many  rings  made  an  inch:  and  he  uicd  this  wire  m 
the  fame  manner  as  l.eeuwenhoek  ufed  his  fand.  Dr. 
Hook  ufid  to  look  upon  the  magnified  objecl  with  one 
eye,  while  at  the  fame  time  he  viewed  other  ob}6£lty 
placed  at  the  fame  dilhmce,  with  the  other  eye.  Jd 
this  manner  he  was  able,  by  the  help  of  a  ruler,  di* 
Tided  into  incbcs  and  fmall  paria,  and  laid  on  the  pe> 
deftal  of  the  mfcrofcope,  as  it  were  to  call  the  mag> 
nified  appcaraiu-.  i.f  (I.,  v  Ii'tT-  i  ni  ii  she  ruler,  and  thus 
exai'lly  to  mti.;uii.  lUc  di„ui«.Ui  tvhich  it  appeared  to 
have  througi  thcglals;  which  being  compart  d  with  the 
diameter  ai  it  appeared  to  th,'  miitd  eye,  call'}'  (luwed 
the  degree  in  wnich  it  was  magiiil:e<!.  A  little  prac. 
t  '  ,  f  .  <!  Mr.  Baker,  will  render  ibis  method  exceed* 
in-ly  t.ity  pleafant. 

Mr.  .Maitin,  in  his  Optics,  recommends  fuch  a  Mi- 
crometer for  a  microfcopc  as  had  bci.'n  np-,jlicd  to  teJe- 
fcopcs  ;  t'^r  Ik  .i'ImI'.s  I'.i.iv*  a  iiunib'.-i  o.  par-il'el 
lines  on  a  piece  of  glnts  *vith  t[i<  nnc  point  of  a  dia- 
mond, at  the  dillance  </i  miL  ,.1  '.l'i  ol       inch  from  one 

•notheTf  and  to  place  it  m  the  tocus  of  the  e/e-giais. 
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By  tbU  raf'?^r.1.  Dr.  Smith  contrltcd  10  take  th* 
HaSt  dra::;;!.t  of  ol.ji-^\s  ricwed  hy  S  double  inicu)- 
Jbopc ;  for  he  advifc*  to  get  alatticx-,  mailt;  ^  hh  fowU 
fflver  wimcnr  fqwtmrs,  drawn  opt»!i  a  plain  y:hU  by  the 
ftrokcs  of  a  I'uvn  nri,  and  to  pnt  it  into  the  phce  of 
the  imag;*;  foru  i-J  hy  the  obic^>-glaf».  Tlioti,  l>y  tranf- 
fming  ihi-  pnii^  if  thr  objcft,  fcin  in  the  fqiiarcs  of 
the  giaf»  or  httice,  upon  fitnilai-  corrcfpon(iit!;;  fijunres 
(•rairn  on  paper,  the  piflurc  may  be  ex;ii!tiy  taken. 
Mr.  Mania  alfo  inirodiiced  into  compound  mrcrbfcopet 
lootbcr  Micrometer,  ctinfifling  of  a  fernr<  SecbotU 
tMe  aetiiodt  dcfcribed  in  hi*  Opttei»  pa.  *ri» 

A  my  accarate  di«ifion  of  a  leak  is  pnronncd  by 
Mr,  Covrntrj-,  of  tSouthwark.  The  Micrometer?  of 
hi*  conftnt<ftion  arr  »r!irRllcl  lines  tti  rswri  iin  ^hfs,  ix-or\-, 
vr  metpl,  fio:ri  th^-  ict'i  Id  the  lo.ocn'.li  prut  of  an 
incht  Thclc  mav  be  applied  to  microknpcs,  for  mea- 
Ibiiog  the  fizc  of  minute  objefls,  and  the  magnifytftg 
Mwcrof  the  Klaflea  (  and  to  tckfcopcs,  for  mtafiiring 
the  file  and  diftartce  of  ol^f fh,  and  the  magnityi'ig 
jjomT  i){  the  inftremcnt.  To  mtafure  the  fiie  of  an 
cbjcft  in  a  fingk-  microfcope ;  lay  it  on  a  Micromtter, 
whofe  h'n«  arc  fccn  inaguificd  in  the  fame  proportion 
vnth  k,  mA  they  gire  at  on<'  vie^T  the  real  iiicof  the 
l1  l  it.  Kji  li cifurir.g  the  rt  rti.-nifying  power  of  the 
Oiripound  inicrofcopc,  thebt  il  and  rcadicft  mctht>d  is 
the  following  :  On  the  ftage  in  the  focus  of  the  objcil- 
^bft,  lay  a  Microircter»  confiffing  of  as  inch  dinded 
into  too  eqtial  parts;  count  how  many  diTtiSon*  of 
i!.c  Mfcrometer  are  taken  into  the  field  of  view  ;  then 
Ly  a  two-foot  nilc  parallel  to  the  Micrometer  :  fix  one 
eye  on  the  tt1^»  of  the  field  of  light,  and  the  other 
eye  on  the  end  df  the  nile,  which  more,  till  the  cd!»c 
of  the  field  of  l';,lit  a-id  tlie  end  of  the  rule  corrcfpcncl  ; 
then  the  diftancc  fr  iin  thi'  end  of  the  rwle  to  the  mid- 
dle of  the  flagc,  will  be  li  the  diameter  of  the  field  : 
fiber.  If th^ diftaiiccbc ioinchca»the«riiokdiniietcr 
vflibe  tOf  nod  the  nnrnber  oF  die  divffiona  of  the  M!> 
crometer  contained  in  the  diameter  of  'he  fit'i!,  is  the 
magnifying  power  of  the  microfcope.  For  meafuriog 
the  heig))t  and  diftance  of  objedtt  Djr  i  MlcfOOetCr  in 
the  tflcfcopc,  fee  Telescope. 

Mr.  Adams  has  applied  a  Micrometer,  that  idbndy 
(hews  the  masniiying  power  of  any  tdefcopc. 

In  the  PhMoT.  Tnnf.  for  i^gl»  a  wy  fimple  fcale 
MicTomrter  for  meafunng  fmaU  angles  with  the  tele- 
fcope  is  dcfcribed  by  Mr.  Cavallo.  This  Micrometer 
co:.:".l^i  rif  a  thin  and  na>r::-.v  (Hp  nf  mo:hcr-of-pca:-l 
f  .icly  vlividi-d,  and  placed  in  the  focus  of  the  tye-glafs 
of  a  tclcfctipr,  jull  where  the  image  of  the  objcft  is 
formed ;  whether  the  telefcope  is  a  refleftor  or  a  refrac- 
tor, proTidcd  the  cj-c-glafs  lie  a  convex  lens.  This 
faUUnce  Mr«  C^vauo,  after  many  trials,  found  much 
more  coiiwiieot  than  either  glafs,  ivory,  horn,  or 
\itkk3,  a^it  !5  a  vffy  flii.iily  fuLi'lTncc,  tlic  ilivifiona  very 
rafy  marked  upon  it,  and  when  made  as  thin  as  com- 
mon writnv F>P^ it  baaa  very  ufeful degree  of  tiaot 
pueocy* 

,  0[»n  this  fubjeft,  fee  M.  Atout's  Traft  on  it, 
contained  in  Diveri  Owvragft  di  Maihematifue  {jf  «b 
fhjfiqut  ;  far  Mtjfiiurt  Ae  PAea^rmie  Royal  ia  8W- 
«Kcr  t  M.  de  la  Hire't  ylflrontmlce  TaluJa ;  Mr.  Teivn- 
in  the  fbilej.  Tra^,  b»  2 1  •  Ms^aj,  ia  his  Eiem. 
Vol.  II. 


A/fron.  §  508  {  Dr.  Hod,  and  manv  others,  in  the 

lit,  in  the  .Y;*7  >  En^- 
Jitorum,  am.  1708  f  t\t.  Ral/hafar^  in  hi«  Murtaf' 

he  rofu  &c» 
_  MICROPHONES,  inflriiments  conitived  to  mt^ 
nify  fmalt  found?,  as  microfcopes  do  Onnll  objeds. 

MICROSCOPE,  an  o\  Vx'A  iiiflruntcn',  cotnpofcj 
of  Icnfes  ormirrors,  by  meant  of  wltich  fmali  objcds 
arc  made  to  appear  lai]gertban  they  do  to  the  nakvnl 
eye. 

MicKoseopEs  arc  diflinguillMd  fnto limple  md  ooitl- 
p6und,  or  fin^fe  nttd  doubw. 

Simple,  or  Smgle  .M iCkoacoPt  i,  are  firth  «s confitT  of 

a  llnjjfe  lens,  or  .t  fingle  fphcrule.    A  nd  .1 

Cnmpcnntl  Microscope  confifts  of  lal  Ic.'jftis  dsity 
combined.— As  <'ptics  liave  Yvc-'i  'Uij'rnved,  other  vii- 
neiies  have  been  contrived  in  this  iniiniment  s  Hence 
lefiecling  Microfcnpes,  water  Microfcope*,  Sc. 

It  is  not  certainly  iinown  when,  or  by  whom,  Mi- 
crofcopes  vtere  firft  {n*ent«l{  bkhoiieh  it  is  prttbabic 
tltey  tvotild  Ibon  foQdw  upon  the  ufe  of  telelcopea»  fiiice 
a  Wcrofcnpe  ia  like  a  telefcope  invetted.  We  are  iii- 
fnrrncJ  hr  Hnygens,  t'lat  une  Drebell,  a  llutchman. 
had  tlif  Microfrupe,  in  t}it-  year  i6j!,  anj  that  he 
va?  rcjritc'd  tiic  iri.ci.tor  of  it  :  tliou^ih  !'.  I'lint.ii-n,  a 
Neapolitan,  in  1646,  claims  the  invention  to  httnfctf, 
and  dates  it  from  the  year  i6t8.  Be  this  as  it  may, 
H  fcems  they  were  firll  ufed  in  Oermanr  about  i6a'r. 
Aecotdior  to  Sorelli,  they  were  invented  By  Z«eharlaa 
Janlenana  his  fon,  who  prefcnted  the  firll  Microfcopes 
they  had  conflnifted  to  prince  Maurice,  and  Albtrt 
arch-dul'.f  nf  Aiifltia.  William  BorcUi, '.v ho  f;!vc-!tliis 
acconni  in  a  letter  tohisbnuhtr  Ptlcr,  fay»,  that  when 
lie  \v:n  iimbaffador  in  England,  in  1619,  Cornelius 
Drcbcii  fhcwcd  him  a  Micrrrfrnpt",  which  he  faid  was 
the  fame  that  the  sr*  h duki-  h  id  given  him,  and  had. 
been  nude  by  Janfen  himfeU.  BoKUiDcTera  Tete* 
fiwpii  inmntore,  pa.  35.  See  Lui. 

TifATf  and  AmdWHi  of  Micaotcovst. 

If  an  objeft  be  placed  in  the  foctis  of  the  convex  lent 
of  a  fingle  Microfcope,  and  the  eye  be  very  near  on  the 
other  Jidc,  the  objedl  will  appear  diftinfl  in  ad  ereft 
fituation,  and  magnified  in  the  ratio  of  the  local  dif< 
'tance  of  the  lens,  to  the  ordinar)*  dlKance  of  dtilind  ti- 

fiort,  vi/,  a!)  ji:l  5  luclics. 

Sy,  if  tlic  olijcift  AB  be  placed 
in  the  focus  F,  cf  a  fmalf  glafs 
fphcrc,  and  the  eye  behind  it,  as 
n  the  focus  G,  the  otyeft  will 
appear  didin^  and  in  an  tttSi 
poftore,  increafed  at  to  diameter 
in  the  ratio  of  |  of  the  diameter 
EI  to  8  inches.  If,  ex.  gr.  the 
diamtiLr  FT  of  the  fmall  fpncrc  be 
1^  of  an  inch  ;  then  CE  =  ^p, 
and  FE  =  ICE  =  fo  that 
CF  =  4V}  then  as  ,V  :  ^>  or  as 
3  :  320(  oraa  1  :  to6|  : :  the  natural  fixe  to  the  mag* 
niiicid  appeaiance  t  that  iti  the  olgcA  ia  nagoifiedaboot 
107  time*. 

Hence  the  fmaDer  the  (phenile  or  the  lens  is,  fo 
much  tlic  moie  i«  the  objea  magoificd.    But  then,  (a 
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uracil  lite  Vch  |tMt  °S«  cinii|^e)i«flded  at  one  Tiew* 
and  fo  much  the  ki>  dilliu£t  it  the  apfmnuKC  of  the 

obi  •a. 

F.  ]  li!  apptanincfs  of  tlie  fame  ohje£\,  formed  by 
difltrent  combioations,  become  olifcure  io  proportion 
at  the  nunihcr  of  rays  conftiluting  each  pencil  de- 
cre.ifis,  tliat  it,  in  proportion  to  the  fmallncfs  of  the 
ohicdl-  ghfs. 

Wherefore,  if  the  diameter  of  the  ohjcd-glab  CX* 
cccdi  the  di;nieter  of  the  pupil,  as  manv  timnat  the 
diameter  of  the  appearance  execs  I  'u  t'l  U'  ..  -  i  !  t'  ^ 
obji^l  ;  the  appearance  ftiall  be  a»  iii^i  .iuu  bi«gliL  a* 
tlic  objeft  itfelh 

The  diameter  of  the  ohjcifl  glafs  cannot  be  fo  miith 
incrcafed,  without  ir.rrcalni;r  at  the  fame  time  tlic  fo- 
cal di  fiances  of  all  the  glares,  and  confcqucntiy  the 
length  ufthelnftniRicht :  Oihennle  the  rays  would fidi 
too  obliquely  upon  the  eye-glaftf  and  the  appearanoe 
become  cunfufedutid  it  icFuhtr. 

There  are  fcreral  ktiid$  of  (Ingk*  MIcrofeopet;  of 
which  the  followii))^  is  the  rnoft  fimple. 

AB  (Plate  xviii,  tig.  i )  is  a  little  tube,  to  one 
end  of  which  LC,  is  fitted  a  plain  ^lafs}  to  which  any 
oljeA,  as  a  gnat,  the  wiisguf  m  tii  fea»ortbe1{t(c«  m 
applied;  to  the  other  end  AD,  at  aprapcr  Glance 
from  the  obje£^,  is  applied  a  lens,  convex  OQ  both 
fides,  of  about  an  inch  in  diameter :  the  plane  glafs  is 
turned  to  the  fun,  or  the  light  of  a  candle,  and  the  ob- 
ject is  fcen  magnified.  And  if  the  tube  be  made  to 
draw  out,  leufcs  or  fegmcnts  uf  different  fpheres  may 
be  ufed. 

Again,  a  lens,  convex  on  both  fides,  i>  inelofcd  in  a 
cell  AC  (fig.  a),  and  held  there  by  the  fcrew  H. 
Through  the  Hem  or  pedeflal.  CD  paiTcs  a  long  fcrew 
£F,  carry  ing  a  Ailc  orttcedle  EG.    In  £  is  a  fmatl 

tuhc  ;  on  vvliicli,  and  on  the  point  G,  the  varict:?  o!i- 
jttts  arc  to  be  ditpofcd.  Tluw,  Icnfcs  of  various  iphert* 
may  be  applied. 

A  good  fiinple  iiidrument  of  this  kind  is  Mr.  Wil- 
foti's  pocket  Microfcope,  which  has  9  diff°ei'ent  tnagni- 
fying  gblTcs,  8  of  which  may  be  irfcd  w  ith  two  different 
inflruments,  for  the  better  applying  them  to  various  ob- 
jeAt,  One  of  thcfe  ioilrttis'eott  is  reprefented  at' 
A  ABB  (Hg.  3},  which  is  made  either  of  brafi  or 
rury.  Tmic  a;  c  three  thin  brafs  plates  at  E,  and  a 
)] -ral  Ip'iii^-  H  of  ilctl  wire  within  it  :  to  one  of  the 
tliin  p!;',tts  of  brafs  it  fixed  a  piece  of  lerithtr  V,  with 
a  (mall  furrow  G,  both  in  the  leather,  and  hrafs  to  which 
it  is  fixed  :  in  one  end  of  this  inlliumcnt  there  is  a  h>ng 
Ccrcw  D»  with  a  convex  glafs  C,  placed  iu  the  end  of  it : 
in  the  other  end  of  the  inflrument  there  is  a  hollo-.v 
IcrQsr  00,  in  which  any  of  the  magnS^tns  glafiieaj 
are  fcrewcd,  when  thiy  are  to  be  tnade  uTe  of.  The 
9  diff'-riiit  iri.i.Miifying  gla;Tes  arc  fd  in  ivoiy,  3  of 
wliich  .ire  l\  t  111  t!ie  maimer  exprtilcd  at  M.  The  great- 
eft  iiLij^niiicr  i  .  marked  upon  the  ivory,  in  wluVii  it  is 
fet,  number  1,  the  next  number  2,  and  foon  to  nucnber 
8  ;  the  oili  glafs  is  not  marked,  but  u  fct  in  the  manner 
of  a  little  barrel  bos  of  imryt  MSt  At  ee  is  a  flat 
piece  of  ivory,  of  mrhlch  then  are  8  belonging  to  this 
fort  of  Mtcrofcopcs  ( though  any  one  who  bas  a  mind 
to  keep  a  regittcr  of  objc£b  loay  have  as  many  of  thm 
wbc  §k^^l^  i  beaa:bof  tbcm  thneare  jbdctj^i  io 


which  3  or  more  objeds  are  pkecd  lietwif iktwo  dn» 

yhrw,.,  or  I  lk  .,  u hen  they  aw  lobe  ufed  with  ttw 

gi'talfi"  iiiaj;iiilif t». 

Tlic  ufeof  this  inflrument  AABB  is  this.  A  ban-  f 
die  W,  from  fig.  4,  U'lng  feitwcd  u|>on  the  button  S, 
take  ope  of  tile  llat  piccr*  of  ivory  or  flidcrs  ee,  and  Aide 
it  iK-twcen  the  two  thin  plates  of,  brafs  at  £,  through 
tiie  body  of  the  Microf«»pe,  fo  that  the  objeA  to  be 
viewed  be  jull  in  the  middle  t  remarking  to  put  that 
fide  of  the  plate  te,  where  the  brafs  rtugi  are,  fartbeft 
froni  uic  end  A  \  :  tlicii  (crcw  into  the  hollow  fcrew,  oa^ 
tlte  3d,  4tii,  yJi,  bih,  or  7th  magnifying  glafs  M  j 
whicli  being  dune,  put  the  end  AA  clote  to  your  eve, 
and  while  looking  at  tlieobjcdl  through  the  magnifying 
glafs,  fcrew  in  or  out  the  long  fcrew  D;  which  moving 
round  upon  the  leather  F,  held  tight  to  it  by  the 
fpiral  wire  H,  wiU  bring  yonr  obfcA  to  the  true  dtl^ 
tance  ;  which  mRy  be  known  by  Mcbtg  it  dearly  and 
dillinctly. 

TliUJ  maybe  viewed  all  traofparent  objcfls,  dulls,  li- 
quid?, cn-ilals  of  falts,  fmull  infeds,  fuch  as  fleas,  mitcs^ 
&c.  li  tlicy  be  infeds  that  will  creep  away,  or  fucli 
o'lji-  M?  ai  .;ri.-  to  be  kept,  they  may  be  placed  between 
t'ik  *.WL<  it^jilU  r  glaffes //.  Fur,  by  taking  oui  the  ring 
thai  keep*  in  the  glaffes jf^  where  the  oUed  lies,  they 
win  fall  out  of  themfelves  t  lb  the  objea  may  be  laid 
between  the  two  hollow  lides  of  them,  and  the  ring  put 
in  again  as  before ;  but  if  the  obJcSs  be  dufla  or  liquids, 
a  fmall  drop  of  the  liquid,  ar  a  little  of  thv  lii.it  !:iid  oa 
the  o. It  tide  of  tlie  glafi  J'j,  and  apphed  as  before,  wiU. 
be  k-en  very  tafily. 

.As  to  the  111,  2d,  and  3 J  magnif) ing glaffes,  being 
SMUrked  with  a  +  upon  the  ivory  in  wliich  they  arc  fct» 

they  are  only  to  be  u£cd  with  thofc  ^teaor  OidefstluiS 
are  alio  marked  witK  a  4 ,  in  whidi  the  objeAi  are 

placed  bitwcrn  tuti  tMn  tdlo;  brkuiifi  thr  inicknefs 
of  the  ghiifcs  ill  the  ciiit.-.  ]''...t;!,  01  i!.u;.ts.,  hinders  the 
object  from  approachin:^  t.>  t.'u    la- dillancc  from  tliefc- 
greater  magnifiers.    Bui  the  manner  of  uliiig  ihcm 
the  fame  with  the  foiraer. 

For  riewing  the  circulation  of  the  blood  st  the  ex*- 
tremitiet  of  tnc  arteries  and  vcin%  ta  tlie  tranfpartat 

Cirts  of  fifltea  taih,  &c,  there  are  two  glafs  tubes, » 
rger  and  a  finaller,  as  expreifed  at  into  which  the- 
aiiiir.ul  it  put.  When  tliefc  tubes  arc  lo  ]•<.  uf  d,  un- 
fcrevv  the  end  fcrew  D  iu  tlic  body  ol  t!  <  Mili  !/lcL<()t , 
until  tht  iLi'-i  ; ;»  can  be  cafily  uteived  into  Imle 
cavitv  G  ot  the  brafr<  pl.ite  faltencd  to  the  leather  t  un- 
der tne  other  two  thin  plates  of  brnfs  at  E.  When  the 
tail  of  the  fi/li  lies  flat  on  the  glafs  tube,  fet  it  oppofitc 
to  the  inj)gnif)'ing  glafs,  and  brinjing  it  to  the  proper 
dlftance  by  iicrewing  in  or  out  the  end  fcrew  D«  when 
the  blood  Will  be  fccn  clearly  circulating. 

To  vi'  u  tliv  hl<x>d  ciiculating  in  the  foot  of  a  fmg  { 
c  iKiolV  hu  h  a  frog  as  will  juil  go  into  the  tube  ;  thtii 
\'.  irl.  J  !l;tlc  flick  expand  it  >  Inniitr  1  ,i,t,  which  apply 
clofc  to  the  fide  of  the  tube,  oblcrvaig  that  no  part  of 
the  frog  hinder*  the  light  from  coming  on  its  foot  g 
and  when  it  is  brought  to  the  jtropcr  difiance,  by  means 
of  the  fcrew  D,  the  rapid  motion  of  the  blood  wiU  be 
fcen  in  its  veflclt,  which  arc  very  numerous,  in  theiranf- 
parent  thin  mcmbraac  or  web  between  the  toes.  For 
thia  objeA.  the  4tli  and  (tk  aiagiufien  wlU  ilo  v^  ry 

well,. 
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weD;  but  fTic  circiif.if'rui  may  be  ffen  in  the  t;.i!;  -.f 
wattr-r.C'.vu  iii  tht:  6;!.  .Tiid  7tli  gl.ilfc .,  Itcau:  :  tIi.j 
ploljul'."-  oftlitbtocri  tjftl-.olo  nf.v  t!  ai  ]ar|;v  a^um  .1  i 
liie  globules  of  ibc  bloiJd  uf  frogs  or  finall  hih,  as  has 
b<cD  rcituMtkvd  ht  namiber  aBo  of  the  Ffailof,  Tran£ 

The  coenlilion  cannot  fo  well  be  Teen  by  the  ift,  2d, 
aod  3d  iiufniiicia,  bccaufc  the  thickneCi  of  ibe  gU£i 
tdbr,  conttiDiag  the       hmden  the  wpRMCh  01  tht 

cV-.tl  tr.  the  focus  of  the  magnifying  ghift.  F^.  4  W 
an.  th.r  iiiftramcnt  for  this  pirrpofc. 

Ill  vie  wing  ubjtAi,  one  ought  10  he  careful  not  to 
hinder  the  liplit  from  falling  upon  them  by  the  hat,  hair, 
or  any  other  thing,  efpccially  in  looking  at  opaque  ob- 
jc6U}  for  nothing  caa  be  feen  with  the  bcA  of  eliSetf 
ttdcfi  the  objcd  dc  at  a  due  dillmcf,  with  ■  fuffideDt 
light*  The  bed  Ughtt  for  the  plates  or  Aider*,  when 
tSe  ot^cfl  lies  hit vvccn  the  two  glafll-s,  is  a  clear  Ay- 
L'ght,  or  where  the  fun  fhinti  on  tonjtthing  white,  or 
the  reflcftion  <)f  the  light  from  a  Isoking-glafs.  The 
light  of  a  candle  is  alfo  good  for  viewing  »cry  fmill  o';- 
jf^s,  thoi;gh  h  he  a  little  uneafy  to  thofe  who  arc  nut 
pijvlitcd  i  1  if-,c  uic  of  Microfcopcs. 

■  7a  eqfi  fnaU  Glaft  S^ttnk*  for  Micitotcorct.— 
ncie  «re  fevend  method*  for  this  pnrpofe.  HartfocKcr 
£rft  improved  finglc  Microfcopes  by  uGng  fmall  glo- 
bules of  glafs,  melted  in  the  flame  of  a  candle  ;  by  which 
tie  difcovercd  the  animalcutse  in  femine  mafculiuo,  and 
theivbylaid  the  foundation  of  a  new  fyftcm  of  genera- 
tion. Wolfius  dcfcribes  the  following  method  of  mak- 
ing fuch  globules  :  A  fmall  piece  of  very  fine  glafs, 
ilicking  to  the  wet  point  of  a  ftcti  needle,  i»  to  be  ap- 
plied to  the  extreme  biuifh  part  of  the  dauoe  of  a  lamp, 
of  ivdier  of  fpitits  of  wine,  wliKrh  wnB  not  hbefc  it  { 
t<.iii^  tlitrc  n.i!tL'(!,  .ii:d  run  int'i  n  fvii.il!  ;o'.jiiJ  drop,  it 
IS  to  Titiluved  fiuin  llic  ll.ui.i',  uii '.vliicli  il  ii:f!at»tly 
crafos  to  be  ll  jivi.  T'un  tkildin;^^  a  tl;l:i  pl.uc  ot  (iial  j, 
aiid  making  very  fmall  fmooth  perforatiuiis,  iu  ai  not  v.> 
leave  any  roughncfson  thcfurrKet,  and  alfo  fmooihin^^ 
them  over  to  prevent  any  glaring,  fit  the  fphcnile  bc- 
tweea  the  pUtcs  a||aiiul  the  apeitures,  and  put  the 
whole  ta  a  'uaoie,  with  •hje&t  ooaveoieBt  for  obferftp 
tton. 

Mr.  A(Lni3  [;ivi-;  another  method,  thus :  Take-  1 
picceof  fire  \vi:Ki(;r.  -;_;i4i"8,  and  rafc  it,  with  a  Jian.ui'  i, 
into  as  many  l>-ii^;K5  as  yon  think  needful,  :ii't  inoi-c 
than  i-8th  of  au  inch  in  breadth  ;  then  holding  one  of 
thofe  lengths  betwten  the  fore  linger  and  thumb  of 
each  huu^  oTer  a  very  fiae  flame»  tul  the  glaft  begias 
to  (often,  ib«w  it  out  till  it  be  at  fine  at  •  hairt  and 
break;  then  applying  each  of  the  cuds  into  the  pureft 
part  of  the  flame,  you  prefently  have  two  fpheres,  which 
majr  be  made  gientcr  or  kfs  at  plcafurc :  if  they  re- 
main long  in  the  flame,  iliey  will  have  fpots  ;  fo  thty 
imift  Ik  draxvn  out  immediately  after  they  are  turned 
round.  Break  the  ttcm  oft'  as  neat  the  globule  as  pof- 
fiblc;  and,  lodging  the  remainder  of  the  ilem  bcLucu 
tiler  pUte6»  by  driuiog  the  hole  eiudly  round,  all  the 
pT  otubcrancet  are  buriol  between  the  plates  ;  and  the 
Mirrorco;>o  perfoiTns  to  admiration. 

^^r.  Diittci  field  gave  another  maimer  of  making  thcfc 
globules,  ill  iiiimN  r  141  Pl  iLi!.  Tranf. 
.  In  any  of  thcfc  «vays  may  the  fphertilea  be  made 
ancb  fmaflct  thaaaay  kni;  fetbat  the  bell  fingk  MU 


crnfcopes,  or  fuch  as  magnify  the  n'  1,  ,i>t  made  of 
tl.cm.  l^efuwenhcHick  and  MufllliL ii'.r  Jik  have  fuc  • 
cicded  very  well  in  I'phericnl  M.  i  1  ;>ci,  ?.vA  their 
greateil  magnifiers  enlarged  the  dianaicr  of  an  cibjeA 
about  160  times  ;  Pliilof.  Tranf.  vol,  7,  pa.  lay,  and 
vol.  8,  pa.  121.  But  the.fmallell  yhibules,  and  confc- 
qiiently  the  liigheft  magniricrs  fur  Microfcopes,  were 
made  by  F.  de  Vvum,  «f  Xiaple%  wbo^  in  t765»fcntfo»r 
ofthetn  10  the  Royal  Society.  The  laf^  of  them 
wai'  oij!\  Iu.i  r.u'.  j'l  il.ts  In  [iiani("tcr,  and  m.i^nilicd a 
line  64O  lusits  ;  tiic  icco.id  i^,,:-  uie  fi/e  of  one  I'aris 
point,  and  magnified  1280  i;nK«  ;  and  the  ^d  no  more 
than  half  a  Paris  point,  or  the  144th  part  of  an  inch  in 
diameter,  and  magnified  2^60  times.  But  fmce  the  fo- 
cuaof  aglaf»  globule  ia  at  the  dillance  of  one  •4th  of  it* 
djametert  and  theidbre  tliat  of  the  3d  globule  of  dc 
Torre,  above  mentioned,  only  the  j^Oth  part  of  an  inch 
dtftant  from  the  objeCl,  it  mud  be  with  the  utmoll  diffi- 
culty th.nt  globules  lo  minute  as  thofc  can  be  employed 
to  any  purpofe  ;  and  Mr.  Baker,  to  wliofe  examination 
they  were  referred,  coiifidtr&  them  as  matters  of  cuno- 
lity  rather  thao  of  real  uff.  Ph:1of.  Tranf.  vol.  55, 
pa.  246,  vol.  56*  pa.  67. 

Water  MiCROSCopc.  Mr.  S.  Gray*  and,  after  him, 
Wollttis  and  othen,  have  contrived  water  Microfcopei, 
conliftingof  fpherules  orlcnfesof  watrr,  ir  ni-  id  ofglaf-i. 
But  frnec  the  didance  of  the  focus  of  a  Icus  ur  fphere  of 
water  is  greater  thin  that  in  one  of  glafs,  the  fphere.i  of 
which  they  arc  fegmtnts  being  the  fame,  conirquently 
water  Microfcopes  magnify  Icis  than  thofc  of  glafs,  and 
therefore  are  lefs  cllcemed.  Mr.  Gr;iy  fidl  oblVrvcd, 
that  il  fmall  drop  or  fplicrulc  of  w.itcr,  held  to  the  eye 
by  candle  ligbtor  moon  light,  without  any  other  apfM* 
mtus,  magnified  the  animalcule*  contained  in  it, 
vjiHy  ir.iiic  ilir.n  any  otli^T  ^tfcTofcop-.  The  renfon 
is,  that  tl.c  ia);i  coming  fioni  t'lt  inferior  fiirfecc  of 
tlic  iivil  h.tniilphcTC,  are  refledtti  to  to  fall  i;niJ<;r 
t]ic  li'.nic  an^ie  on  the  fiirfacc  of  liie  hinder  hcmi- 
fphc'  c,  to  which  the  e>-e  is  applied,  as  if  they  came 
from  the  tocus  of  the  fplierule ;  whence  they  are  propa- 
gated to  the  eye  in  the  fame  manner  as  if  the  objc^ 
were  placed  without  the  fpherule  in  ita  fiieui. 

Hollow  glafs  fpheres  of  about  half  an  inch  diameter, 
filled  with  !pirit  of  wine,  are  often  ufed  for  Mi* 
ciolcoptij  ijul  thc}  ilonot  maj^nifv  near  fomiich. 

Theory  of  Vr,>i:h.',:j>:.!  -r  />w;.'i:r  Mu  I'liscopi,-,.—  Sep. 

pofe  an  objcct-guds  £>D,  the  fegmcnt  uf  a  very  fmall 


fi>herv,  andtheobjcA  AB  plaerd  w«thft«t  the  foew  F» 

Suppofeati  tyc--i  iarj  CJII,  ton-ix  oi;  Lnih  r  !  •.,  ani!  '.It 
fegment  of  a  ijiiji  re  j:;r(  a-. n  tlian  that  of  pK,  thou^k 
not  too  great:  am!,  thf  fucut  hcingat  K,let  It  bc  fodlf* 
pofcd  behind  the  objefl, 

that  CF  t  CL 1 1 CL  t  CK. 
LaMy  fuppofe  LK :  LM 1 1  LM  s  LI. 
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If  lixA  0  be  tlie  pim  where  an  ohjedi  ia  Teen  tlif* 
tinAwitll  the  nakeqeye;  the  rye  in  iWn  cafe,  being 
pl^ocd  in  I,  will  fie  the  object  AB  diflin^ly,  i<i  itn  iu- 
, verted  poiition,  and  magnified  in  the  compound  ratia 
of  MK.  X  LC  to  LK  X  CO  ;  m  i»  provod  by  the 
lawi  of  dioptric^ ;  that  h,  tlic  i:ii.i:^c  is  larger  tkaii  cl>e 
obied,  and  we  an:  abk-  t'l  vit  'v  it  ii:(linct!y  at  a  Itfs 
diiavcc  For  Examp^if  the  image  be  :o  titnci 
iofgv  thaa  the  ohjcd,  and  by  the  help  of  the  cyc-glaf^ 
Wf  tva  able  to  view  it  j  times  nearer  than  we  Ctiuld 
hwc  iIdm  with  tbe'tnkied  n-c,  it  will»  on  both  lbe(« 
BOCOItnttt  be  magnified  J  times  to,  orlQO  tlmn^ 

luizvt  of  DeuHi:  Mict.o$coi--:s. 

I.  Tbc  more  au  obU'fk  is  magnified  the  Mitr"' 
fcopc,  t!i<r  Id's  is  iti  fields  i.e.  the  kia  of  it  it  liken  in 

at  cue  view. 

a.  To  the  fame  cj-c-glaCi  may  f  .  c.  f  ivt  !;,-  n.r  j  !.cd 
objefk-gWTcs  uf  wious  (jpbcres*  to  aa  tliat  both  the 
eivtire  objccls,  -but  led  magnified,  abd  their  leveral 

parts,  n.uLh  more  magniHcd,  may  be  viewed  through 
the  Loit  Micjofcope.    In  which  cafe,  ou  account  uf 


amine  the  fmall  porta  of  an  otjcd  more  accvratelf  t 
for  the  fewer  rcfradiooa  there  ate^  the  more  light  and 
dear  the  objeft  appear*. 

Far  a  MicroTcope  of  three  InCea  De  Chafe*  reconi- 

mends  f-  <jh]vi\  ^'.ifa  uf  j  .,i  J  of  a  dig!:  ;  .inj  the 
firfl  cyc-gLis  lii:  ni-ikci,  2  ur  digits;  kiud  ihc  dif- 
tancc  bctweca  the  objict  glaf*  and  eye  gl  J"*  about  zo 
hnes.  Coiimui  had  an  excellent  Micro!cgpe»  wbofe 
ubjcdl  glafs  vas  halfa  digit,  and  tiie  two  cye^aiGsi' 
(which  were  placed  very  near)  4  digit; ;  but  it  an- 
fwered  heft  whea,  inSlcad  of  the  objcd-glara,  he  iiled 
two  glafles,  convex  on  both  fidea,  ih'eir  Inhere  about  • 
digit  and  a  hiilf,  and  at  mofl  z,  and  their  convexitie* 
toiiching  each  other  within  the  fpace  i  f  half  a  line. 
Eullachiiis  dc  Divini»,  iitflcad  of  an  objcft  glaf*  convex 
on  both  lidcs,  ufcd  ti\  j  plHim  cuuvcx  luiieii,  whofc  con- 
vcxiticii  touched.  Ccindcliu»  dtd  the  lame  ;  ouly  that 
tltc  convcKtlirs  did  not  qnitc  touch.  Zahiiius  made  • 
btOQCuiar  Micioti»pet  with  which  both  cyca  were  uiied* 
fidt  the  moft  coflunodiou*  double  Mierolcope,  it  it 
fold,  !s  that  of  our  countryman  Mr.  Marflud  ;  though 
fome  impruvemeat  was  made  in  itLy  Mr.  Culpepper  hikI 


the  different  dillancc  ni  tfic  i:n;i^'f,  tlic  lube  in  mrhich    Mr.  Scarlet.    Tlicfc  arc  cxhibitt  i 


the  lenfcs  arc  titted,  ihauid  be  made  to  draw  out. 

4.  Since  it  ii  proved,  that  tlie  diiUncc  of  the  image 
IjjLt  from  the  obje^-glafj  DE,  >rill  be  greater,  if  ano- 
ther knsi  concave  on  both  tides,  be  placed  before  it* 
focus  s  it  KilIow«k  that  the  objed  will  be  nagaified  the 
snore,  if  fuch  a  kn*  be  here  pkced  between  the  d»e£t< 
clafs  DE,  and  the  eyc  RlKf!.  CII.  S.kIi  .1  M'crotlsjpc 
IS  much  commended  liy  Coistaui,  who  ufeJ  du  i.bjiCt- 
leiiS  convex  011  Loth  l.des,  whofe  radius  wa«  2  digits,  its 
aperture  cqml  to  a  muHard  fcedi  a  lens,  concave  oa 
b«lh  fid>  s,  fi 1 2  to  16  digital  aind  an  eye-£]ala,«oa- 
vex  onboth  fides,  of  6  digits. 

4.  Siace  the  image  i»  projeded  to  the  greater  dif- 
tance,  the  nearer  another  lens  a  frj^ment  cf  a  larger 
fpherc,  is  brought  to  the  ubjct.i.gUi£ ;  a  Micrufco^c 
may  be  compufed  of  tblfC  kafiMy  which  will  DHgufy 
pn)di|;i<>wlly. 

!;.  In  in  tlicfe  confiJerations  it  follows,  that  the  ob- 
ject will  be  maooified  the  more,  as  the  cyc-ghfj  n  the 
tegmeot  of  a  Tmallcr  f|>hcre;  but  the  field  (.f  %iiion 
wulbelbijaicatieri  aa  the  fame  is  a  fegment  of  a  larger 
fphere.  Therefore  if  two  eye-glafles,  the  one  a  fcg- 
ji.tiit  if l-i>,;*T  fplicrc,  tbc  other  of  a  fmallcr  one,  be 
i'o  tuuil>i)u.d,  as  that  the  objet^  arpearing  very  near 
through  them,  i.e.  not  fartfu  r  iliil.-iii;  than  the  focus 
vf  the  firll,  be  yet  diilind;  tlie  object,  at  the  fame 
tioie,  will  be  valUy  magnified,  and  the  field  of  vifion 
much  greater  than  if  only  one  lens  was  ufcd  ;  and  the 
ubjcdt  will  be  ftill  more  magnified,  and  the  field  en- 
larged* if  both  the  objed-ghiM  and  eje-g^iii  he  double. 
But  becanfe  an  objcdl  appeara  din  when  viewed  through 
fo  many  ^'tafTts,  pui-t  of  the  rays  being  refleded  in 
palfuig  iLio'jgh  t.Lich,  it  is  not  advifeable  greatly  to 
multiply  glaiies ;  fo  that,  among  rompuiuid  Mkro- 
fcopes,  the  bell  are  thofe  whiclt  cuuiiiL  uf  oac  ohjcd^ 
glafs,  and  two  eye  glaffes. 

Dr.  Hook,  in  the  preface  to  his  Micrography,  tells 
us,  that  in  mofl  of  his  ubicrvitions  he  ufed  a  Micro- 
feope  of  this  kind*  with  a  middk  cye-^aiii  of  a  confi* 
denUe  dtaneter*  when  he  wanted  to  fee  nnds  of  the 
•bjcA  at  one  «kw,  and  taok  it  ontidMi  be  vodd  es* 
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It  is  obferved,  tliat  compouiKl  MicioUopeii  foiuc- 
times  exhibit  a  fall.icious  appearance,  by  rcprefeiitinj 
convex  oLjetls  concave*  and  vice  vt-fa.  FhiSof.  TrauL 
numb.  476,  pa. 

To  lit  Micrufcopes,  as  weQ  aa  TeLfcopcs,  to  ihort* 
fighted  eyes,  the  objed  gUfs  and  the  e^  e-glafs  muR  be 
{>!.il'lJ  a  little  iiLMt.i  togctlut,  fo  lliit  ttiC  i.ivh  lif  c.i^li 
pLiiwil  uuiy  uul  cjutr^c  p4r.illtl,  but  may  f.iil  iiivtr^iti^ 
upon  tbc  eye. 


ofcope 

Tbc  ftrudore  of  fuch  a  Microlcopc  may  be 
ceived  thus:  near  the  fbctis  of  a  con- 
cave fpeculum  AB,  place  a  minute 
objcd  C,  that  its  i.uage  may  be 
formed  liuger  than  itfcTf  in  D  ;  to 
the  fpeculum  join  a  lens,  convex  on 
both  fides,  KF,  fo  as  the  image  ly 
may  be  in  its  focus. 

The  eye  will  bere*fiK  the  image 
tttvertedf  hut  difttn£l»  and  enlarged  ; 
coofequently  tlic  objedl  will  be  larger 
than  if  viewed  through  the  lens  alone. 

A  )\  tell  U  upc  is  changed  into  a 
Microicopc,  by  removing  the  objeA- 
glafs  to  a  greater  dillancc  from  the 
e^C'glafs.    And  fince  the  diftance  of  the  im^n  ia«a» 
nous,  according  to  the  di fiance  of  the  ubjeA  nam  thft- 
fbcua;  and  it  is  magaided  the  more,  as  its  dilbnce 
from  the  objed-gUft  is  greater;  the  fame  teltffcop^ 
may  be  fucceCi.  Jy  chnngcJ  into  Mitrofcopts  whick 
it'.a^nify  the  olyt'tt  in  diderent  degrees.    See  fomc 
ihuuicnti  of  this  Cart  described  in  flmJtk'h  Optica. 
Rt  m?.rks,.pa,  94. 

Sstkr  Mica  OS  COPE,  called  al&>  the  Camera  Obfcura. 
Microfcope,  was  invculed  by  Mr.  Liebi  rk.  hn  in 
01  I  739,  and  codGUs  of  a  tube,  a  looki  i^-gi^ij'^  « 
vex  lens,  and  a  Wilfon*t  Micrarcupe.     The  tube 
(fig.  7)  is  brafs,  near  $  inchea  in  diameter,  fixed  in  a 
ciicnMr.  ooUar  of  mhog^Bi^  witli  a  grooyn  «n  the  out- 
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Hit  of  tts  n<rn[ihery,  denoted  by  2,  3,  and  conneAed 
by  a  cat-init  to  tlic  pnllt  y  4  on  the  upper  part  ;  which 
turning  rnund  at  pieafure,  by  tbc  pin  $  within,  in  a 
tifiMie  frame,  may  be  cafily  adjafted  to  n  hole  in  the 
QniMer  of  a  wind**,  by  thefct-tw«  1,  i,  lb  clofely  that 
M  fight  fern  enter,  the  room  but  through  the  tufa«  of 
the  inftnimcnt.  The  niirror  G  is  f»A«wd  to  Che  fnunc 
by  hioge*,  on  the  fiJe  that  pocii  wttHoot  the  window : 
this  y.y  means  of  a  jointeJ  br-if'!  wire,  ^,  7,  ,tihI 
th«  Icrew  H  8,  comiiig  thfriiis^h  the  trumc,  n\ay  be 
moved  cither  vcitically  or  hor.'/Aintr.IIy,  to  throw  the 
fia'c  tkipqgb  the  braft  tube  into  the  darkened 
raBOU  The  ead  t£  th»1inr»  ti^-  without  the  fbutter 
liMmeonfrx  lens,  to  ooUgA  iht  nfjnthnnra  OD  it 
hf  dw  glaic  G,  and  bring  then  to*  mtta  fai  the  ttha 
p«rt,  w1r-!l-  D  in  3  tube  (Hding  in  and  out,  to  a^uft 
the  ojitcl  to  a  due  UilUacc  from  the  focus.  And  tt» 
ilir  end  t i  of  another  tube  F,  i«  fcrewcd  oix'  of  W'illon'* 
fiatfik  pocket  Microfcopcs,  coctaining  tbc  object  to  be 


fxnall  bodies,  (rre-t^in^  (inidl  pores,  or  exceeding 
fmall  motions.  Tlic  fiiiull  h<xJii-s  may  be  feed",  ia. 
I'e^,  aoioulcukt,  uad»,  (*lu,  Stc :  the  pore»  may  be 
the  mtctftkres  between  tbc  I'ulid  parts  of  bodies,  M  M 
&Mm,  oainerala,  OicUa,  £cc.  op  th«  mcMitb*  of  nriimiC' 
Tcllek  in  vegetablet,  or  the  porei  of  the  dtin,  biinea» 
and  ether  ptrta  «f  muMdi :  the  fmalt  metiona,  may 
be  the  meveHMmt*  of  the  icveral  parts  or  members  of 
minute  animals,  or  the  rodttiir;  uf  the  lluidt,  contji'ned 
cither  in  animal  or  ■vegct;ible  htxlic!..  llruicr  one  or 
other  of  tiirlc  three  t;enfr,il  hi.-ii";*,  aliT.all  every  thiny 
about  ua  aifords  matter  of  tibfervutiun,  and  may  ooor 
diiec  both  to  our  amufrment  and  inHrut^ion..  « 

Gnat  caution  >•  to  be  ufad  in  forminf  n  iiidgiDCiir 
€tt  what  ia  lecn  by  the  Mi«rofcope»if  the  objeaa  arc  ex- 
tended orcontradcJby  force  or  dryniT*. 

Nothing  can  be  dctcrmiucd  about  them,  without 
m;ikinj;  the  proper  allowances  ;  and  differiiit  lij^hts  and. 
piifitiuii^  will  often  flyew  the  fame  object  m  rery  dif- 


magaified  in  a  fllder ;  and  by  tube  F,  iliding  on  the  fcrent  from  itfelf.  There  i»  no  advantage  in  any  greater 
'    ■■     '  "    '  '      '      "  '    *^    •-  •  .       L.  -    -     magnifier  than  fuch  as  is  capable  of  (hewing  tile  object 

in  view  diftin£l1y ;  and^thc  lefs  the  glaft  in|;mficai  the 
~  m  pkalint^,  the  alm&  ia  alway*  JiMb 
The  eeloQA  <^  ol^eels  are  very  Sttle  to  he  JtpcnJrf: 

at  feen  by  the  Mitrofvopc  ;  for  thc;r  fcveia!  com- 


fnail  end  E,  of  tlie  other  tube  D»  it  ia  brought  to  a 
tntc  focal  diOancc. 

The  Solar  tficrcfcape  haa  heoa  iatrodoeed  into  tb« 
fmaUand  pottayeCatoera  Olifeata,  aa  weB  ns  the  huge 

one :  and  if  the  imarc  1^-  rccetTed  upon  a  piece  of 
haif-gfrotrnd  j-lafs,  fKaik  d  Irom  the  hpht  of  the  fun,  it 
will  be  futficicntly  vifible,  Mr.  Lieii  >  k made  con- 
fiderabk  itnprovctncnts  in  his  Sokr  Microlcope,  parti- 
cahrly  m  idiiuiing  it  to  the  /icwing  of  opa<|ue  ob- 
jedt  i  and  hL  Acpi<Hi%  Nov.  Com.  Pctrop.  Toi,  o, 
pa.  316,  baa  uunliifed,  bj  throwing  the  light  upon  the 
foftiiJe  of  any  objedf  before  it  is  tranfmitted  throogh 
the  objcd  leas,  to  reprcfent  all  kinds  of  objefta  by  it 
wicfa  e^oal  adrantage.  In  tlii^s  improvement,  the  hinly 
of  thccominon  S>ilar  Microfcope  is  rLtaineJ,  ar)d  only 
aa  addition  made  of  two  biafs  plates,  AB,  AC, 
(fig  8),  jeioed  by  a  hinge,  and  held  at  a  prc^r  dif> 
tance  by  a  Cerew.  A  fe^ion  of  thcfe  phnet^  nad  of 
.ill  the  ncoiiarjr  partaaf  the  iaftrunent,  diay  he  fintin 
fig.  9,  whm  «  e  leprefimt  r«y»  of  the  fan  convef|;in{f 
from  the  ninminating  lens,  and  falling  upon  the  mirror 
iii,  which  it  lixtd  to  the  nearer  of  the  bra&  plates. 
1-rom  tViis  they  arc  tl:rown  upon  the  ohjsft  at  rf,  arid 
aie  ihence  traikfmitted  through  the  objrCi  km  at  K, 
a  pciforatioa  iu  the  hfuther  plate,  upon  a  fcreen, 
NiAibI.  The  ufc  of  the  fcreen  m  la  to  vary  the  difiance 
of  the  two  ptatca,  and  thereby  to  adjuft  the  mirror  to 


on,  _ 

poneat  particles,  btuij^  thui  rLinijv<.d  to  grciil  d::'.a[ices 
frum  one  another,  mr,y  f^ive  1 1  P.crl lon-^.  very  chfTcrcQ^ 
from  what  the]r  would,  if  fceu  by  the  naked  eye. 

The  motion*  of  living  crcatureo  tO<^  er  of  the  fltritb 
contained  in  their  bodies,  arc  by  no  mean*  to  be 
haftily  judged  of,  from  what  we  feebv  the  Microfcope,, 
without  due  coollderation  {  for  aa  the  moving  body, 
and  the  fpace  in  which  tt  moves,  are  magnilied,  the 
motion  nuili  alfo' Lc  magnifinl  ;  and  thertfoic  that  ra- 
pidity with  whieh  the  blood  fccai*  to  pafi  through 
tlic  veifels  of  fm.d!  .Tnimals,  mull  be  judged  of  accom- 
ir,;jly.  Baker  on  the  Microfcope,  pa.  52,  63,  ficc. 
Sec  ^Ifoan  elegant  work  on  thiii  ftrbjed^,  lately  pmhlMMd' 
by  that  ioeeewua  optician  Mr.  Gcoiee  Adanii 

MIDDLE  liiriimky  it  htU  the  km  of  tiroj 
lati'iijts;  or  tiie  arithnKtical  mean,  or  the 
tvrcen  tivo  par,tllrl?i  of  latttudc.  Thcrcfiire, 

If  till.-  Intitiuie-j  be  of  the  lame  isnine,  either  both  north 
or  both  fui;tli,  .idd  the  otic  noiiibtr  10  the  ether,  and 
divide  the  fum  by  J  j  the  qiMitient  is  the  middle  lati- 
tudes, which  is  of  the  fame  name  with  the  two  gieeiit 
latitudes.  BtJt 

If  the  latitiidea  he  of  4ift:n:ntr  namci,  the  ooe- 


the  objcA  with  thegranteii  cxadacfik  M.  Enleralfo  If  the  latitiidea  Ik:  of  aifieicntr  namca,  the  ooe 
contnved  a  method  of  introducing  vifion  by  relleAal    jwrth  and  the  other  fotith  |  fiAftrtft  the  lefa  from  the 


^bt  into  this  MTcmrfope 

liu  Mu  Kosci^v  i.  f'jr  O^t^vt  Oijiilj  was  alfo  invent- 
«iby  M.  Licbcrknhn,  about  the  fame  time  with  tiie 
feiBer,  and  remedies  the  inconveaicace  of  having  the 
Ml  fide  of  an  objed  next  tbe  e^-e ;  for  by  mean*  o  ia 
ceneave  fpeculam  of  ftlwr,  higlily  poKflied,  having  a- 
nttgnifyins  lens  placed  in  its  eenttv^  the  objeA'.is  fo- 
ftroiigly  iuominated,  that  it  may  bo  examined  with 
eafe.  A  cimvcnicnt  .ipparatiis  of  this  kind,  with  4 
diffcrcrc  fpeciilutns  and  mapniHcTS  of  difFcrcnt  powrrs, 
.SRW  browght  to  perfc£tioL  by  Mr.  Cuff.   I'bilof.  Tranf. 

Ifscmoscopic  OiyrBi.  All  thin^T"  too  minute  to 
bcsiewed  diftindW  by  the  naked  eye,  are  proper  ob- 
jedc  tot  1^  Mifivoftwpe.  Dr.  Heok  hm  diltingui(hed 
ihaa  into  thefe  thm  gcaenl  kinds}  viz,  cxccedui^ 


greater,  and  divide  the  remainder  by  2,  fo  (hall  the 
qtiottent  be  the  mkldic  latitude,. of  the  fame  name  with 
the  greater  of  the  two*. 


£x.  t. 
One  lat.  35*  27'  N- 
Ae  •dm  «i  13  Ni. 

Mid^hc   <8  aoN. 


Ex.  2. 
55°  '7 


21 


S. 

13  N.. 


*>'4  >» 
If  id.  tat.  7    7  6!' 


Middle  Latitu.-ic  SuiHn^,  is  a  method  of  refoK  nj 
tbe  cafes  of  globul.ir  failing^,  by  means  of  the  Middx 
Latitude,  OB  the  prisciplct  of  plane  aad  parallet  latbog 
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•Tills  method  is  not  quite  accurate,  yet  often  agrees 
pretty  nearly  with  Mcrcator's  Sailing;,  niid  i»  fottoded 
on  tibe  fijUgiriitg  priodplct  m»  That  the  dqnrture  ti 
•reonnted  s  ncrioioRil  dtftwoe  in  tlie  midl^  latitude 
1  'u  tcn  the  latitHde  &Qcd  from  rad  tlte  latitude  ur< 
nvfd  at. 

Thisattihrt  tf;mstohavc  beep  invented,  on  Jtccoimt 
of  the  eafy  inaiUKrr  lo  which  the  federal  cafes  may  be 
nfoUed  by  the  Tr«mf«Tttfak,  and  to  fence  where  a 
table  of  meridivnal  part*  i«  wanting.  It  is  (ajTiclenily 
nor  tbe  truth  citber  when  the  two  luiRillets  are  near 
the  equator,  or  not  fat  diAaiit  frnm  one  anothcTt  io 
any  latitude.    It  is  pcrfoiir.cJ  by  thcfb  two  rules  t 

I.  A'i  tlic  cofioeof  the  middle  latitude : 
°  Is  to  radius  i  i 

So  is  the  departure  i 

TolLe  difTcrenct  "f  longiiuJe 

Z.  As  the  cofiiic  o^  the  middle  bticudc  : 
1»  to  the  tangent  of  the  courlc        it  , 
So  i«  the  dificreoce  uf  latitude  : 
To  the  diflerenoe  of  longitude  * 
Fx.  A  fliip  fails  from  latimdc  3'*  north,  ftccrlng 
conftantlv  N.  3|°       c»ii,  for  b  ditjH  when  Ihe  was 
fovod  in  latitude  51*  tff  north  i  required  her  diScnrnee 
af  loncitttd«« 
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As  cot.  mid.  I.  4409  <.  o'l^ti 
To  tang.  cour.  jj  19  •  9*81776 
bodiif.lat.       8j8  -  2'Q?'^^9 

Xodiffdung.   766  2  '9 54* 

or  ij^fi'diiT.  of  long,  fou^jhu 

.MinvLE  Brgi/m.  See  RtoioK* 

MID  HtATiN,  MfJium  Cirli,  is  that  point  of  the 
ecliptic  wliich  culminates,  or  is  Li^hiH,  or  is  in  the 
meridian  at  anv  tiini:. 

MIDSUMMEK-Z)^/.  isJteldon  the  sf  ib  of  June, 
! ':  1 0  1 uic  dav  aa  the  NatMtr  -of  St.  Joha  the  Bapttft  is 

MILE,  a  long  neafiiix  ,  by  which  the  EngiiAi  Ita* 
]iaDS»  and  fomc  other  nationti  ufe  to  exprels  the  diftancc 
hetiRxen  places :  the  fame  at  the  French  ufe  the  word 

L  aguf. 

The  Mile  is  of  different  lei)^;  ht,  ii.  tliftticut  touiitric*. 
Tiie  ptogiaphicdl,  or  Italian  Mile,  contains  (ooo  geo- 
metrical paccSt  p'lffm,  whence  the  term  Mile  is 
derived.  The  Engiiii)  "Mdc  confiPsuf  8  till  longs,  each 
furlooff  of  40  |ioilea,  and  each  pnk  of  tb^  feet:  (o 
that  the  Mile  m  s  8  {urlongs  =  32  0  poles  =  1760 

yards  =  528c  feci. 

The  following  table  fliews  the  length  ot  the  Mile, 
or  league,  in  the  principal  natuma  «f  Eun)pe»  CXpttOcd 

io  geometrical  pates : 

Mile  of  RulTa          >         .  7^0 

of  Italy          •            -  1000 

of  iuiglaad      •  *         •  1200 

of  Seotlaod  and  Irebnd  150P 

Oil'.  League  of  France       «       •  .  J^co 

bmail  League,  ibid.         S      •  '  20CO 


Mc.^n  League  of  France     -       -  2500 

Great  League,  ibid.  -       -  3000 

<  MOc  of  PoLuid  -         •  3000 

of  Spain  -            •  . 

of  Geimany  •           -  40OO 

of  Sweden  •         •  5000 

of  Denmark  •       •  $aoo 

of  Hungary  -         -  (000 

MILITARY  AnhtUBurt.    The  lame  with  Fotti- 

fication. 

M I L  K.  Y  W  A  V ,  fia  LaSta,  or  G^jy*  a  hroad  track 
or  path,  encompafltng  the  wholeheaTeu«,diflingu!llMble 

by  its  wliite  ajjpenrance,  whence  it  obtains  the  name. 
It  extends  itillf  in  fome  parts  by  a  double  path,  but  for 
the  mot?  pait  it  is  fmgle.  Its  vrurtc  la;  t:.r.u^;li  •J.  - 
cunAellatiun*  Ciiiliopcia,  Cygniis,  Aqmla,  FLi  itu:;,  An- 
dromeda, part  of  Opiiiucusand  Gemini,  ii  ihr  L;<  ithem 
hemifphetc  ;  and  in  the  fouthcmi  it  takes  ui  part'  of 
Scorpio,  Sapiltiirius,  CentatttUSf  the  Argonavis,  n  i 
the  Ara.  There  are  fome  traces  of  the  fame  kind  of 
light  aboiTt  the  fouth  pole,  but  tlicj-  arc  fmaH  in  com- 

]i:!rifi';i  oftl.!;:  tln'Tt  uic  calli'i!  hv  l";:;  c ,  1  ,ir.':  11011  i 
Ipucc:,,  .1:,  i  J.! 


1 


cIjuus  ;  LuL  :Li.-)  Ucir. 
,c  laniir  kind  with  the  Milky  way. 
The  Milky  way  has  been  afcribed  to  various  caufcs. 
The  Ancients  fabled,  that  it  proceeded  from  a  lUcam 
of  milk*  fpilt  from  the  brcaft  of  Juno,  when  (he  puflied 
away  the  infant  Hercules,  whom  Jnpiicr  laid  to 
her  brexll  to  rrnder  him  immortal.  Some  again,  as 
Arifloilf,  imagined  that  this  path  contiftcdonVy  of 
a  certain  exhalation  hanging  in  the  air;  while  Metro- 
dorua,  and  foiiic  I'yihagore.nns,  thought  the  ftin  bad 
once  gone  in  this  track,  nn..  of  the  ecliptic  ;  and 
confequeutly  that  iti  »liitencSs  ptocecds  froia  the  rc« 
mains  of  his  light.  Bu:  it  is  now  well  known^  bjr  the 
hd|p  of  tekfcopes,  that  this  track  in  the  heavens  con* 
fits  of  an  immcnfe  midtitiuJe  of  Hart,  fecmingly  very 
clofe  togetlitT,  whofc  mingled  light  gives  fiii^  a;  t  ^ 

of  whitenefs ;  by  Milton  beautifully  dtkvibcd  ;ii  * 
path  "  powdered  with  liars." 

MILL,  properly  deiioics  a  machine  for  grinding 
corn,  &c  ;  but  in  a  more  general  li::r:i:,(.:itiont  ts  ap- 
plied to  ail  machines  whot'c  action  Hcpcnds  on  a  Cir> 
cular  motion.  Of  tlicfe  there  are  levera!  kinds,  ae> 
cording  to  the  various  metbode  of  applying  the  moving 
power ;  as  water-mills,  wtnd-miils,  horfe-mills,  hand- 
mi;!r:,  Sic,  and  even  lK.,;ii-iii:I'-,  m- fuch  as  art  wurkiJ 
by  tlic  foive  of  ilc.im  ;  a*  tiiut  noble  llrudure  that 
was  creClcd  near  I>].:ckh'iur<;  Bridge,  called  the  AtblOS 
Mills,  but  lately  dctlroycd  by  fitc. 

The  water  a^s  hoth  by  its  impuLfe  and  weight  in  an 
ovetihot  water-mill,  but  only  by  its  impulfc  mi  an  ub- 
derfliot  one;  hut  here  the  velocity  is  greater,  becaufe* 
ihc  water  is  fufTcrtd  to  defccod  to  a  greater  depth  be- 
fore it  llrikes  the  wheel.  Mr.  Kcrgufon  obfirvcs,  that 
where  there  is  but  .t  imall  quantity  of  water,  and  a  fall 
great  enough  for  the  wheel  to  he  under  it,  t!ic  bucket 
or  overlhot  wheel  u  ;ilways  ufed :  but  where  there  iia 
large  hotly  of  water,  with  a  iitUe-  fall,  tJtc  -breaft  or 
hoat-b^asd  wi.ctl  miift  take  place:  and  when;  tbeie 
is  a  large  fappfar  of  wateri  at  a  iiver«  or  huge  flream 
or  bwalti  wtth  very  Bttle  hUf  then  the  underihoi 
wheel  ii  the  eafiefti  dmpcHf  md  tnaft  limpk  Ibiic 
tuie. 

Br. 
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MIL  [  1 

th.  Dc&|;;ttliai|  fwrii^  bad  occafton  to  examine  . 
Juanf  nndcifljot  and  o»«rfliot  Mill»,  generally  found 
that  a  well  made  over/hot  Mill  ground  as  miicli  corn, 
ia  the  faroe  tiun.',  as  an  iinderfhot  Mill  oi  ci  with  tcr. 
times  as  .much  water;  fuppufing  the  Jail  ol  water  at 
the  o\-er(hoi  to  Ijc  :o  feet,  and  at  the  underfiiot  about 
6  or  7  fcct  i  »nd  lie  generally  obfervcd  t'  .it  tUv  wheel 
ofthe  ovcrihot  Mill  was  of  15  or  16  -  .unttcr, 
vidi  a  head  of  water  of  4  or  5  feet,  to  Urive  the  water 
into  the  buckets  -mtfa  Ibme 

In  Water- mm*,  fome  few  have  riven  the  preference 
to  the  undtrfhol  wheel,  but  moit  writers  prefer  the 
ovcrdiot  oiic.  M.  Belidor  greatly  preferred  the  under- 
fliot  to  any  oilier  coiiflracliun.  He  had  even  concluded, 
that  wster  applied  in  this  way  will  do  more  tluin  fix 
times  the  work  of  an  overfhot  wheel ;  while  Dr.  Defa- 
roUcTB,  in  overthrowing  Bvlidor's  po(iti<m,  dctcnnincd 
ttntaa  ovcHhet  wheel  would  du  ten  liniLs  the  work  of 
an  umkrlhot  whed  whh  an  equnl  q.  antity  of  wtiter. 
So  that  between  tl.tfc  t-*o  tdcbraitd  aailiui--,  tlicrc 
is  a  difference  <>f  iuj  Ii  I  j  than  60  to  I.  lu  conlcqucncc 
of  fuch  mf  iilliin:s  d!i":i!;ri.cment,  Mr.  SmcatOB  began 
tiie  courfc  uf  experiments  meiittooed  below. 

In  the  Fhiiof.  Tianf.  vol.  5i»for  tlie  year  i759»  we 
tate  »  large  paper  with  exferunent»  on  Milk  turned 
bodi  by  water  and  wind,  by  that  ingenious  and  expe* 
lienoed  engineer  Mr.  Smeatoti.  From  tbofe  experi- 
ments it  appears,  pa.  129,  that  the  cScAs  obtained  by 
the  ovcifiiot  u!ii'cl  ;i;c  grnct-Ky  4  or  5  times  as  great 
as  lUole  wuIj  the  iirulciHu  t  wlicel,  in  the  fame  timr, 
with  the  fame  expense  of  v.atcr,  dcfcending  from  tl^o 
fame  height  above  the  bottom  of  the  wheels ;  or  that 
the  former  performs  the  fame  cife^  as  the  I.ittcrt  W 
the  lame  timc^  with  an  cifetKC  of  only  oiie-4ih  or  one- 
lib  of  the  water,  from  the  laine  head  or  heigltt.  Anid 
this  advantage  feems  to  arifc  from  the  water  lodging 
in  the  buckets,  and  fo  carr)'ing  the  wheel  about  by 
tlicir  weight.  But,  in  pa,  130,  Mi.  Suk.Uu;!  nikcns 
the  effefl  of  overihot  only  dot:blclo  iliui  </f  lie  uudti- 
Ihot  wheel.  And  hence  he  infers,  in  general,  "  that 
the  higher  the  wheel  is  to  proportion  to  the  whole  de*  . 
fieeot,  the  greater  win  be  the  rfR-a ;  hecaufe  tt  depends 
lefs  upon  the  impoUe  of  the  head»  and  more  upon  the 
gravity  of  the  water  in  the  buekelf ,  However,  as  every 

thing  Li';  its  liil-i-S,  fo  Ii.ii  t!i";,  ;  f<.r  ii-  uh  is  de- 

/(nb!c,  th^t  tl'.f  '.vaUr  Ihould  La\\^  iniickvhjt  greater 
velocity,  tliaii  the  circumference  of  the  wheel,  in 
coniQg  tliercon  j  otherwifc  the  wheel  will  not  only  be 
retarded,  by  the  buckets  llriking  the  water,  but  thereby 
dafliing  a  part  of  it  over,  fo  mm  !•  vf  tV.e  powtria  loft*'* 
fie  is  f.a[:iliLr  uf  opinion,  that  tlic  bcU  velocity  for  an 
.ovcrfliot  wheel  is  when  ita  circumference  novea  at  the 
'nteof  aboot  3  feet  {naferand  of  time'.,  S«  Wihi» 

MitL. 

Cor.iKlirat  le  di/rcitJiCO  liavc  alio  arlfcit  as  to  the 
tratlittiir.tica!  tiircn-  ijf  the  fjrce  of  water  ftrikin;,'^  the 
floats  of  a  wheel  in  motion.  M.  Parent,  Macluurin, 
Defaguh'ers,  &c,  have  determined,  by  calculation,  that 
a  wheel  works  to  the  grcated  eifcd»  when  its  -velocity 
il'  equal  to  oRe^bird  of  the  Tdocity  of  the' water 
which  ftrikcs  It ;  or  that  the  grcateft  velocity  that  the 
wheel  acquires,  is  one-third  of  that  of  the  water.  And 
this  determination,  which  has  been  followed  !iy  all  ma- 
thcnatidaas  til],  very  fiitclf,  necedaril^  rcfults  iirom  a 


It   ]  MIL 

polition  which  the^'  aiTiime,  viz,  that  the  foice  of 
watier  ^gaiiift  the  wheel,  is  proportional  to  the  fquare  of 
its  rdative  velocity,  or  of  tne  differeace  between  the  ab- 

fulutc  velocity  of  t!u'  v.:it  r  .-.rid  thit  of  the  wheels 
And  this  pofition  is  iticit  an  inference  which  they  make 
fr  iin  ihi'  h  -.  L  C  of  water  Hiikinga  body  at  reft,  being  as 
thcliju.nx-  01  the  velocity,  becaufe  tire  force  of  each 
paruclc  is  as  the  «h)dty  it  itriket  with,  a'.id  the  num- 
btt  of  nuticic*  or  the  wmJc  qnaxitity  tfa«t  ftrtkea  is  alfo 
as  ihe  lame  velocity .   But  when  the  water  ftriket  a 
body  in  motion,  the  quantity  of  it  that  ftrikf  i  h  jlil!  :is 
the  abfolute  velocity  of  the  water,  though  the  [uicc 
each  particle  he  orjly      tli'i  relative  velocity,  or  that 
with  which  it  ftrikcs.    Hence  it  foUon^,  that  the 
whole  force  or  efitcl  Is  ia  the  compound  ratio  of  the 
abfolute  and  relative  velocities  of  the  water  ;  and  there- 
fore ia  greater  than  the  before  mentioned  cfiVd  or  foree^ 
in  the  ratio  of  the  aUblatc  to  the  rehtive  vdocity.. 
The  effeft  of  tliM  correAton  is,  that  the  maxhnum 
T:!i:tity  of  the  wlu'i!  hrrriTr.c!;  one-half  the  \c-]oi.-:ty 
of  ill-.;  v.A'.Lr,  ii:ll^,id  of  oae-third  of  it  only:  a  detcr» 
min;ii<'>  IP.  w    h  nrorly  .'igrees  With  the  belt  exferimentpf. 
as  thole  uf  Mr.  Smeaton. 

Thii  coTTrdion  has  been  lately  made  by  Mr.  W. 
Waring,  in  the  |d  volume  of  the  Tiaufd<bti<>na  of  the 
American  Fhtlolophical  Society,  pa.  144.   This  ingc. 
nicy&s  writer  fairs,  *  Beinff  lately  le^uefled  to  make  fnme 
calculations  relative  to  MRIIs,  particalarly  Dr.  Barker*s 
conrtnidion  as  Iinpixtvi-d  by  Jjincs  RuiiiUy,  I  fuui  d 
more  difitculty  in  tlic  aL'.i.in]>t  ilum  I  at  tirlt  expeete«i. 
It  .ippi:!;!.;!  uici'lT.ir)-  to  ii;'.\l;i;;.ito  ncv^  theorems  fof" 
the  purpofe,  aa  there  are  circunubnces  peculiar  to  tins' 
couAru&ion,  which  are  nut  noticed,  I  believe,  b^'  any 
author ;  and  the  theonr  of  Mills,  as  hitherto  pubfalhedr. 
.  it  Tery  impei  fe£t,  which  1  take  to  be  the  rea&o  it  ha*  « 
been  of  fo  little  ufe  to  practical  mechanics. 

*  The  fjrft  rtep,  then,  toward  calculating  the  power 
of  any  water-mill  (or  wind-mill)  or  proportiouing  their 
parts  aiwl  velocities  to  tlie  gc«;atdl  advantage,  fccms  to 
be, 

•  Tie  Ctrrt(7':on  of  an  EfH'.'utl  iMifalf  ad^ed  fy  WtU' 

ers  m  ihr  Tlx'jtj  of  j\fiBt» 

•  This  is  aUcmpted  with  all  the  .  deference  due  to  ' 

eminent  authors,  wbofe  iugenioua  labours  have  juiUy 

ruifed  their  reputation  and  advanced  the  fciencf!; ;  but  •> 
when  any    roi--^'  ;nir.ciples  are  fiicctffivily  puLI'iliLdLy 
a  ferics  ot  iucli  pens,  they  are  tlie  more  i)npiicitl^'  re- 
ceived, and  more  particularly  cLiini  a  pubhc  rciflilica- 
tiont  which  ntuil  he  plcalin^,  even  to  thefe  candid- 
.  wntwsthcuaclvc.).' 

A  TCry  ingeniow^writer  in- Engiaad,  *  in  his  maftedy  - 
treatife  on'  the  refiilinear  motion  and  rotation  of  bodies, 

piiLlilLtd  £)  lately  a.-;   1784,  contintic;  thii  ovurCigtit,        ^  ' 

it',  perniciol!';  o'sniicqutnces,  tiii'ougik  his  jiiopMli- 
tio'.is  aiul  ci-roiLiius  (pa.  275  to  284),  although  hc" 
knew  the  il leury  was  fufpe^cd :  for  he  obTervea 
(pa«  382)  "  Mr.  Smeaton  in  his  paper  on  mechanie 
"  power  (pubhfhed  in  the  Philofophical  Tnnlaflioaa- 
**  fbr  the^-ear  1776)  allow*,  that  the. theory  ufuaQy 
"  given  will  not  corrcfpond  with  matter  of  fa£l,  when 
"  compared'  with  the  motion  of  machines  ;  and  feems 
"  to  attril  utc  this  d  fi'.grtcmci'.l,  rriLlicr  to  deficiency 
lit  the  theory,  lliauito  the  obiiadci  which  have  pre- 
4  "  '  teoudi 
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'*  *ented  the  apFtkation  rtf  it  to  the  compBcatcA  in»« 

tiou  r.f  cr^iri  :,  tc.     \<M)v\.-- 10  fjtiffy  Hmfjfcnn- 

*'  rii  3  fft  of  i.'\pcriini:i;:^,  wMl-!),  from  tJiC  Known 
•*  .-tbiUti;;^  anj  inr<:iuii?y  ut  t?ir  ;iulhor,  ceit  'tnly  de- 
•*  ferve  great  conn'J  :;-tt?it')  rn<^  atti  ntifiu  from  every 
**  one  wSc  ti  nnircfliil  ;ii  thtfe  iaquiritn."  •  And 
««Jt«it?>ftaii<li;ig  th:  fame  learned  autnor  fsp,  "  The 
evi'lciifc  wpon  wKich  'tlie  theory  rtft$  it  fcaively  lf& 
tli;i:i  init-hcroaticJi! J  am  forr^'  to  in  thcprcfrnt 
ftatc  uf  t!io  fcicriL-es,  oltc  of  liis  ahilitio*  concluding 
(pa.  3^^?)  "  ft.  -5  not  pr',bnh!c  tliat  the  theory  of  mo- 
ti'-ti,  howfv'T  f  ironieftiltle  ii-  ];ri,ict(ilcs  mny  Ix".  can 
afiord  roiwh  affirtant-f  to  th^-  j.m^Urul  n-.ccliinic,"  al- 
thoUj^h  tnckcd  the<iry,  cor-.p^'-ri  v.  ith  the  above 
cttol  cxp«rintnit%  nH;,-lii  f.iggcil  f  ich  .-.n  jnfereacc. 
But  to  cwme  to  the  poiu;,  I  would  J-::t  prcmife  theiie  . 

*  If  a  pf  wntrr  imp'n;^*  n^?iiirt  n  whcrl  in 
'  iroiton,  t!u  rw  arc  thrtc  dl{Fcn-iiL  vcluciun  tu  be  con- 
Stirred,  ippntaTnin^tberetOt  ^"*f 

Firi,  llie  abf.  l      \cloc!ty  of  thrvajer; 
Steo.ui,  tiif  nbfolute  velucily  oftJic  wliccl  ; 
'i'hinl,  the  reiaUTC  velocity  of  the  wstcr  to  tint  of 
the  uhfti,  » 

t.  e.  the  difftmnce  of  du;  aUblube  fdockiet,  or  the  re- 
locky  witU  vhidi  the  water  ovotakei  or  ftnkea  the 
%rhe«1.» 

*  Xii'.v  the  miftskc  conCfl*  in  fuppofiii  '  (It  niomrn- 
tum  or  fore*  of  the  water  a(^uiill  th«  wliec],  in  be  iu 
^JtfBemmia  rf  ligrtktiue  vdtdlf  t  IVherea^ 

Prop.  I. 

'  Tl)e  force  of  an  Invariable  Strem>  uniMMiiiig 
agatnrt  a  MilUwherl  In  Motinn,     in  the  Slmfle  Diired 

*  Foi,  ii  the  relative  velocity  of  a  fluid  a^ainil  a  An- 
gle plane  be  varied,  citl)cr  by  the  motion  of  the  plane, 
or  of  the  tluid  from  a  given  aperture,  or  huih,  then, 
the  notnbcr  of  particles  aASn|f  on  the  pl.ine  in  a  given 
time,  and  likewife  the  momentnin  of  ea^h  particle^ 
being  refpefliTely  as  the  relative  vehtcity,  the  tbree  on 
both  thefe  accounts,  mud  be  in  the  duplicate  ratio  of 
the  relative  velocity,  aj^rerably  to  the  common  theory, 
with  rcfjifct  to  rhii  Jxrrfr  plane:  but,  the  number  uf 
tbefe  planes,  or  parts  ot  the  whetl  arted  on  in  a  given 
tine,  mil  be  as  the  velocity  of  the  wheel,  or  inverfrly 
at  the  rt!^t!ve  ^tlot'tty  ;  tberefbre,  the  wovtne  farce  of 
the  wheel  inuil  be  in  the  fimpk  dfireA  nti»  of  the  ichu 
tffc  Telocity.  D. 

*  Or  the  propofition  n  nixinfeft  firon  thJf  eonfidera. 
tror.  ;  t!;it,  while  the  flream  is  itrvartablc,  whatever  be 
the  VLlucitvof  the  M'hecl,  the  fame  number  of  particles 
or  quantity  of  the  fluii!,  muft  ftrike  it  fonyv.'liere  or 
otficr  in  a  given  time  }  confctjucntly  the  variation  of 
force  it  trJj  on  accotint  of  the  varied  tmprngrnt  rclocity 
of  the  lame  hoAjt  occafioned  bj  e  change  of  motion 
XD  tlie  wbed ;  tuit  ii^  the  momentaoi  i»  as  the  rdatiTe 
velocity.' 

*  Now,  this  tme  principle  fiibftitttted  for  the  erro- 
neous or.e  ir.  life,  will  brinp  the  tht  cry  tu  .iprcc  rcmiirk- 
ahly  vrith  the  notable  cxperuncnta  of  the  ingenioua 
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fimeaton,  before  iiwntkmed,  p»ibHft«d  fa  tbe  Miilofo- 

j-hi— !  Ti  !•  fatliiMij  of  the  Rfyttl  .Society  i  f  Inmlou 
for  tlif  V  i--  1751,  vol.  5  I,  f«»r  wlrich  thi-  l.or<>;iiiy  an- 
nual r;u\l  1I  V  .H  a<?;iiJ;;cd  by  the  )i»c;.'ty,  :ind  picltitic  l  .  ■ 
to  th'.  atithor  by  iltcir  ^crtidcut.  An  inftaucc  or  iw.i 
of  the  impdrtmce  of  thie  correction  in37.fae  addvoed  u 
bcknr.' 

P*o».  If. 

•  Tlie  velocity  a  moved  by  the  fir.pri.^  of 
a  flream,  muft  be  hall  tlie  vclneit)'  of  tlic  flin'd,  l"  J■:"t^- 
ducc  ilie  jjrealeft  pofTblc  efFer.t. — For  let 

V  =  the  I'clocity,  m  —  the  tiiorKntum  of  the  fluid  > 

V  =  the  vcWity,  /  the  |';i-.vcr  of  the  whtiL 
Tiieti  \'  —  -.  -=  the  rclatifc  T«Jiicit]F»  bjr  dcf.  3d} 

and  saV:V— V  — •      (prop.  l}f 

thii  muhipUed  by    gJte* /f  =        V*  —  «»  ai  • 

maximum  ;  hence  Vti  —  t>*  =  a  maximum,  and  its 
fluxion  (it  being  the  varT,;Mcqii3:it:ty)  'n  Vv—  zw  ~  o; 
therefore  «=  iV,  that  U,  the  vcloeit  v  <-f  ilic  wheel  ' 
=  hair  that  of  the  fluid,  at  the  place  of  impati,  when 
the  elFeA  !>  a  masimnm.   Q.  K.  T>.' 

«  The  iifiicl  t'l  ■  .rv  rNvi  :  '  V  ;  \sV 'hc  cn«r 
is  not  Icfs  th.ui  uae  ilii.d  ^1'  liie  l;uc  vti'-jjiiv  of  the 
wheel.' 

•  This  propofition  is  applieablf  to  undrrfhot  wheels, 
and  corrdponds  with  the  accurate  experiments  before 
cited,  as  appears  from  the  author's  conchifuni  (Fbilof. 
Tranf.  for  1776,  pa.  457),  viz,  "  The  velocity  of  the 
"  wheel,  which  according  to  M.  Parent's  determini- 
"  tioii,  adopted  by  Defaguiiers  and  Maclaurin,  ought  to 
"  be  no  moir  than  one  third  of  that  of  the  water, ^-ariea 
"  at  the  maximum  m  the  experiments  of  table  1,  be- 
"  twcen  one  third  and  one  half;  but  in  all  the  cafes 
*'  there  related,  iu  which  the  moll  work  ii  pcrformejl 
"  in  proportion  to  the  water  expended,  and  wluch 

«  proaeh  the  nearefl  to  the  arcumftancc*  of  gmt 
"  wodka  when  properly  executed,  the  muamam  lies 
"  much  nearer  um-  ti.ilf  iliun  <iiie  l!i;ic5, l;:lf  ']cr:'.ii~ 
"  lo  It  ibe  true  ),T.;>.T,.. ,■,..,■),  if  Lutl.i.sg  vvtie  luil  by  tliC 
"  refHliuict:  of  tin  ai-,  the  fcattcriiig  of  the  water  car- 
"  ii«d  up  by  the  wheel,  &c."  Tliu&  hc  folly  flveira 
the  common  theory  to  have  been  very  defective  ;  but, 
I  bch'cvc,  Dooe  have  Ance  pointed  oat  wherein  the  de- 
fickticy  Uyi  nor  how  to  correA  it ;  and  now  we  fee  the 
agreement  of  the  true  theory  with  the  xefult  of  hit  CKp 
jterimcnta.*   For  another  problem, 

pkOB.  in. 

•  Given,  the  momentum  (m^  and  vrlocily  (V)  of  the 
fluid  at  T,  the  place  of  impaa  ;  the  nidius  (R  — IS) 
of  tile  v  hrx\  ABC  5  the  raibus  (r  =  DSj  of  the  fmall 
wheel  DEI*  on  the  faune  axle  or  fliaft  {the  wei^h  t  f  ?t> ) 
orrefillaacc  tohcomcomeatD,md  thefridion  (/) 
or  foice  neeefTary  lo  move  the  uhf  i  l  without  the 
weight  i  rtijtured  the  vdoaly  (x)  ot  tiit  wheel  ftc." 

•  Here  welme ▼  s  V  — w  it  « ;  «  x  ^-y--  s 
the  a£iing  force  mt  I  n  the  dueAton  KI,  at  befbte 
(fvoft  i).  Now  R  :  r     «  :  ^  =  Oie  sower 

It 
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at  I  Btcttbrf  to,  eoQDtcipoire  the  weigKt  w ;  heoce 
-i-fss^  tlie  whok  lefiftaaw  tfgobA  to  the  aAioa 
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•Tthe  fluid  at  T 
force,  leavrs  m 


which  deducted  from  the  muving 

\  —  T       rzv         .        ,  , 
X   5-  —  /  =  the  acccie- 


V  R 

ntiog  (one  nf  the  nutchiiie ;  which,  when  the  inottoa 
unifunn,  will  be  evuKlccnt  or  ssoj  tkcnfaie 

X  -55—  =  -j^  +/j  wbidi  gt»ei 


» =  V  X  I  —       —  ^  S3  the  true  vclocitir 
quired}  or,    we  rejcd  tllc  fijfiiM,  tiMtt 
V  ss  V  X  I  —       >s.  the  thcQKm  lor  ihe  «docicj 
«fthe«IiecL  lldi,  by  dbe  eaautao  theofj',  iMdd  be 


re- 


mstV  X  1  -  v' 


R' 


vlu'ch  ii  too  L'ttk  hf 


V        ~  ^ibS  *         wonder  whj  we  have 

Udierto  derived  fe  littk  advmtige  from  thetheory.* 

'  CoROL.  I.  If  the  weight  (w)  or  refiftance be  re- 
qnired«  fuch  at  juft  to  admit  of  that  Telocity  which 

would  produce  thcprcatcft  cfTcfl  ;  then,  by  fuhllituting 
for  itii  equivalent  v  (by  pro^  i)}  1 


X  R; 


«r, if  /s o» «ri.  1!!^ )  hut theorifts nake  thb 

tr  9r 

mR  . 


fcliCTC  liic  error 
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*  Coaoi..  1.  We  bne  aUb  r 

mR 


w 

r  =  —  t  wlkii  the  gralel;  eftft  it 

21V 

yradaoed;  ibftead  of  u  has  been  fuppofcd: 

tkU  k  an  important  theorem  ai  the  eoiilbni6tfcni  of 


thor,  on  the  power  and  machincrtr  of  Dr,  Barkei'i 
Mill,  ai  improvfd  by  Mr.  Jaracj  kurjifcy,  with  a  dc- 
fcripuDn  oi  it.  'i'iiin  i'l  .1  Miil  tiimea  by  the  rtfifling 
force  ot  a  tlrcant  of  wuter  that  iiHieii  from  an  oiitiiT, 
the  rotatory  part,  in  which  that  oritice  i«,  hnnir  impdlcrd 
th'  T'T'trary  way  by  its,  reaction  againll  the  llicair  thai 
iflu'-i  frtim  it. 

Mr.  FerguloB  hw  civen  the  loOowipg  direfkiont  for 
conlltufitflg  water  muls  \n  the  heft  iiniAiMr ;  with  t 


^[iiMiinjj  (.iineiilions  proper  to 


table  of  tVc  foi  r  d 

a  great  va'-icty  of  |i(-r;  tj.i.iciilw  fails  of  the  water. 

When  i!r.  iiuai  l)  »ards  nf  the  wa'cr-v.hccl  m:)»«r 
with  a  5<1  part  ot  the  vcloiity  of  O.tr  water  that  att* 
upon  them,  the  water  ha»  thu  j,ti.it  ■  i  -  jwer  to  tara 
the  Mill :  and  when  the  miliftone  otakea  al>unt  Co  torn* 
in  a  minute,  it  it  found  to  perfom  ite  work  the  belt: 
for«  whcD  it  adm  but  iboot  40  or  50,  it  grinds' loo 
flowly ;  ami  when  it  make*  more  than  70,  it  beats  the 
meal  tao  miirli,  jiid  cut*  the  bran  fu  Innl,  that  3  grfit 
part  of  it  iiiixts  w  ith  tiic  nie.il,  iiml  cuniiot  be  U|jAia^  J 
from  it  by  fifting  or  Ixmhing.  C  imfccj.n  ntly  tlie  iit« 
moft  perfcdion  uf  mill-»orkliei  in  making  the  train  fQ 
u  that  the  nitlUlonc  fholl  make  about  60  turns  in  a 
minute  when  the  water  wheel  mom  with  a  3d  part  of 
the  vdeehf  of  the  water.  To  ha?e  it  fo»  Ment  the 
foOowtog  rules : 

f.  Meafnrc  the  perpendicular  height  of  the  fall  of 
water,  in  feet,  abrm-  the  middle  of  the  aperture,, 
where  it  is  let  out  to  act  by  inipulfe  a<^»inft  the  float* 
boards  on  the  lt)\vell  fide  of  the  undcriliut  wheel. 

a.  Multiply  that  heijfht  of  the  fall  in  feet  bj  the 
coniUnt  number  64,',  and  extrad  the  fquare  root  o£ 
the  nrodofi,  which  wi&  he  the  vdocitjr  of  the  water  ait 
Che  bottaa  of  the  6n»  or  the  nraber  of  fisR  llie  water 
mo'TCi  per  fcronJ, 

3.  DiviJc  ihc  velodty  of  the  water  by  tj  and  the 
quotient  will  be  the  vdociij  of  the floM «f  1^  wheel 

ill  feet  per  fccond. 

4.  iJivide  the  circumference  of  the  wheel  in  fcet»  hf 
the  rclodty  of  its  floats ;  and  the  quotient  will  be  the 
number  of  feconds  in  one  turn  or  revolution  of  the  great 
water-whedi  on  the  axis  of  which  it  filed  the  oof* 
wheel  that  tnmt  the  trundle. 

^,  Diride  60  by  the  number  of  feconds  in  one  turn 
of  the  water-wheel  or  cog-wfacet:  and  the  quotient 
will  be  the  unniber  of  tvina  of  ciiber  of  theft  whcck 

in  a  minute. 

6.  Divide  60  (the  number  af  turns  the  miliftone 
oogbt  to  have  in  a  oiinuu)  br  the  abofelaid  annbcr 
ef  tofoe  t  and  the  quotieiit  inllbe  the  amber  of  taina 

the  miUllonc  o-Jc:ht  to  have  for  oee  tma  of  the  water 

or  cog-wheel.  Tlicn, 

7.  As  the  required  ntimhcr  of  turns  of  the  millftono 
in  a  minute  ii  to  the  number  of  turns  of  the  cog- 
wheel in  a  minute,  fo  mufl  the  nooiber  of  cogs  m 
the  wheel  be  to  the  number  of  flavcs  orrouadt  in  the 
trundle  on  the  axia  of  the  iDiIlfloae»  ill  die  acaicft 
whole  aaoiber  thit  can  be  found. 

By  theTe  rules  the  followmg  table  ii  calcolated ;  is 
wliich,   tilt  fliamt.tcr  of  the  watci -wheel  is  fu|>pofc(l 


la  the  iiune  volume  of  the  American  Tranfadiions,  18  icct,  and  eonfcqucntly  its  circumference  cOi  fcet, 
fa.i8|,»aoothcriogCBie«afapcr,  brtheliuMaii.   andthediaiiKtcrof  theatiUaiNie  tajleet. 
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For  the  theory  and  conftruAion  of  Wind-mills,  fee 

WiMD-ni/'/-  ,  , 

MILLION^  the  number  of  ten  hundred  thouland, 
.oratboufand  time*  a  tboufand. 

MINE,  ia  Foctifiolioo  &c,  it  a  fubterraneous  ca- 
tnl  Or  jMti&ge,  dag  under  any  place  or  work  Intended 
to  be  blown  up  by  gaapovdcr.  ^Tkc  jpaflaiKe  of  a  laiae 
leading  to  the  pov^er  ia  ctned  tin  GaHer^j  MM  Ac 
extrcniiry,  or  place  where  the  powder  »  placed,  i« 
called  the  Chaahtr.  The  line  drawn  from  the  centre 
of  the  ch:iribcr  perpend icii)-ir  to  liie  ncareft  furfacc,  i» 
.called  the  Unt  ij  iiafi  ReMancc  t  ani  th«  P«l  <* 
made  by  the  vSmt.  vbu  fpniDg^  «r  l|lowa  Upb  *>  w4 
the  JSaMtMljMb 

The  Miuea  made  by  the  befiegen  in  the  attack  of  a 
place,  arc  called  fimply  JUiur/  »od  tMe  made  b;  the 
i)LCv.gtd,  CoMUr-miaef.  _  _  '  . 

.  The  fire  i«  convC)  ci!  to  ihc  Mine  by  a  pipe  nr  hole, 
matlcofcoarfe  clotli,  of  abo*jt  an  inch  a  :  J  hall  in  liia- 
OTcter,  culled  Sauaf-n,  extending  from  the  piw  ltr  iii 
thecbamber  tu  the  beginning  or  eniiaocc  oi  ihc  gal- 
lery, to  the  end  of  which  ia  fixed  a  match,  that  the 
iri  ier  who  fet« fire  to  Ufluy  ha**  ttmc  to  retire  before 
it  reaches  the  ebaniber. 

h  is  found  by  cxpcriirirnts,  that  the  figure  of  the 
escn%  <t!on  nidffe  by  tin:  expli'lion  of  the  powder,  is 
nrail)  ii  p^r.iU.loul,  b.tvilig  its  f 'C,;..  -.I.':  c,-r.;:c  ut 
the  powder,  and  its  Axii  the  liiit  oi  _lt«:t  rciiHarcr  ; 
its  ,'i  wetT  being  more  or  Icf*  acconlinjj  to  the  ^u.iii- 
tit*  of  the  poivdn,  to  the  fanic  axis,  or  line  of  Icail  re* 
MiBdiddr  lodged  diffisicait 


quaittities  of  powder  in  as  many  difiertnt  niiw^  ef  the 
fame  depth,  or  L'oe  of  leaft.  rdiflance  lo  feet ;  the 
charges  and  greateil  dtainctm  of  the  excavation^  Daea^ 
■  the  et^oOm,  irere  M  ftUoIr  t 


,      ift  - 

2d 

3d 
\  ith 

Trom  which  expcnmrnis  it  appears  that  the  excava* 
tion,  or  quantity  of  earth  blown  up,  ia  in  the  ikiM  |MW« 
portion  with  ilic  qiiantity  of  powder;  whence  the 
charge  of  powder  neceiTary  to  pcodu«e  nj  other  pio« 
pofed  effect,  win  be  had  by  the  nde  of  Ptaportioo. 

^ '  I  I  A\'i,7,  io  a  box  an  J  uccult,  with  a  braf»  ring 
dikidcd  iiiij  360  degrees,  wiUt  leveral  di^k  graduated 
upon  it,  commonly  made  for  the  ufe  ef  miners, 

MINIIT£,  ia  the  60th  part  of  m  degiee,  or  «|  m 
hotir.  The  mimitca  of  «  degree  we  nmefcad  widi 
tlie  acute  acaent,  thai  '  %  the  fcconds  by  two,  ; 
the  thirds  by  three,  The  minutes,  (econds,  thinld, 
&c,  in  time,  arc  fomctimes  marked  thvfanic' w?,',  ;  b-it, 
to  avaid  cunftifion,  the  better  M-av  n,  by  tlic  iiiiiiaJii  of 
the  words  ;  as  minutes  '",  ieLonris     third*  «,  &c. 

MiMUTS,  in  Arehiicdurc,  ufuaily  denotes  the  6oth 
part  of  a  module,  bat  lometiaKaaalj  the  3cth  part. 
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.  MIRROR,  a  rpecuIuiD,  lookinK«|^afi^  or  any  po]ilb< 
^  body,  whafe  life  ia  19  (vm  the  iw^fw  a£  diftind 
object  by  itfafrn  of  dicnif«<tf  UgbL 

Airrror*  arc  ehfier  plane,  convex,  or  concaTc.  The 
firft  fort  rcflcAi  the  rayi  of  light  ia  a  direflion  cxadty 
iiiajlar  to  that  in  wLich  they  fall  iip>):i  it,  aiui  there* 
(ok  reprefenta  brxli'es  uf  tluir  natural  magnitude.  Biit 
theconvex  one«  make  the  raysdiTerge  much  moif  iliAn 
(efbrc  reflcsbn,  and  therefore  greatly  diminifli  the 
lof  diofe  obje^s  which  they  exhibit :  while  the 
!<mei.  by  collecting  the  ivjaictoa  focua,  not 
onljr  nragnify  the  ohjciMs  tju-y  ftev,  but «iO  aUb  bum 

very  ficiTcIy  ulii  i>  ctpolfJ.  Lo  tlii!  rays  uf  tlie  fuu  ;  and 
faeott  they  arc  tuauuuuly  kauwa  by  the  name  of 

^Urmng  Alirrorj. 

la  ancient  timti  thcMi'rron  were  mad?  of  fome  kind 
of  metal ;  and  from  -a  palTagc  in  the  Mur4i>c  writing 
%ire  leain,  thadtthe  Minora  u(cd  by  the  JcwiA  women* 
were  made  ofbtifti  •  pisASoe  wmbtkukanted  fioin 

Aoy  Kind  of  netal,  wben  well  polilhed,  wiTI  refleA 
very  powerfully  t  hut  of  all  tiiheis,  lilver  itfl^ctb  ilif 
nofl,  though  It  has  aUvavs  btcn  tu<p  e\pcalivc  a  u.atc- 
rial  for  common  ulc.  Gold  it  aifo  very  powerful  ;  and 
«S  nvrtfllft  or  even  wood,  gilt  and  poliihcd,  will  ait 
Wy  powerAlUy  as  burning  Mirroit.  Even  polilbcd 
i«W7»  or  ftiaw  aicdy  plaited  together,  will  form  Mir- 
xan  capable  of  burning,  if  on  a  large  fcale. 

Since  the  invention  of  glaik,  and  the  application  of 
quickfilver  to  it,  have  become  generally  known,  it  haa 
been  univcrfally  crnploycd  for  tlmff  pLnc  Nliirors  nkA 
as  omamenti  to  houfcs ;  but  in  maLinK  rcileCiing  te« 
IcfLopcB  tliey  bare  been  found  rotich  inferior  to  metal- 
lie  OK).  It  does  not  appear  however  that  the  (aine  fu« 
periority  belongs  to  the  metallic  burning  Mirrort,  cou« 
admd  atsafar  aa  bumiag  fpecubum}  fince  the  Mirmr 
iKdi  wldek  Mr.  Manfiicr  ndted  pfanina,  though  only 


3]  inchr*  diameter,  and  made  of 


qui 


,1  g!.f.. 


prodviCLi!  nuich  grcster  effc<4«  than  iVl,  \  iliciiL  j  metal 
Ipei^ulum,  wliicl.  was  of  »  much  laigfT  fizc.  It  is  very 
probable,  however,  that  M.  Vtllcttc'a  Mirror  wai  not 
fo  weO  poliflied  a»  it  <ntght  tolw«e  been  i  aa  the  art  of 
preparing  the  metal  for  taking  the  fineil  polilh,  haa 
but  lately  been  difcuvered,  and  publifhed  in  the  Phi- 
kf.  Tran&aioDS  by  Dr.  Madge  of  PlyoKnth,  mnd, 
l^er  him,  by  Mr.  Edvrards,  Dr.  Herfchel,  ftc 

TIC  of  the  mare  remarkable  Urm  Mid  phcOOmew 
Qt  plane  Mlrror«,  arc  as  tullow  ; 

1.  A  fpcctutot  will  fee  !iis  ima^;e  of  the  fame  fne, 
and  ercdt,  but  reverfed  aa  to  n^\t  and  Wfc,  liikI  ui 
Ar  beyond  the  fpcculum  ag  he  is  before  it.  A»  he 
■MMCttoor  firom  the  fpecuhioii  bja  image  wiUi  at  tbe 
Ane  timCf  move  tomnbor  (root  the  fpccoloai  aUb  oa 
the  other  fide.  In  like  manner  if,  »  hile  the  fpcCl;itor 
it  at  reft,  an  object  be  in  motion,  it*  image  behind  the 
fpecLilum  will  be  fern  to  mtnc  ;ii  tlic  f.'.me  rite.  Alfo 
when  the  fpcctaior  moves,  the  iituigct  ui  objvCti  that  are 
at  reft  wiU  appear  to  approach  or  recede  from  him,  after 
tbe  fame  nuiuter  at  wheo  be  move*  toward*  real  ub> 
Jefla. 

a.  If  fevcral  MirrorR^  or  ilEwnPil  fragmenU  or  pi<cea 
pf  Mirrors,  be  aUdifpofa!  in  die  fitme  pUnr,  they  will 

Oitly  cxh  bit  anul>jed't  in:-. 

3.  If  two  plane  ^Lrrurl,  or  fpecidumt,  meet  in  any 


IS  more  ariile  ;  tbe  aru 
ruin  the  ima^iei.    '1  l.ns 


angle,  tbe  eye,  placed  within  that  aade*  will  fee  tbC 
image  of  an  «bjc6l  placed  withJn  the  UOM^  aa  oflCB  fc- 
peated  at  there  mav  be  perpendicukra  <tfiiini  detrtnia* 
>ng  the  pUcea  of  tae  images,  and  teiminatcd  without 
the  angle.  Hence,  aa  tne  more  pcrpcnJtculai«,  ter> 
C.ii  atn]  witlnr.il  thean^^de,  may  be  diawg  at  the  angle 
III  the  angle,  the  mure  uume- 
Z.  Trabcr  foitnd,  at  an  an- 
gie  of  one-jd  of  a  circle,  the  iataoc  waa  repreCcalcd 
twice,  at  Jth  ,  thrice^  at  jtli  fiwetiatei,  and  at 
deven  times. 

Farther,  if  the  TVtlrrors  he  placed  uptight,  and  fi» 
contraifl"  il  ;  or  if  y.ju  reiirc  from  tliem,  or  .ipproacfi  to 
them,  iiU  i..e  inia<^ekrcAciicd  by  dieni  c<»;ilelee,  ori  jn 
jilt  )  one,  they  wili  appear  moti.'troufly  ditbn  tcd.  TIiiii, 
if  ihcv  be  at  an  angle  fomewhat  greater  tbab  a  right 
oac,  the  iiaagcof  one's  face  will  appear '«itb  aal|r 
ere;  if  the  atiglc  be  left  than  ar^t  one,  you  wil  fm 
5  eyet,  s  nofei,  smoatha,  ftc  At  an  ai^k  (MB  kfii^ 
the  body  « il!  ?iavc  two  licjil?.  At  an  angle  fomewhat 
greater  than  a  right  one,  at  the  diHance  oif  4  feet,  tlie 
body  viiil  be  hraduU,  wtc.  Again,  if  the  Mirrors  be 
placed,  the  oite  paiftUcl  to  the  buristoo,  die  other  in* 
dined  to  it,  or  declined  (rom  it,  it  it  eafy  to  perccivt 
that  the  images  will  be  Hill  more  romaotie.  Thu«,  one 
being  declined  finora  the  boriaon  to  an  angle  ot  1 44. 
degree*,  and  the  oUier  iwdiwed  t».iu  aanaa  iaca  hiadUf 
flandng-wilb  Va  head  to  anothei'a  mc 

HcM  C  it  ;jppe;ir8  iiow  Mirror*  may  be  managed  In 
gardens,  «c,  io  as  to  con*ert  the  image*  of  iliofc  near 
them  into  /noBllert  of  variuiia  kiadt ;  and  fincc  glafa 
Mimiia  win  refiret  the  image  of  a  lucid  object  twice  or 
thrice,  if  a  candle,  &e,  be  placed  in  the  between 
two  Mommi  k  will  ba  nakiplicd  a  giwt  awHbar  of 

ifCmntx  MiaaoKi. 

1.  la  a  {phcrical  cootwx  Minor,  tha  ioMlg^  u  lela 
than  the  objeA.  Aad  hen'oe  the  ufe  of  fiicb  Mmwi 
iu  the  art  of  palntiub  «bcre  objiDfib  Mt  to  be 

fented  'left  (ban  the  life. 

2.  Tn  a  convex  JTirri^r,  tl.e  more  remote  the  objeA, 
the  lefs  ivj  iii'.jgc  ;  alfu  the  fniuller  the  Mirror,  the  left 
the  image. 

3.  Iu  a  convex  Mirror,  the  right  liand  is  turned  to 
the  left,  and  the  left  to  tlie  right ;  and  raagnitudoi  pep> 
peadttttkr  to  the  Minor  appear  inverted* 

4.  The  image  of  a  right  line,  perpendicular  to  tbe 
Mirror,  it  a  ri^ht  line  ;  but  that  of  a  right  llM  obliflK 
or  parallel  to  the  Mirror,  is  convex. 

5  .  Rays  tefle^Med  lri)::i  a  einivex  Mirror,  diverge  more 

tlian  if  reflected  from  a  plane  Mirror }  and  tbe  liaaUer 
the  fpben^  the  more  the  layt  dinnfe. 

Law  tf  (Umtavi  Miaioat. 

Tbe  tKe&t  of  CoOCMe  Mirrors  are,  i«  general,  the 
reverfc  of  thnfe  of  convex  ones;  my*  hcmg  made  to 
converge  more,  «)r  ilivergc  lef»  than  in  plane  Mirrors; 
the  image  i«  tnaguiticd,aiid  the  mure  fo  as  thefpltera  ia 
fmaller ;  Ac,  3:c. 

MITRE,  in  AnhitcAure,  is  the  workmen's  term 
for  an  anp^le  that  is  juft  45  dtgieoa,  or  half  a  i-igluaa* 
^' \  ui  if  the  aii^'ie  be  t.he  half  of  this,  onaipaMcr 
ul  a  rigbi  angle,  tbcy  call  it  a  baif-ailrt. 
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Mixr  At^h,  or  Plp^e,  it  one  contitmd  I17  both 

right  and  curved  I'ncs. 

Mist  A'''.' ■'.•-'^.'r,  it  t.ne  iliL:t  is)  partly  an  integer,  and 
l^rtlya  fraition  ;  as  3'. 

M  ixT  Ratio,  or  Pri,porilLS,  is  w  hen  the  fum  of  the 
•ntecrdcnt  and  confcqucnt  is  compared  with  the  diffitr- 
caceofthe  autecedcnt  and  confcqucnt  { 

»       f    '  1    :  :    s  I    :  3 

t"n  {„  +  4-  ,/:  .  - 

MOAT,  ill  rortification,  a  dctp  trench  dug  round 
a  to»  n  or  foitri  ft,  to bc  defioidedy  «o  tlie  outlideof  the 
U*lit  orta'iipart. 

ThcbiciidtU  aud  drpth  of  a  Moat  often  depend  on 
the  natiin-  of  the  fuii;  aconding  aj  It  is  maiftiy, 
Tockjt  or  the  like.  I'hc  brink  of  the  Moat  next  the 
nmpart,  «•  c«U«4  the  Scvp »  Mid  the  oppolite  ijde,  the 
Connterlcarp. 

Dry  Ml  AT,  i«  one  tliat  Is  vitl.oMt  wntcr;  which 
fwplit  lu  be  det-per  tji«ii  out  U.^l  itj.^  uuici,  cillL-d  a 
Wet  Muiit.  A  Urv  Moat.ur  one  that  has  a  liitif  water, 
ba^  ottcn  a  fiiinll  i.otch  or  ditch  run  all  alon;^^  iiu'  middk 
of  its  bottom,  called  a  Cuvette. 

FlaU'Hiomed  Moat,  is  th^t  which hw  BO  flopin^^ttc 
cotmen  being  hnnewhat  ruunded. 

/.mrt/ Moat,, '» thAl  whole  fcup  and  connterfcarp 
are  cafcd  wttli  a  wall  of  fna(bn*8  work  lying  aflope. 

MORILE,  I'rimtiti,,  'vA  the  Aricicut  Aflrtillnrnv, 
wa^  11  <;tli  hiavcn,  ot  l;»licrc,  ci  nccivcd  ab<)V.~  thulc  of 
the  pl.incts  ami  iixcd  llurs.  It  \va<.  liippokii  that  this 
wa<  the  firll  mover,  and  cairicd  ali  the  lower  fpherea 
aiboat  with  it ;  by  itlrapidlty  communicating  to  them 
•  motion  anying  tbem_  rutind  in  24  hours.  But  the 
jjuToal  apparent  refolntjooortheheavcna'is  now  better 
aceounicd  for,  by  the  rotation  of  the  earth  on  its 
axis,  without  the  afliAancc  of  any  fuch  Prinium  Mo- 
Inlc. 

MOBILITY,  an  aptitude  or  facility  to  be  moved. 

Tli  :  Mobility  (1  r airy  is  owing  to  tin- lrr..il!ncls 
and  iphrrictty  of  its  particles  ;  and  thcfe  alfo  render  its 
fixation  fo  difficult. 

The  hynutbefi$  of  the  Mobility  of  the  earth  is  the 
moft  plattSble,  and  is  oniverlaBy  admitted  by  the  htcr 
aitronomtTS. 

Pope  Paul  V,  appointed  comnnflioners  to  examine  the 
opinion  of  Copernicus  touching  the  Mobility  ot  the 
earth.  The  refult  of  their  cnquin,'  was,  a  prohihition 
toalTert,  not  thit  the  Mobility  was  pofiible,  butth.4t  it 
was  reirily  true  :  that  is,  they  allowed  the  Mobility  of 
the  car  th  to  bt  held  ;w  an  liypotliefisi which  gives  an  t^ify 
Mid  tcnfibla  fohition  of  thcphenonesa  of  the  heavenly 
ttotiotts;  but  forbade  the  Mobility  of  the  earth  to  be 
msint  ii  ..d  as  a  ihcds,  or  realcfft^ive  thing!  hccaufc 
thty  <.>inccived  it  ci-iitrary  to  b'cripture. 

M'JDILLIONS,  fnnli  inveited  co-ifolcs  under ihe 
Ibifi.  or  bottom  of  the  drip,  or  ofthecuniichc,fceintng 
to  fvppoit  the  piojccture  of  the  la;micr,  ia  the  Ionic, 
Conpofile,  and  Coriulhian  orders. 

htODULK,  or  Little  Meafure,  in  Architcituic,  a 
certain  ^aSanp  taken  at  pleahtra*  for  vegidatioK  the 
{roj|)oitiaM.  of  toluflia%,  and  the  iynuiKpy  «r  diuibti- 
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tibn  of  the  whole  buildine.  Architefb  afuallyjehooT* 
the  diameter,  or  the  femidniMter,  of  the  bottnot  tho 
column,  for  their  Modoife  |  which  they  fubdinde  iMo' 
minutest  foreftiflMtiogdltbc athcrpaxttofthehnild* 

inj^by. 

MOINEAU,  aflat  badlon  raifcd  before  a  cuitiil 
when  it  is  too  long,  andthebaftiontof  the  angles  too  re- 
mote  10  be  able  to  defend  one  another.  Sometimes  the  0 
Moineau  is  joined  tothtcttrtin,  and  Ibmctimes  it  is  di« 
vided  from  it  by  a  moot.  Here  mnfqaetry  are  placed 
to  fire  each  way. 

MOLYNEUX  (William),  an  excellent  mathema- 
tki  .ii  aiid  a;ir  inonur,  v.as  \t.:u:  a;  l)--!.'in  in  1656.  Af- 
iLi  the  tUudl  granuiiitr  education,  which  he  had  Ht  home, 
he  was  entered  of  the  univerfity  of  that  city.  Here  hz 
diilinguiftud  himfelf  by  the  probity  of  hii  rnanticrs,  as 
well  as  by  the  llrength  of  his  part» ;  and  lianiig  made  a 
remarkubic  progrcis  in  academical  learning,  and  pnrti- 
cuhrly  in  the  new  philofoph)-,  as  it  was  then  called,  af* 
ter  four  years  fpcnt  in  this  univct fity,  he  was  fenl  owr 
to  London,  wlierc  he  was  admitted  into  the  Middle 
Te:njdt  in  1675.  Here  he  fpeni  three  years,  in  'I.c 
ftiidy  of  the  laws  of  his  country.  Cut  the  bent  01  h  h 
gcr.ius  lay  i'rongly  toward  mathematical  and  phdofo. 
phical  ihtdi'.!^  i  and  cvcQ  at  the  univerfity  be  concettwl 
a  didike  to  fchohftic  teaming,  and  ML  into  the  me* 
thods  of  lord  Bacoo. 

Retttmingto  Mandin  1678,  hefliortl^afterinmied 
Lucy  iht  darjjhtcrof  Sir  William  DomviUe,  tliC  kind's 
attorney-general.  Being  mailer  of  an  eafy  foitunc,  he 
c>.::.t  'lii.-.i  to  indulge  nimfclf  in  profccuting  fuch 
branches  of  natural  nr.d  experimental  philufophy  as 
were  moll  agreeable  to  his  fancy;  in  which  allronomy 
having  the  gveateil  fhare,  he  began,  about  l68i,aUte- 
nxj  eonefpondet.ce  with  Mr.  Hamfteed,  the  king's  a£> 
iTonomcr,  which  he  kept  up  for  feveral  mart.  In  i68}- 
he  fonned  a  defign  of  erefting  a  Pfailofopnical  Society  at 
Dublin,  ill  imitation  of  the  Rojal  Society  at  Lordor.  ; 
and,  b\  the  countenance  and  L  iicoum^cment  of  Sir  Wil- 
liam Pi-tty,  V  iio  accepted  the  v.fl'wc  of  pitfuiti:!,  !;i ^jan 
a  weekly  meeting  tliat  year,  when  our  author  was  ap- 
pointed their  firft  fecretary . 

Mr.  Molyneux's  rrpntatlon  for  learning  recommend-^ 
ed  him,  in  1684,  tu  ihc  notice  and  favour  of  the  firft,  * 
great  duke  of  Omood,  then  lord-lieutcnant  of  Iiselasd  i 
By  whofe  inllnencr  chiflly  he  «eat  appointed  that  year, 
jointly    iih  ['rr  ^^"i'lianl  Ri.ljiii!f)ii,  furveyor-general  of ' 
the  king's bu.lilinj^i  utij  wuiL*,  uiid  chief engiiKer. 

Ill  l^'iJ;,  he  was  chofen  fellow  of  the  Royal  S-  tit'.y 
at  Lond<;n  ;  and  that  year  he  was  fent  by  the  govcm- 
meut  to  view  the  moft  confiderable  f  jrtrelTs  in  Flails 
del 8.  Accordin^^ly  he  travelled  through  that  cuuutry  . 
and  Holliiiid,  with  piit  of  Gtimany  and  Fr.-.nct.-;  .ir.d 
carrying  with  him  letters  of  recommendiitioii  from 
Flamdeed  to  Caffini,  he  was  introdoced  to  him,  and 
I'llu::.,  I'lc  ni.    .;:M)n.nt.  jf* i oiiamera  IB  the  ievcrai 

plates  tiii  ju^ii  v.li-icli  ht  pallid. 

Siionaftir  his  return  from  abroad,  he  prin'id  st 

Du!  lili,  in  ifiE''*,  Ins 5i7i/Afr;V-KCT  7e!rfcnpium,  coiit.tir.ipg 
a  Detcripiir.n  i>t  the  Structure  and  Ulc  ot  a  Tiklei  j  iC  . 
Dial,  invented  by  him :  another  edition  of  which  was 
publllhedat  London  in  1700. 

In  ih%i  the  Philofophical  Society  of  Dublin  was 
btokcn  ug  and  diffcrled  by  the  confufion  of  the  times.. 
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HSr.  Moljneax  had  di&inguiftird  himfilf  as  a  Member 
«F  It  fioai-tlw  beginning,  and  preftated  fcvcr.d  dif- 
coorfei  npon  cnrioiis  fubjedls;  fomc  of  which  wert  tranf- 
auttfld  to  the  Royal  Society  at  L>o!idun,  and  afterwarda 
printed  in  the  PhOuib^al  TraniiiAioM.  In  1669, 
'among  (Treat  numbertoFotlier  Pkotieft*nt«i  he  witlidmr 
fiom  Uic  dillurbancei  in  Iri  lmi^l,  occafioned  by  the  feve- 
ntics  of  Tyrconncl'j  gLvcrnmcnt ;  and  after  a  fhort 
flay  at  London,  he  fixed  himfeU"  with  hi*  liim'U  at 
ChcAcr.  In  this  retirement,  he  employed  hnnkil  in 
putting  together  the  materiaU  he  had  fonie  time  before 
picpared{brhia2)(0/>/r/V/,  in  which  he  was  mach.afitilcd 
Sjr  Hr.Fhmdeed ;  and  in  Auguft  1&90,  hewCHt  to  Lon- 
don to  put  it  to  the  prcft,  wwtc  the  jheets  were  rcvifcd 
by  Dr.  HalW,  wlio,  at  our  Ulthor**  requefl,  jjavc  leave 
fiir  printing,  in  the  apugndix,  hi^  itlcbtatnJ  I  ficuicm 
forfjndiiijTthc  Foci  oMI^lic  Gl  ilTe^.  Acordingly  the 
book.  cunii-o>it,  169^.  i-i  Mi'iJiT  tlu'titU  uf  '^Dtr/pirita 
Nova:  a  Treatife  of  Dioptrics, in  two  paru  ;  whtrein 
the  various  cfKriitenadnppeunccl  of  j|)heric«l  glafl'et, 
bnth  cottucx  and  concavet  fii^  lad  combioed,  in  te> 
le&opesand  miciofoope«t  togctber  with  their  ufeliibicrt 
11  tr.:iny  concern*  of  human  life,  are  exptaiued."  He 
gave  i:  the  title  of  Diofitrica  A'otx»,  both  becaufe  it  was 
ahnoH  wholly  new,  very  little  li^  ^^.llnwcd  from 
other  wnters,  atid  becaule  it  was  the  iirll  Lut  \  that  ap- 
peareti  in  Fnglilh  upon  the  rubjc<ft.  The  «  (  k  t mitains 
fcwralof  the  moll  geoeraUr  ukful>mpr  iit:>  n-,  lor  prac- 
tice, demonftrated  inn  dear  and  ealy  mannt  r,  for  which 
'leafon  kwaafor  qiany  years  ufcd  by  the  artificers: 
'  ad  the  fecond  pait  is  rcry  entertaining,  cf]>ecial]y  in 
the  hiflory  which  he  gives  of  the  fcveraloptioil  inAvtt- 
ments,  and  of  the  difcoTcn'es  made  by  them. 

Before  ho  left  Chtllerhc  loll  his  lady,  who  ditd  Hion 
'  alter  (he  had  brought  hitn  a  foo.    Illncfs  had  deprived 
ber«f  her  eje-fight  12  years  before,  that  is,  foon  after 
licrnMfriue  ;  from  which  time  Ihe  had  been  veryflck- 
}ft  andnffiflcd  with^reat  pains  i*  her  head. 

Aa  Cdoo  aa  the  pnmic  tnnquillity  was  fettled  in  hia 
mtWe  cotintry,  he  retomed  home  }  and,  upon  the  con- 
Tcniiig  of  a  new  [rjrIiaineiU  ii)  1691,  was  chofcn  our  of 
t]»c  icprwfcnt.itnc*  for  tlic  city  of  Dublin.  In  t'li:  next 
parliament,  in  1^195,  he  was  chofen  to  rcprcfi.nt  tho 
nnivrrfitT  there,  and  continued  to  do  fo  to  the  end  of 
Lis  life  ;  til  jt  learned  body  having  lately  conferred  on 
bin  the  degree  of  dodor  of  laws.  He  waa  Jikewile 
noininatcd  by  the  lord-KetttCQant  one  of  the  commtf- 
fi c  ifis  for  the  forfeited  eftates,  to  which  employment 
was  .mncxcd  a  tJary  of  500L  a  year ;  but  looking  upati 
it  as  an  invidious  ofiivt,  ho  declined  it. 

In  i6(j8,  he  publiihcd  The  Cafe  of  Ireland  llateJ, 
to  regard  to  its  being  bound  by  Ads  of  Parlianu-nt 
made  in  England  :"  in  which  it  is  fuppofed  he  has 
delivered  all,  or  moll,  that  can  be  faid  upon  this  fub> 
jed,  with  great  cicamefa  and  ilKii|{th  of  reafpning.. 

Among  many  learned  perfima  nnth  srhqm  he  nam* 
tainet!  corrcfpoi  .^i  iici-  and  fiicndlhip,  Mr..  Locke  was 
in  a  particid-r  n;^ii  lOr  dear  to  him,  as  appears  from 
their  letters.  In  :1k-  above  mentioned  year,  which  w^^s 
the  laft  of  our  author's  life,  he  made  a  journey  to  Eng- 
lar.d,  on  purpofc  to  pay  a  vilit  to  that  great  man ; 
lod  not  long  after  hia  return  to  Irehadt  be  waa  Ceized 
iritb  a  fit  of  the  ftoDCj  wltidi  tenoioatcd  kn  cxiik* 


Bcfides  the  three  wcjiki  already  mentioned,  ver,  the 
Seiitthti  i-um  Tn-f^' fnw,  I  lie  lYmptrica  A'tiftf,  and  the 
Caft  ef  irriand  jiaied ;  lie  publifijed  a  great  number  of 
pieces  in  the  Fhilofaphicu  Tnofaclions  which  aie 
cooiaincdintbetciliiniea  I4«'l|,,j6»  18.  tjb 
aa,  S3,  a6,  99,  femal  piapcn  commonif  in  each  «»• 
lume. 

MoLYMCx  (Samuel),  foil  of  the  f<»rraer,  was  bom 
atCheftcr  in  July  1689  ;  and  educated  with  great  care 
by  his  father,  nccordinij  to  the  plnn  laid  down  bf 
lx>ckc  on  thatfnbjeA.  V\  lieu  his  father  died,  he  fcH 
under  the  manageaieotof  bit  anck,  Dr^TbonaaMolf- 
nrtix,  no  cxcelknt  Jchohr  and  phylieian  at  DabGn,  and 
alfoan  intimate  frieiiJ  of  Mr.  L(  '  ■■,  uhn  executed  his 
truft  fo  Will,  that  Mr.  Mniynei.i.  hLc^rae  aftcrv.aHs  a 
moH  polite  and  accomp1!lh<  d  gentleman,  and  was  made 
fecretaVy  to  fJcorpe  thv  3d  when  prince  of  Wales.  Af- 
tronjmy  and  Optics  beit;,;  his  favourite  ftu<lici,  as  thcjr 
had  been  his  fatbcr'«»  h«  pTojedcd  maajr  fchcmea  for 
the  advancement  ^  thcoif  and  was  particularly  cm- 
ployed  in  the  feani7i4,  17x4,  and  17x5,  itiperfeSt. 
tng  the  mctliod  of  makmg^  telcfcopeat  one  o(  which 
in(lrumciits,  ofhij  oA:)  nui.^u^^r,  he  had  picfeaied  (0 
John  tlic  Jth,  king  of  ToUugaL 

Bcinjj  foon  after  appointed  a  commiflioner  of  the 
admirakj,  he  became  fo  en|;:tgcdin  public  afiairs,  tltat 
he  bad  not  Uifure  tu  purfue  thole  cnquiriea  any  fartlier* 
aa  he  intwded.  He  therefore  gave  his  papers  to  Or, 
Robert  Smitbi  profeflbr  of  aftronomy  at  Cambridge, 
whom  he  invited  to. make  ufe  of  his  h  uu  iindappaia- 
tus  of  indruments,  in  order  to  fimlh  w  liai  he  had  left 
imperfect.  lS.4t  Mr.  Moh  lunix  ily  'iji'  ■  !  i^ur,  Dr. 
Smith  1.1  the  opportunity;  he  however  luppiied  what 
w  .is  w.iii;!ng  from  M.  Huygens  and  others,  and  pub* 
liflKd  the  wbole  in  hia  "  Complete  Trcatife  of  Op> 
tica." 

MOMENT,  in  Time,-NS  fometimes  taVcn  for  an 
extremely  fmall  part  of  duration ;  but,  moic  properly, 
it  is  only  an  inllant  or  tcimiiiatton  or  limit  in  time* 
like  a  point  iu  geometry.  Madaurin's  Fluxions,  voL  Ij 
pa.  24J. 

Moments,  in  the  new  Do^rioc  of  InHnitcs,  denote 
thelndefinifcty  fn.n!!  parts  of  quantity  ;  or  they  aivthc 

fume  v.itli  vvi.it  .re  utlierwife  eatltd  K.liiutel'imnh,  and 
diliereuc^i,  01  i:urvnn.iits  and  decrements;  being  the 
momentary  increments  or  dccrementa  of  qiuntity  confi* 
dcred  as  in  a  continual  flux. 

Moments  are  the  generative  pn'nciplcs  of  magnttudc; 
thejrhaveno  determined  magnitude  of  their  own  j  but 
are  only  inceptive  of  m-j^n!tude» 


He  I 


t  is  ihc  lame  tiling,  if,     f       o'  ll.-.Tc 


Wcincnl%  the  vtle>cilic:s  of  their  incrcfci  ujj  i!eet^..l;!i 
be  matle  ulcot',  or  the  finite  qunr.iitics  that  are  propor- 
tional to  lucb  vek>citii3 ;  the  method  of  proceeding 
which  confidera  the  motions,  chan^-^eii,  or  fluxions  <J 
f|uantitic»,  ia  denominated,  by  &ir  ilaac  Ncwtpn,  the 
Method  of  FIuxioDSi 

Leibnitz,  and  in.'-l  ')rt  ",;iicis,  ec  rTiderh^thcfe  infi- 
nitely fmall  parts,  e,;  ia;"ii>i;er:  a.  ils  ai  the  difTtrencci  cf 
two  qnaatities  ;  and  thence  cn  Jciv.iiinr.Lr  to  find  the 
diflVrfnevi  of  quantil'rs,  i.  e.  fome  Moments,  or  quan< 
title)  indefinitely  fmall,  which  taken  an  infinite  number 
ef  tioica  Ihalieqinal  given  ijuaatitict}  call  tbde  Mo> 
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Wieiits,  DifFereiiceii  J  and  rhc  mttLotl  of  procedure,  the 
DiflVrenttal  Calculus. 

Mom  f  hT,  or  Mc  •         in  Mccbaoic**  i«  the  fanae 
thiii^  wiih  Inipettit,  or  the  qinatity  of  rootKMi  in  t , 
moving;  hudy« 

lit  comparinc  the  motioatof  bodieti  the  ra^of  their 
Momenta  is  suwayt  compoaBdcd  of  the  quantity  of 
matter  and  the  celerity  of  the  movinp  body  :  to  th»t 
the  momentum  of  any  fucli  ho  ly,  rr.iv  be  c<»iifidcrc-J  a» 
the  rciftanffU*  orproiliu'x  ai  llio  <)ii;inti'y  cf  maHer  .inrj 
the  velocity  ot  tlit  niotii-n.  As,  it  /■  dmotf  any  bo-iy, 
or  the  (|iuatity  or  iiiafs  ci*"  ni.iitcr,  arxi  the  velocity 
of  it! modoit  f  then  v  i!l  t  xpr^r  ,  or  be  pn>purtion*il 
to»  tU  MomentuiB  «.  Ai)t>  if  li  be  another  bodv,  and 
V  it*  vdoctty  t  theo  ki  MomentbD  M.  is  »  B  V.  So 
tiat.  in  gtneml,  M  :  «  : :  BV  :  K-,  i.  e.  the  Moiaen- 
I*  are  as  the  produAa  of  the  maf»  and  velodty  Hence, 
if  the  Momenta  M  and  w  be  cijii.-il,  then  ll  nll  the  two 
i>r«>du£t^  BV  and  ^•i'  be  cqv,?.\  all  >  ;  and  tuukqiieiitly 
D  :  ^  :  :  V  :  V,  or  tl  r  KhmIu  s  u '11  !,.•  to  each  other  in 
the  inverfe  or  reciprocal  ratio  ot  their  velocities;  that  in, 
either  b.ody  is  fo  niuch  the  gixrater  us  itt  vcl'jclty  J^lufB. 
And  this  force  of  Moraratum  is  of  m  dificrcnt  ktiid 
from,  and  incomparably  greater  tkan,  any  mere  dcid 
wtijjht,  or  preffiire,  whjttever. 

Ihe  Momentum  alTo  of  any  moving  body,  maybe 
<^on()[iercd  as  the  ii'_^^'rc'g.i!0  or  Aim  of  all  the  -Mn'iiL'nta 
of  tl)c  parts  of  that  body  ;  and  ihiittiin-  \\\iL-n  tht  majj- 
pitudcs  and  number  of  particle*  arc  die  nmc,  and  ullo 
moved  with  the  fame  celerity,  tbcn  will  the  Momeata 
of  the  whok-a  be  the  fame  affih 
.  MONAD£S.  DiotTs. 

MONOCEROS,  tbe  Unkvy,  not  of  the  new  tm. 
flelUtions  of  the  northern  hemifphcrc,  or  one  ofthofe 
which  HcveliuK  hat  added  to  the  4ft  old  aderifntii,  and 
formed  nut  1  f  th;  ftcllx  informcs,  or  thofc  which  were 
Hot  comprized  within  the  ojj,tlinet  of  any  of  thcutlicrs. 
In  Hevclitik't  catalogue,  the  Unicom  OMtaiiM  19  ftan» 
Lut  in  the  Britannic  catalogue  31. 

MONOCHORD,  a  muflcd  bSniment  xvilh  or.ly 
^oeftriog,  ufedby  the  Ancient*  to  try  the  variclj  and 
proportion  of  fouad*.  It  vm  formed  of  a  rule,  dirided 
and  fubdividcd  into  fcvcral  parts,  on  which  there  is  a 
Bsovcahic  (Iring  ftretchcd  or«  two  bridtcce  ul  thi:  CK- 
titino  ot  it.  In  the  interval  bctwc.  n  iIkIc  is  n  Hiding^ 
or  inok'cabic:  bridge,  by  means  of  wliicit,  in  applying  it 
to  the  different  oivifions  of  the  line,  the  founds  are 
found  to  bear  the  fame  proportion  tocarh  other,  as  the 
divil)i>n  of  the  hoe  cut  by  the  bridge.  This  inllrument 
it  alfocallcd  the  bamimr^ rmnii,  or  the  tMi'mira!  ru.'t^ 
bcetule  it'fervet  to  meafure  the  degrees  of  gravity  or 
acuteiiefs.  I'toltjmy  examines  his  harmonicnl  'iitcrvriN  by 
the  .Monofhord.  U'luii  the  choi-d  was  divided  liu  jIuo 
equal  [laits,  fo  t  h;!t  til  t  p,>rt»  NVt  d-  .id  1  to  l,  lln  \ 
t\u-en  unip'nt  ;  but  \'i  wire  a*  2  to  1,  tiiey  cillcd 
tlictn  otV.itvf  or  iiiapaf'.ni  %  when  thty  were  as  3  to  S| 
they  calkd  tb<«  diuftHtt*t  oxfifihi  if  they  were  ts 
4  to  3,  they  dUed  ^ttenSaifmirimt,  or  jlunbt ;  if  the 
f  irts  were  as  ;  to  4*  tfoey  called  them  Jttont  or  m^st. 
titr/f;  tnit  if  thoy  were  us  6  to  i,  tlicy  wtre  Called  a 
r/f^;-,-'7;  r,  ur  rr/rc..-;/-.-^  /;  :ir;d  laftly,  Utbc  pttMfKie 

The  Mi.'niif  'iord.  lu-i.y:^  thus  ('.ividrri,  wi«  iiropcrly 
what  they  caSUd  a  fyllcm,  of  >^hich  tliarf;  were  many 
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kinds,  according  to  the  different  divlfions  of  the  M»« 

MovocHORD  is  aHb  ufed  for  anv  mufical  inllrument 
ecmGfting  of  only  one  diord  or  iktmg.  Sudk  is  tbt 
Trump-^nartne.  ^ 

MONOMIAL,  in  Algcbn»  fsafioipk  or  iiiigle  «*»•' 
lPtil,co«fiftiiwof  mdymietcnnt  HtfOTttr,  ora*^>,&c. 

a  ton  la  Architecture,  de* 
nnti    the  fp  iLC  of  one  tr^lypli  betiveen  two  pilallasi 

<jr  t\v'>  cIuniiK. 

Mt)N"S()ON,  a  rrgular  or  perif  dical  svind,  that 
bh'W  i  urn:  y.  .:y  tor  6  niiintht  together,  and  the  COO. 
trary  w,iy  the  othor  ^  ir.onths  of  the  year.  Thefe 
prevail  in  feveral  parts  of  the  caftcra  and  ibutherA 
OCeirtl. 

MONTH,  the  iith  par^rf  the  year,  and  it  fa 
called  from  the  Moon,  by  Iffibfc  motiotn  It  tras  re. 

gulated ;  being  properly  the  time  in  which  the  7t>och 
runs  through  Uie  7o<bac.  The  lunar  Montii  is  either 
i/luminativt, prrhifical,  or  fyniHlicn'. 

JUHm'mative  Month,  it  the  interi-al  between  the 
firll  appntrance  of  one  new  moon  and  that  of  the  next 
fidlowing.  As  the  mooa  appears  fometimci  fooner 
after  one  cbaiage  than  after  another,  the  quantity  of  the 
llltiinitmtive  Month  is  not  always  the  fiuQC,  Tlie 
Turks  and  Arabs  reckon  by  thi^  Month, 

I.unar  Ptrhntira!  Mov  i  h,  is  the  time  in  v diiih  tfie 
moon  runs  througji  the  zodiac,  or  rcturat  to  the  fame 
foi  it  again  J  tEe  qoantlty  of  nioiA  is  S7daya  7hni 
43  m.  8  fee. 

Lunar  SyntxStti  litmTKf  calkd  alfa  •  LwiatioQ,  It 
the  time  bctincn  two  conjunftiom  of  the  moon 
with  the  ftin,  or  between  two  new  moons ;  the  quan. 
tiiy  of  which  j»  19  days,  is  boors,  4401.  jfec.  11 

thir<l«. 

Thcanrifnt  Rnn'-iin*  uft-tl  T.unar  ^^^)llt)lli,  und  ni.ir!e 
them  nheniatriv  of  and  to  days;  They  marked 
the  days  of  eacti  Month  by  tnrce  teni»»  viz,  CUtadii, 
Nones,  and  Ides. 

Solar  Month,  is  the  time  in  which  the  fan  rant 
throurii  one  entire  fisrn  of  the  ecliptic,  the  mean  quan- 
tity  of  whicfa  is  30  days  to  hours  ?y  min.  5  fee.  being 
the  1 2tH  pait  of  365  di.  5  hia.49  Qutw  the  mean  Iglar 

yrar, 

jfftrtmermie/il  or  Natural  Mokth,  is  that  mcafured 
by  fome  cxa<ft  interval  correfponding  to  the  motion 
of  the  fun  or  moon.  Such  are  the  lonar  asd  ibhr 
pionths  above-mentioned. 

£lrw/ Or  CommaH  Month,  (t  an  interral  of  a 
aimiKr  of  whole  d:iys.  approachi::j  marly  to  tlie 
^oantity  of  fome  aftroiiomical  month.    Thf  i:  mav  be 
either  lunar  or  t^ilnr.  I'Ik- 

Cit'i/  Lunar  Mi>(.  I  H,  ionfiflii  alternairiy  of  29  and 
il  y».  Thus  »vill  two  Civil  Montlis  be  equal  to 
atknniumical  on?  -i,  nbatin^  for  the  odd  minutes  i  and 
fo  the  new  nu  u:i  w  .11  be  kept  to  the  firH  day  of  fadi 
Civil  Moatha  for  a  long  time  togetber.  Tins  was  the 
Month  in  Civil  or  common  ufe  among  tin.-  lews, 
Greek!',  and  Romans,  till  thi-  urn."  i.f  Julius  dtlar.JThc 

Ckil  ^^Air  MovTii,  cotififtrd  tlrc;  luitcly  of  ^o'aiid 
31  days,  cx  opting  one  Month  uf  thv  twelve,  which 
ronlifted  only  of  29  anys,  bat  every  4th  year  of  33 
days.  And  this  form  of  Ci*Tl  Months  wa  .  i'.ilii'duccd 
by  Jtdiut  C«lar.  Under  AiAniAus,  tbe  6tii  Month, 
^  tiU 
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ti&  ibca  £nMn  U*  piacc  calicd  Sfxt:1ii>,  rcctriTrd  the 
mme  Aueuftu*,  now  Augull,  in  li  no^r  «i  ihn 
ftiaae ;  knd,  to  awke  the  co.nplimcMl  ItUl  tite  grtuter, 
a  day  wa<  added  to  it ;  which  made  it  confill  of  3 1 
daft,  tlioiwli  tfll  tlien  it  had  oitly  contaioed  «o  days  | 
ko  eoBip«nute  fbc  trfrich,  a  day  wat  taken  mm  F» 
Ijruary,  making  it  couf.rt  oi  zS  tlays,  und  2<j  trcry  4th 
year.  And  filch  are  the  Civil  o:  C"  ikinj.ir  Moutha  now 
ufed  thrnugb  Europe 

MOON,  Luna,  \  ,  one  of  tnc  heavenly  bodies,  being 
ft  jfittdBte,  or  fecondary  planet  to  the  earth,  confidered 
tit  pnmr^  plmett  dwut  which  (he  revolves  in  an 
divide  Otbtty  or  vatlwr  the  earth  and  Moon  resolve 
eonawn  eentie  of  pmitY,  whkh  w  at  much 
■  to  the  ORtli'i  centre  t&n  to  the  Moon't,  m  the 
of  the  former  ■■  :  '.  itiiat  of  the  la'.trr. 
The  mean  time  ol  a  revolution  ot  tlic  Moon  ihout 
.  the  earth,  from  uiic  new  m-ion  10  Juiitlier,  when  0]c 
overtakes  the  fun  agaia*  ia  syd.  12L  ■H'"*  3**  >>  i 
Wkfce  Mvea  oDcc  romdMrMm  wbU  w  S7d.  yh. 
4]n.  8i.  flMfug  about  1190  mSm  «itr^  bourt  and 
lantt  ^bce  MMmd  her  «»•  exa^f  ia  the  tune  that  fte 
goes  round  ihc  earth,  which  if  the  reafon  that  flje 
uicwfi  aiw.iyt  the  fame  fide  towards  tu ;  and  that  btr 
day  and  :ngbt  takicB  t^gatfasr  ait  joft  as  lo^  as  oar 
Ittoar  month. 

The  mean  diftancc  of  the  Moon  from  the  earth  is 
6o{  nuiii,  or  30^  dkuDCtcn*  of  the  earth  t  arhich  is 
^ut  xfcoooades.  The  acan  caccotvieitf  of  her 
•hit »  i4S«t  or        "'"^     her  aHBB  diSaBee» 

aaiomitiaff  to  ahout  1 3,000  nmes. 

The  Moon's  (Bametcr  i»  to  t!ist  of  t'le  cart!i, 
at  ao  to  "fit,  OT  ncarJy  ai  3  to  1  1,  or  i  to  3",  ;  and 
therefore  it  is  e<jual  to  2180  if-ilcj.  ;  her  mcuii  appa- 
rtot  diameter  is  31'  1 6*4,  that  of  the  fun  bdng 
33'  12".  The  (jarnoe  of  the  Mooa  is  to  the.  furiace 
flf  the  eanb»  at  1  to  134,  or  as  3  to  40  ^  to  that  the 
ctiA  feieda  13  tiaws  at  niich  h'ght  upon  the  Moon* 
it  (he  dt>es  upon  the  earth ;  and  the  (olid  content  to 
tiut  of  .the  earth,  as  3  to  146,  or  as  i  to  48I.  The 
ueniity  of  the  Moon's  body  is  to  thai  of  the  earth, 
as  f  to  4f  and  ihei-efore  her  quantity  of  matter  10  that 
cf  the  earth,  as  i  to  31;  very  nearly :  the  force  of  gra- 
vity on  her  furiace,  hto<hat  on  the  earth,  a»  too  to 
293.  The  Moon  has  little  or  no  difference  t>f  Icafons  ; 
bccaufe  her  aait  it  ahnoft  perpendicufair  to  the  ecliptic. 

.  Fbentnmm  and  Phafes  of  the  MooN^  The  Moon 
benga  dark,  opaque,  fphericjl  bcdy,  only  fhininj^  w"t!i 
the  Tight  (he  receives  irom  the  fun,  hence  only  that 
half  tiiriiL<l  tcnvarth  liiti,,  at  any  inftant,  can  bt  illi;- 
nioatcd,  the  oppofite  half  remaining  in  its  native  dark- 
Belt:  then  as  the  face  of  the  Moon  vifible  on  oor 
««th»  i«,  that  part  of  her  bod^  turned  towank  ut} 
nliaice,  accorotajr  to  the  wtona  poffitions  of  tile 
Moon,  with  refpca  to  the  earth  and  fun,  wc  perceive 
diSicrcnt  degrees  of  ilhimioation ;  fomrtimes  a  large 
and  fomctimes  a  Ids  pL'itinn  ot  the  ciili;;iit'jnt(!  furt;ice 
betag  vilible:  And  hcacc  the  Moon  appears  fometimes 
BBCfAling,  then  waning  ;  fomrtimes  hotned,  then  hnlf 
round ;  tomctimca  gibbous,  then  full  and  round.  This 
may  be  etfilf  iUuiuated  by  means  of  an  irory  ball, 
which  bdng  hefere  a  catxlic  to  rarioin  polUioos*  wall 
prcfent  a  greater  or  kft  portioa  of  its  Bfiimiwited  be> 
mifphere  10  tlie  view  of  the  obferver.  accdldtng  tO  itt 
Iltuatioa  ia  moving  it  round  the  candle. 


The  faRjC  phiifcs  may  be  o*hcTwife  exhibited  thus  t 
I.ct  S  reprefent  the  fun,  T  the  cavih,  and  A  BCD  S^t 
the  Moon's  orbit.  (Plate  xv,  fijr.  3.)  Now,  whca  tl^ 
Moon  is  at  A,  in  conjundtii-n  with  the  fun  her 
dark  fide  h<>iog  entirely  larticd  towardt  the  eanh»  Ihe 
w3l  he  innfiUe,  at  at  «,  and  is  then  called  the  tfW 
Meoti.  Wlien  fhc  comes  to  hrr  R-il  oTt  i .  ;if  B,  or 
ha*  luii  tlirough  the  8ih  piit  of  her  c,i'm\.  ,1  natter 
of  l.c,  etilijrtitened  heinifphcrc  b  -  tiii  niJ  t>i\v,;r  is 
the  earth,  and  (he  will  then  appear  iioi^ed,  as  at 
When  (he  h^n  run  through  the  quirter  of  her  nfbit* 
and  arrived  at  C,  (he  (hevr«  us  the  haJf  of  her  en- 
lightened heniifphcre,  as  at  r,  when  it  it  &id  (he  it  oM 
half  fulL  At  D  (he  it  in  her  ad  oiElar.t,  and  by 
fltewing  us  more  her  enlightened  hcmifphere  than 
at  C,  Ihc  .-ppcar.  gifibuu-.,  ,to  a'  </.  At  h-.r  ijppofilion 
at  t  hrrwli'jlc  cijli'^hloned  J;de  i  <  l  u:  icd  lowardt  the 
earth,  \\\\t:\  llic  nj  p -arj  rui-.rn!,  a.  at  f,  a.'id  file  U  (  ild 
to  he  full;  havidi^  incujlrd  all  the  way  round  from  A 
to  K.  On  the  other  li^ie  ihc  decrcafes  again  ail  the  way 
ffom  £  to  A  t  thut,  in  iier  jd  o^snt  at  F,  part  of  her 
dark  fide  bcsof  tnnted  towards  the  earth,  (he  again  ap. 
pear*  gibbous,  as  at  f.  At  G  /lie  appear;,  fur'.'icr 
(kcreafed,  (hewing  again  juft  one  hn!f  uf  !icr  iVurr.  :..!- 
ted  Ade,  as  at  g.  But  when  (he  eomn  tu  1  cr  4;!! 
oAant  at  H,  fhe  p^efeatii  only  a  quarter  of  her  en- 
lightened hemifphere,  and  (he  again  appears  hoincd,  as 
at  h.  And  at  A ,  having  now  completed  her  couife^ 
Ac  again  diiappear»,  or  becomes  a  new  moon  ^aia,  as 
at  fim.  Aii  the  esrtb  ptdeau  aU  the  *ery  fanac 
phafet  to  a  fpcQator  in  Jtbe  Mooo,  at  ihc  doet  to  os^ 
biit  c)ii!\  ill  a  contrary  oidCTf  the  oat  beihiK  filBwIien 
the  otlicT  changes.  Ice 

Toe  JMjii'.nt  of  ibe  Moon  are  moft  of  them  very  ir- 
regular, and  very  conliderably  lo.  <The  only  cqoahlc 
motion  (he  has,  is  her  revolution  on  her  own  aaas^  ia 
the  fpacc  of  a  axMitb,  or  tine  so  which  ihe  moM> 
roand  the  caitb ;  which  it  die  radon  that  Ae  always 
turn;  the  fame  Eice  towards  us. 

This  expofure  of  the  fame  fare  is  not  fo  uniformly 
fo  however,  but  tii.u  (!\c  turns  (orr.ctinics  a  Httle 
more  of  the  one  iidv>,  <UiJ  fouicumc*  of  tiic  other,  called 
the  Moon's  Ltbration  j  and  alfo  (hews  fometimrs  a* 
little  more  towaids  one  pole,  and  fometimrs  towards 
the  other,  by  a  motion  like  a  kind  of  Wavering,  or' 
Vacillation.  The  fomcr  of  thdie  motioos  happens 
(torn  this :  the  Mooo't  rotation  on  her  axis  is  eqa&ble 
or  uiiiform  ;  \v!iilc  Iter  motion  in  her  orl  it  is  uacq.ul, 
bciiig^  quicktfll  when  the  Moon  is  in  her  perigee,  aod 
lk.\'.c!l  when  in  the  apogee,  like  all  other  planetary  mo» 
tions  i  which  caufes  that  fometimcs  more  of  one  tide  ia 
turned  to  the  earth,  and  fometimes  of  the  other.  And 
the  other  irKfularity  ariiet  iirora  thit :  that  the  axis  si 
the  Motm  is  not  pcrpendicHlsr,  but  a  Stde  inelnwd  to 
the  pbne  of  her  orbit :  and  as  this  axis  maintains  its 
paralU'lifm,  in  the  Moon's  motion  round  the  eartli  j 
il  muft  ncccffarily  change  its  (ituatio:i,  in  refpect  uf  an 
obferver  on  the  earth  ;  whence  it  happens  that  fome- 
timcs the  cine,  and  fbmctiaMt  the  other  pok  of  the 
Moon  bccoaaes  vifible.  ' 

The  very  ori>it  of  the  Moon  is  chaDgeal>le,  and  does 
not  alwayt  perfetcre  in  the  fame  ^gurc :  for  though  her 
oibit  be  elbpticnl,  or  iwsrly  fo,  having  the  earth  in  one 
focus,  the  occcntn'city  of  the  cllipfe  is  varied,  being 
ibmctimrt  incrcafcdi  and  fomctimc*  diminilbcd}  viz, 

being 
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being  gi-ealeft  when  the  lii.c  of  th«  apfc»  coincide* 
^h\\  that  of  the  fyzygict,  ami  IcaA  wlien  tbcfi;  line* 
%K  at  right  angle*  to  each  other. 

Nor  is  the  apogee  of  tl>e  Moon  withmit  an  iiTcj^- 
lukf ;  being  fowid  to  move  forward,  when  it  coincuJc* 
with  the  line  of  the  fyzygin ;  ind  haekward,  when  k 
cuts  that  line  at  right  aiif^Us.  Neither  it  this  pr»gi ^fs 
or  rcgrcfs  unifurm  j  for  in  tlic  con^unAion  or  oppDli- 
tion,  it  gocd  brilkly  forwai-d  ;  and  111  the  quadratures, 
it  either  moves  flowly  finward,  Hands  Hill,  01  goes 
iiaclcNvard. 

The  tnotjdii  of  the  node*  in  alfi>  variable ;  being 
^Ui\  kcr  nnd  (hjwcr  in  ditfcreut  pofitians. 

Titf  Ph^d  Cmfi  of  tht  Moon's  JUctmip  about  the 
«afth,  h  the  lame  a*  that  of  all  the  primarr  planeti 

ahuut  the  fun,  ai'il  of  tl.^  r.)ti'l;'.i>  .i'hm-.  t'lri.  1- 
fics,  vi/-,  the  mulual  ^tuacii-jii  bLtwcta  ihc  l.luIi  a ',d 
Moon. 

An  for  the  particular  ineguhiritics  in  the  MuOn's 
motion,  to  wiiich  the  earth  and  other  plancta  Wit  Oot 
iiibjc^  they  arife  from  the  fun  which  uA»  on»  and 
difturiM  her  in  her  ordinary  courlc  through  Iter  oiUt  i 
and  arc  all  mechanically  dcducible  from  the  fame  great 
law  by  which  htr  general  motion  is  direflcd,  vi/.,  the 
law  of  ;,n.ivit;itioii  ami  .itti afliun.  Tlu'  otlit-r  Tk- 
tondaiy  plantis,  as  titok-  of  lupiter,  Sutum,  i< ,  arc 
sJfo  fubjcA  to  the  like  irregiifantio  witli  t!u-  Mhi.ti  ; 
a«  they  are  cxpofed  to  the  fame  perturbatiiig  or  liiilurb* 
'iaig  Ibrce  of  the  fun ;  but  their  diilancc  fecurc«  them 
InMn  being  fo  gratly  affededaa  the  Moon  ii*  amdaUb 
fpam  being  fo  wet!  obfcrfed  by  Us. 

Fur  ii  r,iii  n.ir  idf:i  of  thi<  matter,  it  muft  firil  be 
cmidiltrid,  tl\;it  iftiic  fun  aiitfd  etjually  on  the  earth 
ai'.d  Mutin,  ail  t  alwayi  in  parallel  lines,  '.his  action 
Troold  frrvc  only  to  rtilrain  them  in  tlu  ir  annual  mo- 
Ciont  round  the  fun,  and  no  way  afr<.i.'t  their  a^lioni 
00  each  oilier,  or  their  motions  about  their  common 
cratic  of  gravity.-  Bat  becaufe  the  Moon  it  nearer  the 
fun,  in  one  h^f  of  her  orbit»  thao  the  OUrth  it,  bat 
farther  off  in  the  other  half  of  her  orbtt ;  and  becaufe 
the  power  of  gravity  is  always  lifs  at  a  jrn-ater  dif- 
tance  5  it  follows,  that  in  one  halt  of  her  t.iUit  the 
Moon  Vi  iiioit  attrafti'il  than  the  earth  tow.udi  the 
fun,  and  lefs  attracted  than  the  earth  in  the  other 
lialf :  and  hence  irregularitie*  neceflarily  arife  in  the 
inationt  of  the  Moon  {  the  czccfa  of  attra^s  tn  the 
firft  eilr,  and  the  defeft  in  the  lecnidi  bccominj^  ■ 
fottx  that  difturbi  her  motion  ;  and  hefidet,  the  action 
(if  the  fun,  on  the  earth  and  Moon,  ia  not  direfled  in 
]mi-all"l  lines,  but  in  lines  that  meet  in  the  centre  of 
the  fun  i  which  make*  the  ciiedl  of  the  diflurbing 
force  ftlH  the  more  complex  and  cmharrafling.  Ana 
heooe^  ai  wdl  a*  from  the  various  fituations  of  the 
Moon,  arife  the  numcroiu  irregtdaritiea  in  her  mo> 
ttous,  and  the  equations,  or  C0RcAiaos»  employed  in 
calculating  her  placer,  &c. 

Neviton,  as  well  as  others,  has  crjmpincd  the  quan- 
tities nf  thefe  irregularities,  from  tlitlr  caufes.  He 
finds  that  the  force  added  lo  the  ^l  avity  of  the  Moon 
in'*her  quadratures,  is  to  the  gravity  with  which  (he 
would  rtrolvc  in  a  ciR'le  about  tiu-  e^irth,  at  her  pre- 
Int  mean  diilaaee,  if  the  fun  had  no  efficA  on  her, 
as  I  to  178^^:  he  fioda  ^  the  &ree  fnbdoAed 
inm  her  gravity  in  the  conjottftioiiH  tad  flpp«fiti9Dii  it 


douMc  of  thi?  quantity  ;  and  that  the  area  defi-rihed 
ir.  a  j;ivc!i  time  111  ihc  quaitm,  is  to  the  area  deferthctl 
in  the  lame  time  in  the  cunjundtioos  and  oppofitions,  as 
1097J  to  1 1073  :  and  he  Hnd«  thttf  io  iooi  an  orbit, 
her  dUUnce  fnwm  the  earth  in  her  quartern,  w-auU  be 
to  her  diftance  tn  the  conjunftiont  and  oppoiitiont,  m 
70  to  69.  Upon  thefe  irregularities,  fee  Maclaurin's 
Account  of  Newton's  Difcoverics,  book  4,  chap.  4  ; 
as  alfo  moll  l-i  <  of  aftronomy.  Other  paitieuUrs 
relating  t<»  tht  Mtfun'si  motions,  &c,  have  been  linitd  as 
follow  :  The  power  of  tlie  Moon's  influence,  a»  to  the 
tides,  is  to  that  of  the  fun,  as  6}  to  1,  acconling  to  Sir 
I.  Newton  ;  hut  different  according  to  others. 

As  to  the  £guK  of  the  Moon,  fuppd^ing  her  at  firft 
to  have  been  a  fluid,  like  the  fea,  Newton  calctibtes, 
that  the  earth's  attra^ion  would  raifc  the  \\atir  lliero 
near  90  feet  hi^h,  as  tlie  attia^ion  of  the  Muor.  railts 
ijitr  fe.i  Ket  :  v.  hrncc  the  tiiMire  ol"  tlic  Moon  mull 
be  a  fpheroid,  wliolt  greateil  diameter  extended,  will 
pafs  through  the  centre  of  the  earth  ;  and  will  be  longer 
than  the  other  diameter,  petpendtcular  to  it,  by  ito 
feet  {  and  hence  it  cornea  to  pafs,  that  we  dwayi  fee 
the  fume  face  of  the  Moon  {  for  (he  cannot  reft  in  any 
other  pofiu'on,  bat  always  endeavours  to  conform  her. 
felf  to  this  Ii;  nation  :  Pnnclp.  lib.  ^,  pro]). 

Newton  eiliinatci  the  mean  apparent  diameter  of  the 
Muoi-  at  32'  12'' ;  as  the  fun  is  31'  27  '. 

'i  hc  denlity  of  the  Moon  he  concludes  it  to  that 
of  the  earth,  as  9  to  5  nearly  ;  and  that  the  mafs,  or 
quantity  of  matter,  ia  the  Mood»  a  to  that  of  the- 
earth,  aa  1  to  a6  nearlr. 

The  plane  of  the  Moon's  orhit  is  inc-line d  to  that  of 
t)ie  ecliptic,  and  makes  vrith  it  an  wgle  uf  about  ; 
degree'; :  but  this  inclination  varies,  being  grcatelt 
when  ilic  ii  iii  the  quarters,  and  Icail  when  in  her 
fyzygies. 

As  to  the  ineqnality  of  the  Moon's  motion,  Ibe 
moves  fwifter,  and  Dy  the  ndio*  diawn  from  her  to  the 
earth  ddcribet  a  greater  area  in  nroportion  to  the  time, 
aUb  bai  an  oibit  Tefs  curved,  and  by  that  meant  comes 
nearer  to  the  earth, in  herfyzyjn'es  or  coniimiftions,  than 
in  the  qnadratiircs,  unlcf^  the  ni ui in r,  ot  her  eccentricity 
hinders  it :  wliieli  eccentricity  is  the  greateft  when  the 
Moon's  ajxjgec  fails  in  the  conjunction,  but  Icall  when 
this  falls  in  the  quadratures :  her  motion  is  alfo  fwifter 
in  the  earth's  apbelioo,  than  in  itt  perihelion.  The 
apogee  aUb  goc*  forward  fwifter  in  the  eoAjonftion, 
and  goes  flower  at  the  quadratures:  hut  her  nodes  are 
at  reft  in  the  conjunciiont,  and  recede  fwiflcll  of  all 
in  the  qui^dralure*. 

The  Moon  alfo  perpetually  changet  the  figure  of 
her  orbit,  or  the  fpecies  of  the  clh'pic  (he  moves  in. 

There  are  alfo  fome  other  ineqnsL'tiet  in  the  motion 
of  (his  planet,  trhich  it  is  verjr  dtncuH  to  radoee  to  any 
certain  nik:  at  the  velocities  or  horary  motiom  of 
the  apogee  and  nodes,  and  their  equations,  with  the 
difTerenoe  het-iveen  tlie  j^reatell  eccentrieky  In  the  i:on- 
jiiiie'tionr.,  and  the  kalt  in  the  (juadraturci  ;  and  that 
in[(;ilality  wimh  is  called  the  Wiriation  of  the  Moon. 

Ail  ihelc  do  increafe  and  deereafe  annually,  in  a  tri» 
plicate  ratio  of  the  apparent  diair.i  tcr  of  the  fun  :  and 
thianriation  it  incrcatedand  diminiibed  ia  adnpliaile 
nttio  of  thettmebclweentlieanidntimajatitpnved 
by  NewtoR  in  naaf  put*  of  nb  9riiid|Mi. 
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He  alfo  foaad  that  the  apogees  m  the  Mooa's 
lyzygie^  fonrard  in  icfpcfl  of  the  (iKcd  ilaig,  ft 
tte  rate  of  each  day }  aad  backwards  ia  the ^t»- 
dntures  i6'i]^T daj :  and  thotcfope  the mcaii  anoml 
nodoita  be  eftimatetat  lo  dcpcea. 

Hie  grttitf  of  the  Momi  towards  the  earth,  It  in- 
creafrd  hy  the  actl,)  i  i>f  the  fun,  when  tlie  Moon  is  in 
tKc  quaJtaiiircs,  and  di:n:niO;cd  in  the  frzy^'cs:  and, 
from  iht  fv/)|L,'iVs  to  the  ijiindr.iture,  the  ffravity  of  the 
Moon  towards  the  earth  is  conhr.ually  increaled,  and 
fee  ii  oMtimiaUj  retarded  in  l:cr  inL  tiau:  hut  fnim 
the  qi!3(iratuie  to  the  ^Jiygl*  the  Moon's  motion  it 
perpctu;\11r  d&nntlhed,  and  the  motios  in  her  oihSt  is 
acccleraud. 

The  Maon  is  kf;  diiLmt  from  the  eart!i  at  the 
iyzTgiej,  and  more  at  thf  (juudraturci. 

As  radius  is  to  I  of  the  fine  of  duubk  the  Monn's 
difaacc  from  the  fy/jgy,  fo  i«  the  addition  uf  gra* 
ykf  in  the  quadratures,  to  the  force  which  accelerate* 
or  Rtauds  the  Moon  in  her  orbit. 

And  as  radius  is  to  the  fum  or  difference  of  |  the 
ladius  and  {  the  coGne  of  double  the  dillauce  of  the 
Moon  (lom  tiic  fv/  y^y,  l"<  is  tlie  addition  of  gravity 
IB  (he  quadratures,  to  dtc  Uircrcafc  or  increafc  of  the 
franty  of  the  Modn  at  tliat  dillancc. 

The  apfcs  of  the  Moon  forward  when  (he  is  in  tl>e 
fysywics,  and  backward  tii  the  quadratures.  But,  in 
a  whole  rcrnludoii  o£  the  Mooni  the  progteli  eicccd» 
the  rcgrcfs. 

In  a  whole  revohition,  the  ajifcs  forward  the  fa.left 
of  all  when  the  hue  of  the  aplcs  is  in  the  nodes  ;  and 
in  the  fame  cafe  the]^go  hnw  the  floweft  «f  all  in  the 
ftine  retokitioa.  ' 

When  the  line  of  the  aples  is  in  the  quadratures, 
the  apfes  arc  oarried  in  couiei|uentia,  the  Icaft  of  all 
oi  dte  fyzygtcs  t  hot  ihe^  retuni  the  fwifteft  ui  the 
quadratures  ;  and  in  this  cafe  the  regrefs  exceeds  the 
pnignrfs,  in  one  entire  revohition  of  the  Moon. 

The  ccccntridty  of  the  orbit  undcrj;<>c»  '.arioni 
changes  cvriy  rerolution.  It  is  the  greatcll  of  all 
when  tiie  litu  of  the  apfcs  is  in  the  fyzygies»aad  the 
kaft  when  that  line  ii  in  the  quadratures. 

Confidering  one  entire  revolution  of  the  Moon, 
OUeris  paribiM*  the  nodes  move  in  anteccdentia  fwifteft 
of  aD  when  die  k  in  the  fyxygics }  then  flower  an4 
flower,  till  thcf  tie  at  teftf  wlttn  (be  it  in  the  quai* 

draturcs. 

The  line  of  Ko<!eH  acquirer  fucccfTivilv  'all  pofTiMe 
fitnations  ia  refpc(^  of  the  fun }  aud  every  year  it  goes 
ti«iee  thiei^  tlie  fpcjgkt,  and  twice  thn»iq(k  the 
^nadntwca. 

In  one  whole  levolntion  of  the  Moon,  the  nodet 
back  Tcrj  fail  when  t!tfy  iitt  in  the  qiiadnitai  i-i  ;  tlicn 
flower  till  tllcr  come  to  reft,  vvhen  the  line  of  nodes 
is  in  the  fvyy^k-H. 

The  inclination  of  tiic  plane  of  tic  orhit  is  changed 
hj  the  fame  force  with  wliich  the  niKies  are  moved ; 
beinff  hwreafed  as  the  Moon  recedes  from  the  node, 
and  draiinilhrd  a*  Ihe  approaches  it. 

Tke  indiuation  of  the  orbit  is  the  lead  of  all  when 
the  nodes  are  come  to  tlie  fyzyt^its.  For  in  ilie  mo- 
tion of  the  nodes  from  thcfyzyjjics  to  tlicquaJiaiiirc*, 
and  in  one  entire  revolution  of  the  Moon,  the  force 
Which  increafei  ihe  indiBatioa  exceed*  that  >irUeh  4w 
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nuoiAtes  it  therefore  the  iacUmtioa  is  iocreafed  |  and 
it  is  the  gieateft  of  aH  when  the  nodes  aic  in  the  qwK 
dfatuicfc 

The  Moon's  motion  hein;  eonfidered  in  general : 
her  gravity  to«-ards  the  earth  is  diminiljod  <  o  l  i  i  ' 
near  the  fuii,  and  the  periodical  time  is  the  great'-it ; 
as  alfo  the  di  l  i  ne  i  f  :f.-,-  M  j^;;,  csteris  panous,  the 
greatefl  »  hen  tiic  rjrth  it  in  the  perihtliun. 

AU  the  errors  in  the  Mooii'it  motion  are  fofntthinn 
greater  in  the  conjumtioa  than  in  the  oppofitioa. 

All  the  didurliing  forces  arc  ioferfefj  as  the  clAe  oF 
the  diftancc  uf  the  fun  fiom  the  earth  ;  which  whe.i  it 
remamt  the  fame,  they  arc  as  the  dillm  cc  of  the  Moott 
frcin  (he  c;irth.  CouliJeniig  all  the  diilurbiag  fufOC* 
ti'};  -ihcr,  the  diminution  of  gravity  prevails. 

'/fff  Jigurt  oj  tlx  Mook's  path,  ahiiut  the  earth,  is, 
as  has  been  faidj  nearly  an  ellipfc ;  hut  her  path,  in 
IBoimg,  together  with  the  earth  about  the  fun,  is  made 
up  of  a  fcrice  or  icpetittoa  of  epicycloids,  and  it  in 
every  point  concave  towards  the  earth.  See  MacLiurin's 
Account  of  Newton's  Difcov.  na.  336,  410.  Fcigu- 
fou's  AtUvu.  pa.  ia9(  &c  ;  and  Howe's  Flax.  pa.  aij, 
edit.  a. 

jlfirtmomj  ^  lit  Moon. 

To  tielermiue  lit  PtriuLtal  and  i^pndkal  Mvultt  s  or 
the  period  uf  the  Moon'o  TCVOhltHHi  ahoot  the  earth. 


period  ut  tbe  oioon'o  Tcvotution  about  the  earthy 
and  the  petiod  betweea  one  oppofition  or  coajuaAioa 
and  another. 

In  the  middle  of  a  lunar  eclipfe,  tlic  Moon  is  in  op> 
polilion  to  the  fun  :  compute  tlicrct'nre  tlic  time  be- 
twci-n  two  fucl\  cclijifcs,  at  fome  conliderable  dillaiice 
uf  time  from  eacli  other  {  and  divide  this  by  tbe  num- 
ber of  lunations  that  liave  palTcd  in  the  mean  time  ;  fo 
dull  the  aiiotieiit  be  the  oiuuttity  of  the^fjrno^cal 
nxmth.  CSooipute  alfo  tbe  fun's  nean  motioa  dnrinc 
the  time  of  this  fynodical  month,  which  add  to  360*. 
Then,  as  the  fum  is  to  360',  t>  is  the  fynodical  to  the 
periodical  month. 

For  example,  Copernicus  obfervcd  two  cclipfcs  of 
the  Moon,  the  one  at  Rome  on  November  6,  1500,  at 
12  at  night,  and  the  other  at  Cracow  on  Auguit  1, 
1^23,  at  4h.  i5  mio.  tlic  dif.  of  meridiau*  beiqf 
oh.  jgmiiu  :  hence  thequantitf  ofthe/yaodicaimniul 
isthttsdctemiaad: 

td  Obferv.  I52J»  237^ 
lit  Obferv.  1 500  310 


»5- 
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Add  intereabry  days 
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which  divided  bv  282,  the  nnmber of  lunattons  n  that 
time,  gives  the  ^nodical month  JO'  I2'>  41". 

From  two  other  obfervationa  of  ecliprcii,  the  one  at 
Cracow,  the  other  at  Babylon,  the  fame  author  deter- 
mines more  accurately  the  quantity  of  the  fynodical 
mouth  to  be  29'  12"  43*  &:c:  sm\  from  other  ob> 
fcrvations,  pixihably  more  accurate  flill,  the  fame  ia 
fixed  at  2y*  12''  44"". 

The  fun's  mean  modoniatl«t  time  »9'  6'  24"  1 8'", 
added  to  j6o'',givcstheMiloa''smotion  589  6  24    t8  ; 

Thctdbie  the  periodical  aoeath  ii  if*  'i^  43"  5'- 
R  Ac«ordiaf 
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Accnrtlin^  to  tTie  ohfcrrationt  of  K^jjlcr, 
the  mean  fynodical  month  i«     29*  12*  44"  J' 
•od  lh«  man  periodical  month    27      7   43  8 

Htnce,  I,  the  quaatity  of  tlie  periodical  month  be* 
Big  given,  by  the  rule  of  three  ate  feued  the  Moon't 
diurnal  or  horary  motiori,  &c  :  and  thus  may  table*  of 
the  incatt  motion  of  th*"  Moon  he  coiiftru£lcd. 

2.  If  the-  meaii  diunial  motion  of  the  fun  be  fubtraft- 
ed  from  that  of  the  Moon,  the  remainder  will  give  tlic 
Mooo't  diurnal  motion  from  the  fun  :  and  thttt  miJT  * 
table  of  ihii  motion  be  conflni^ed. 

3.  Since  the  Moon  u  in  the  node  at  the  time  of  a 
total  edijife,  if  the  fun's  plncc-  be  found  for  that  ti>ne» 
and  6  figns  be  added  to  the  Dxnie,  the  ftun  will  gwe  the 
place  of  that  ni)dc. 

4.  By  comparing  the  ancient  ohitnations  with  the 
modern,  it  appears,  that  tlie  nodis  have  a  motion,  and 
that  they  proceed  in  antecedcntia,  or  backward*  iroin 
Tnurus  to  Aries,  from  Aries  to  Pifces,  ice.  Thcce- 
Ibre  if  the  diurnal  motion  of  the  node*  be  added  to  ilie 
Moon'i  diumal  motion,  the  fum  will  be  the  motion  of 
the  Moon  from  tlr:  nndc  ;  and  thence  by  the  r-ik  of 
three,  may  1)<.'  imud  h.  wh.it  time  the  Moon  g<>cs 
from  ;lic  clragiiii'^  hriri,  ur  afccnd.'iif;  nii<l'.-,  or  1:1  what 
time  iiic  goc*  frtim,  and  returns  to  it  ;  thai  a,  ll»c 
quantity  of  the  Dracontic  Month. 

5.  If  the  motioa  of  the  apogee  be  fubtr»&ed  front 
the  mem  motioB  of  the  Moon,  the  Kniiader  w&  be 
the  Moon's  mean  moticn  fiom  the  apocee}  svd  hence, 
by  tlie  rule  of  three,  the  quuuiity  of  uie  AmMBlIiAic 
Mooth  ia  determined. 

Thns,  according  to  Kepkr**  ob&rrations, 
The  mean  fynodical month  u       29*  12*  4.^""  $'  a* 

Tfif  jieriodical  month                 27     7  43  8 

The  place  of  the  apoutc  fur  tlic  1  ,  j .  j  " 

year  1700  Jan.  i  old  ftyle,  was  J  ^' 

The  place  of  the  afccodioff  node  ^4   »7  39  17 

Mean  diurnal  motion  of  toe  Moon  •    IJ  lO 

I>itimal  motion  of  the  npcWM        .    .  6  4s 

Dtrnmal  motion  of  the  noma         .    .  311 

Thoref.  dmrnal  mot.  from  the  latter  .    13  13  46 

And  the  diurnal  motion  from  1  t  -j. 

the  apogee                         J    '     ^  i  i-*^ 

Lafthr,  the  eccentricity  i«  4362,  of  fuch  paru  as  the 
JotiiluiiBteter  oFtlieeaoentric  M  laofioo. 

To  /ml  nearly  the  Mook's  Jgf  or  Change. 
To  the  epndadd  the  number  and  day  of  the  month  ; 
Aeir  fum,  dnting  30  if  it  be  above,  it  the  Moon't  age; 
and  hrr  age  wm.  ham.  jOi  Ihew*  the  day  of  the 

thaugc. 

The  numbers  of  the  months,  or  moTit'i!;,-  epafis,  arc 
the  Moon's  asc  at  the  begiuniog  of  each  month,  vvhca 
the  (iilar  and  nmar  jcan  htfpA  together ;  and  art  thus  1 

o»  K  s  3  45  ^  ^  ^  10  10 
]n.  rck  Mir.  Ap.  Ma.  Jan.  Jut  Ave        OO.  K«r.  Dec. 

ForEs.  TofindtbeMmm't  vtlMi4dioeOft. 
1783. 

Here,  the  epaft  is  26 

Numticr  of  tVi'  rpootd  8 

Day  of  the  montii  14 

Hw  im  it  4S 


M  O  O 

Snbtnift  or  abate  30 

•  Leaves  Mwn's  age  i8 

Taken  from  30 

Day*  till  the  change  n 

Anfwtrii<g  to  06t.  26 

To  find  nedr'iy  the  Myo».'s  S.v.'lin^,  or  conuiig  to 
the  Meridian. 

Take  f  or    *c  of  her  age,  for  her  fouthiug  nearly  | 
aficr  noon,  if  it  be  lefi  tluin  12  hours  ;  but  u  fgntbtTt 
the  cxocf*  is  the  time  after  laft  midnight.  ' 
For  Ex.    0£L  i4»i783  ; 

Tlie  Motin's  n;;e  h  18  days 
of  wliithi*  <4*4  or  14"  24" 

Subtr.'.d  -  12  00 

Rem.  Moon's  fouthing    2   24  in  the  mommg. 

Mr.  Fcrgufon,  in  liis  Scltcl  Excrcifc&,  pa,  135  See* 
has  given  very  ci^y  tables  and  rules  for  lludtng  the  new 
and  TuU  Moons  near  enough  the  truth  for  any  common 
almanac.  Vut  the  Nautical  Almanac,  wlitch  is  now 
always  publifhcd  fur  feverai  years  bciorc  hand,  in  a 
great  racafurc  fuperfedei  the  neccflity  of  thefe  and  othct 
luch  contrivaiiceTs. 

0/  the  S^t  and  Alsuntaliu  iiic  in  the  Mook. 

The  lace  of  the  Moon  !•  greatly  dimiifiod  wrth  xu» 

equailitifi,  and  parts  uf  different  colours,  fome  brighter 
and  Kniu-  d.iikci  than  the  other  parts  of  her  difc.  \Vhcu 
viewed  tlirout^h  a  tekicupc,  hci  tate  is  c^  idtully  iiiver- 
lihed  with  bills  and  vailcys  :  and  tite  i&mc  is  alio  ihewn 
by  the  cd^e  or  border  of  the  Moon  appearing  Jag^jcd, 
when  ib  newed,  cfpeciaUy  about  the  confinca  or  tbe 
Slominated  pact  wlwn  the  Moon  ■  cither  hnmed  or 
gibboua. 

The  aUronomers  Florenti,  Langreni,  Hcrclius,  Gri. 
mnlcli,  Riccioh,  Caffmi,  .nrid  Dc  la  Hire,  &c,  have 
diawn  ihe  face  of  the  Moon  as  viewed  through  tele, 
fcopes;  noting  all  the  mun.-  ihininj^  [>3rts,  and,  for 
the  better  diflin^ion,  marking  them  with  fome  proper 
name ;  fome  of  thefe  authon  caUii^  them  after  the 
names  of  iihilolbpben»  albonoaicr%  and  other  cminedifc 
men :  whiK  othera  denominate  them  Irom  the  knotm 
names  "l^  -  different  cour.irie^.,  if^ands,  and  fe;t*  on 
the  e.::rli.  Ilie  names  adupu-d  hy  Kietioii  liuw. 
ever  ki  ly  followed,  as  the  numec  of  f  lijipnrchiiji, 
Tycho,  Cu^trnicus,  &c.  Fig.  4,  plate  xv,  is  a  prettjr 
f  the  full  Moon  in  her  mean  h* 


exa^  reprclentation  of 
bration,  with  the  numbers  to  the  principal  fpotsaceont 
ingto  Riccioli,  Caffini,  Mayer,  &c,  which  denote  the 
namet  as  in  the  following  Lall  of  them :  alfo  the  allerUk 
reficrt  to  one  of  the  voicanoet  obficrred  by  HerfehcL. 
%  Herfchel's  Vdcano      1 2  Helicon 

1  Grimaldi  13  Capuanus 

2  Galileo  14  l^iiUijid 

3  Arillarcbua  15  Eratoltbcaea 

4  Kepler  16  Timochaiia 

5  Gaflindi  17  Ftato 

6  Schikard  18  Ardiiraete 

7  Har|j:du«  19  rtiftila  Sinut  MiMlit 
b  ilcvachdcs                 20  i'it.itiis 

9  Lanlbere  21  Tyclio 

10  Rctahold  £udoxus 

11  Cofcniew  *5  Arittotk 
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'  4  Maniliui 
25  McnchfM 
»  Hennes 
•7  Poflidoaim 
»8  Dionyfiiu 
19  Pliny 

f  Catliarint  Cytilliis, 

1  Tlicopiiilcs 
31  Fracilloi 


36  Cleotncdct 

37  Snell  and  Fdncr 

38  Pctavius 

39  Langrenns 

40  TaniDti'u* 

A  Mare  Humonmi 
B  M;'.i<-  NiiSiiim 
C  Mare  Iirhni^ni 
D  Marc  Nectn::! 


•»  1  P't'^'ontoriumacatuiii.E  Marc  Tran<niiliuU« 
*  \  Cenfoiimn  F  Marc  Scrcnitatts 

33  MeffiJI  ^  G  Maic  Fcectmditatb 

34  PVomontoriam  SmnniTH  Mare  Cnfium 

35  Pruclin 

That  ttie  fpots  in  the  Moon,  which  are  trfke;i  far 
mountains  and  valley*,  arc  nnily  fuch,  h  cvidriit  from 
tVstir  fiipHdws.  For  in  all  I'iM  iticiiK  nf  tlic  Mrjon,  the 
derated  j^arts  arc  conflantly  in-  i  tn  c  !!^  ;•  triangular 
fhadow  in  a  diredlion  from  ihe  fuu ;  aad^  on  the  con- 
trtry,  the  cavkin  are  alu-ayB  dark  on  the  lidr  next  the 
fun,  and  Hluminated  on  the  oppofite  one ;  wltich  it 
exaftly  confonr.ablc  to  what  we  obfrrve  of  hflU  and 
vallf,  1  0:1  tliL-  inrth.  A:id  as  the  top"!  of  tliiTL-  moiin- 
tains  ari?  conlidcrabiy  clfvatcd  above  the  other  parts  of 
the  furfacc  ;  they  arc  often  illuir  iimttd  wlitn  they  are 
at  a  confidcrable  diftancc  from  the  coofioc*  of  thecn- 
Ifglitencd  hemifphcre,  and  by  thi*  meant  nilbrd  m  a  mew 
thod  of  dctcnTiimng  their  heightb 

Thus,  let  ED  be  the  Moon's 
diameter,  ECD  the  btrjndarv 
of  Bght  and  darkjiL'fs ;  and  A 
die  top  of  a  hill  in  the  dark 
part  be^m'ng  to  bo  iUiiminn- 
ted;  with  a  tclcfcf'pc  take  the 
^portion  of  A£  to  the  dia* 
meter  ED .  then  thcrt  are 
giren  the  twci  fides  AE,  EC 
of  a'tight-angk-d  triangle  ACE, 
the  fquarcs  of  whirh  bong  add- 
ed together  give  the  fquatc  of  t!if  third  fide  AC,  and 
the  ruot  cxtra£t'.-d  :^  that  fide  itftlf ;  from  which  fub- 
tnftine  the  radrua  BC,  Icavca  AB  tlkc  height  of  the 
motmtlin.  In  thii  vnjt  Rioddl  obfcmrd  the  top  of 
the  f  ill  railed  St.  Catherine,  on  the  4th  daj  after  the 
L..V  miu  r,  to  be  illuminated  when  it  was  diflant  from 
the  confiiHs  of  the  cnliy'litcncd  hemifphcre  about  one 
Tf>t)\  part  of  the  Moon's  diameter  ;  n;id  thence  found 
I  s  height  niuft  be  near  9  milis. 

It  is  probable  however  that  this  determination  i.-  too 
■aclu  Indeed,  Galileo  makes  AE  to  be  ojily  or,c  20th 
of  KD,  and  Hcvclius  m.ikes  it  only  one  26th  of  £D  ; 
tRc  former  of  thefe  would  give  54  miles,  and  the  latter 
only  3i  n lies,  for  AB,  thr  hci^'ht  nf  tlu'  n.(itin;;iin  : 
and  probably  it  fhotdd  be  ll.'ll  hU  ihun  trJier  of  tliL-ft. 

Accordingly,  thvy  arc  prcatly  lodiiccd  by  the  ob- 
fcrrations  of  Hcifchel,  whofc  mithf)(l  of  iiiiafuring 
them  m.iy  be  fcea  in  the  PhiLr.  l\-iif.  u  i.  iSo,  pa. 
507.  Tlus  gentlcfOMi  mcafured  the  hcizlit  of  many 
of  the  lunar  proninencet,  and  drtifa  at  wt  the  foOow- 
Idc  coijclufions : — "  Fmm  thcfe  obfcrvations  I  beh'eve 
It  is  evident,  that  the  hei^^'hf  of  the  lunar  mountains  in 
gencrsJ  is  grtutly  nvcr-ratc  J  ;  and  that,  wlvjii  we  h?vc 
excepted  a  few>  the  generality  do  not  exceed  half  a 


mile  in  their  perpendicular  elevation."  And  this  Is 
wafinticd  hy  the  meafurement  of  feveral  moontaioSy 
as  may  be  fcca  in  the  ]^e  above  quoted. 

As  the  Moon  baa  on  her  fnmee  mountahis  end 
vaUeys  in  common  with  the  earth,  fome  modem  ailro- 
nomers  have  difcovcrrd  a  ftill  greater  iSmilarity,  ri/, 
that  fome  of  tliefc  are  rcallv  volcanoes,  emitting  fire 
as  thofe  on  the  earth  do.  An  appearance  of  this  kind 
\m  difcovercd  fome  few  years  ngn  by  Dr.n  LUloa  in 
an  ecUpfc  of  the  fun.  It  was  a  (mail  briglit  foot  like 
a  ftar  near  the  margin  of  the  Moon,  and  which  he  at 
that  time  funpofed  to  be  a  hole  or  valky  with  the 
fan's  light  nitnfng  threngh  it.  Succeeding^  obler««> 
t'uy.-.i,  hoivcver,  have  induced  aRroncnicr;  to  attribute 
.'•pj'caraiicis  of  this  kind  to  the  eruption  of  volcanic 
f:rc  ;  and  Mr.  I  K  rfcliLl  has  particularly  obferved  feve- 
ral ci"uption3  of  the  lunar  vol-.anos,  the  lail  of  which 
lie  gives  an  account  of  i:i  the  Philof.  TranH  for  1787. 
April  ipt  loh.  56m.  lujcrcal  time,  I  Mrecivedi  iayk 
he,  three  volcanos  m  dlAeienl  places  at  the  dark  purt 
of  the  new  Moon.  Two  of  them  are  either  aheady 
nearly  t  xtinft,  or  othen»ife  in  a  ftate  of  going  to  brenk 
out  ;  wiiitli  pcrhrips  may  be  decided  next  lunation. 
The  third  ftiews  an  aftual  trujjtion  of  fire  or  luini. 
nous  matter:  its  li^ht  is  much  brighter  than  the  nu- 
cleus of  the  comet  which  M.  Mccliain  difcovercd  at  Paris 
the  lath  of  this  month."  The  foUowing  night  he  found 
it  bamt  widi  grcatervMleiice ;  and  hj  mcaiurement  ht 
fotmd  that  me  fliining  or  binning  matter  mnft  be 
more  than  3  miles  in  dl.nmeter ;  bcmg  of  an  irregular 
unind  figure,  and  very  fharply  dtfinid  on  the  edges. 
The  otlicr  two  volcanos  relrtnblid  large  fnint  uthidr, 
that  are  gradually  much  Iwightcr  in  the  middle  ;  but 
r.o  wcU-dcfincd  ImBUIOin  Ipot  was  difcovercd  in  thcnt. 
He  adds,  **  the  apwarance  of  .what  I  have  called  the 
«Am/  fire,  or  emption  of  a  volcano,  exa^  nfembleA 
a  fmall  piece  of  burning  charcoal  when  it  it  cOvrred 
by  a  very  thin  coat  of  white  alhes,  which  frequently 
adhere  to  it  when  it  has  iReu  fome  time  igt.itid  ;  and 
it  had  a  degree  of  brightncis  about  as  llrong-  a*  that  with 
which  a  coal  wwuld  be  feen  to  glow  in  f.iiut  day-li^ht. 

It  has  been  difputed  whether  the  Moon  has  any  aU 
mofphere  or  not.  The  following;  argtuBcots  bare  bee* 

urj^cd  hy  thofe  wfio  deny  it. 

I.  Tlif  Moon,  f.'.y  they,  conflantly  appears  with  tht 
frirne  brijrhtiicfii  when  our  atmofphere  is  clear  ;  which 
cotiKi  not  be  the  cafe  if  (he  were  funuundcd  with  aa 
atmofphere  like  ours,  fo  variable  in  its  deiifity,  and 
often  obfcurcd.  by  ■  clouds  and  vapours.  3.  in  an  ap> 
fiulfe  of  the  Moon  to  «  fiar,  when  ihe  conies  fo  nea^ 
It  that  a  part  of  her  atmofphere  comes  between  our 
eye  and  the  ilar,  rcfraftion  would  caufe  the  latter  to 
(ecm  to  chiuiee  its  place,  fo  that  the  Moon  would  ap- 
pear to  touc'h  it  later  than  by  her  own  motion  Ihe 
w<  uld  do.  3.  Some  philofophcrs  arc  of  opinion,  ' 
that  becaufe  there  are  no  feas  or  lakes  io  the  Moon, 
ther^-  is  therefore  no  atmolphcie,  as.  there  it  no  water 
to  be  railed  up  in  vapoun. 

But  all  thtie  argomenti  have  been  anfwered  by  other 

aflronomerK  in  ti.  -  folltiwing  manner.  It  is  dtnii-d 
that  the  Mo;  apjicani  anvays  with  the  Ui-vx  Lrii^ht- 
ru      rvr.i  wlicn  our  atmofphcr-.-  appe.tis  eqti.illv  e!c;>r. 

Hcvclius  relates,  that  he  has  fevcnd  tiatcs  found  iu 
Ra  ^ 
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Bciet  perfcdly  clear,  when  cvtii  (Iats  of  the  6th  aad 
7t!i  inai,-iiitu<ic  wtrc  viiiiiit,  that  at  the  I'-inK'  al!:tu<lc 
of  the  Moon  with  the  fame  clongatinn  fium  thf  i'uii, 
and  with  the  Ounc  tdrkopc,  the  Moo:i  aiui  lui  map 
cube  do  not  ■ppor  equally  lucid,  clear,  and  coufptcu* 
00*  at  all  thnu  i  but  ait  orach  bVightcr  and  more  dif* 
tiad  at  fume  timet  than  at  utluT<i.  And  hence  it  t« 
ntfeirrd  that  the  raafe  of  this  phenomenun  i»  innther 
in  our  air.  In  (lie  ti.li-,  ii;  t'lc  Muoii,  nor  I'n  the  fpci'^a- 
tor*«  cy*}  bui  inull  ht  u>uk,cd  for  in  fomcthing  eailtiiig 
about  the  Muon.  An  additional  argiimrnt  is  di^wu 
froiu  the  differ  -nt  appcarsncca  of  the  Mooa  in  total 
cclipfcg,  wliu  h  It  I'uppofed  ar«  onring  to  the  diffcrtiit 
ConftitutioQa  of  the  Ituiar  atmofpherc. 

To  the  3d  arpimetw  Dr.  Lont:  repllcj,  that  Netr- 
ton  hac  Ihtwn  (Pi'ncip.  piiij).  3;-,  tor.  (, ),  'Jut  the 
weight  of  :iny  Imdy  upmi  tl.t  tiJwoii  i»  but  at^iird  pJirt 
of^K.it-  t!it  weight  i  t  the  fame  \«uiild  bo  upo:i  tlie 
.earth:  now  the  t.'xp.i:,f,c,ii  of  tiie  air  i»  reciprocal!  v  as 
the  weight  tli.::  toniicfTes  it;  therefore  the  air  fur- 
nundine  the  Moon,  being  prelTed  toffctbet  by  a  weicbt 
of  onctlinl,  or  hciog  actraded  toninlt  the  centre  of 
the  Moon  by  a  force  equal  only  to  one-third  of  that 
which  attradf  our  air  towardt  the  centre  of  the  earth,  it 
thence  fttUow»,  that  the  lunar  atmofpherc  is  only  one- 
third  ai  denfc  at  that  of  the  carih,  which  is  too  little 
to  produce  any  fenHble  refraftion  of  the  ftar's  light. 
Other  aflronomin  have  contended,  that  fuch  reflation 
was  fomctimcs  very  apjurcui,  Mr.  Caflini  fays,  that 
he  often  «blicr«!d  that  iutum,  Jayittr,  and  the  £xed 
ibiBt  had  tbcSr  cmuhr  figiirei  clianpcd  into  an  ellipticil 
one,  when  ihcy  approni  luil  t  iil.cr  to  t!»c  M on's  I'.i-k 
or  illuminated  limb,  iKuugU  ihty  own  t'nt,  i:i  uilitr 
oci  ultiiii  lis,  110  !i:th  cl  ange  could  be  tiLlttvrd.  And, 
with  regard  to  the  fixed  ilar$,  it  has  been  urged  that, 
gnBting  the  Moon  to  have  an  atmofpherc  of  the  fame 
natnic  wd  quantity  as  oars,  no  fuch  cffeA  as  a  gradoat 
diminutioD  of  light  ought  to  take  place ;  at  teall  none 
that  we  Could  be  capable  of  perceiving,  .^t  the  height 
of  44  miles,  our  atmofphere  it  To  rare  as  to  be  incapal)Ie 
of  rcfraf^ing  the  ray*  of  light :  this  height  ii  tlie  i8oth 
pan  of  the  earth's  (iiiinietcr  ;  but  Ciice  clouds  arc  never 
obfervcd  higher  than  4  miles,  it  appears  tliat  the  va- 
|iourous  or  obfcure  p.irt  is  only  tbc  i98oih  part.  The 
pnean  nppareni  dinnutcr  of  the  Moon  is  gi'  »g''^  or 
1889' :  therefore  ibe  obfcure  parts  of  her  atmofphere* 
when  viewed  from  the  earth,  mud  fubtend  an  anHe  of 
Itfs  ih.in  cnic  fecond  ;  which  fpace  is  pafTed  over  ::  v  t!.-j 
Tvloon  ill  Itfi  than  two  feeont!*  of  time.  It  can  tUtrt- 
fore  hat  <ily  I'f  expected  that  ohftri-ation  (hould  genet  ally 
detcimiat  whvtlitr  the  fiippofed  obfcutatioii  takes  place 
or  not 

As  to  the  3d  argument,  It  coitcluJcs  nothtuj^,  bo> 
caufe  h  is  not  known  that  there  is  no  water  in  the 
Moon ;  nor»  though  this  could  he  proved,  would  it 
follow  that  the  lunar  atmofpherc  a-ifwcm  no  otiitr  pur- 
pcfc  thj  )  '.lie  ra;ft:i:j  i»f  water  iritit  vapour.  There  is 
however  a  I'.ron^r  arj^Tia^.cnt  in  favour  of  tiic  c\i;l.i;cc 
of  a  Itiniir  ;itmolph..ic,  taken  fruni  the  appearance  of  a 
luminous  ciixle  round  the  Moon  in  the  time  of  total 
folar  edipfea  j  a  circiunflnncc  thnt  has  been  obfcnred 
by  mafty  «firoMtne»  1  cfiK-cially  in  the  total  ccliypfe  of 
fbe  Sm  wbicb  Iiappcned  May  i ,  i  ;o6. 


0/ i!-f  ILirv/Jl  MooM.  It  it  remcjLiL.k  dut  the 
Moos,  during  the  week  in  w/uVh  (he  ij  lull  about  the 
time  ul  harvefl,  rifcs  fuoncr  after  lun-fctting,  than  the 
does  in  any  other  fiitt<«oaD  week  in  the  year.  By  this 
mcaus  ibc  affordt  an  immediate  fupply  of  light  after 
fuo-fet,  which  it  very  beneficial  for  the  barreft  aad 
gathering  in  the  fruits  of  the  eaitli:  and  hence  t1ii« 
full  Moon  is  diilinguiflied  from  all  tiiC  uiheri  iu  lUc* 
year,  by  c^'Hiig  it  Harvcft-Moon. 

To  conceive  the  rcafon  of  this  phenomenon  ;  it  may 
fitfl  be  cunfiiUred,  that  the  Moon  is  always  uppofite 
to  the  fun  when  ftie  is  full  ;  th.it  fhe  is  tuU  in  tilC 
figni  Pifccs  and  Aries  in  our  larvell  months,  thole 
bang  the  figos  oppofite  to  Virgo  and  Liita,  the  figns 
occupied  by  the  fon  about  the  fame  feafon ;  and  bccai^e 
■  thofe  parti  lT  llic  eclijjtiV-  rife  i.i  ,i  iliiii-iir  I'picc  of  time 
than  oilier;,  Sj  iiuy  cui.Iy  he  nit\\n  .mil!  illultrated  by 
the  celcilial  globe  :  conieijuotiy,  the  Moou  is 

sti'jut  her  full  in  barrel^,  the  nits  with  lefs  difference 
(  t  time,  or  more  immediately  after  fltn-fetf  than  vbe* 
flic  is  fidl  at  other  (ddbos  «f  Uic  year. 

In  our  winter,  the  Mooo  is  in  Pffcct  and  Arica  about 
the  time  of  her  firft  quarter,  when  Ihe  rift  s  n'Tdut  iKion; 
but  her  rifiug  is  not  then  noticed,  bce.mi'e  liic  fua  is 
above  the  h<in/,.in. 

In  ipriiig,  ihc  Moon  U  in  Pit'ccft  and  Aiie*  about  tha 
time  of  her  change  ;  at  which  time^  as  die  gives  no 
light,  and  rifcs  with  the  fun,  her  ridng  canoot  be  pcf> 
ccivcd. 

la^  fiMUBcr,  the  Moon  is  in  Pilces  and  Aries  about 
the  time  of  her  laft  quarter }  and  then,  as  fbc  is  ou 

;?ie  (1t-rie;ife,  aiul  rife:.  Hot  tlU  audoq^tf  ^JxT  lifill^ 
Liiiiillv  ]>.illti  unuliftrved. 

liut  in  ;iiitutr.ii,  the  Moon  is  in  Pifccs  and  Aries  at 
the  time  of  Iter  full,  and  rtfes  foon  after  fun-fct  for 
feveral  Cfeuinga  filcceflively ;  which  makes  her  regular 
rifiqg  mv^co^ieuiOHa  at  that  time  of  the  year. 

And  tKu  would  always  be  the  cafi^  if  the  Mooni 
orbit  lay  ir,  tt,c  pl.i;u-  of  the  ecliptic.  But  her 
orbit  makcj  aa  aiigk  of  ^'  with  the  ecliptic,  aud 
crolTts  it  only  in  the  two  oppofite  [Kjints  called  the 
nodes,  her  riling  wbcu  in  Piices  and  Aries  will  fomCr 
times  not  differ  above  1  h.  and  40  min.  throu^  the 
whole  of  7  dav»  {  and  at  other  times,  in  the  fame  two 
figns  (he  wiD  differ  3  hoitn  and  a  half  in  the  tune  of 
her  rifiog  in  a  week,  according  to  the  cl-fF.  rent  pcfi- 
tions  of  the  nodes  with  rtfpciil  to  thclc  ligsts ;  ujjich 
p  fitioi.i  art  o  fir  .tly  changing,  bccaufe  the  nodes 
go  backrt  aiJ  through  the  whole  ecliptic  in  18  vrars 
2J^  days. 

This  revolution  of  the  nodes  will  caufe  the  Harveft 
Moons  to  go  through  a  whole  courfe  of  the  noft  and 
kaft  beneficial  ftates,  with  refpeft  to  the  barvcd,  e\  rry 
19  year*.    The  following  Table  Ihews  in  what  years 

tl:e  HL.rvi  ff  rT^Mi;!*  arc  lead  beneficial  as  to  the  times 
oi  then  t.iui;;,  and  in  what  yeuri  they  are  tt-ofl  bene- 
ficial, from  the  ytar  i-(>c  to  1861  ;  the  rolutim  of 
years  under  the  letter  I.,  arc  thofc  in  which  (he  Har- 
veil-MoDiu  arc  It.ift  of  all  briiefici.il,  bccaufe  they  itSi 
about  lite  defoendine  node ;  and  thofe  under  ilic  letter 
M  are  the  moll  of  au  beneficul,  faeeaule  they  faU  about 
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1790  1798  1807  1816  1826  |8J5  1844.  1843 

1791  1799  1808  l8t7  1837  1830  1845  1854 
i:ya  1800  1809  i'8i8  i82«  1837  1846  i8jj 
j:c;3  1801  1810  1819  i8j9  1838  1847  1856 

1794  1802  rftii  1820  1830  1639  1848  1857 

1795  1803  i8i2  1821  1831  1840  1849  1858 

1796  1SC4  1P13   1822    1832   1841    l!<)0  1S59 

J797  1K05  1814  1833  184a  1851  i860 

i8c6  1815  1824.  1^34  1843  1851  1861 

1825 

JhHtht  lifiuMtt  ^  tbt  Moo»,  on  the  eluuiges  of 
<be  wcxtber,  and  tfie  conllihitibn  of  thr  human  bcxiy, 

it  1^1. r,  1>L  olifti  ■. k.' i,  \lyi\  tliL-  vulj'^nr  c'\n'lfi.ii  coi.Lcr.iiiig 
it  i»  vtry  ancitnt,  and  hns  j;.ij'iitd  iiuicli  tu'(.it 

among  the  Learned,  iho-jgVi  ('crl.a;>s  witiiour  lujfi- 
cier.t  examination.  The  c«>mm>.m  opinion  is,  that  the 
Lunar  Iniiucnce  i(  chiefly  exerted  about  the  time  of  the 
Mandcbangc,  but  more  cfpeciallv  the  latter;  and  it 
muU  feem  that  long  experience  nu  in  fome  dcpce 
dUUHbcd  tbefiid:  hence,  perron*  obrcrvod  at  thufe 
times  to  he  a  Kttle  deranged  in  their  iniellcd^,  arc 
called  Lunatics  ;  and  Iicnc-  rr^ny  pi.'ri(jns  .iTixi  iuliy 
look  for  the  new  Moon  to  bring  a  change  in  the  wea- 
ther. The  Muun't  Influence  on  the  fca,  in  producing 
tidei,  being  agreed  upon  on  all  handt,  it  ia  argued  that 
fhe  mull  alio  produce  fimilar  char.^ii  in  tbcatnMtjplKrei 
hut  la  a' much  higher  decree }  which  changeauut  camp 
notioM  there,  muft,  it  n  infenvd,  have  a  confidenUe 
influence  on  thf  xrcathcr,  and  on  the  human  body. 

Uciide  Uie  oblcrvations  of  the  Ancients,  which  tend 
to  (ftablifh  thi*  t!n<ftiiiic,  feveral  amon^  the  .Modern 
Philofophera  have  dtkiukd  the  fame  opinion,  and  thnt 
upon  the  ftren^h  of  experience  and  obfcrvation;  \il)i!t 
«thc»  »  ftrenuouUy  the  bi&.  The  celcbraud 
Dr.  Mead  wat  a  believer  m  the  Indueiice  of  the  Sun 
and  Moou  on  the  human  body,  and  publiflicd  a  book 
to  this  purpofe,  intitkd,  De  Impcrio  Solis  ac  Lunz 
IB  Coipore  Hum.i'io.  The  cxiflcncc  of  fuch  influence 
is  howtrcr  oppofcd  by  Dr.  Horflcy,  the  prcfcnt  bi- 
Ihop  of  RochcAer,  in  a  kamcd  paper  upon  this  fubjed 
in  the  Philof.  Tranf.  for  the  year  177J  ;  where  he 
gives  a  f|>ccimcn  of  arranging  tables  of  metcorologicul 
•bfcmtioiMi,  foaa  todedccc  fiom  them  fads,  that  may 
cither  emfirm  or  refute  this  popular  opinion  ;  rwom- 
ineiuliiig-  it  lo  liic  Lcai  atd,  to  col!t  lI  a  l.iffjc  fmi  !!  nf 
fuch  cbfci  vat  ions,  as  uo  ccnclufions  c:in  be  tli  invnfiuin 
one  or  two  only.  On  the  otficr  hard  pinUir<ir  Taslcio, 
and  ii  n.r  French  philofophera,  take  the  oppotite  itde  of 
the  queHion  ;  aiia,£«imthr  authority  of  a  long  fcries  of 
abfcrvalionc,  praaonnce  decidedly  ia  fivotir  tuthc  jLu* 
av  Influence. 

A:ukrath^  f  ih  ^'oom.    ScC  AcCllKSATIOK. 

\iooyi'Dial.    See  Dial. 

Arnsrafa/Mdow.   See  ^^lyomrfMAOwrTtrBa. 

MOORE  (.Sir  JoSA^),  a  very  rr fp  •i'^  ,b!c  inathe- 
matician.  Fellow  of  the  Kuy.il  Sociiiy,  and  iiurve^'or- 

frneial  of  tlic  Ordnancf,  vrw  bf  in  at  Whitby  in 
orkibire  about  the  year  1620.  After  enjoying  the 
advantages  of  a  liberal  education,  he  bent  Itis  ftudies 
paKipally  to  tbe  jnathaaatict,  to  which  he  bftd  al* 


way*  a  ftrong  indimtKNi.   In  the  expedktantof  Kim 

Charles  the  ift  into  the  northern  parts  of  England, 
our  au:hor  wai  introduced  to  him,  a  perfun  (ludious 
and  learned  in  thofc  fcieiices  ;  -.vIkm  tt.c  ki;ig  exprelfcd 
much  approbation  of  hiin,  and  prutiuied  hitn  encou- 
ragement ;  which  iiidcecl  laid  tlie  foundation  of  his  for- 
tune. He  wai  afterwards  appointed  matliematical  maf* 
ter  to  the  king**  ftcond  fon  James,  to  inftru£t  him  in 
aritlinetict  geognplu-,  the  ufe  9!  the  globei»  ftc* 
During  CroraweH's  govcrnnnent  it  feeim  ne  foBowed 
the  profcHion  t.f  n  puTltc  teacher  of  iTir,tl[L-it,at:cs ;  for 
I  find  liim  ilylcd,  i.i  the  tillc-page  of  I'toic  C't  liis  puh- 
licationsi,  "  profclTor  of  the  mailicniatics."  After  the 
return  of  Cht-.rles  the  2d,  he  found  great  tarour  and  . 
promocion,  becoming  at  length  furreyav^nenl  of  the 
kite's  ordnance.  He  wai  it  fecms  a  great  fiivourite 
both  with  the  king  and  the  duke  of  York,  who  olteB 
ccnfulted  him,  and  weie  adviled  by  him  upon  manj^ 
occafiona. '  And  it  muft  be  owned  tliat  he  often  em* 

f)ioyed  hij  interell  with  the  court  to  the  advancement  of 
earning  and  the  encouragement  of  merit.  Thus,  he 
got  Flumflecd  houfc  built  in  1675,  as  a  public  obfer- 
vntory,  recommending  Mr.  Flair.fteed  to  he  tlu-  !:i'ijf's 
allrononwr,  to  make  I  he  nbfervatioiis  there  :  uiid  b>.  uig 
furveyor-general  of  the  ordnance  bintfelf,  thi»  was  the 
reafon  why  the  falai  y  of  tbe  aftrananwr  royal  was  made 
payable-  tjut  u(  the-  oflic:  uf  onlnancc.  Being  a  gnvrr- 
nor  of  Chii;i'j  l.ulpital,  it  fttms  that  by  his  interell  the 
king  founded  the  mathematic.J  fcliLol  tiurc,  nliowing 
a  haiidfome  falary  for  a  mailer  to  inltru^  a  certain 
number  of  the  boys  in  mathematics  and  navigation,  to 
qualify  tlicmfor  toe  fca  fcnice.  Here  bcfoon  fouiui 
an  opportunitv  of  exerting^  his  abilitic*  in  a  manner 
fumcwhat  anrwerabic  to  lua  wilhes,  namcljv  that  of 
ferving  the  rifing  gencratfoB.  And  confidcring  %Tith 
liitiiklf  \\x  bLlitfit  tlic  nation  rr.i:^}it  receive  lioin  a 
muthciDiitical  Ichoul,  it  rig  fitly  conducted,  he  oiude  it 
his  utmoll  care  to  promote  liij  improvement  of  it.  The 
fchool  wat  fettled  ;  but  there  Itill  wanted  a  methodical 
inilii  itiun  tium  which  the  youths  might  receive  fiicb 
necellary  UelfN  «s  their  itndio  requSnd  t  a  laboriotn 
\vork,  from  which  bit  other  great  and  'afEdnoui  em- 
pL ■vniriits  rntVht  very  well  have  exemtuic!  K'u-.,  lisd 
nci  a  p,-i.dijmu-..i:it  regard  to  a  more  gciur.tl  i.lcf.ihicCs 
engaged  him  to  dcvutc  all  the  icifurc  hours  1. 1  his  <le- 
diiitug  years  to  the  improvement  of  fo  utcttii  and 
important  a  leeiinary  of  tcuruing. 

Haviiig  thus  engaged  himftlfiu  the  profecution  of 
tl  is  'general  defi^n,  he  next  Iketchcd  out  theplan  of  a 
cnu  .e  or  fyftem  of  mathematics  &r  tbe  ule  of  the 
huul,  and  then  drew  up  and  printed  fevers]  parts  of 
it  himfelf,  when  death  put  an  end  to  Vn  Inbo'.i?-^,  be- 
fore the  v.crk  was  completed.  I  hare  not  found  in 
wliat  year  this  happt  i  t-.i;  hut  It  mull  havi  been  but 
hctic  before  i68i,  the  year  in  w'lich  liic  woik  waspuh. 
iifllCdby  his  fons-in-hw,  Mr.  Hanway  and  Mr.  Potin- 
ger.  Of  this  work,  the  Anthmctic,  Pia^cal  Gea> 
metrr,  Trigonomrtry,  and  Cofmograpb^,  iiTre  writ- 
tn.  !  ;.  S'l  Julias  himfclf,  and  printed  before  his  death. 
Tiic  j'ilgtb.a,  Navigation,  and  tlie  books  of  Euclid 
were  fttpj.lied  by  Mr.  Perkins,  the  then  mailer  of  the 
matl'.ematical  fcIiooL  And  the  Allronomy,  or  Hoc 
tritie  of  the  Sphere,  waa  wiittea  bj  Mr.  Ihmlleedftaa 
attronoBcr  royaL 
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Tl;c      of  S^r  Jonak's  vnirki,  ai  fir  U  1  liave  kta 

them,  art  t;ie  foilowinv; : 

J.  Tiic  New  .Sylktn  of  MitbcoMAict|  above  mew- 
tioncd,  wi  s  «o]>4_to,  i68t, 

>.  A^tbinctic  is  two  booki,  vh,  V  iilgar  Arittimeric 

mid  Alpchra.  To  wliicli  arc  aiWtd  \  wo  TrtatJfci,  the 
one  A  iK-vi-  Contrmplition  GcoiDctrical,  ui>ou  the  Oval 
Fl;;iire  cJIcd  the  Ellipfis  j  ibir  othtr,  'I'he  t»o  firft 
bouk»  of  N'yJorgius,  Conical  .S-.iitioni  analizcd 
&c.  ifvo,  if>bo. 

3.  A  Matl.i'iiintlcal  Cumpcodioin;  or  Ufcful  Prac- 
ticc«in  Aritlimctic,  Gcomettjt  and  Ailronomy,  Geo- 
*papl>y  '-^"i  Navigationi       Ac.  riino*  4th  olitioa 

ID  I  7C1  J. 

4.  A  Cin;T:l  T,i  lifi:  of  Arti'lcry:  or,  Great 
Onln.mcc.  VV.iuvi.  ill  hal'.in  by  Toniafo  Moretii  «»t 
Dicfcia.  1  raiiOafid  into  En{^ih,  w  ith  nott »  tlicic 
upon,  and  fume  nd-.l  tious  <n;t  of  F'tKi.h  for  Sck-Gun- 

'  Bcrii.    Bv  ^'ir  Jonas  M'jore,  Kt.  8va,  1683. 

MORTALITY.  /;  •/  AV/e%,  are  accoiintt 
orreetfters  rpeclfyin^  the  numfaeri  born,  and  buried, 
and  tametinae*  married,  in  any  town,  parifli|  of  dif* 
tri^.  Tl.cfc  arc  of  great  ufir,  not  only  in  the  doArinC 
Cif  Life  ArtJiu't'is,  Ijui  iu  fliewing  the  degrees  of  heal- 
tliincfsand  pruluicnci^,  with  the  pm^rcfi  uf  puuuUtion 
in  the  places  where  they  are  kept.  It  i*  tlicrcforc 
muclk  to  be  wifhed  that  fuvh  accoualt  had  always  been 
ComAly  kept  in  every  kingdom,  and  regularly  pub- 
Klhedat  the  end  of  every  year.  We  fltotud  tbea  bavc 
had  under  infpcdion  the  coapantive  ftrenffth  of  every 
liini^^^i  m,  f:;r  it  iU'|:<.  iit3s  <::i  tLc  number  of  inba- 
bitanis,  aiid  lU  iiicudK'  or  di.c:i.;i!c  at  diHcvciit  pe- 
riods. 

Such  accounts  are  rendered  flill  more  ufeful,  when 
they  include  the  ages  of  the  drad,  and  the  diflempers 
of  vrhifih  t(K'y  have  died.  In  this  c.ifc  they  convey 
iotue  of  (he  >r.o(l  important  inllrudioiis,  by  fumifhing 
the  meam  of  aCixrtaioing  tlic  Uw  which  govern*  tbc 
wade  of  human  life,  the  values  of  annuities  dependent 
on  the  contiiiUiUu  c  r  f  ;iiv  I'm.  ';,  or  .my  i  ji  xivdrlliijis 
between  then),  an<i  the  iuvourabtcncfs  or  unfavourable- 

nef}  uf  difiierent  fituatioaa  to  the  dttmtioo  of  biiiiuui 

Tbtre  are  hut  few  rej^iiflcrs  of  tliia  kind  ;  nor  has  this 
fHbjed,  though  fo  iutercfting  to  maukindy  ever  cngascd 
much  attention  till  lately.   Indeed,  biQ*  of  Mortality 

for  the  fevtral  pariflics  of  the  city  of  Loudon  have  been 
kept  flora  the  year  I  59:,  with  little  interruption  ;  and 
a  very  ample  account  of  them  liusl/ccn  pubiithcd  dan'n 
to  tlio  year  1 759,  by  Dr.  Birch,  in  a  large  4to  vol. 
vhicli  is  pii  l.afw  the  fulleil  wi.ik  of  the  kind  extant  ; 
contitiiiiiig  btfincithc  bilk  of  Moitiitliy,  with  ihedif- 
eafc*  and  cafuaJiics,  fcvcral  other  valiub'c  trails  cn  the 
fabjcd  of  tfafflit  and  on  politic.i!  aritlimcttc,  by  feveral 
other  autboin,  at  Capt.  John  Grauut,  F.  K.  S; ;  Sir 
W!l!!2'r.P<ttv,  r.  R.S.  ;  Coi.yti  Morris,  Kfq.  F.  U.S.; 
and  J.  1'.  Lf>|.  V.  K.  iht-  whole  forming  a  vkiiiabic 
rrpolitory  of  materials ;  and  it  would  be  well  if  a  con* 
tinuation  were  publi^.cil  down  to  the  profcnt  lime,  and 
fo  conliuued  from  lime  to  time. 

Litis  containing  the  ages  of  the  dead,  were  long 
iince  mtblifhcd  fur  the  town  of  BreOavr  in  Silefia.  It 
ic  wcli  known  what  ufc  has  been  made  of  ihefe  by  Dr. 
Uallcy,  and  after  him  by  Mr.      Ivluivrc.   A  table  of 

/ 


the  p'(,!;ubilitie»  of  the  duration  of  human  life  at  every 
age,  deduced  from  them  by  Dr.  Halley,  wa*  publilhed 
in  the  I'hitof.  'I'ratif.  vol.  1  7,  and  hit  been  infertcd  in 
thii  work  onder  the  article  Lira^^aaai/icr  t  which  ia 
the  fixft  tahJe  of  this  kind  that  ba«  been  pnUilhed.  iiince 
the  AuUication  of  this  table,  fimil.ir  bilU  have  been 
eftabfilhcd  in  many  other  places,  in  bn;;]ani!,  Germany, 
Su  i.ind,  France,  Holland,  &c,  but  m'lll  efpecie'.iy 
ill  .'v.veden  ;  the  rvft  lts  of  fomt  <  f  which  may  be  fetn  ill 
tl'.c  I.irge  Comparative  table  of  the  duration  of  fife,  Wn> 
dcr  the  article  Lir t  /insuiti-t,  in  this  work. 

MORTAR,  or  iMoiiTAii-Ptecr,  a  fhort  piece  of 
ordnance,  thick  and  wide,  proper  for  throwing  faooilH 
Ihellt,  carcafes.  Hones,  gra^c-lhut,  tec. 

It  h  tliaught  •ih.u  the  i.ic  of  Miirlars  is  older  than 
iha;  uf  <.<innon  :  for  they  w' re  emijloyed  in  the  wars  of 
Italy,  to  throw  halls  of  ret',  hot  iron,  and  tloncs,  long 
before  tlic  invention  of  (lidls :  and  it  is  goicraliy  be* 
lieved  that  the  Geimciis  were  the  firft  invmtors.  The 
practice  of  throwing  red-hot  b»!I .  out  of  Mortars^  wia 
full  pradifcd  at  the  ficgc  cf  StntlUind  in  167J,  b^  the 
tkdor  of  Brandcdnirgi  though  fome  fay,  ia  16^3* 
at  «he  fiege  of  Urcintn. 

^^l)'turs  are  made  either  of  brnfs  or  I'lon,  and  it  it 
vifi:.i!  to  dirtm|xuifh  thctu  by  the  diameter  of  the  bore  ; 
iif,  t'lL-  13  iiu  l),  tlif  I  >  inch,  or  the  8  incb  Mi  rt.ii  : 
there  arc  ibme  of  a  fmallcr  fort,  a*  Cothoms  of  4*6 
inches,  and  Royals  of  5*^  inches  in  diameter.  As  to 
the  larger  fizca,  ai  iS  inches,  &c,  they  are  nowdifuCed 

the  EngUih,  at  wdl  at  moll  other  Eurapcaa  mtiont. 
For  the  circuodUnca  relating  to  Mortata^  tte  Mot 
ler's  Artillery. 

6't.'A;r  T  M  iRTAR,  a  fmall  kitid  of  one,  invented  by 
the  celcbiated  engineer  baron  Coehom,  to  throw  fmail 
(liclls  or  grenades.  Thcfc  Mortars  are  often  fixed,  to 
the  number  cf  a  dozen,  on  a  block  0^  oak*  at  the  clc> 
vation  of  4;°. 

MOTION,  or  Locai  Motiok,  k  a  continued  and 
faccefllve  change  of  pbce.  BorelK  defines  it,  the  ftic- 
ccfTive  pafTj^'c  uf  a  bi  tiy  f.i^m  one  phct  to  nrother,  in 
a  detcrmitvatc  time,  by  becomir.f;  fvcccfuvcly  conti- 
guous 10  all  tl'.e  parts  of  the  iiili.:  r;u  .l::::e  fpacc. 

Motion  h  confidcred  ?.i  of  vanous  kinds}  as  Naturals 
Violent,  Abfohiteaud  Relative,  &c,  fee. 

Katurai  MoTiON,  isthat  which  lias  it*  principle,  or 
aduating  force,  within  the  moving  body.  Such  is  that 
of  a  ftone  falling  towardt  the  earth.  And 

Fhtent  Motion,  isthat  wbofc  piinciplc  is  without, 
and  a^ainA  wli.'ch  the  moving  body  tr  jl.is ic  fiil.iiic  r. 
Such  IS  that  of  a  (lone  thrown  upwttriiii,  or  ui  d  bitU 
(hot  ofl'from  a  gun,  Jcc. 

Motion  it  again  divided  into  Abfohitc  and  Rcla> 
tive. 

M/tAitt  Motion,  tttbecfaangcof  ablolate  place, in 
any  moving  b*dy,  confidered  independently  of  any 

rfhcr  mot'i;n  ;  whofe  celerity  tliciffiiic  v.ill  Lt-'mra- 
furtd  by  ihc  quantity  of  iLlululc  Ipact  wliith  the 
moveable  body  runt  through.  And 

Rt/jtivf  Motion,  islbe  change  of  the  relative  place 
•fa  moving  body,  or  confidcred  with  rcfpc<!:t  to  the  mu> 
tioaof  fomc  other  body ;  and  baa  its  celerity  eUimated 
by  the  quantity  of  relative  fpacc  run  through. 

jIt  u  $be  C9Mtiiamtioaoflaoxio»fVt  the  auifiewbv « 
body  once  in  Modon  comes  to  pcrfcvcnc  »l  it  <  tliii  nac 
5  been 
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kern  mocltosatraierted  Mione  phTiicil  writers  t  and 
ftt  h  Mlowi  vny  endently  worn  one  of  the  grand 

Laws  of  Nature;  vir,  that  all  bodies  perfcvcrt  In  t?ieir 
prefmt  (late,  whtcluTofrefl  or  itiotirn,  unlefi  Jifturbcd 
by  Io:jic  torcii'n  yimrcra.  M  ■Sinn  'Li-rcfori-,  onceJ)*- 
gun,  would  be  continueti  in  inli.iriutn,  u  cie  ittomeet 
with  no  iotcmiptiNn  from  cttcmzl  Ciiuri* ;  aa  thcpoMr 
of  ^avity,  tbe  rcfiftaacc  of  the  incdiuin«  && 

Nor  has  the  oMnminlcation  of  nuitioM,  or  how  « 
fforicfg  body  comet  to'aflvA  another  at  reft,  or  how 
nwcb  of  its  motion  n  coinmunicated  by  the  iirfl  to  tbe 
hlU  tx^cn  Irfs  difp-.itcd.  See  the  Lann  of  it  uader  tbe 
word  I'bucusiid.v. 

Motrin  i«  the  proper  fi'lijn'^  of  mrchanics;  and  ire- 
chanics  i«  the  bafis  of  all  natural  ^liiJofophy ;  which 

In  cfir^f  tli  the  phenomena  of  nature,  alt  tbe  chmgea 
thR  happen  m  the  lyflem  of  bodiea,  are  owtnj^  to  Mo- 
tion ;  and  are  diredcd  according  to  the  laws  of  it. 
Hence  the  mcxlern  phtlofophcrt  hare  applied  themrrlvt.-s 
with  peculiar  ai dour  to  coiiliJcr  ;(icdi  d!hu-  of  Mo. 
tion  ;  to  invtiligate  the  properties  Hiid  laws  uf  it  ;  by 
oLfervatlun  and  cxperimetit,  joined  to  the  ufe  of  gei>- 
BCtrjr*  And  to  tliis  is  owin^  tlie  ^mi  advantage  of 
theODOdcm  philofophy  above  that  of  tfjt-  AnL-ienta|  who 
MK  citremely  difttgacdfut  of  the  eiEt^U  of  Motiaa. 

Among'  alTthe  Andfenta,  there  la  nothtng;  extant  on 
JTction,  cxCi-pttnj^  fume  thin^i  in  Arcfii;iKdf-i'a  books. 
Do  A<ii>ipo:i<lrrjiitibus.  To  Galiltrt)  is  c)wir.ji  a  j^rcat 
psrt  of  tlic  dorti  int  of  Motii>n  :  he  tiilt  diTcuvcriJ  the 
geacrai  lawa  of  it,  and  particularir  of  the  dctcent  of 
Mlfj'  bodiea,  both  perpendicularly  and  on  inclined 
|hiMa  i  the  Jawa  of  tbe  Motion  of  projedilea »  the  fl- 
Bntioa  of  pendnluma,  and  of  llrelcKed  «Ofd^  wkli 
the  theory  of  rcfiiliacci!»ft<«  things  which  the  AscieM* 
had  little  notion  of. 

Turrirclli  puHnird  nnt!  improved  the  discoveries  ofhrs 
matter,  Galiko;  and  added  many  experiments  concern* 
ing  the  force  of  perculTion,  and  the  equilibrium  of  fluids. 
Hnygena  improved  very  confiderably  on  the  doctrine  of 
the  pendidiun  and  both  he  and  Borelli  on  the  force  of 
wnmffion.  Laftty,  Newton,  Ldbniia,  VanKHon* 
Martottr,  &c,  have  brought  the  doftrine  of  Motion 
ftili  rtMiLii  iicaK  r  to  pcrfeiliun. 

^';t  ncril  laws  of  Motion  wrre  firft  broiij^lit  ir>to 
a  fytlem,  uikI  ilyiicaily  dtmunllratcJ  to^^i-tlirr,  by 
Dr.  Walli?,  Sir  Chrittophcr  Wren,  and  M.  Huj  gens, 
all  much  about  the  fame  time  ;  the  firft  in  bodies  not 
daftic,  and  the  two  hitcr  is  cUftic  bodies.  Lall^,  the 
whole  doArine  of  Motion,  indoding  all  the  difeo«e> 
ries  both  of  the  Andents  and  Modems  on  that  head, 
wa*  given  by  l)r.  Wallia  hi  his  Mcchanica,  five  De 
Motu,  piibHrtltd  in  Il'i-o. 

^anttfy  of  MoTio.<«,  i*  tliC  fame  a«  MoimiNTWM, 
which  fee.  It  is  a  principle  maintained  by  the  Carte- 
fians,  and  fomc  others,  that  the  Creator  at  the  be^in- 
nng  imprcflcd  a  certain  Qiiantityof  MHion  on  bodies 
and  that  nilier  ftich  lawa,  as  ihtt  ao  pan  of  it  fliouU 
he  loft,  but  the  bme  portion  of  Motion  ftonld  he  con- 
flantly  prcfcrvfcl  in  matter:  and  hence  they  cavicliiJe, 
that  if  any  movin^^  body  llrike  another  brn'.y,tb(;  fortTiCr 
lofcs  no  inorr  of  its  Motion  than  it  comtiiuiiicates  tothe 
latter.  This  pofition  however  bai  been  oppofcd  bj  other 
fliflafcplirwH  indpcriifpajaflljs  mkljitnejiielciiitioa 


of  Motioa  be  nnderftood  tml*  of  the  qiMetttir  of  it  at  eill- 
mated  alwaya  in  the  lamediredion ;  fur  then  it  fecma 

the  principli-  wit!  ho'J  good.  Howctcr,  thercafoning 
ought  to  have  proc-rciiffl  in  the  <:oritru  v  -riier  j  hv  (iiil 
obfcrvir.r,'  from  LXpcnirif nt,  or  o'Jicrsvilc,  tii.it  s\  lien 
two  bodies  act  upon  each  other,  the  one  gains  csa£iljf 
the  Motion  which  is  loR  by  the  other,  in  the  fame  di« 
icAmhi  {  and  from  hence  made  the  inference,  that  there 
ti  therefore  the  fiune  Qitantity  of  Motion  preferved  in 
the  univcrfe,  as  wusowated  by  God  in  the  beginning ; 
fince  no  body  can  upon  another,  without  being  ttidf, 
equally  aAed  upon  in  tKe  oppofite  or  coatTary  duMc- 

tion. 

7/  C j".ftnua!ion  of  MoTinK,  or  the  caufe  why  a  bo- 
dy once  in  Motion  cnmea  to  perfevcre  in  it,  ha*  been 
iniich  controverted  among  pbyldl  wtiten  \  rad  yet  it 
folio wi  very  evidcttthr  from  one  of  the  gmd.  XiAwaof 
Nature }  vtz,  that  all  bodies  perTevere  in  their  prefest 

Aate,  uhftlirr  of  .M<ili.::i  or  uft,  imKTs  thi'y  lUC  dif- 
turbcd  by  luir.c  lort^^n  pinvtrs.  Moliu:i  tlurctoic, 
once  begun,  would  be  ccntinui)  fervor,  wtic  it  to 
mfct  with  no  iiiterr.'ption  from  external  caufcs;  as  the 
power  of  gravity,  the  refillance  ofthCBwdiVB,  &c. 

Tit  CommuwMim  c/' Motiok,  or' the  in<tnneT  in  > 
which  a  moving  body  cornea  to  affc^  another  at  rett,  or 
how  much  of  ita  Motioa  iaooOimimicatnl  by  thefitA 
to  the  ht,  haa  alfo  been  the  fiibjcAof  much  dilcdIBoii 
niid  c-oiitruvtrfy.    Scc  tbc  Ltwa  ofit  mdcT  tUc wotd 

Mor  ton  may  be  confidered  either  as  Equable,  and 
Uoifurm;  or  as  Acceletated»  and  Retarded.  Equable 
Motion,  again,  may  he  confidercd  either  ai  Simple,  or 
tt  Compound  ^  and  Compoimd  Motioa  cithBoaKcdi* 
Unear,  or  aaCurrilincar. 

And  all  thefe again  may  beconGJfred  cither  with  re- 
gard to  tbemlclvcs,  or  with  rcgaid  to  the  manner  of 
their  produifiion,  and  cammnnicatien,  by  percuflioDii 
&c. 

f^iuiZ/e  Motion,  is  that  hy  which  the  moving  bod]^ 
proceeds  with  exadly  the  fame  velocity  or  coerity^ 
palling  always  over  equal  fpacea  in  equal  times. 

Tie  Lawf  of  Untfcrm  Motion^  are  tliefe:  i.  The^ 
fpacea  drfcribed,  or  paflVd  over,  are  in  the  compound 
r.itio  of  tlid  vc-locit'i.^,  .md  t:u-  ti:<n.-;  of  fcribi:!^;  lliofc 
fjiaLi^i.  So  lb..t,  :l  v' rii.d  "ij  b-L- two  unitorin  vcloci- 
tit..>i,  S  aiul  /  the  fpaces  dcfcribcd  or  paifiid  over  hf 
tbc(D>  in  tUc  nripcdive  times  T  and  /  ; 

then  iaS  :  /  : :  TV  t    Iv^  ' 

or2o:iz::4Xf:3X4; 
taking  T  =  4,  /  =  3,  V  s     and  v  =  4.  , 

2.  In  Unifeim  Motions,  the  time  ia  as  tbe  fpace  di» 
rci^llv,  ai.  the  velocity  reciproi-aOy  }  «rastbe%MB. 
divided  by  ibc  velocity,  bo  that 

S  # 

V  * 

J.  The  velocity  is  as  the  (pace  diredly*  and  the 
time  reciprocally  (  or  at  the  ^ace  divided  1^  die  tiaac* 


That  is,  V  :  w 


8  J 

-p-  t  —  «r  t»  »  t  /T. 


Acctkrated  MoriOM,  is  that  which  contiaually  re- 
ceivca  bdbiCGCllism  of  vciacit]f»  And  it  is  faio  to  be 

voifbimlj 
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«t,;fnrmlr  a.cclcra.cd,  w1,en  its  acccflioB*  of  vdocilr  And  thrfe  cqiutum,  «,U  ho\A  good  m  the  Mot.  >n  ef- 
are  eq.,3l  iu  cquut  timcj  ;  iucli  a»  that  which  i.^pro-  ihcr  genc^ted  or  dellrovcd  by  the  force  «f  K-^"-' )  .  - 
duccHbythe  clnlmn]  action  ofoneaiidtbe  fiiiiieforce»  hywy  other  unifom  foroe  whaler  S*e«M«  t^ 
llkclhc  force  of  gravity.  &c.  .     •rtJcfc.  GtlviTT,  AcCeii.At.Ok,  Ret*eI>*TI01I» 

i^r/Wf-/  Motion,  ii  that  wkulL-  v.Umty  co-iti-     &c.    Again,  j    ^  v.  r  ^ 

mallv  dccK«r««.  And  !t  is  faid  to  be  im.lotnily  Re-        Simple  Motion,     Hat  w!„c!>  i»  produced  by  fome 

'    •  -      If   1         Qjn-  jiowvi  nr  tuivc  oiiiv,  aiui  :■-  ^l\v.\ys  riiTt  liiiL.ir,  u» 

in  one  dircciion,  whetlier  tlie  force  be  only  oiomcuiary 
oi  continued.  And 

CflH^mnx/ Motion,  w  that  which  w  produoed  by 
two  or  more  powers  *Qing  in  difocnt  durcttioM.   See  ' 
CoMPOVND,  aiidCoMroiiTioii  o/'ili<i(Mii> 

If  a  inovlnjr  b«jdy  be  adcd  on  by  ■  double  power  ; 
the  one  according  to  the  direction  AB,  tht  ctlkt-r  ac- 
c*)rdiiig  to  AC  ;  with  the  C«»mpi.inj<!  MutuMi,  or  that 
which  is  compounckil  cr  ttici.-  two  tou^cthtr,  ii  will 
tlcfcinhe  the  diagonal  AD  of  the  uai-aUeloj^-ain,  whufe 
ftdc$  AB  and  AC  it  would  have  delcribDdiii  the  Cuat 
tinw  witb  each  of  the  KfpeAire  powen  iput. 


unilonnly  rctai-diiig  the  Motion  of  a  body  that  i»  throwa 
'  upwards. 

The  I-aws  of  Motion,  uniformly  accelerated  or  r<- 
'  tinted,  arc ibcfe: 

I-  In  imifoiinly  varied  motionk,  the  fpace.  S  or  /.  is 
afthe  fqu»«oflhetime,orailbef<niare  of  the  greatrit 
veliKlty,  or  aa  the  refiaagle  or  produA  of  the  time  and 
vchjcity. 

That  !a, « t  #  J  8  T»  :  <» :  t  V«  ;     :  I  TV  : . 

'!Tc  velocity  i«  the  lime,  or  at  the  fpace  divided 
b)  iht  iliL  time,orasthc  fquare root  of  the fp*ce. 

'l  lru  i:^,  V  :  t.  : :  T  :  /  :  :       :  —  : :  v'S  :  ^s. 

1  / 

3.  The  time  ia  aathc  velocity,  or  a*  the  fpacc  divided 
by  tfie  adoci^tOr  ta  tbefqnare  root  of  the  fpacc 


S 


4.  when  a  fpace  it  described,  or  paflcd  over,  by  an 

umforiiilv  wii  kil  Motion,  tlif  vcldi  ity  ciltKr  beginning 
at  notliiiij;,  and  c-i)iuiniinl!y  accclcrati-d  ;  or  l-Uc  begin- 
ning .1;  (oiriL-  (itteriniiiatc  SLlocity,  and  coiitiimally  re- 
tar^d  till  the  velocity  be  reducetl  to  nothing  j  then  the 
.^taee,  fo  run  over  by  the  variable  Motion,  wD  bt  CX* 
lidSyeqgitl  to  half  the  fpace  that  would  be  run  over  iB 
^he  fame  time  by  the  grcateft  velocity  if  unifomily  con* 
tinued  for  that  tioie.  So,  for  inftance,  if  denote  the 
fpace  tun  over  in  one  fecond,  or  any  other  time,  by  fuch ' 
a  s;i-i:iMc  Motl'iii  ;  llicn  would  he  llie  l^iicc  liiat 
would  !>c  run  over  in  mic:  fecund,  or  the  f.in;c  '.i:iiL',  Ijy  tl'.e 
jp'cateft  vclodty  uiiifoi  tii!v  continued  for  the  lam.-  '.imf  ; 
or  2/  would  be  the  greatelk  velocity  yttr  fecond  which 
the  mnving  body  bad.  Confequently,  if  t  be  any  other 
time,!  the  fpicertta  over  in  that  timei  andr  t^c  ^txaU 
eft  velocity  attained  in  k ;  then,  from  the  forc^aiug  ar- 
ticles, it  will  be 

1"  :  <*  : :     :  a^/  =  «  the  velocity, 
mdt*i^::  /  t^J*  sa  /  the  fpace. 
And  hence,  for  any  fuch  uniformly  van-.-d  Motion'!,  tKc 
relations  among  the  fevcral  quantities  concerned,  will  be 
■vaprvi&.'dbytMfiiOoviNg^uationtj  Wz, 


*  if 


If, 

2S 
V 

§ 
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And  if  lh<r  rndiiis  of  a  circle  be  carried  rnund  ui>o« 
the  eeiitie  C,  while  a  point  ni  thu  radium  fcta  ofT  from 
A,  and  keep*  moving  along  the  radius  toward*  tlic  cen- 
tre ;  then,  by  this  Compound  Motion,  the  path  of  th^ 
poiot  will  be  a  kind  of  a  fpii-al  ABQ. 

J^tttitPiUriiailar  LfKej  o/MoTinn,  arifing  from  lire 
Colfifion  vfhtdku  M>  ElMte  and  NoHtl^,  an.i  ilxit 
Kobere  the  Srralimt  are  Mb  PerpendlaJar  ant/  Obttque^ 
fee  Percvsshin. 

For  CiacuLAR  Molion,  and  the  Lct-wj  '/  VnojiC' 
Tiur  s,  fee  tl;e  rcfpedivc  words. 

Fir  ihf  Motion  of  Pendulums,  and  f be  I.n  -.i;:  nfOfJ- 
Likn,  fee  PtSDULUM. 

Perfitual  Motion,  i*>a  Motion  which  i»  fupplicd 
and  KACwed  from  itfclf,  without  the  iioterteBtlon  of  any 

external  caufe. 

The  ctlchratcJ  [)n>h!cm  of  a  Perpetual  Motion,  coa- 
iu\i  ill  the  ir.^cutin^  a  rur-c iiinr,  IlIl!'.  has  ttir  pr.iici- 
pIc  of  it*  iVUition  within  ittcif;  and  is  a  piobkni  tliat 
hat  employed  the  mathematicians  fur  2000  years  ( 
though  none  pcrhapi  have  profecuted  it  with  attention 
and  eameftneM  cqou  to  thofe  of  the  preCeot  age.  In- 
finite are  the  fcbemes,  defietu,  phnt^  enginet,  whcd^ 
&c,  to  vHtich  thit  long-delired  Perpetnii]  Motion  baa 
given  biith. 

ButM.  Dcla  Hire  has  proved  the  impofTibility  of 
any  fuch  machine,  and  lintisthai  it  r.iiiouuts  to  this ; 
■viz,  to  find  a  body  which  ii  both  heavier  and  lighter  at 
the  fame  tiiiu- ;  or  to  tiiu;  a  body  whichis  heavier  thaa 
itfcl£  Indeed  there  ieema  but  little  in  mture  io 
eonntenaiice  all  thh  afliduity  and  ezpeAatioa ;  among ' 
all  the  laws  of  matter  and  Motion,  we  kn«>w  of  none 
yet  that  fcein  Uk-cly  to  fumilh  auy  prluciplc  or  founda* 
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A^BisatMid  reaftioB  it  is  alliMrGd  ««  ahMT*  ; 

7r(!  a  Il^Jv  that  gnn  any  quantbjr.cif  MoUon  to  aao- 
tl.cr,  .iilwj-.  s  lofes  juU  fo  v.ivch  of  iu  owa  )  but  undrr 
the  prefciii  ftatc  of  tb'r.jrs,  the  rcfii^ance  of  the  air, 
the  rhciion  of  the  parts  ut  machines,  &c,  do  uccuiLiriljr 
tetkfd  evctv  Motion. 

To  contmue  tiic  Motion  therefore  cttiiert  Btftf  there 
*^u(l  he  a  fuupiy  from  foine  forc^  caufr;  wluch  In  t 
T^ipctual  Mul ion »  excluded. 

Or,  2dly,  nil  ttififtance  fmm  the  fn^tioiu  of  the 
part*  of  n^attCT  tr-ult  rci/iuv  d;  v. htch  gflceflkrily 
amplicc a  changr  :'n  t1;j  i'.uuiL-  oi  tluug*. 

Or,  3dl)r  and  hiM;-,  'vi  e.  ':  mull  be  fome  method  of 
gaming  a  fo:cc  equivalent  towhatttloll,  by  tlic  artful 
difpofition  and  cuinbiitaiiun  of  mecllUiic  powers  ;  to 
^ttch  lafl  point  then  ill  cndcavottrtaie  to  be  direded: 
intliow,  or  by  what  raeam,  fudi  force  ftodd  begiia- 
ed,  i.  nill  a  myllcr^'.  . 

The  n.ul'Jpiication  of  powert  or  forces,  it  i«ccrtain, 
BTails  nulli-:  ;  ;  for  wliat  it  gained  in  power  is  k»U  in 
time,  fo  that  ink-  quantity  of  Motion  Hill  remains  tlic 
inr.c.  Thi»  is  an  inviolal,!.-  hw  uf  nature  ;  by  which 
nothing  it  kft  to  art,  but  the  choice  of  the  fcveral  com> 
bnations  that  ir.ay  produce  tlic  tame  cfFcd. 

Tlscre  are  various  ways  bj  which  abfolute  force  mUf 
he  gained  ;  but  fioce  then  it  ahvays  an  equal  gxtii  in 
<ippofite  dirccSionj,  anil  ju  ii,i:;:irf  iiht<»;iRd  m  t.;c 
i»a\C  direct io n  ;  in  t!:c  :iitiuiis  ncr<:i.(iy  to 

ir.-.kc  a  perpetual  mo^ it:. (.nt,  lliis  j;  i  .i;  nr.i:l  he  pre-  ,  I , 
loft,  ana  will  not  fcm-  tc-r  tl;c  ncri  Jlary  i  tpciice  ot  lurcc 
employed  in  owcpmiug  fr:ci:o.i,  ai:ii  I'.iv  rcfiilancc  of 
the  medninu  And  tlici efure,  thou|{h  it  could  be  fluwni 
that  in  an  infinite  ninnbcr  of  bodies,  or  in  na  ikfinte  nuu 
chine,  there  could  be  a  gain  of  force  for  ci  cr,  and  a  Mo- 
tion continued  to  inEiiity,  it  docs  riOt  follow  that  a  per- 
petual movement  can  be  made.  That  which  wai  pto- 
pofcd  by  M. Leibnitz,  in  the  Leipfic  'Acts  of  1690,3$  a 
confequeiicc  of  the  comn:on  eflitn&tton  of  il>c  forcts  of 
bodies  in  Motion,  i*  of  this  kind,  aad  for  thuaod  other 
itafettt  ongbt  ko  be  rejected.    See  PsRf  »rVAb  Mt- 

Hen  i  alfo  OitVFYREUl 

Jnimal  Motion,  i«  that  by  vrliicb  the  fituation, 
figure,  magnitude,  &c,  of  the  piri-!  and  mcnilKr*  of 
animals  are  changed.  Ur.der  thtfe  Muiiuas,  come  all 
the  antin;il  funflioiis  ;  as  rclpiraion,  circidatkm  of  the 
blood,  excretion,  walkingi  running,  &C* 

A  inmal  Motions  are  uuuiOy  divided  into  two  Q^etf 
m«  Natoral  acd  Spontancoits. 
'  IfahmJ  MoTiOMi  is  that  involuntary  one  which  it 
effcftcd  without  the  command  of  the  will,  by  the  mere 
mcchanifin  of  the  p.icta.  Such  as  the  Motion  of  tlic 
heart  and  pulfc;  the  Fciillaltie  Motion  of  the  intcf- 
tkes,  5cc.  Bat 

S^ontcsicoui,  Of  Jt/f.  ^ii/.ir  ^^OT^.rl\•,  ij  tliat  whlich  Is 
perlormed  by  mean*  of  the  niufcki,  at  tiie  command 
of  thewHI;  which  is  hence  called  Volutttar^  Motion. 
Eorcl!'  a  c(lf^r:.it.d  treatiic  on  thisfubjcttf  entitled 
Dc  ML'.'.tAiiiii  .t'it.m. 

A.'- MoTJOs,  dv-rKitts  an  agitation  of  the  par 

ff^rlrii  of    wl.lt tl 

have  cvtry 

eooUnual  Motion.    As  u>x  fluids,  it  is  the  definition 
they  give  of  thetn,  tl  at  thrir  paitu  ire  in  continual  Mo- 
ikn.    Ard  as  to  lolid8>  they  infer  the  like  Motion 
Vyt.  XI. 


a  body  c;.-i.h(l Some  plulofophcrs 
t<.K.\,  :u)d  tvc:\  p.'iticle  of  a  body,  in 


fiom  tlw  tAnva  continQally  emitted  througli  tHeir 

Krea.    Hence  Intefline  MotMii  is  teprcfcntcd  to  be  1 
oHun  of  the  tntenuJ  and  fmallet-  parts  of  mauer, 

liiiujl'v  t  xcitcd  by  fonic  cxt,-r:.:  1,  l..'cut  agciit,  which 
tit  iiklt  t«  iufcnlitiie,  aud  only  dikovcrt  lU'vll  by  it( 

cHl-at ;  appointed  by  KatuR  lo  be  the  great  infttanKst 
of  the  changes  in  bodies. 

MoTlOx,  ii>  A:lrui,uuiy,  ttt  pecub'arly  aifKedto  Ae 
•rdoly  eoarlsa  of  the  heavenly  bodies. 

Mtm  Motion.    Sec  Mkam. 

Tilt  M,.l:>!r'.i  of  tin:  liJcili.n  I  Li:ir'i ,  r,  i  i.  ,=  .T.T  of  fwn 
kiiidi  ;  DjuJ  .lul,  ur  Cvjuui.uu.j  and  01...^:: J.ji  ) ,  ur  i'rupcr. 

Diurnal,  or  rrituiry  MoriOK,  ii  that  »ith  wJiich 
all  the  heavenly  bodie;^,  and  the  wboSo  mundane  fpheie, 
a|>pear  to  rerolve  every  day  round  the  earth,  from  call 
to  wefl.  'riii*  is  aUo  caUcd  the  Motioa  of  the  Primnni 
Mdhile»  and  the  Common  Mblioa,  to  diHingoiih  H 
from  that  rotation  which  is  peculiar  to  cich  planet,  ftrc. 

Uttrnularj,  or  Pnijttr  Motion,  is  tlial  which  a 
Its.",  plattct,  or  the  like,  advancei  4  certain  i'pace  every 
day  from  the  well  tuwarda  the  eall.  See  the  frrcr-al 
Motions  of  each  luminary,  with  the  irregulintiet.  &c, 
of  them,  under  the  proper  articles.  Earth,  Moor, 
Star,  &c. 

jU^i^  Motion,  ia  tint  bj  which  the  wgnlir  po> 
filion  of  any  thing  varies.    Sec  AnOOMt* 

[lorary  MuTtOIT,  It  tbc  MotlOD  dttlUlg  CScb  hiOlk. 

See  Horary. 

Parmittrie  MoTION  «f  Iw^thu,    Sc«  PAaACC«« 

TRIC. 

Motion  tfTr^^Ut^,  &c.  See  Trb»ibatioi(  «n4 

LlBftATIOM, 

MOTIVE  Pvwir  or  jPcvw,  b  the  whole  pow«r  or 

force  afling  upon  any  bodv,  or  quantity  of  ni:>ttfr,  to 
move  it;  and  i>  proportional  to  the  ii-nnicrit  i-:i  or 
quantity  <>)  inotn.i.i  it  c-iv.  prfMhtce  in  n  jjiwn  tii^;-.  To 
dillinguiili  it  tVoin  ihc  Atxekrativc  force,  whicli  is  coo- 
Cdered  as  affedt'Og  the  celerity  only.  ' 

MOTKIX,  foroeihing  that  has  the  power  or  fiiiculty 
of  raovinc.    Sec  I'h  Mrtrix,  and  Mot  ion. 

MOVEABLEf  fomethtng  fufecptil>)c  of  nration,  or 
that  is  difpoied  to  be  moved.  A  fphcre  nt  the  moft 
Moveable  of  all  bodies,  or  is  the  ealicll  to  be  moved 
on  a  plane.  A  door  is  Moveable  on  its  hinges ;  tin 
magnetic  needie  on  a  pin  or  pivot,  f»-c.  Muvcniilc  b 
often  ufed  in  contradillinction  to  I'ixcd  or  l  ixt. 

MovBADLE  rritfttt  are  fuch  as  are  not  a1vr.-VTS  held  on 
the  fame  of  liie  year  or  OMHith ;  though  they  may 
be  on  the  fame  day  of  the  %vee|t.  Thtis,  Ealler  ts  a 
Movr.-i'lf  Frail;  being  sil-.vays  held  on  tlie  Smiiiiv 
which  f.sils  upon  or  ne.<t  after  trie  (lift  fi:H  n-.otn:  fol- 
lowing the  ix  'A  tif  Mart!i.  See  I'hil  il.  'I'-^-v'.  nuti.b. 
t^O,  pa.  1 8 J.  All  the  other  Movt-M^  I  call'i  jw 
Eaftcr,  kcrpiup  their  conllant  difl.tncr  Jroi.l  it  ;  lli  jt 
they  are  fixed  with  n.fpcct  to  ii,  tiiough  Movralle 
through  thecouvfe  of  the  year.  Such  are  Sepit.  i^-- 
fima,  Sexagcfnna,  Afli>Wednefdfty,  Afcen&oa-D«yt 
Pcntccort,  I'l  inity-Sunda\',  iltc. 

MOVIiMl-.NT,  a  term  cft-'n  ufrt:  in  th:  f?.rrp  rri  ft 
with  Automaton.  'i'i:f  raolt  i:l';ia]  Mo  .-.  rv.Tii  >  for 
keeping  titiie,  arc  Clocks  .^^d  V.'.itch.  :  Vn  l;\".Lr  -..re 
fuch  as  1  hew  the  parn  of  liire  by  iulWitioTi,  and  are 
portable  in  the  pockei  :  the  foriner  (uch  a«  pnbliOi  it 
by  founds,  and  are  fixed  «« fumitnre. 

S  MoriE. 
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MoTtMEVT,  in  It  J  popular  i\^c,  fign'fifs  aU  the  inner 
works  of  a  clock,  watcli,  or  ulhcr  inaLhinc,  that  move, 
and  by  that  motion  carry  on  the  drlTgn  of  the  inftru- 
menU  The  Movement  of  a  clock,  or  w-atch,  is  the 
infide ;  or  that  part  wliich  meafurea  the  time,  and 
Arikea,  &c}  cxctuttTc  of  the  frame,  cafe,  dial-pUtc,  &c. 

The  pant  coromom  to  both  of  thefe  Marementt  art, 
the  Main-fpn'rig  with  its  appurtenances,  lying  in  thc 
fprin^  box,  and  in  the  middle  of  it  lapping  about  At 
fprin^r-atbcr,  to  which  one  end  of  it  is  fatlened.  A-top 
i  f  the  fpting  aibor  is  the  flntllefs  fcrew,  and  its  wliec! ; 
but  ill  fpi-ing  clocks  this  is  a  ratchcl-whetl  with  its 
Click,  that  flops  it.  Tint  wlucii  the  main-fpring 
drawji,  and  round  wliich  the  chain  or  (\ring  is  v  rap- 
ped, is  called  the  fufcc  :  this  ia  mofUv  taper  {  in  hirge 
works,  going  w  ith  weights,  it  ii  crluiorieaf,  and  U  called 
the  hill nl.  The  fmall  teeth  at  the  bottom  of  the  fufec 
or  barrei,  which  itop  it  in  winding  up,  is  called  the 
Ratchet  ;  an<l  that  which  flops  it  when  woun  1  u;>, 
and  is  foi  that  end  dn'vcn  up  by  the  fpring,  the  Garde- 
gut.  The  Wheels  are  various :  liic  parts  of  a  wheel 
mie,  the  Hoop  or  Rim  |  the  Teeth,  the  Crofs,  and  the 
CoOet,  or  piece  of  brafr  folderrd  on  the  arbor  or  fpindle 
on  which  the  wheel  is  r;.  tec!.  The  little  wheelf, 
playing  in  tlic  teeth  of  th<.  l.irjji.i,  arc  called  Pinions  ; 
and  their  teeth,  which  are  4,  5,  6,  8,  &c,  are  called 
LcTrs  ;  the  ends  of  the  fpindle  are  called  Pivots ; 
and  the  guttured  wheel,  with  iron  fpikcs  at  bottom,  in 
wiiich  the  line  of  common  clucks  runs,  the  Pulley. 

7hcmy  of  CaUulttt'nig  tbt  NunJ^tn J'or  MovtMENXs. 

t.  It  «■  firft  to  beobfcTfcd,  that  a  wheel,  divided 
by  its  pinion,  (hews  how  nany  turn*  the  pinion  baa  to 

one  turn  of  the  wheel. 

2.  That  from  tl  i-  fufce  to  the  balance  the  wheels 
drive  the  pinions,  conjcqnently  the  pinions  nm  faller,  or 
Buike  more  revolutions  iban  the  wheel ;  but  it  it  the 
coiitvurv-  froiu  the  great  wheel  to  the  dijJ-whccl. 

3.  That  the  wheels  and  pinions  are  written  di;  v.  n 
cither  ai  ralpv  fraAiotu,  or  in  the  way  of  divilion  in 
eoflunon  arithmetic  :  tm  exmlple,  a  wheel  of  Co,  tnov. 
ing  a  pinion  of  e^  i»  frt  (Nivv  i  tithei  thus  <a 
thus  5  )6o,  which  is  better.  AhlI.'jl  aumbcr  of  imji..  ilit 
pinioit  haii  ill  one  turn  of  the  wlietl,  as  a  i  lajtiiiit,  thus 

i)  (to  {it.  A  wliolc  Movement  may  be  wriucn  at 
rllowa: 

4  )    36    ( 9 


5 

5 

5} 


)    55  (.. 
)    45    (  9 
(  « 


40 


»7 

where  the  uppermofl  numtier  txprefTes  the  pinion  of 
report  4,  the  dial-rvheil  jfi,  and  the  turns  of  the 
pinion  9;  the  fci  .  i.  i,  the  pinion  and  great  wheel  | 
the  tlucd,  the  fecond  wheel  &c  }  the  fourth,  the  caa« 
ttate  wheel  {  and  the  M,  17,  the  crown>wbeeL 

4.  Hence,  from  the  number  of  turns  any  pinion 
^keD,  in  one  turn  of  the  wheel  it  works  in,  may  be 
determined  the  number  of  turns  a  wheel  or  pinion  lkA» 
at  any  greater  diftance,  viz,  by  multiplying  the  quo- 
tients tiigtthc!  ;  the  produft  being  the  number  of  turi.s. 
Thus,  fuppofe  the  wheels  and  pinions  as  in  the  cafe 
tboves  uc  qnoticRt  11  aulU^M  b;    gives  99>  tlw 


nomber  of  tuma  in  the  lecoiid  puma  5  to  one  turn  of 
the  wheel  ce,  which  nun  concentricaf,  or  on  the  fame 

fpindle,  with  the  pinion  j.  Ai^alr:,  lyy  multiplied  byH, 
gives  792,  the  ir.rni -T  of  tiirr.-)  the  !all  pinton  has  to 
one  tujn  ot  ihx  tiiil  «htcl  j.  litiice  we  proceed  to, 
find,  not  only  the  turns,  but  the  number  of  beats  of 
the  balance,  .in  the  time  of  thofe  tunis.  For,  having 
found  the  number  of  tun»  the  crowthwhecl  has  in  one 
turn  of  tbe  wheel  nropofed,,  thofe  ttmn  multiplied  by 
its  notches,  give  half  tne  number  of  beats  in  that  one 
turn  of  t\\e  wheeL  Suppofe,  for  example,  the  crown- 
wlieel  to  licive  '  tunis,  to  inie  of  the  fnll  v,  !ieel; 
thtj  number  multiplied  by  15,  il\Q  notches  in  the  crowa- 
wheel,  produces  10800,  half  the  number  of  llrokesof 
tlic  balance  in  one  turn  of  the  firft  wheel  of  to  teeth. 

I'hc  general  dinfion  of  a  Mioveaeiit  fa,  into  the 
clock,  a^  watdi  putt. 

MOULDINGS,  in  ArchiteAttre,  are  certain  pre. 
itction.;  beyoiiJ  the  naked  of  a  wall,  column,  wainfcot 
iVc,  the  afltnibkgc  of  which  forms  cornices,  d(>or<afes, 
and  other  decoralion*  ut  anlutictvn  e. 

MouLDiKGS,  are  anuexcu  to  great  guns  by  way  of 
oriNimeut,  and  perhaps  in  fomc  parts  fur  ftrength  ;  and 

Gohablr  are  derrrcd  from  the  hoops  or  rings  which 
und  tbe  long  bob  ban  together,  anciently  ufed  ia 
making  cannon. 

MOYNEAU.  See  Moii^eaw. 
MULLER  (John),  commonly  called  RECiOMOit- 
TAKVS,  from  Mont  Regius,  or  Koningfberg,  a  town 
in  Franconia,  where  he  was  bom  in  1436,  and  became 
the  greatefl  aflronomer  and  matliematician  of  his  time. 
He  was  indeed  a  yery  prodigy  for  genius  and  learning. 
Having  fiirft  acquired  grammatical  learning  in  his  own 
country,  he  was  admitted,  while  yet  a  boy,  into  tbe 
academy  at  I.cij  fu-,  wlirrc  he  iVinr.cd  a  fining  attach- 
ment to  the  Kiitlicmaiie;;!  Iticiicc^,  arithmetic,  geome- 
try, aflronomy,  &c.  I'mt  not  tir:(!ML^'  prujit;- [liiiiiance 
in  thefe  fludies  at  this  place,  be  removed,  at  ouly  15 
years  of  age,  to  Vienna,  to  ftudy  under  the  famous 
Purbach,  the  profelbr  thcre^  who  read  le&net  ia  thoie 
fciences  with  the  higheft  leptitation.  A  flrong  and 
ajTetiionale  friendrtiip  foon  took  place  between  thefe 
two,  and  our  author  made  fiieh  rapid  improvement  in 
the  fciences,  that  he  was  ai  '.c  I  t  afliiting  to  his 
maimer,  and  to  become  hi»  compaiUitii  iit  all  b if  labours. 
)u  this  manner  they  fpent  nboiil  ten  years  together; 
rhicidnting  obfcaritics,  obfi^rving  the  motions  of  the 
heavenly  Ixidicj,  and  comparing  and  eorrc^ltng  tbe 
tablet  of  them ;  particularly  thoie  of  Mars,  which  they 
found  to  diTagree  with  the  motion?,  fomctimes  as  much 

MS  two  ^. 

Abt  ut  iUi.1  tiiiu-  titcre  airived     Vienna  the  cardinal 
Befi'arion,  who  came  to  i:ej:>jci:ilc  fome  affairs  for  the 
Idvtr  iif 

a  l^atin 

Aloiii[;cft,  or  an  Epitome  of  it 


pope  ;  wh<i,  being  a 
an  acqM.tintai'.ce  witli 
He  hail  begun  to  form 


flronomy,  foon  formed 
!-iL:.tu  .■'I'j.  Ki'giomoiiiunuj. 

fion  of  Ftok>my'» 


Verli 

but  not  having  time 


to  gu  on  with  it  himfclf,  he  tequtlled  Purbach  to 
complete  t!ic  work,  and  for  thnt  pnrpofc  to  return 
wall  l  im  into  Italy,  to  n-.ikc  himfelf  mailer  of  the 
Greek  tongue,  which  Uc  wa»  as  yet  unacquainted 
with.  To  thefe  propofals  Purbach  oalj  aflented,  oa 
condition  that  RegiomontaotM  svould  aocompviy  him, 
•od  Jhire  IB  aU  the  laboun.  They  £ril  bowCTcrt  by 
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lof^r^  of  an  Arabic  Vcrfion  of  Pioiomy,  made  forac 
r.roe  cts  in  the  work  5  but  this  was  foon  interrupted 
by  the  dcalli  of  Ptubaeli,  wliich  happened  in  1461,  in 
tbc  S9th  year  uf  hi»  age.  TIic  whole  taflj  tlioi  dcvol- 
Trd  upon  Kcf^iomontanus,  who  fiiiiihtd  tlic  work,  nt 
tbc  req'-idl  of  Purbacb,  made  to  him  when  on  his  death 
iKd.  T.,i-.  \k(jik  our  author  alUrward*  rcvjfed  and 
perfected  at  KiQine,  when  be  had  kaned  the  Gfwk 

Kt  ;r..itnontaiius  accompanied  tbc  c?rdit'.;il  nrfTi  iijn 
ja  iiia  return  to  Rome,  being  then  near  ^  j  \LAn,  ut 
age.  Here  he  applied  iunifcif  diligently  to  the  iti;dy 
M  tlic  Greek  language;  not  neglecting  howetrcr  to 
nakc  ailrcmomical  obfervatious  and  compofc  \-arious 
works  in  that  fcicncc}  aa  hw  Dialogue  againil  the  Tbco* 
ties  of  CrtmontniiB.  The  cardinal  going  to  Greece 
foon  aftcTf  Rcgiomontanui  went  to  Ptrrara,  where  lie 
contittuird  the  ftudy  of  the  Greek  language  under 
Tlic«Hlurc  Ca/.a  ;  who  explained  to  hiin  the  text  of 
PtoloHiy,  with  the  commentaries  of  Tlicon  ;  till  nt 
lcn.T-!i  he  became  lo  ptifedi  in  it,  that  he  could  compofe 
verits,  and  read  it  like  a  critic— In  i.\6  Ji  he  went  to 
Padua,  wlierc  he  became  a  member  of  the  univcrlitj  $ 
ami,  at  the  rcquetl  of  the  Ihidcsu,  explained  AUirigap 
niu,  an  Arabian  philufoplier.-^n  1464  he  rcBiOTcd  to 
Ver.icc,  to  meet  and  attend  his  pncion  Befluriun.  Here 
he  wrote,  with  great  accuracy,  his  Treatifc  of  Tri- 
angles,  and  a  RLtut.in.ni  nt"  t  ic  (Quadrature  of  ihr- 
Circle,  which  Cardii.nl  Cul^u  pretended  he  had  demon- 
firated.  The  fame  year  he  returned  with  Beffarion  to 
Rome  ;  where  be  made  fome  ftay,  to  procure  the  moik 
cuiious  hooks  :  thofe  he  could  not  purchafe,  be  took 
tbc  pains  to  tranfcribe»  for  he  WTOtc  with  great  fadlitf 
•ad  elegance ;  and  othen  he  got  copied  at  a  great  tx~ 
pence.  Fur  as  he  was  certain  that  none  of  ihcfe  bnoks 
could  be  had  in  Germany,  he  thoojjht  on  his  rctii![i 
tJiiiJicr,  lie  would  ;it  his  Ififiae  inmiliitf  :i:ul  p;ihlilh 
Ibme  of  thf  bt-ft  r.i  iht  ni.  During  liiii  time  too  he  had 
•  Ctirt  L  .  ri''  :l  \',  iil,  Citor^r  Trabe/onde,  whom  he  had 


of  learning,  and  made  the  utmoll  profin'ency  in  ma- 
theniaiic:!,  he  dtftermined  to  occupy  himfilf  in  piiblub- 
ing  the  brtl  of  the  ancient  author,,  as  wel'.  as  his  own 
lucubrationi.  For  this  puipofc  he  let  up  a  piintitig- 
houfe,  and  formed  a  nonieuclattire  of  the  Gooka  he 
intended  lu  publilb,  which  llill  remaini. 

lUre  that  excellent  man,  Bernard  Walthcr,  one 
the  principal  citiaena,  who  waaweUfltjUed  in  the  iskncnH 
efpec»lty  tllronomf,  cidt^ted  an  mtunaqr  with  Re> 
pi  ^t-irjiitanui ;  and  fn-r.  Le  underftood  thofe  laud. 
.iMu  ('.(.fii;.!  1  ot  hm,  he  tovk  upon  himfelf  thf  fjjenrc 
ol  ciji.  It  Hiding  the  allroiu.:ii!,  ..i!  i-.  |1  ■  La-.xr.r..^,  ;iini  of 
erecting  a  printing'houfe.  And  firSi  he  ordered  aftro- 
nomical  rulr»  to  be  made  of  tin,  for  obfervitig  the  al- 
titudes of  the  fun,  moon  and  planets.  He  next  C0N«  ' 
{IrucFted  a  retfian^ular^oivftrononucal  radius,  for  takln;; 
the  dillancea  of  thofe  luminaries.  Then  an  armitlai  y 
allnitabe, fach  aawatufed  by  Ptolf>;.',y  and  Hipparchus, 
for  <jbfer\ing  the  piaceu  and  motions  of  I'tiL-  Ihu  j. 
LaiUy,  he  made  other  fmidler  inllruuientu,  a»  the  tor- 
q'let,  and  I't^tomy'*  metcorofeope,  wttli  ii)mc  odieri  ■ 
wliich  had  more  of  euriolity  than  utihty  in  them. 
FfOB  tUa  apparatus  it  evidently  appears,  that  Rcgio- 
iqontanua  wu  a  matt  diligent  oblerver  of  the  hiwa 
and  motioiM  of  the  celrftial  bodies,  if  there  were  not , 
Hill  ilronger  cvfdeiices  of  it  in  ths  acconntt  of  the  6b> 
fertations  thenifelvtsi  which  he  mndc  with  thrm. 

W  ith  regard  to  the  printing-lmufe,  \i  lr;  l.  \v;i :  the 
other  part  of  his  dellgii  in  iettlitig  at  Nuremberg,  a» 
foon  as  he  had  completed  it,  he  put  to  prcfs  two  works 
of  hi*  own,  and  two  others.  Tlic  latter  were,  The 
Nttf  Thnrifi  of  his  matlcr  Ptirhteht  and  the  AJtronmi' 
am  of  Muilius.  And  his  own  were, the  AVw  urtfarillirr. 
In  whidi  were  pifcn  (r-,  he  fays  in  the  Index  of  the 
1)0ok»  whic!i  Iv.  i  ncMiJi-J  tn  ih.il,il;f!i )  the  true  (  i.- 
jun£lions  and  uppolltioiii.  ot  il'..-  Iun;i;i."iric»,  their  ct  lijsics, 
their  true  places  CM  ;y  J  iv,  t-'..:.  His  other  work  was 
hi*  F.phemtrida,  of  whicli  he  thus  fpcaks  in  tbc  faid 
index  :  "  The  Ephcmciides,  which  the^  vulgailj  odl 


neatly  offended  by  animadverting  on  fome  paflage*  in  an  Almanac,  for  30  jrears :  where  yott  Mky  Cfery  day 
his  tranflation  of  Theon's  CfMnmeotary.  fee  the  true  motion  of  all  the  planets*  of  the  iiKM>n*a 


Being  now  weary  of  rambling  about,  and  having 

procured  a  great  number  of  taanufcripts,  which  was 
one  great  nbu  ct  of  his  travels,  he  returned  to  Vienna, 
and  ptrfcHiicd  for  fome  time  the  offices  of  his  pio- 
fiffurthip,  by  reading  oflctturcs  •  •;.  After  bcin^  a 
while  thus  employed,  he  went  to  Buda,  on  the  invita- 
tion of  Matthi:;8  king  of  Hungar)-,  who  was  a  >;rcat 
tcver  of  letters  and  the  (caences,  and  had  founded  a 
rich  and  nobtc  library  there:  for  he  bad  bought  up 
all'llic  Greek  Lwuk:.  ll.it  could  l.i  fun..!  <--i  tI  .  t''i_'x- 
uig  {jf  ConfianunojiL' i  ailu  Unilc  tJial  wi  11.  Iji^iu^Iit 
from  A'-htns,  or  wherever  cllc  they  could  be  met  wiih 
through  the  V.  hole  TurkiOl  dominiona,  eulicCiing  thtin 
aB  togctlier  iiito  a  library  at  Buda.  But  a  uai  break- 
iqg  out  in  this  country,  he  luukcd  out  for  fome  utlier 
place  to'  fettle  in,  where  he  might  purfue  his  ftudies, 
and  fur  tliis  pUipofc  Ive  retired  to  Nuremberg.  He 
taU  \K,  that  the  rcafo'.is  wJifch  induced  him  to  difirc 
lo  re'ijc  iu  tiii»  ilty  t'lc  1.  isalnder  of  his  life  were, 
that  ti.e  ,-ii-iills  there  were  dextrous  in  fabricating  his 
a.lror.oiruial  maehir.ts;  and  hclides  he  ci;idd  from 


nodcfl,  w:t!i  the  afpeAs  uf  the  ttiiKin  to  the  fun  and 
planets,  tlu  ci.lipfes  of  the  luminan'vs  ;  and  in  the  fronts 
of  the  pages  arc  marked  the  latitudes."  He  pubhfhed 
alfo  mod  acute  commentaries 'on  Ptolomy's  Alr!ia;:;t(k : 
a  work  which  cardinal  Befr:<rion  fo  higldy  valued,  thai 
he  fcruplec!  ne  t  tf;  cltrem  it  worth  a  w  hole  provliicc. 
He  prtj'  i;  ii  .lii  >  r.evv  vcifioiti,  of  Ptolnniy's  Cof- 
mo|rrapliy  i  and  at  his  leifure  hours  examined  and  ex- 
plained works  of  another  nattirr.  He  enqui^  how 
high  the  \apoui*  are  carried  above  tliecartli,  wlneli  he 
lixid  to  bcr  not  more  than  12  Gvrir.an  r.iili.j.  l  ie  fet 
down  obfervations  of  two  conwtc  that  appeared  tn  the 
ycLirb  J  47  I  and  1472. 

In  1474,  pope  Sixtuit  the  4th  conceived  a  dellgn  of 
rcforn-.ing  the  calendar ;  and  fcnt  for  KcgiomoRtanus 
to  Ron.e,  as  the  propercll  and  ableft  pcvfon  to  ac~ 
compliflt  his  purpofc.  Regiomontf.iius  wi  i  very  un- 
willing to  interrupt  the  ftudies,  and  priiiti'i;^  -jf  hooks, 
he  w  .i,  Lii  -j  j;c<l  ill  ;i;  NorendjCrg  ;  but  rci  civi'u^  grejt. 
pruiv.nc?  tiam  the  pope,  who  alio  for  the  preieiit  nmned 
Ivii-i  l/ii'iop  of  Ratifbon,  he  at  lengtli  eonfeuttd  to 
thence  cafiiy  traolinit  his  letters  by  the  merchants  into  go.  He  araived  at  Rome  in  1475,  but  died  there  the 
Inviga  coimtries.  ■  Bifing  now  wdl  TOrl«d  m  all  pwtt   year  aftfr,  at  gnljr  40  7«»»  of  age  i  not  without  a 
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ftifpicron  of  bcin;T  poliVmed  by  the  foa»  of  George 
Trahc/ondcviii  rt\^-  lor  the  tlcalh  of  tUtir  fatlicr, 
wbich  wa«  {aid  to  t-nvc  bcctt  caused  by  the  grief  he 
felt  OS  account  of  tltc  criticilint  mauc  by  Kcgiomon* 
taoitt  oa  hi*  tnwibtioa  of  Ftolcuny'i  AlnigeiL 

Purbach  firft  of  any  ledoccd  the  rriffonoinetnfal 
taliii  c  f  [i-.'.e',  fri  m  t!ii  old  fcxafjcl'iinal  divifini  <  the 
raiii-.ij,  to  the  (,l!.t-ir.i:il  Iscilf.     He  fuppoled  U.l-  i^i;iJ3 

parts,  and  computed 
ten  minutes,  iu  fuch 
the  raJijs,  by  the  decimal  notation. 


til    be  (SlVlrJ.  I 

tl»e  fines  of 
equal  parts  of 


tiie  arcs  to  every 


'Din  pKii*^      Pui  bach  «-at  nerfc^ied  by  Kegionon 
{  woo  not  only  extended  tke  fine*  to  every  mi- 


nute, the  radius  being  6;>oocio,  as  defigned  by  Purbach, 
but  afterwards,  diiliking  that  fcherrie,  as  evideully  ini- 
perfcd,  he  computed  them  Ukvjwiic  to  the  radius 
ICCOOCiO,  for  every  mijiutc  of  c^iiadraiit.  Rej^io- 
montaiiu*  alfo  introiLKiccd  t!ie  tangents  into  trigonome- 
try, the  canon  of  which  he  called  fmuMiu,  btxaufe  of 
the  many  great  advantages  arifing  tram  them.  Befidc 
tbcie  thii^«>  he  enriched  trigonometry  with  many 
theorems  and  precepts.  Indeed,  cjtccptin;T  for  the 
t.u.  ijf  li  LT^rithDis,  the  trigoaomttry  of  Regi^  ii'.uu'.:;iiuh 
!!>  but  little  ijiftrii>r  tu  that  of  our  own  Umc.  Hli 
Treitife,  on  both  Plane  and  Spheiicd  Trigoncnictry, 
is  in  5  books ;  it  ^s^La  written  about  the  year  1464,  and 
printed  in  folio  at  Ntiremberg  ia  1^33.  In  the  yih 
book  arc  virions  problem*  coccermng  rcelilincar  tri. 
^gle^  fame  of  which  arerefblved  by  means  of  alge- 
bra; aproof  that  this  fcienee  «m  aot  wholhr  imfctimrn 
in  Europe  beibre  the  treatife  of  Lucas  de  BuTf^. 

Regiunumtaniti.  \v,is  ai:tV:or  i  f  fomr  >jll,tr  works  be- 
fide  thi'lc  bcfiiri  mti!liurn.<l.  I'l  tt  r  K  uiaji.,  isi  the  ac- 
vuupt  he  5  "f  tlic  aJitiir.iljlc  v. ui Li  atictnjited  and 
pcribmud  by  Re^ioniuiitaiiO^,  tcli*  us,  that  in  his  \vork- 
Aop  at  Norestbcrg  there  was  ao  automaton  in  perpe> 
tunl  motion :  that  he  made  «a  artificial  fly,  which 
tak.:i: 
foom 

mafttr's  hand 

the  er 


,      ■•■.V.  U-Mp     W      MM        .WikWJf        V-VWW      •«MtiI.  .V 

r*s  hand :  that  he  fabricated  an  ea^e,  whtcb,  01 

r.ipUMl'^  rij.jiroui.  K  tu  li  )L- (.It  V  ,  Iju  Ur:  n;tt,  higl 


Its  flight  from  kit  hand*  would  67  round  the 
ar.d  at  hH,  as  if  weary,  would  reUim  to  his 

* '  "  ou 

in  the  air,  a  grs.«il  v.uy  nvcct  liiin,  and  liut  it  ktpt 
bim  coir.p.r.iy  to  the  gates  of  the  city.  Lit  us  no  more 
wonder,  adds  Ramus,  at  die  dove  of  Arcbjtas,  lince 
Korembcre  can  fliew  a  fly,  and  an  ciigle,  armed  with  ' 
geometrical  wingh  Nor  are  thofe  famous  artiiicers, 
who  werefbnnefly  tn  Greece,  and  Egvpt.  any  longer 
of  fnch  account,  .luce  Korcir.bcr^  can  boall  t)f  hi  1  Rc- 
jjiort'.outanufcs.  For  Wcrncrus  fiiU,  and  then  the  Sclio- 
i,  father  and  foN^  aftmrardit  revived  thcfpirit  of 
Kfgioiiiontanus. 

MULTANGULAR  Fict;Rr  ,  is  one  tliat  hat  tnanv 
atigk«,  nv.i  roi)fc<jucntIy  many  fides  alfo.    Thcfe  are 

elii  l  u      L  illid  polygons. 

MULTiLATEkAL  Fiovaw,  arc  fucb  a*  have 
many  Met,  or  more  than  four  fides. 

Ml  I.TINOMIAL,  or  MuurisoMiAi.  Roo/j,  are 
f«cU  Ai  are  tompofcd  of  itiariy  names,  parts,  or  mem- 
bers ;  as,  a  4-  A  4-  <r  +  </  kc. 

ifor  the  raifing  an  infinite  Mnltiitoniial  to  any  pro- 
pofcd  power,  or  cxtia6:ng  any  root  out  of  fmh, 
Bow.r,  fee  a  method  by  Mr.  De  Mdnc,  ia  the  VhHoU 
Traiif.  numb.  230.    See  alio  PofcraoMiA* 


prebends  fome  otlicr  nnmber  fereral  timet.  Thus,  6  Is  a 
Multiple  of  2,  this  Ix-Iiig  ci.iitniHed  ia  6.  juft  3  times, 
Alfo  I  2  i*  a  commou  2i4iiiliale  of  6,  4,  ud  3 }  cem- 
prclieiMiing  the  filft  taiice,  tae  Cecond  thike^  mi  the 
third  faor  tines. 

MpLTifia  Xitlh  or  Pro^riUn,  is  that  W'Mch  »• 
Ictv.'k  'n  Miilt';ik-  Sec.     If"  the  lefs  ttrin  nf  a 

ratio  he  an  jliiiuui  pj  i  ot  thtf  ^rratcr,  the  ratio  of  the 
ga-atcr  to  th<- lefs  ts  called  Multtpk|  and  thatoflhtt 
IcfK  to  the  gri-ata"  Sii'iniiiltiple. 

A  Submultipic  number,  is  that  which  is  coDtuaal 
in  toe  Multiple.  Thus,  the  aumbers  2,  3,  and  4  are 
Submnhipks  of  1 2  and  3^  . 

Duple,  triple,  Sec  i-atios;  as  aUb  fubduples,  fub- 
triples  arc  lo  many  fpecfcs  of  Multiple  and  Sub- 
multiple  ratios. 

MuLTirLS  Svpft  >t,irt';cN!ir  Pro^irthn,  is  when  one 
number  or  quantity  contiiiiis  another  more  than  once* 
asd  a  certain  aUquot  pan ;  as  10  to  3,  or  3  J  to  i . 

MvLTirit  Stftrfartkia  Ptvf>otiwn,  is  when  one 
naaiber  or  ^vaatity  centains  another  federal  ttinca,  and 
(bme  parts  bcfidesi  as      to  6,  or  4!^  to  i. 

MULTIPLICAND,  is  one  of  the  two  fadors  in 
ilic  tulv  of  multipliciUion,  being  that  oumber  given  to 
be  multiplied  by  the  other,  called  the  midtiplicalorf  or 
multiplier. 

MULTIPLICATION,  is,  in  general,  the  taking  or 
repeating  of  ons  nurnbi;r  or  quantity,  called  the  Multi- 
plicand, as  often  as  ihcie  arc  unica  in  another  nvinber* 
called  the  Multiplier,  or  Multiptieatorj  and  the  num- 
ber or  quantity  refuUing  from  tlic  Mnltijilkation,  is 
called  the  Ptodtt^  of  t&  two  Ibrcgouig  aoiahcra  or 
fadois. 

Multiplication  is  a  ( mrpendicnw  addition  ;  perform- 
ing at  once,  what  in  the  ufun'  way  of  addition  would 
require  many  openntjooi:  for  tli.  n  Jtipixaiid  is  only 
added  to  ittelf,  or  repeated,  as  uftcn  as  is  capreffed 
by  the  nnits  hi  the  multiplten   Thus,  if  6  were  to 


y,  the  pr«>dui\  li  30,  :\  !i 
the  addition  of  the  ni:.iiLnr 


the 


be  multiplieH  by 
film  arii'mg  from 
tinncs  to  itlelf. 

In  every  Mult iplic.it ion,  I  i*  I'n  pmportion  to  the  mul* 
pliir,  as  the  rr,iiUi]>Iicaiul  is  to  the  psoilu^l. 

Multipiicatioa  is  of  vjrioim  ki  uhi,  in  whole  num^ 
ben,  ill  na^oaab  deetmals,  algebra,  ice. 

1.  MuLTtrLirarion  ^  WMt  iiumttru  »  pcrfom* 
cd  by  the  following  rules :  When  the  multiplier  con- 
fiRs  of  only  (iiii-  rij;af<',  iVt  I'.  ,i:.J  r  t^a  finl,  or  right- 
hand  fii'tiri.,  t.l  tilt  iuujiipli«.awd  i  till, u,  drawing  a  lijie 
uctUriicitli,  .:iid  Licgiiiniiig  at  the  laid  firll  figure,  muU 
tiply  ever)-  ligiire  of  the  multiplicand  by  the  muliiv 
plier;  fitting  down  the  fiveral  proilucts  below-  tllft 
line,  proceeding  orderly  from  right  to  left,  fiat  if  any 
of  thefe  producb  amount  to  10,  or  fcmal  lei's,  either 
with  or  without  fome  overplus,  then  fit  down  only  tbe 
overplus,  or  fct  down  O  if  there  be  no  overplus  \  and 
carry,  to  the  next  produft,  a>  r',;  .)  unit*  .i*  the 
foniaercuDtaiucdof  tens.  I'hus,  to  juuiiipij'  3jC<)2  by 4. 

MultipL'caiul  3  ^(^4 
Multiplier  4 


When 
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When  tl  e  multiplier  confiflu  of  federal  figures ;  mul- 
riply  tlw  mtthi|iliGand  br  each  figure  of  tt»  «•  before^  and 
phce  the  fevmi  fines  of  produm  mderlwttli  neb  other 

iJiTuch  trdtr,  tl.al  tilt;  fiift  figure  or  cipher  of  each 
line  r-.iv  bil  iliaight  uydcr  iu  rcfpcCtivc  multiplier,  or 


iRultij  lyi.  j,'  figure  ;  then  add  theic  fcvcr;i 


dutts  togctiier,  as  they  Hand,  and  the  fura  of  them  all 
win  be  tAc  prndti£t  of  the  wbote  mvltiplicatioa. 


odiift  of 
iply '63017  by  2}6: 

Mohxplicaad      -      -  6)017 

Mtdtiptier      -        •  2316 

Produa  of63Ct-  hy  6       •  37^io2 

Produa  of  630 1 7  by  30  1 K905 1 

Piodua  of  43017  bf  200  1 26034 

Whok  pmdnft  i4«7aoi« 


ut  J).'l>- 

hem 
Tbua, 


as  I  or  more  of  tfae  next  liighcr  dcnomihAtioni,  carry 
fo  many  to  the aotprodufti  and  itt  down  oaly'tbe 
overplnsL  For  Ex^  To  find  tTi«  amouot  of  9  things  at- 
il  iz-i  ^[d.  t-ath  I  or  tr>  multiply  |1  tar^id  by  9t 

ftt  tlic  ii.ultipl.t!"  9  uiidi.T  the 
f^ivcn  i'^iin  as.  in  the  nuirtrin,  and  1 
multiply    thus  :    9    hnlfpcoce  i 
make  4d  balQitcimy,  fct  down 
4-  penny,  and  carry  4 }  then  9  ^ 
titncK  4  are  36,  and  4  to  carry  14 
make  40  pence,  which  arc  3  s  and  — 
4(1,  fet  down  4  and  carry  5  ; 
next  9  titms  12  arc  iai<,  and  3 
(hillings,  or  5  1  i  1%  Ut  down  1 1 , 
5  tim  8  I  are  9,  and  5  to  cai  n', 
down  ; 


8 

12 


II 


d 

4i 


malie  1 1  r 
5  ;  l.tltly 
ike  14,  which  fet 
and  then  the  whole  amount,  or  produd,  coirxs 


to  c-nrn-, 

aiid  tarry 
ir 


1014!  11S4',  d. 

To  MuUfij  Falgar  iT«aMMf.^Multipiy  all  tii«. 
^; '  <^^n«nKrMon  ta«^dier  for  the  Diunef ator  of  the 

of  than  lirft,  and  any  other  of^them     pr  nUi  t,  .:r  (l  ull  tl.i  V.t  nnminatoii  together  fOT  the d^ 

liaiiaiialuf  ui  tac  p.auuCt  Coughu  '* 

3    4  __  a  „  4     .  8 


The  Fereral  lines  of  ptodoAa  may  be  fet  down 


   .  in 

jny  order,  nr  a  n  y 

fccond,  Sic  ;  :ur  tlic  oidcr  of  placing;  thtm  can  make  no 
differercL  i:.  ;l;o  fum  total.  TlRTe  are  many  abbiv- 
wdoiks,  and  peculiar  cafes,  according  to  circiimftanctS, 
wlikh  nay  he  fccn  in  molt  hooks  of  arithnuti  •. 

The  mark  or  charuftcr  t.ow  ufcd  for  Mult-plii  ntion, 
k  either  the  X  Cfofs  or  a  fingle  point  •  ;  ti  e  fi,rmcr 
bring  iiinoduced  by  Oaghtred,  and  the  latter  1  think 
br  Leibnitz. 

'To  Prcnt  MvLTiPLiCATioM.  Tin's  may  be  done 
various  w-ays  ;  either  by  dinding  the  produd  by  the 
multipk'cr,  'then  the  quoti>  nt  be  equal  lu  tfu-  n^ul- 
tiplicand  ;  or  divicle  the  I:  :tic  produfl  by  the  mukipli- 
eand,  and  the  qiuitici  t  -vit'  come  out  equal  to  the  multi- 
fOer ;  or  in  general  divide  the  piodoA  by  cither  of  the 
two  GiAors,  and  the  quotient  wiD  come  out  equal  to  the 
other  fador,  whci^  tlic  operations  arc  all  right.  But 
the  more  ufual,  and  ct-wpcndious  way  of  proving'  MuU 
tiplicalion,  is  by  what  is  culled  caftinff  out  the  nines; 
which  is  thus  performed :  Add  the  fig\ir«  of  the  mul- 
tip&and  aB  tegetheff  and  as  often  as  Um  fvm  jmounts 
to  9(  rrjeft  it  alvrays,  and  fet  down  the  kdl  owiplus  m 
iA  the  margin  ;  this  in  the  foregoing 
example  is  8.  Then  do  tbt  feme  by 
tlie  muhiplter,  fttting  down  thelaft- 
pvcirlus,  whitli  Is  2,  on  tl.c  n^-^it  nf 
U»e  former  rernaiV.der  8.  Ncait  imiki- 
|Ay  tbcle  two  remainders,  2  and  8, 
Uieethcr,  and  from  thiir  produd 
l6»  caft  out  the  9,  and  there  remains 
7,  which  fct-down  o?cr  the  two  former.  Laflly,  add 
up,  in  the  fan*  manner,  all  the  figuittof  the  whole 
pr^clua  of  the  n^^^^■^\z^^\^^x^,  vi/.  I487»ia,e^g 
out  the  9'«,  atid  tliui  tl.tic  reircuis  7,  tab*  fet  down 
under  the  U'.t,  iirfl  remains.  Then  when  t!ir  H^'orc 
ai  top,  is  the  fame  as  that  at  bottom,  as  thty  .i:e  here 
btiih  7*8,  the  work  It  m;iv  be  prefumcd  is  nglit ;  but 
if  tbeie  two  figures  ihould  notjbe  the  fame,  it  is  cer- 
tainly wrong.  .  ca-  f 
i.  To  M«li'p!y  Ahney,  or  ary  0t1.  fr  Ibt^gt  ity^t'^S  "J 
i'lfcrent  VcwmtKotlont  'togtlkr,  by  nny  mmifr,  ufually 
eailfd  (kmpound  Mubiplv.Mkn.  Pej^iiiuing  at  the  lowell, 
m  ittiply  the  number  of  each  dinomiuation  feparatcly 
by  tlie  mulliplier,  fttting  down  the  iuo  lLtU  W\,  -x 

thm.  Bjut  ifaoyof  thdc  ptodu^^  amouut  to  as  much. 


T 

81  a. 

7: 


Thus, 


And 


3 
3 


multiplied  by  — ,or  —  X  make— 

2      3      ,  '8 

X  —  X  —  make  — . 

5        5       7  «7S 
And  here  it  may  be  noted  thnt,  whni  there  are  any- 
Comoion  numbers  tu  the  numcra'.ur:.  a:.J  denominators^ 
thcfe  may  be  omitted  from  both,  which  will  make  the 
opentton  fliorter,  and  bring  out  the  whole  prodaA  itt; 
u  ii miction  much  iimpkr anam kmiiiCr tennt.  Thus, 

—x^,\n  leavipg  out.  the  tm  jfa,  heooaie . 
346'* 

2  X  f     to  ; 

I,  »  — — or 
4  X  <     24  la 

Alfa,  when  any  nnmeraton  and  demmiaatcin.wjir* 

both  r.V>lirL ,  ::ite  or  divide  by  one  and  the  fame  nwnber,  , 
let  them  be  dividetl,  and  the  quotients  uTed  inttead  of." 
them.    Sis  iu  the  .ibove  example,  afur  omitting  the 
two  3*8,  let  the  2  inid  6  be  both  divided  by  z,  aud  ofe 
the  quotient*  i  and  3  in  lie  ad  of  thera»  fo  ihall  the  «• 

nreffioD  become  '  ^  ^  =  ^»  aabefinc. , 

'  4  X  3  t2 

4.  To  M'tlt'iply  -Multiply  the  givm  num* 

hers  tqpcther  the  fame  as  if  rh.-v  w  ere  whole  nuinbiTS, 
and  puict  off    many  decimal  •  ;ii  t  'li  whole  pfOdoA  M  « 
there  arc  in  both  faitots  togctl.er  j 
as  in  the  annexed  example,  wlure 
the  number  of  decimals  is  fivei . 
becable  there  vm  three  in  tl»e 
sii-.;ki;ilk..v..!,  .M.utwo  in  the  :tnil- 
ttplicr. — VVlitr.   It  h;ippcns   that  l''44'^  ■ 

there  are  not  fo  many  figures  ia  2505.. 
the  pioduft  as  there  mult  bed;-  4^110 
cimals,   th<-n  prefix  as  nniiy  v;-n.         —  ' 
phcm  iW  will  fMpply.i*»  <h:fcd,.^.  50-38730. 


S-305 


5.  Crvf}  Mi'LTtrLi!?ATiOM,  othcnvife  called  DuO' 
deeimai  Jritimakt  is  the  muUiplying  oi  numbers  toge- 
ther wWe  rubdivifions  procted  by  n'sj  as  feet, 

ii,;lu!,         j  :f.^  that  is  I  jth  parts,       :  a  tlunff  . 
of  very  tni^ueiit  uXc  L-i  fi;u-j-iuj;,      niulvii'l)  iu^j  1-ge-- 
X  thee ; 
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ther  thf  ilimenfioni  of  tbe  works  of  brlcklRycm,  car- 
{M^tery,  an^  other  utificen.  J-'w  £»ataf^.  To  tiiuk 
tiyy  jr  fret  3  inches  by  2  feet 
4  iiicli<.s.    Set  them  down  at  in  tbe 

niar;,iii,  acid  multiply  »D  the  |>3rt« 
of  thf  inultrplic.ii«i  liy  otli  part  of 
tlie  ijuJtiplicr^  tlui;,  2  liinfs  3 
make  6  i!:tlu  s,  and  2  tisrtcs  5  mako 
10  feet  {  then  4  times  3  ntitkc  is 
IHirt*,  or  t  inch  to  carry }  and  4 
tMMn  J  make  aOf  and  i  to  cany 
make*  zf  inches,  or  if.  yinc  to 
iet  down  hdcw  the  femur  lint: 
^LaAIy  aiUiiig  tin-  t^vo  liiici  together,  the  whulc  fum  or 
produ^'t  anitxiiiu  to  t  ji".  ^inc. 

■6.  MuLl  ii'LtCAriDS  in  yHifhm.  This  n  pcrfirmeri, 
I.  Whtn  itu-  <iiianiit'i-!.ari'  liniplf,  by  only  joininj;  the 
letters  together  like  a  ui>rU  ;  and  if  llic  llmj^le  quanti* 
ties  lia\  e  aiiy  cocfficicntii  or  numbers  joined  with  them, 
owlttply  the  numfam  together*  and  prefix  tbe  prodttfk 
of  them  to  the  lettera  fo  joined  together.  But,  in  al< 
gcbm,  wc  ii  't  only  to  attend  t<j  tlie  «;iiaiitiiifsi 

ihtmftlvts,  bul  alfu  to  thi;  fi^is  ot  thrni  ;  ami  the  ^c- 
neral  rule  for  the  figiis  is  t^n^  :  \\  tlie  li^us  arc 
ab'kc,  or  tlie  fame,  either  boih  +  or  both  — ,  then 
the  fign  of  the  prodiicl  will  always  be  +  ;  but  when 
tiie  'ligiu  are  di^ervot,  or  unlike,  the  one  4,  and  the 
other— t'thcn  tbe  (ign  of  tbe  prqdiiA  w31  be  — . 
}Ieiioellie& 

EtftMPlEt. 


multiplied  together,  and  the  jnark  of  tile  lame  lUtd 

imfiKed  to  thcprodua  J  butil  not,  then  tbe  diSiEfest 
utdc  inaf  be  fet  dowQ  «ith  fbme  mtA  of  miiNpKca- 
tion  between  them,  to  denote  their  ptoduft. 


EzaMrut. 


✓7 


Mult. 

Br 


-r  (' 


—  2,1 

-  Ah 


-  Rv 

+  S' 


— 

-  5 


2.  In  Compound  quantities,  multiply  ercry  temi 
or  part  of  the  multij>'i;ciiid  by  each  term  fepar.itcly  of 
the  inuliipller,  and  let  down  all  the  pivductt  with  tUcir 
ligiis,  eollcdin^  ul.'.ays  into  one  fainianaBy  tcnxiaas 
arc  iimilar  or  like  to  one  another. 


«  +* 

«  +* 

«  -h 

« 

**  + 

c*  4  0^ 

a*     •  *  -  i' 

4^  v5* 

ta  +4» 
3a  ->4« 

xa429e 

S/T*  —  I  lah 

4ij»  +  Srt.v 

'  -t5/.> 


3,  In  Snrd  quantities  if  the  term  can  be  reduced 
to.&fioimnaa  wrd,  the  c^uaatitiei  wtder  ock  iwif  be 


4.  Powcn  or  Roots  of  the  fame  qo  intity  are  mult!- 
plicd  together,  by  adding  their  expunents. 


71' 


Th0«,«»X'.'=n';aiid  .r 

15  11 

alfo        X  *-'  =  .v*;and  ,1' X  J*    =  .J*      or  rf. 

ti  perform.d  b)  .1  !<lii.^'  riir  i}u:  logan'tUint  of  the 
pivcn  liumbcni,  md  taking  the  number  auireriiig  to  that 
fum,  >rhi'ch  wOl  be  tho  product  fought. 

D' a  C';ir'.(;s.  Rt  the  b  .:i:!..i  i;^  i>f  his  Cenmetrv,  per- 
forms Miiltipiiea'-ion  (jiid  iiidc.-d  all  llie  I'lher eomnion 
aritl.mecieal  ruU- )  '11  };ei>nKti-y,  or  by  li.ies  ;  hut  this  in 
no  more  tina  takiii^  ;t  pi.i|io;tiu..al  to  tliree  jjireii 
lines,  of  which  tlie  ;i;il  iCjjrtK.its  iirity,  and  the  2d 
and  ^d  the  t^vo  fadoi  *  or  terms  to  be  multiplied,  the 
produt^  bei:ig  exptelfcd  by  the  4th proportional  {  be- 
caufe,  in  every  miiltiplication,  unity  or  i  ii  to  either  of 
the  two  fit^ors,  m  tlie  otherfaAor  is  to  the  produd. 

Ml'I/r;rMCAT01<,  is  the  number  or  Cj^uantity 
by  v.l.uh  auuil.ci  ij  muil'plied  ;  and  is  otlicrwilc  c;i]led 
the  multiplier. 

MULTIPLIER, or  MoLTiPLicATfiR,  is  the  ninn- 
ber  or  quantity  which  multiplies  another,  called  the 
multiplicand,  in  anj  operation  of  inuUipUcatwn. 

MONSTER  (biBASTiair),  an  croioent  Gennan 
divine  and  matl;.iiiatician,  was  born  al  Ing-elhelin  in 
14S9.  At  the  age  of  14  he  wai  fc:it  to  lieidelbcr^  to 
Hudy.  Two  years  after,  be  entered  the  tinivent  of 
the  Cordeliers  ;  where  be  iiiridu.>i.ny  Ihidled  divinity, 
inathemaiies,  and  geography.  lie  was  the  firfl  wlio 
publiihcd  a  Chsldce  Grammar  and  L-  \i;n;  and  he 
ihortly  after  gave  the  world  a  T.\lniuib\  U  -  •-ionsry.  He 
afterward!  became  profcflor  of  the  Hebrew  language  at 
BafiL  He  was  one  of  the  ftrtt  who  attached  himfeif  to 
LlI•^' r,  and  embraced  Protcfiantifm :  yet  btliavLd 
luiiii'eJf  with  great  moderation  ;  never  couce.-ning  hi:n. 
fclf  with  their  difputes  ;  but  (hut  himfelt  up  at  home 
and  purfued  his  fuvouritc  (ludic;;,    whieh  were  ma- 


thematics, 


|j!iiloi'op!iy,  with  flu  Hebrew  ami 


Other  Oriental  languages.  He  publidu-d  a  great  nOKi' 
bcr  of  books  on  thefe  fubjeft<>  ;  p  irticularly,  a  Latin 
verfion,  from  the  Hebrew,  of  all  Uie  book^of  the  Old 
Teftament,  with  fcarned notes,  printed  at  Tafi'  in  I5'54 
and  I  54^' ;  J'jftphtjf.'a  Hillory  of  the  Jews  iii  I  i.u::; 
a  Triatifc  of  Dialliiig;,  ia  folio,  1^3^;  UnivM  f,d  C'l'.'- 
mtigraphy,  in  6  bouks  (olio,  Baiil  IJ50.  fur  th;ic 
v  orks  he  wasllyledihc  German  Straho ;  asl;-, 
German  Lfdras,  for  hitf  Oriental  writings. 

Munftcr  was  a  meek-tempered,  pacific,  Audioti^;, 
rmjred  Okuh  who  wrote  a  great  mimber  of  looks,  bttt 
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»cwr  meddled  in  controverfr  He  died  of  the  plague 

It  liafil,  in  '  5  6j  yi-.n^  nf  7.^^^. 

MIJK  DliRi-RS,  a  imtdi  ipeeics  of  ordnance  once 
!  ;r.  ''5  phoard  ;  hut  n  i  .v  out  of  ufe. 

MUSIC,  the  fcic;icc  ot'  found,  confidercd  as  capa- 
ble of  pTOducinr  n;elody,  or  liarmony. 

Amoagf  the  Anciently  Mufic  wis  taken  in  •  mndb 
oiore  etteafive  Crofe  than  amon|^  the  Mipdetm  t  iAA 
we  ciW  (>ir  fcicucc  of  Mufic>  mtliy  die  Anncnts  ra- 

tlitr  called  liarnunica. 

Mufic  h  one  of  thi-  fi-vcn  fcicncrj  called  lihcraT,  and 
contprehended  aU'u  amoii^  the  mathematical  fcicnccs, 
in  having  for  iu  Qbjed  difcrctc  quantity  or  niimbt.-r ; 
not  however  cnnddcnng  it  in  the  abftraA,  likoarithme- 
tic  I  but  in  relation  to  time  and  fonod*  with  intent  to 
conftitute  a  dd^htful  hannon;|r. 

Thtt  fcience  u  alfo  Theoretical  and  Praftlcal.  Theo* 
retica],  wliich  rxamincs  the  natun:  an.!  properties  of 
concords  and  difcurds,  explaiitin.;  tlit  ]>roport!on»  be- 
tween ihcm  by  numbers.  And  i'rjctical,  which  teaches 
not  only  cumpofition,  or  the  manner  of  compolixig 
tiuics,  or  airs ;  but  alio  the  art  of  fii^gOlg  WttO  the 
loir  -,  a:  i  playing  on  muiical  inAnuneatit 

It  .:ppLar«  that  Mufic  vas  one  of  the  tnoft  anctent 
of  tin-  art-;  and,  of  :V  others,  Vocal  Mufic  mull 
duubskfs  have  been  the  rirft  kind-  For  man  had  not 
only  the  various  tone*  of  his  own  voice  to  make  his 
obfervations  on,  before  any  other  art  or  inftrument  «'as 
found  out,  but  had  the  vatiuus  natural  flrains  of  birds 
to  gite  him  occalion  to  impn)ve  his  own  voice,  and 
the  modulations  of  founds  it  was  capable  of.  Thefirft 
invention  of  wind  inftrnments  Lucretim  afcribet  to 
the  obfenration  bf  the  winds  whiftlinp  in  the  hoHow 
rerd».  A»  for  otli  r  kin  is  of  iiiftruments.  (Iilt-j  u  ic 
fn  inanv  occafiors  ttir  ci  nf*  or  filings,  tii.it  r;irii  t  ;-i!d 
ijjt  i/O     .       i::  i/'iiTr  r\ i".;-  thfir  various  foimtis  ;  '.(  hich 

mirht  give  rile  llun^td  iaflrumcnts.  And  for  the 
puOativc  inftn:me:its,  dnims  and  cymbals,  they 
might  arife  from  the  obfcrntion  of  the  natnxalljr  hoU 
hiTT  noife  <if  concave  bodies* 

As  to  the  inventors  and  improvers  of  Mufic^  Plu- 
tarch, in  one  place,  afcribes  the  liril  uiventton  of  it  to 
Apollo  ;  and  in  another  place  to  Amphion,  the  fon  of 
Jupiter  aud  Antiope.  The  latter  indeed,  it  is  pretty 
generally  allowed,  filft  fanmgfat  Mufic  into  GittcCi  and 
invented  the  lyre. 

To  him  fticccedcd  Chiron,  the  dcmigod;  then  D«nM-' 
docus;  HenncaTrilinegiftus«  Oljrmpus;  and  Orphe- 
ns,  whom  fame  make  the  firft  introducer  of  Mofic  into 
Greece,  and  inventor  <  f  the  lyre:  to  v'honi  add 
Phemi-.u,  and  i'ti pander,  \v!io  was  contcuip' i  riry  with 
Lycurgus,  and  fct  his  la\vs  to  Mufic  ;  to  whom  aifo 
fome  attrn]utc  the  firil  inllitutioii  at  muficA  modes, 
and  the  invcr.trjn  uf  the  lyre:  hiftly,  Thaks ;  and 
jnuuDTria,  wbo»  it  has  been  faid>  -'va9  titc  tirft  inventor 
of  inilruDiMtal  Mufic  without  (Inging. 

Theft,  were  the  eminent  m»ficians  bcfoK  HonWr*S 
lime  :  others  of  a  later  date  were,  LafuB  Hermionenfis, 
Mtlanippid'.-s,  Philoxenus,  Timoiheus,  Phr)-iriis,  Lpl- 
gonias,  I^yfandei,  Simmicus,  and  Diodoru* ;  who 
were  all  of  ihcn>  conf:derable  improvers  bf  Muilc. 
LafuB,  it  is  fr.id,  was  the  firfl  author  who  wixite  vipon 
Mufic,  in  the  time  of  Darius  Hyflafpis  ;  Etiigonius  in- 
vented aa  iaftnmcst  ^40  ftringStcalled  Uie£>pigo»uB. 


Simmicut  alfo  invented  ah  inftroment  of  35  ftpng*, 
called  a  Sinnt'.idum  ;  Diodorus  improved  the  Tibi»,  by 
addiiig  new  hole* }  and  Tiniothcus  the  Lyre,  by  adding 
a  ne  w  ili  ing;  tar  whkh  be  wu  fined  by  the  Lacedtf* 

fnonians. 

As  th«iMOunt$\»i  h:i\::  of  the  iitventonof  m;  1 
ittftnimeMs  unong  the  Ancients  are  very  obf^re,  lb 
alfe  are  the  accounts  at  thofe  inftniments  thcmfdve* ; 
of  mod  of  then)  indeed  «c  know  little  more  than  die 

bare  names. 

TliL- ;;t  :ieral  divifion  of  infl-nrr.ent-,  into  flrinjjed 
inltrumcnts,  wind  Inilruments,  and  those  of  the  puifatile 
kind.  Of  flringed  inflruments,  mentitm  is  made  of  tlic 
ijr  raor  citliara,  the  pfaltcrium,  tri^onum,  famhuca,  [hc« 
tis,  magas,  barbilon,  teHudo,  epigonium,  fimmicium» 
•ndpanderon  1  which  were  all  ftruck  with  the  hand>nr 
a  pIcAnun.  Of  wind  inftmmenti,  were  the  tibia.  fiA. 
tula,  hydraulic  organs,  tubx,  cornua,  and  lituuii.  And 
the  puifatile  inflriiments  were  the  tympaniun,  cyrr.ba- 
lum,  creftneulimiy  tintinnabninaij  ctotabim,  and  6& 
tnim. 

Mofle  has  ever  been  in  the  highefl  efleem  in  all  age% 
and  amoiup  all  people ;  nor  could  authors  expix-fs  their 
opinion  Of  it  ftfonglj  enough,  but  by  inculcating  that 
it  was  ufcd  in  heaven,  and  as  one  of  the'  pnncipal  enter- 
tainments of  the  gods,  and  the  fouls  of  the  blrffccL 
The  effcits  afcribcd  to  it  by  tlic  Ancients  are  alinofl 
miraculous  :  by  its  means,  it  has  been  faid,  difeafes 
have  been  cured,  iinchaility  corrected,  feditions  quelled^ 
puffions  raifcd  and  calmed,  and  even  madnefs  occnfion- 
ed.  Athcnarus  afTures  us,  that  anciently  all  lavvs,  divino 
and  civil,  exhortations  to  virtue*  tlie  knowledge  of  di- 
vine and  human  things,  with  thp  Ifves  and  adiopi  of  lt> 

Iiiilrri)'.;:.  :r.tri,  wrre  written  in  vvrft.-,  ;.ml  p'.:Wu"!y  run|r 
bv  :i  »  'iiinis  to  thr  (aund  of  inllriuiKnii  ;  which  was 
fi..Li::d  the  moft  ciTLftual  mtai:  -  to  imnrufs  morality  Oil 
the  minds  of  men,  and  a  right  Icnlc  of  their  duty. 

Dr.  Wallis  has  endravoiired  to  account  for  the  fur- 
pridng  effects  attributed  to  the  ancient  Mufic ;  and  af> 
crtbcs  them  chiefly  to  the  novelty  of  the  art,  and  the 
hyperboles  of  the  ancient  writings  :  nor  docs  he  doubt," 
but  the  modern  Mufic,  in  like  cafes,  would  produce  ef- 
fccihat  leail  as  confidcrable  as  tiic  ancient.  Tlif  truth 
is,  we  can  niatcll  mofl  of  the  ancient  [lories  of  tiii»  kind 
in  tlic  modern  hiilorios.  If  Timoiheus  could  excite 
Alcxiiidtr's  fury  with  the  Pliryp'an  mode,  and  f')uth 
him  into  indolence  with  thcLydiiii  ;  a  more  modem 
fliLifiei.tti  has  driven  Erie*  kins  of  I>eninark,  into  fuch 
a  rM^c,  as  to  kill  his  bell  ftrvantB.  Dr.  NJewfutyt 
fpraks  i  f  ai'.  Italian  who,  bv  vuL  vr;.;  !i'  M  .llr  'n 
brifk  to  lolcran,  and  the  couHiUy,  cuuKl  i"  in.vt:  ilic 
foui,  ar  to  caiife  diflraction  and  madnefs  ;  and  Dr. 
!St*vith  Ii^s  founded  his  poem,  called  Mofica  Incantana* 
oil  an  ::i.1atu:e  he  knew  of  the  fame  kind.  ' 

Mulic  however  is  found  not  only  to  exert  its  force  on 
the  afR.-Aion«,-  but  on  the  parts  of  the  body  alfo ;  wit> 
nefs  the  Gufcon  knight,  mentioned  by  Mr.  Bovle,  who 
cculd  not  cuiitain  his  water  at  the  playing  of  a  baj^pipe; 
and  the  woman,  mentioned  by  the  fame  aiit!ior,  wdo 
would  burfl  into  tears  at  the  hearing  of  a  tcrtai.i  tunc, 
with  wliich  other  people  wcix  but  a  little  aficited.  Tt» 
fay  nothing  of  the  trite  flory  of  the  Taiantula,  we 
have  an  itiftauce,  in  the  Hillory  of  the  Acatkmjf 
of  iicicnceiy  of  a  nufidu  being  cuied  of  a  violent 

,fcv«r»,' 
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fcvor,  bf  m  little  Cfloeert  oocdiooaSf  played  ia  In's 

room. 

Nor  are  our  minds  and  bodies  a!one  affckicd  with 
fuundt,  but  even  ina:iiauiic  bodie*  aw  lb.  Kirchvr 
lprak.«  of  a  brgc  (lor.e,  that  would  trrmWe  at  the 
luiind  of  one  panic  il.H  orjan  pipe  ;  aiu!  Murho^ 
'.isradons  one  rett.T,  a  D  utchmsn,  who  ecu! i  bicak 
rutnmer-glaneg  with  the  tone  of  his  voice.  Mcrfeanc 
ftlfo  mcntinni  a  particular  pm  nf  a  pavement,  that 
tiroiild  fliakc  and  trtmhle.  it  il;  .'  cj-th  would  open, 
wrhen  the  organ*  pUycd.  Mr.  Boyle  add*,  that  feat?  wiU 
«rcmhk  at  the  found  of  organs  ;  that  he  hat  felt  hit 
hat  d(i  fo  under  hitluiid*  at  ccrtain  ootai  both  of 
gum  and  di'feourft  i  and  that  lie  trai  wdt  mfoiBitd 
every  ^vr'l  built  Mylt wodd  thu*  ttifwcr tO fome  dctCT- 
miiiaio  in'te. 

It  li.Ts  been  difputed  amonc;  tin- Lr?,rr  • '.,  w livJior 
the  Ancients  or  Mudcrns  hell  underllood  and  practtlcd 
Mufic.  Some  maintain  that  the  ancient  art  of  Mulic, 
^^-  tvhich  fuch  wonderful  cfiledi  were  performed,  » 
quire  lod  ;  and  other*,  that  the  true  fcience  efhanno- 
By  it  now  arn\-ed  at  niuch  greater  pcrft:clion  than  was 
Icnowii  or  piadifed  amonjr  the  Ancient^.  Thi»  point 
ferrr's  no  other  v.  ay  to  be  determinable  but  by  compar- 
ing the  pitrivipk*  and  pnidlicc  of  the  one  with  thofe  of 
the  Other.  Ab  to  the  thcoty  or  principle*  uf  harmo- 
Btdt  ituoertain  wc  underfland  it  better  tlun  tlie  An- 
«ieoii ;  becaufic  we  know  all  that  they  knew,  and  have 
nnprovcd  CMlfidcnbhr  on  their  foundattoiu.  The  gnat 
tlilpute  then  h*e«  on  tne  praftice ;  with  regard  to  which 
it  miybf  f;bfc-v!-f],  tli.c  ani.,;-  /  the  Ancients,  Mi;ric, 
lu  ihc  u.dil  Liiiulni  !ri;ic  cf  tin.  y  otd,  ii»cli;d;.d  l"i.ir- 
i.',..»iy,  Rytiimus,  and  :  ;uid  >--v.ii;',(.d  of  verft^ 

fung  by  one  tir  rniTC  voice*  alternately,  or  in  choir*, 
■CvBictimes  with  the  lounj  of  inftnimcnts,  and  tomctimci 
hf.  voice*  only.  Their  muikal  fanikics,  «e  have  juft 
obrerved,  were  Mdopoeia,  Ryt,'in:iop^x:ia,  and  Poefi*} 
the  fi;  Jl  I.S  which  hi-  i  unlltlon  d  i:ritlt.T  two  heads 
MtluJv  Symphony.  Ai  lo  tiic  litui,  it  fcrms  to 
contain  1:1  .Li:  g  but  what  relates  to  the  coiijuft  of  a 
(itiglc  voice,  or  makiog  what  we  call  Melody.  It  docs 
not  appear  that  the  Aneients  ever  thought  uf  the  con- 
cert, or  hamony  of  partai  which  is  a  modrm  in- 
vention,  for  which  we  are  beholden  to  Cuido  Aretinc, 
4  Bcncdifitne  friar. 

Not  that  the  Ancients  never  joined  more  voices  or 
ioftrUflientt  than  one  to^ctlicr  i:i  t!ic  fninc  fynrj'io.iy  ; 
but  that  they  never  joined  fcveral  voice*  fc  ai>  tliat  each 
hso.  a  dnrm  t  ;»ropcr  melody,  which  r;;idc  amang 
them  a  lucccliion  of  various  concords,  and  were  not  in 
«very  note  unifons,  or  at  the  Urrc  ci;.Iarcc  i^ro.-n  each 
Qther as odavei.  This  iait  i'jt!^i->!  a-. ec?  t.)  ilic  gene- 
ral dcfinitkni  of  theWOrd  Sympluir  i.i  ;  yt;l  it  h  plain 
that  ij)  fuch  cafes  there  is  but  one  fcng,  n-d  all  the 
voices  perform  tilt  fsme  ImJividual  melody.  But  wlvcn 
the  parts  differ,  nut  b^-  the  tenfion  of  the  wliok-,  hui 
by  tlie  different  relations  of  the  fjccefTive  notes,  this 
is  the  modem  art,  which  requires  fo  peculiar  a  genius, 
and  OD  which  account  the  modern  Muik  fcema  to  have 
IBUch  the  advaiit.igc  of  the  ancient.  For  farther  fat if- 
fa£tkn  on  this  bead,  £ee  Kinrhcr,  Fetrault,  ^Valliit, 
Malcolm,  Cerceait,  and  other* ;  whounanimoufly  a^jiti', 
till'  nfii  I  >' . :  j'.ii.i;.  ;'n  ■•■  !;  I',  r  1  :ik<.  n  to  knoiv  tlie  tnie 
fiatc  oi  the  Muiic  ot  the  Ancients,  tiuy  cai4J  not  iind 
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the  lead  reafon  to  think  Qten  wu  any  fueb  tbu^  h 

the-'r  (lays  as  M  j(":c  in  part*. 

'I'h^  a-Tcient  miiOcal  nu^s  are  very  myfterious  and 
perplexed;  Boetbtiu  and  Crejpr;  the  Gkeal  firft  put 
them  into  a  more  eafy  and  obvious  method.  Id  the  year 

!!:  ;,  CfiiM  i  Artline,  a  ilid'nc  of  Arezzo  in 

Tvucuiy,  lull  introduced  th--  jI-  of  a  (b(F  with  five 
Uues,  on  which,  with  the  fpaci-f,  he  tr  arkt  J  hi*  notes 
by  letting  a  point  up  and  down  upon  them,  to  deiiutc 
the  rtfc  and  fall  of  the  voice  :  though  Kircheriayidiit 
artiiicc  w  as  in  uiie  bdoic  Guido's  tune. 

Another  contrivance  of  Guido's  «as  to  apply  the 

fh  fiU  ^*  which  he 

took  out  of  tne  Latin  hynub 

UT  qtmrot  laxM  REfcmaTefibri's 

Ml-a  gcllorum  FAmali  i  jorum, 

SOLvc  poUuti  I.Abii  rcatum, 

O  Pater  Alme. 

Wc  find  aaodMT  applicatioB  «f  them  »  the  fbUowing 

h'net. 

UT  RElcrit  MTfcnim  FAtum,  xSOLNofqve  LAboret 

A  -v:,  fti  d'jlcis  mniica  noftcr  amor. 

ii(..idei  hii  notes  of  Mufic,  by  which,  according  to 
Kircher,  he  dilliiivruilhcd  the  tones,  or  modes,  and  the 
U-i'.s  of  the  femitoiu-i,  hc  alfo  invcoted  the  fcaic,  andfc" 
vcral  mulical  ijiflraawBtlii  called  polyphjAra^  Bs  ipineta 
apd  hatpiicbonU. 

The  next  cnnfiderahle  impravcment  was  in  1510, 
trl..".'.  Ji'i  'UL'i  Muii.i,  or  di-  ^'^"■''>,  ('.'i 'lor  :iT  rar.'-  (or 
S:?  Ijaylc  a  n!  (  ii  Juc;  niitkt  liiiii,  uu  LLiiguiijiiatiJ,  io- 
MiittJ  iix  c\'.iciL-T.  figures  of  notes,  which  cxprcis  the 
times  or  leiigtli  of  ever)  note,  at  leaft  their  ttue  relative 

jin>[iortion*  to  one  another,  now  cdkd  long^  brevdt 
iemi-brcTes,  crotchetii  quavers,  &e* 
The  moft  aodeat  witter  on  Mnfic  was  Lafus  Her- 

miuncr.i-j  ;  but  Lis  work::,  as  well  £s  thofe  of  many 
ottitis,  both  Greek  and  Ron-.an,  :irc  loft.  Arillnxc- 
n:i«,  difciplc  of  Ariftotle,  is  the  earliell  author  extant 
i>n  th.e  fuhjeft  :  after  wliomcime  Euclid,  .nuthor  of  the 
lilemcnts  of  Geometry  ;  aisd  Ariilidts  C^nintilijnus 
wrote  after  Cicero's  time.  .AK  pitis  ftands  next  ;  iUcr 
him  Gandentius  the  |<h:L  fopL  1 .  and  Nicom.^chu.'i  tlic 
Pythagorean,  and  Bacch:  :  .  Of  which  £cvcn  Greek 
authon  we  nave  a  Riir  c  [  v,  v.i;h  a  tranllation  and 
notes,  by  Mtibomiu^.  I'lolomy,  the  ctlcbraied  af- 
tr^uomcr,  wrote  in  Greek  on  the  princijdcs  of  har^no- 
nics,  about  the  time  of  the  emperor  Ai."  ■  ■  ;s  Pius. 
This  author  keep*  a  medium  between  the  Pythago- 
reans and  Aridoxenians.  He  was  fuceeeded  at  ACOO- 
iiderahk  diilance  by  Manuel  OryeoniuS' 

Of  the  Latins,  we  have  Boatim,  who  wrote  in  the 
time  of  Theodoric  ih?  Goth;  ajid  o.ne  CafTiodoriis, 
about  the  fame  time  ;  Maitianiu,  and  Su  AuguHiiie, 
not  fa-  ,  i-i;  iHt. 

And  of  the  modems  are  i^arh'n,  Salinas,  Vinr-T^rrt 
Galileo,  Doni,  Kircher,  Merfeniie,  Paran,  De  C.ii;x,  9 
Permult,  Des  Cartes,  Wallis,  Holder,  Makohn,  Rout- 
feau,  &c. 

Musical  Numktrs^  are  the  nuaibcrt  a«  3,  aod^.  to* 
get  her  with  their  compofitei.   They  are  fo  riOeu,  he- 

caufe  all  the  intervuU  of  mufic  may  be  t^p:e:Ted  by 
foch  aumbcrt.   'ILiS  is  sow  ^cacri^y  ;iuuuud  by 

jnnfical 
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■  mufical  theoiitU.  Mr.  Eulcr  ficrcs  to  fup];fiff,  iliat  j 
or  other  priinoa  miVlu  be  introiluccd  ;  bur  it^-  ipeak* 
of  tlmu  a  duubtfui  and^lficult  matter.  Here  i  e«r- 
nfyimii  to  thtfi^xvt,  j  to  the  6ith»  or  nitbcr  to  the 

12tli,  ar.  l  :^  tD  tlu  lli'rd  major,  or  nitbcr  tLc  (even- 
tccath.    Ti  vjii  thJ,'  tl.rcc  m.iy  .-ill  olhtr  intcr^Ji  be 

Musical  Frojiorticin,  or  Harm  mi  !i  J  Prnpiii;  i.n,  is 
nhcn^  «f  four  terms  the  fit(l  i«  t"  (he  4tb,  ,v;  cIk 
inmct  of  the  lA  and  ad  is  to  thc-aifrtrcuct  cf  tl;  •  j  l 
Ml4tb:  uSf  3,  4»  and  8  urc  ii>  NLifical  pi '<i><';-ion, 
tiecaufe  2  :  8  : :  l  j  4.  And  hcnco,  if  t!ici  >:  Sc  ottiy 
three  "terms,  the  middle  term  fupplying  the  plicc  of 
both  the  id  anil  5H,  tli.j  1  i!  is  ti>  llic  as  liiirt-r- 
encc  (if  thr  lil  auU  zd,  u  tu  the  ditlfrciicc  of  the  id 
and  ;d  :  as  in  thefc  2,  3,  6 ;  where  2  :  6  :  i  1  :  3. 
Stt  H  A  V.  M  ci  N 1  c  A  L  I'np'inhn. 

MUSSCHENDROF.K  (Peter),  a  wry  difthi' 

£iflted  natural  philti<4>piu;r  and  malheiaatician,  waa 
m  at  Uci^eeht  a  Ikde  bdbie  1 700.  He  waa  firit  nio- 
fcIForof  thcfc  fclcnce»tnhl»  owaunlverfrtv,  imd  after- 
wards invited  to  the  chair  at  Leydeiii  wlitrc  Ik-  died 
full  of  tcputation  and  iiunours  in  17^1.  He  uas  a 
BHUnbcr  of  feveral  acadcioics,  particularly  tbc  Acoiic- 
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my  of  Sciencn  at  Paru.  He  published  feveral  work* 
ia*tiau*a»  all  of  them  Ihcwing  hia  gnat  pcaetnti'ja 
and  accurarv.  /Ac, 

1.  Hituementtuf  Fhyrico-Mathematici,  to  1725. 

2.  Kltr;:t.-ift'i  of  r'f  ,  i'<  ^,  ill  175^"-. 

3.  Iiif'.itLtiutu  of  I'liyftt^  -f  ca;<t;iiatiig  an  ab:idg- 
rr.ri  t  of  the  near  difcowrica  u:adv  iJic  Modems; 
ia  174«. 

4.  IiktrodaAion  to  Natural  rMTnfophy  ;^h«.1i  Ik-  br- 
(;an  ;o  print  in  1760;  and  whii.h  was  coniplt.ii:J  and 
j;  1'  !f.1n.d  at  Levdtn,  m  1762,  by  M.  Luhif*,  affcr  the 
dvnthof  thcauiiior.  It  .la^  irajiflatedinto  French  hj 
M.  Ss^auJ  de  !a  Fond,  a  id  pu'ilithtd  at  Paris  in  1769* 
iti  T,  v,»I»  4to;  u:i;icr  (I  i  •  '  ACoUlfc  of  Expcri- 
iiu-nt.il  and  Mailii:tiiaiit.<ii  ru)ii>.i>. 

He  I'-nd  alfa  feveral  papers,  cliicfiy  on  metfurol  j^-y, 
printed  in  the  «ulumes  of  Mcmoin  of  the  Academy 
of  S«tence*,  via,  m  titofe  of  the  year*  1734*  i73Si 
I7t<j»  i75^t  I7j6»  and  1760k 
MUTULE,  a  kind  of  fquare  modllKon  in  the  Do. 

nV  fri/e. 

MYRIAD,  the  number  of  ic.oco,  or  ten  thou- 
fand. 


N. 


NAB 


NABONASSAR,  ftrft  king  of  the  C!«al.lrsn:. -. 
memorahli.'  fur  ihc  jcwiih  era  wiiicU  btais  h;., 
name,  which  btj;a-)  on  Wcddcfday  February  26tli  in 
the  5yf'7th  ycuof  the  Julian  piriud,  or  7.17  ye.-irs  be- 
fore C'nrill  ;  tli?  yrrrs  of  this  epcth  biiu^'  Kgypri.Mi 
uiics,  of  365  da\s  each,  'i'iiis  is  ^  vi  irii;  U.  l,!^' era  in 
chri):i<)lo^y,  bLv.-.ii(fc  Ptnlair.y  aifuv  <  -is  then.-  werc 
ailronoinieal  obfcrvations  luinle  In  r.  c  CiK'lJ<  .in5  h>i.ii 
Nabor.aflar  to  bis  t'ip.c  ;  uifo  i'liMi::,iy,  a  id  the  otiicr 
allrononiers,  account  liitir  years  I.  vm  ili  it  (  [  ■  ih. 

Nabonafl^  was  the  Ml  king  of  tbc  Cl.aldeafl*  or 
Babylonlsns.  Thefc  haviugrecoltid  firom  the  Mcdcs, 
vvl,,.  I:.-,  !  n-i  ;t!;rLi'.V:;  ihe- Aflvri'^'i  i;i:jBm-chy,  did,  lUldtr 
Kaboialar,  jo.i..J  a  (kniiiui.:'.,  v.'bieh^  \'  inttrlt 
iiK-tcaffd  under  NcLutuAdiKZ/;;!  .  h  is  i 
tlifs   NabonalT.u-  is  timt   IVdi('.;::i  in   tlie    id  Loi 


<.f  k; 


12,  father  of  Mcn  .lach.  \v!.u  fi'llt  aai- 


baflfadMre  to  Uezekiah.    i>ee  2  C  L:  - t'.  1. 

NADIR,  that  point  of  the  ht;ive'i-i  I'.i.  n.etiie  ''y 
up.ckr  tnir  feet,  oroppofite  to  the  acnilh,  which  is  di- 
naiy  over  our  hcada.  The  seuith  and  Kadir  arc 
tlie  two  pdes  of  the  horiaoa,  each  bdog  dillatit 
from  it. 

Tbc  Sun't  Nadir,  is  the  .ixls  cf  tlir  com  p;-i  1 
by  the  (hadow  of  the  earth ;  fu  called,  bccaiUe  ihat  sa..i. 

Vol.;  iL 
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bcMi;^  proTnnged,  eive^  a  poiot  in  the  ecSpttC  d^^mettl* 
t  Uy  oppo!itc  to  till- fun, 

NA  K.ED,  in  Aie  h'!ci5tiirc,  a»  tbc  Naked  of  a  wallf 
&c,  is  the  fur^e,  or  plane,  from  whence  the  projcc- 
turcs  arue ;  or  which  (crvcs  as  a  ground  to  the  prujcc< 
turcs. 

N  A  PI  F.  R ,  or  Nr T  ER  (John),  baron  of  Merchiftob 

in  St.otl;(nd,  inventor  of  the  lojrarilhms,  was  the  eldcft, 
f^.n  ui'.Sir  i\i-e''iiL.iM  K.:pler  of  Merchiiloii,  and  bor:i  in 
the  v\  '5iO.  Ila.im;  given  early  indicalionM  of 
great  iiatuiai  pints,  h!.  father  wa:-.  i-nrttul  toiuivc  ihcm 
otiklvated  by  a  Ii')?r.i!  cduja'inn.  Af'cr  ^oing  ihron^h 
the  ordinary'  cottrfc  of  education  at  the  utii»erftty  of  M. 
A  ndrrw's,  he  made  thi!  tour  of  France,  Italy,  and  Gcr. 
miriv.  On  letii-'i  to  h:r>  nilive  country,  hi>  lite- 
rature a-v.l  other  l'.::e  .leeoirp'-ii^i'icnt^  (qou  iv'iuL-.-t.l 
Irir,  ^'*:tf]'i-.'i:' ||' •  -.  h-  I'.'.vvner  r.  ' i:ei'.  fr<.-:n  Uic  v.-'irld 
li'.i  r;.rv  i r.rk In  s,  in  wi.Aii  he  t-.:iJe  an  u?  - 
.irs  bv  tlie  ieviril  n'et'i:!  uA'- 
t'voi.re.l  mankind. 
U'li'vofn  atbcmatice; 
wtl  cn-i  however  neglecting  that  of  the  Scripiuresj 
ill  l  utl'  of  vrhich  he  difcoTcred  tbc  moft  txtenfivc 
1  ::c'vitii  profuund  p":ictn(ttoii.    Hiil.i  iv  iip<  :i 

the  bti'-k  i>f  the  Apoiitlypfc  iiiditat^*  the  svu.-ti  acute . 
T  nvelligatioii  ( 
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covcritJ  with  which  Ik  :i;;t';\v 
lie  chiefly  applied  ii  1. '  If  t.,  t 
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liwclligation  ;  though  time  btll  jifisofCtcd  tint  hit 
calculations  concermng  particular  cvoitv  bad  pro- 
ceedfd  upun  faSlaciout  'Jata.  But  what  Uat  chicGy 
reodercd  hi^  n-  U  i:  fiirtiuub,  \Tat  bi"»  great  and  fortunate 
«lJfrr>vcT)'  i)f  jujraritiinis  in  l^ijjciKiiritlry,  by  which  the 
«.it'c3tid  cxpcdi*.iut)  ill  calcula:iuu  tuve  lb  wonderfully 
afliftcd  the  fcici^  of  aftrunoniy  and  the  arts  gf  prdc- 
twalKCODMCijaiid  navigatlcm.  Kipi<  r,  haviB|r «  great 
attMwment  to  iftroaomy*  and  fphciical  tngonunietryt 
liad  occafion  to  nake  masy  numcnl  calculatrons  of 

fuch  tn'im^;!'- v.l'.h  Tii.^-s  t.Jitji  i.r :,  5, 
l»rji,^  cspi-fflf  d  ill  iu  ,jt  riuaihtii,  tliuj 
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computed  lumrdr,  which  art  thenw  called  BnWi'i 

Logarithmis  and  are  tho'c  iic.w  in  common  ule.  Mr 


.cc  ocelli 


ed 


rr.-:;l  . 


ot  l.ht  ii:  and  trouble 


!p.->. 


r  tllfiM- 


fchcs      t  iji  this  labour,  >tapicr,  and  other  author* 
about  his  time,  fct  tbcml^vei  to  find  out  certain  fliurt 
modes  of  calculatioa,  at  ia  evident  from  manv  of  their 
writings    To  tlii*  itecdBty,  and  thcfc  eixufttoura  it 
ill  that  we  owe  feveral  in;^ui'r  u<  coiitrivauccs;  parti- 
cdarly  the  computation  by  N  -pK  's  Rasb,  and  fc»eral 
tiihcr  curious  aod  ftjort  mcthodi  that  aie  ^ivcn  in  his 
jR:ii iiohfiii ;  and  at  Icnff.li,  sftcr  trial*  et  r.iauy  other 
means,  the  moft  conif  lcu-  one  of  lugarithmt,  in  the 
aAual  conilrucliun  of  a  large  table  of  numt>ers  in  arith> 
glCtical  progreflion,  adip'ad  to  a  fct  of  as  many  otkera 
jafeomrtri^  piogrcffion.  The  property  of  fuch  rntm- 
beta  ba4  been  mog  known,  tix,  that  the  addition  of  the 
fbrmer  anfwcrcd  to        Tnultiph'catfon  gf  the  Lttrr, 
Ice  I  but  it  wanted  the  ncccdity  of  fuel i  vn  y  tro  jLle- 
fomc  cri'cuidiijijs  as  tliufc  aboTC  mcnticrtcd,  joined  to 
an  ardent  liilpfnitiHu,  to  make  fuch  a  ufe  of  that  pro 
perty.    Perhaps  aUio  this  difpofition  was  ur^cd  into  ac- 
tion by  certain  attempts  of  this  kind  which  it  fecms 
were  made  elfewhere  i  fuch  as  the  foUowin^  related 
by  Wdod  in  lu»  AtbcoB  OKonciifc»«  irader  the  artick 
Brigf^f,  on  the  authority  of  Oughtivd  and  Wingatc, 
tiz,  "  That  one  Dr.  Craig  a  Scotchman,  coming  uut 
cf  Denma.k  into  his  uwn  country,  railed  upon  John 
Neper  baron  of  M.irchefton  near  EcliiiLurtjii,  and  told 
hiro  among  other  difcourfcs  of  a  new  invention  in 
Denmark  (by  Lon^omontanus  as  'tis  faid)  to  favc  the 
ttdiotti,  iBiiltiplicatMm  and  divifioa  in  agronomical  caU 
cditionat   Neper  being^  folicitona  to  know  farther. of 
him  concenuog  this  matter,  lit  could  give  no  i  t!ier  ac- 
count of  it,  than  that  it  was  by  profiortiotjjLk  ii.uribcrs. 
WlucK  liirtt  Neper  taking,  he  dcfired  him  at  his  re- 
turn to  call  upon  him  again.    Craig,  after  fomc  weeks 
had  paflid,  did  f«>,  and  Neper  then  fhewed  him  a  nidc 
draught  of  that  he  called  Canon  Aitrcliiir  Ltpir'ahnu- 
rum.    Wliich  draught,  with  fbiiie alterations,  !.£ptjat- 
ing  in  1614,  it  came  forthwith  into  the  hands  of  our  au- 
thor Brijj^rs,  and  into  thofe  of  William  Osjgiitred,  from 
whom  the  relitian  of  iK't  m:ttfi.T '.:an'c." 

Whatever  rriivjht  Lc  the  ir.duccincnt  ho%vcver,  Na- 
pirr  publilbtd  his  itiventiini  in  l6!4,  Mr.dcr  tJu- title  of 
J,o^i.rhi  rii.ntm  Cui.rnts  DJlr  Jlid,  i^c,  co\,v  '.:av,^  the 
conflrui'tico  a::d  cannn  of  \m  logaii'hir.j,  whith  are 
thufc  of  the  kilt  1  il.at  ia  calkd  hyperbolic  Thia 
work  coinin;;^  prefi-.tlv  to  the  hands  of  Mr.  ^nggh 
then  profci'Lir  Gcdnit-try  at  CJrcfliani  Col!e^c  in 
I.crdii!:,  lie  inmitdint' 1;.- j^.ivr  It  \]\.'  j;:eatrft  encouragc- 
inent,  teschitig  the  u;;lure  cf  the  logaiilhn;s  in  fxis 
pii!)Kc  I  VJi'-rer,  md  at.  the  fjtnc  time  reccninHiir.irig  a 
than;;c  in  the  Ttale  of  them,  \>y  v.hjch  they  might  be 
^vai.tagt,ouA/  «ttei«l  to  the  kind  which  he  afterwardi 


Briggs  alfo  prefcntly  wrote  Jo  lord  Napier  upon  thi» 
propof-d  change,  and  tridc  journeys  to  Scotland 
the  two  foliovvine  years,  to  viht  Napier,  and  confult 
liiin  about  tlwt  alteraiino,  before  he  fet  about  making 
it.  Driggs,  in  a  letter  to  archbiOiop  Uflier,  March  10, 
161  J,  writes  thus :  Napier  bnl of  Marbinfton  hath 
f«t  my  head  and  hands  at  work  with  his  new  and  a-J. 
mitable  logarithms.  1  hope  to  £te  him  this  fiimmer,  if 
Ii  pl-;i;.-  God;  for  I  nf..r  fuv  a  book  wh  cli  j^k.ifed 
I'.v  better,  and  OMile  djc  more  wonder."  Briggs  ac« 
cordiogly  made  bim  tbe  vifit,  aad  Sail  «  moiSh  with 
him. 

The  following  pafloge,  fnm  tU  Wc  «f  LiOy  the 
allrologcr,  eontai'na  a  cmjbua  account  of  the  meeting 
of  thoTe  two  illnllrious  men.  **  I  will  acquaint  you 
(fays  Lillv)  with  one  memorable  flory  rtUud  unto  me 
by  John  Marr,  an  excellent  mathematician  and  gcome. 
triciau,  wlioni  I  conceive  you  remember.  He  was  fcr- 
vant  to  King  Jamc»  and  Charles  the  Firlt.  At  fiift 
when  the  lord  Napier,  or  Marchiflon,  made  pubKc  bit 
logarithms,  Mr.  Bnggs,  then  reader  of  tbe  aftroaomy 
Ictlures  at  drniam  ColWc  in  Londoit,  was  fo  fur- 
pnfcd  with  admiration  of  them,  th.it  he  could  hive  no 
«|uietnela  in  bimfdf  until  he  had  fcen  that  noble  pcrfon 
the  lord  Marc', inciii,  wlmfc  only  invention  thcv  were: 
he  acipiaiuts  Jrhn  Marr  herewith,  who  went  into  Scot- 
land bcloic  Mr.  Driggg,  purpofely  to  be  ihsre  whoa 
thtfe  two  10  learned  perfons  (hould  meet.  Mr.  Briggs 
appoints  a  certain  day  when  to  meet  «t  Edinburgh  ; 
but  failing  thereof,  the  h  rd  Napier  was  doubtful  he 
would  not  come.  It  happened  one  day  as  John  Marr 
aad  the  lord  Napier  were  ipeakinz  of  Mr.  Bri^-gs ; 
•  Ah,  John  (faid  Marchillou },  Mr.  Briggs  will  not  now 
come.'    At  the  very  inftant  one  knocks  at  the  gafee| 


was  fpcnt,  c:ich  beholding  other  abndltWth  ndmi'mt 
before  one  word  was  fpoke.    A  t  lall  Mr.  H  r\^^^  beg 
•My  lord,  I  have  undertaken  this  long  journey  purjxjfily 
l  A  n,  and  to  know  by  what  engine  of  wit 
you  came  firfl  to  think  of  this  moft  rxcel- 


bci/an  : 


to  llT 

or  ll^^t;■u.l_|. 

lent  help  into  allronomy,  vir,  the  logarithms  ;  but,  my 
lord,  bt:n;r  by  yuu  found  out,  I  wonder  no  body  clilo 
found  it  out  before,  w  hen  now  known  h  fl  fo  eafy.* 
He  siras nobly  entertained  by  the  lord  Napier;  and  everV 
fummcr  after  that,  during  tiic  lord's  being  ahvc,  this  ve- 
nerable man  Mr.  Brigga  wait  putpofdy  into  Scotland 
to  viTit  him." 

Napier  made  alfo  confiderabic  improvements  in  fphe- 
rical  tii-onomttry  &:c,  parllciilarlv  by  his  Catholic  Of 
llniverfal  Ri.Ic,  being  a  genera!  tficorcm  by  which  he 
rcfohcii  all  tlic  cafes  of  right-angled  fphencal  triangles 
m  a  manner  very  fimple,  and  eafy  to  be  remembered, 
namely,  by  what  he  calls  the  l  ive  Cfrcd  ir  P  r  ..  Hi, 
ConftrtifHon  of  I.ogaritlm,s  too,  belidc  the  labour  of 
them,  ntaniftiU  the  j^rcaicl  ingemutv.  Kepler  dedi- 
cated his  Fiihcmcridcs  to  Napier,  whii;h  were  publifhi-d 
IT.  the  year  1617  ;  and  it  appeals  from  many  p:=(rages  is 
hjs  letter  about  tins  time,  that  he  nccountcd  Napier  to 
be  the  gicatca  man  cf  his  age  in  the  pattlciihr  depart- 
meot  to  wbicb  he  applied  biaabiliciea. 
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T^ie  Lll  litfrr.r)'  fxt-ituin  of  this  emlr.fnt  perf'in  u  a» 
t}ie  p«liiicatioa  of  hu  R^kfUwij  ami  rromftvury,  in  the 
year  1617  ;  foon  after  nMs  be  died  at  Marcliiili>n,  the 
5d  of  ^nl  in  the  l«me  rear,  in  the  68th  year  of  his 
•ge^'nte  lid  of  hit  IVOTM  is  as  fullo^rs  : 
(.  AFfaiaDilisoveryoftlwiteTtlttioaofSt  John} 

2.  I^arhbraorttm  Caromi  Dtfiriplio  !  1 6 14. 

3.  M'trifici  I.fgari.'fimorum  Cnnonh   C.mJlruCfi') ;  tt 
r  ad  Naturalis  ipforum  numeral  katUuirmes  ;  uia  turn 


apfendife,  de  *lia  eaqut  prjliantiort  /^o^aniimonnn  ff(ti« 
tMutctida,  ^ibut  atcrjfert  firyjxtjilioiui  ad  triangllim 
j^frtM  ^vxfionr  enkiJo  rffrtvtiim.    C/iM  turn  ^imttit' 

noraiam  iffn£tmm   PttUilhcd  b]r  tbe  antlMf't  ton  la 

1619. 

4.  Raidc!ogta,ffu  Wumtrat'intuj per  llrgu!iu,^li !  ./j.  o  ; 
1617.  Tbil  cnnuuiu  the  defcription  and  ufe  of  the 
Booes  or  Rod* ;  wtUi  fevcol  other  Iboft  and  higeniottt 
modes  of  catciJation. 

5.  His  Letter  to  Anthotijr  Bacon'^th;  orifinal  of 
Wach  it  in  the  archbifhopV  libiary  at  Lambeth})  in-> 
titled.  Secret  Inrentions,  PrwfitaWe  and  KeccfTary  !n 
ificfc  days  (or  the  Dcfciu.i-  nf  tl,is  IiIhk!,  ^mi  w  itli- 
iUodtug  Slrangrrj  Einrmitj  to  Gutl's  Tfi;tli  and  Rc- 
h'gioo;  dated  June  2,  ijj^i. 

V  At  tt*,' »  £mft,  Qr  Rodj,  an  indrument  contrived  by 
brd  Najncr*  for  the  more  cafv  performing  of  the 
arithnetieal  cfcntkMii  of  muUiplication|  dirilion,  &c. 
Hiefe  nit  are  five  in  aumbrr,  maile  of  Bone,  ivoryi 
horn,  wood,  or  paneho-inl,  Sc.  Their  facet  arc  di- 
tidol  intu  nine  little  fquaics  (ti(^.  7.  pi.  l6){each  of 
which  ii  parted  intu  two  tri;\nirles  liy  (liiigoiialn. 
Id  thefe  little  fuuarct  are  writteit  the  numbers  of  the 
iaahiplicatioD-tablc  ;  in  fuch  manner  aa  that  the  units, 
Or  right-hand  figures,  arc  fonad  la  the  right4iaad  tri« 
angle:  and  the  tens,  or  the  left-hand  figlMt,  ib  the 
kit-hand  triangle ;  at  in  the  (iKurc. 

To  Aluli'iply  Nvmkn  hy  NAfija's  Bonn.  iMfpofe 
the  rods  in  fuch  mauner,  as  that  the  top  figures  may 
exhibit  the  multiplicand ;  and  to  thefe,  on  the  left-haitd, 
join  the  rud  of  units :  in  which  feek  the  right-hand 
figure  of  the  multiplier  i  and  the  numbers  c<)rrfrpon(?inj 
to  it,  iu  the  fquares  of  the  Other  rods,  wiiic  w>ut,  by 
addiv  the  liewial  numben  occurring  in  the  fame 
ihomb  together,  and  their  fumt.  After  the  fame  man- 
ner write  out  the  numliers  eorrrrpondinp  tu  t!ie  otln-r 
fijurts  i)f  the  multiplier ;  tlifjwling  thtm  under  one 

another  a«  in  the  common  multiplicatioB  )  and laAIj add 
the  kveral  numbers  into  one  fum. 
For  example,  fuppofe  the  miiU  597^ 
tiplicand  5978*  and  the  mat-  937 
ti^h'cr  937.  Fromtheouteniioft  — — 

tnanglc  on  the  right -hand  (fig.  4>V4'^ 
8,  pi.  16)  which  correfpond*  to  *"954 
the  right-hand  li^^.in-  of  tlic  mul-  5  .5^-  2 

tiplier  7,  w  rite  out  the  figur*-  i,  -  <  ■  ■  '  ■  - 

pucine  it  under  the  line.    In  ;hc  5601586 
next  rhomb  towards  the  left,  add  ■ 
9  and  5{  their  fum  being  14, 
mite  the  right-hand  figure  4,  againft  6  }  carryiqg  ihe 
Itft-hand  figure  i.  to  4  and  3,  wTifnh  are  fottnd  in  the 
next  rlit.,.il);    c'in  the  riini      to  4^,  :»l;ri;i!;'  ftt  duwt;. 
After  the  fame  manner,  in  the  lali  rhomb,  add  6  and  5, 


and  the  biter  firtnr  of  the  fum  11,  fet  dawn  as  before, 

and  carry  i  to  the  3  found  in  the  left-hand  triai^.glc  ;  the 
fum  4;oin  as  bcf..fr  on  the  left  hind  of  iH4<^i.  Thua 
you  will  have  4irf4fi  for  the  produA  of  5978  bj  9. 
And  in  the  fjnie  manner  arc  to  be  foimd  the  proditnt 
for  the  other  fisurta  of  the  rat^tiplicr;  after  whtdi 
the  whole  M  to  be  added  together  as  ufual. 

T)  p-rform  Divif'jn  kv  NvKur's  l^'iifs,  Difpofe 
the  rud*  lo,  a»  that  the  uppti  moll  tiguret  niav  exhibit 
thf  divifor  ;  to  thifc  on  the  left-hand,  jom  the  rod  of 
units.  Dtfecnd  under  the  divifor,  till  you  mreitliutc 
£7ur(-«  of  tl>e  dividend  in  which  i:  \»  fait  ntjuiicdhoir 
ott  the  divifur  it  fuood»  Or  at  Icait  tlic  next  lefs  nnaa 
her,  which  it  to  he  fuhtraAed  fion  tlie  dividend ;  then 
the  nuirher  corrcfp(.iu!ing  to  this,  iu  (lie  plaee  of 
units,  fit  Goun  for  a  quotient.  And  by  dctwmining 
the  other  pcirts  of  the  ijuoticnt  kUcr  the  fuK  ; 
the  divifion  will  be  cuniplet<4. 
For  example ;  fuppole  llie 


5978)5601386(917 
53801 


Z2I  18 

'  7534 


tfao 

ng 


dividend  $601386,  and  the  di< 
*ifor  5978 ;  Cace  it  it  firft  cn- 
Ottind  how  often  5078  ia 
ronndin  5601  ^,  deftend  under 
the  divllur  (il;;.  8)  tili  in  the 
]«.■,%•>  ;l  kill' j  ou  iii'id  the  nitm- 
bci  5jJ^o7,  approaching  near- 
eft  to  J^ioij  ;  the  former  of 
which  is  to  be  fubtraAed  fnmi 
the  latter,  and  the  figore  9 
eorrefponding  to  it  in  the  lod  of  aniU  fet  da«m  fiir  t 
quotient.  To  the  remainder  22  1  1  j.jiu  tlic  foHowi..^ 
ngtlre  8  of  the  ihriJend  ;  and  the  number  17954  being 
found  ■{■>  Lt  tu:  e  for  the  next  lili  number  to  it,  tnc  corrc- 
{ponding  luiuiber  3  in  liie  rod  of  units  is  to  be  fet  down 
for  the  next  figure  of  the  quotient.  After  the  fame 
aanner  the  third  and  laft  figure  of  the  qiuiticnt  will  be 
found  to  be  7  ;  and  the  whole  quotient  937. 

NATIVITY,  in  Aftrology,  the  fchcme  or  figum 
of  the  heaven^  and  particularly  of  the  twelve  hovfee^ 
nt  the  moment  idu»  aperfbn  wat  hom  %  called  aUb  thd 

Horoffopc. 

To  C(\Jl  tht  Nativity,  is  to  calculate  the  pofition 

of  the  hrtvens,  and  ereft  the  figure  of  them  fur  the 

liine  uf  hi,  ill. 

NATURAL  ;>ar*  rmr^  Sac  Day,  Yiak, 
fte. 

KATvaAL  Hummit  ii  llie  fiaifihic  «r  phffifial  ho- 
rizon. 

Natvp.m.  Mjv'iit  is  tlmt  which  onlv  ir.akes  life  of 
natural  caufes  {  iucii  as  the  Trcalifc  of  j.  Bapl.  i'orta, 
Mmjia  Naturaiia. 

Natural  PMnJt^t  other«'ifc  called  Phjjfett  Vk 
that  fcience  which  cunfidcn  the  powett  of  nature,  the 
propertiet  of  natural  bodieit  aad  tbdr  a&ioni  i^mo  ooa 
another.  ' 

L.i'X'i  ^Natiirt,  are  certain  axioms,  or  general 
niks,  of  motion  nuJ  reft,  obferved  bv  aatunil  bod  e* 
in  tlicir  a^iom  njji  n  one  another.    Of  thde  Xxmt^  6ir. 
I.  KcwtuB  has  cliablifhed  three  : 

I  ft  Law. — ^Titat  every  body  perfcvcrct  in  the  fine 
ilatei  either  of  rrtl,  or  untfonn  re^kilinear  motion  1 
left  it  it  eonpeScd  to  change  that  Hate  by  the  aAioa 
of  fiinif  f  f.  -i:':  or  ngcut.     Tli  i^.,  pwi'tcli'lr* 

pcrtcverc  u  their  mutioaly  except  lo  far  at  tlicy  are 

T»  Ktatdcd 
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Rt^tiied  by  tlK  rcfitLinrc  of  the  air,  and  ihe  adion  of 
'gniHjr:  and  Am  a  tcp,  ^r.-.c-.  fct  up  in  iiii)ti-.>r),  only 
ee*(tt  to  turn  rmiDd,  .bic^ttftc 't  ii  i\  ^ilid  hy  the  air* 
•imI  by  the  frraion  of  ti  e  ()Ia;if  ii[«,n  which  it  movcft. 
Thil>  iilTo  flic  l:ir£^i-r  !iO;li,-i  "f  ' i i  •  MKf s  Uiul  conx-'^ 
priftrvc  (li.  if  j>rov;u(!iV(.'  cr.tl  civcii!.  r  u^t  tiar.s  a  lony 
time  undiir'ii.iffici!,  in  r  »t:ii!  oi  n'J  f-.Ltf.Llc  rcHll- 

Wtce. — li'dy  i>  p^.l'ivc  in  rfi-tiviii^  iis  iri(;tli)ti, 
and  the  utrei'tioti  uf  its  rn<,tion,  fi)  .'r  n  t.ir.i:!  iIkii;,  (  r 
prKrvf iv's  ir.  th.-m,  any  ciir.;i_^?,  t:'l'.  it  be  ailed 

llyti.i  liy  foilicfliiiiy  <  .vlfri.nl. 

2d  J  .'V'. — The  Mut(i)D»  or  Change  of  Motion,  is 
slivay  ;  ■  j  .  r-'orAl  to  the  mnvinjr  furce  by  whicli  it 
is  pi  I  ihietsi,         u:  l!ie  ui.  tkt.D.i  i  ii;l<t  lii.t  in 

wlilcli  th.ll  force  IS  imprcTcd.  If  a  vt^ljin  furti;  jii-o- 
di;cca  certai:i  mi-iititi,  a  double  foico  \\  :1!  picdwcc  tloubic 
the  motion,  a  triph:  furce  triple  llic  ivotiuu,  and  io 
«n.  And  tirs  troiion,  fincc  it  » always  diirftn!  totlie 
jainc]X>int  wkU  the  generating  force,  if  the  body  were 
in  moiian  before,  is  either  to  be  udded  to  it,  at  where  tlw 
tnoiitir.s  ic.-ifpire;  orfobtraAed  from  it,  »  when  ihey 
arc  oppo[itc' ;  or  combined  obiiquely,  whin  obb'<]iic : 
bt  in^  :tlv.  r.)  s  conipnuiKlcil  with  it  according  to  the  dc^ 
ti-rml'utitJii  of  tacli. 

3d  Law. — llc-afiinn  is  always  contrary,  and  equal 
to  aiiiun  ;  or  the  av^ii-ns  of  tv.o  buiilis  upon  oik-  an- 
other, are  alivays  mutually  equal,  and  dirci^tr^  contrary 
wtya }  and  are  to  be  dUinaKd  s'v  ay*  in  the  iame  right 
line.  'Hiin,  wlwtcverbodr  pnTus  ordra«-«  another, 
i»  equally  pvcficj  or  drawn  hy  it.  So,  it  I  prifs  a  lloiic 
With  my  finder,  the  fuigcr  is  equally  prcfled  by  tht 
rtoiic':  if  a  noifo  tlrnw  a  wci^Iit  forward  by  a  mpr, 
the  borfe  is  equally  oppoled  or  drawn  b.ick  towarJuthe 
wciffht ;  the  cqunl  tcnfun  or  Arttcli  of  the  rope  InV.dtr- 
ige  the  pro^^rel s  of  tlic  one,  a  it  pt  otnotcs  that  of  the 
Otner.  Again,  if  any  bc  dy,  by  llrikir.g  on  :i;iotber,do  in 
any  maaiier  change  iu  motion,  it  wiltitfel/,  by  mcanaof 
the  other,  undcrfro  alfo  an  equal  change  In  its  own  mo- 
tiori,  by  irafon  of  the  equality  of  the  preHui  .-.  Wlitn 
two  boilics  mt-tt,  cich  ciidcavonri  lo  ptrfcverc  in  Its  f.ate, 
a::d  rtfilU  ;iiiy  eh;<.ii^e:  and  bi-c.-i-.fc  tlic  clinnge  v.hieh 
iJi  produccii  in  tit'iei-  may  be  eqm  lly  uicafuiej  l>v  ilic 
actior.  which  it  exrites  i.po:i  the  lithi  r,  or  by  tbc  rcfidaiicc 
wbieli  it  meets  with  fr.ini  it,  it  fullon's  that  the  change) 
produced  in  the  n-.ntit/;is  of  each  are  equal,  but  are 
made  in  contrary  directlona:  the  one  acquirrs  no  new 
furce  but  what  the  other  lofes  in  the  fame  dirtctiort  ; 
nor  does  thi?  lall  K)fe  ajiy  force  hut  what  the  oilier 
acquires  ;  a:id  hence,  thoii;.^h  by  llitir  ctllifuins,  motion 
palfti  fnkn  the  vnc  to  tlie  other,  ytt  the  fum  of  their 
motior.^,  ertirnatcd  in  a  jnvcn  diieCtiou,  f.efervcd 
tbt  faiJ'C,  and  h  unalteralile  by  their  ,  ■  :'i,,J  aAloni 
upon  each  other.  In  thcfc  action*  the  chaiigea  are 
equal  t  not  thofe,  we  mean,  of  the  velocttiea,  but  tbofe 
of  the  motions,  or  tnotncTitiims  ;  the  bod^ci  beiiir;  fup- 
pofed  free  fvon)  any  other  iniju'd-rnents.  lor  the 
changes  of  velocitits,  wl-.icb  arc  like  wife  innde  ce'iitrary 
ways,  inafmiich  as  the  motioni  are  equa!!)-  thangcd, 
are  reciprot.7uly  propoitior.al  to  tlic  bodies  or  tnaffts. 

Thi»  l^w  obtaiaa  alfo  in  attra^oat.  ' 

NAVIGATION,  li  the  art  uf  conducing  a  Ihip  at 
fea  from  one  port  or  place  to  another.  » 

Tbit  t»  perhapt  the  mod  uTdul  of  all  artst  and  »  of 
the  higbcil  aiiti<|(Jtr.   It  may  be  impolSble  to  fii;  t»-Iio 
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were  the  inventors  of  it  ;  bat  it  I*  probabk  tiiat  rr.jiny 
pe  ople  cultivated  it,  i;iJcpeKdeul  ol  each  otliei ,  w'^o  iii> 
'  habited  the  coaft»  of  the  iat,  and  had  ucci3lif>H,  01  found 
it  convenient,  to  convey  themfelvtt  ujion  the  water 

fioi.i  plate  to  place  ;  beginning  fi.nn  rafts  nnd  logs  of 
woiid,  and        Jua'.Iy  in  pl^Jvi  g  i,i  the  ftrut'tutc  and 

ir.:iiiaj;enu-nt  of  tl'.  !r  vc(Tel.i,  aeeor>l:n^'  t.>  K-'i,;'.ii  cii 
time,  and  extent  oi  their  v  iy;ij._\a.  W  1  ii^.i i 'io\4  . vvr 
aie:ibe  the  iiue.ui'<ii  oJ  ihin  ait  to  diJTereii;  pe  l  'ii  ,  or 
ii:;!liras,  accoaliii/  t  J  t!i:i;  ilifiwrent  fi)iuv.-s  i..  infumiiij 
tt-ii.  'rhus, 

I  '  e  rod*  refer  the  iuvcntion  of  Navi^itiion  to 
>■  :  fonse  to  Bacchus,  others  to  llcrcitk*,  to 

j  !  11,  or  to  J  nus,  \\':\n  it  :s  faid  made- the  li.l.  i!  "p. 
1 1  i.'i..i  ijr:,  .'.Lr-bc  il  to  the  jiLijil.et'.'-i,  the  Thie  !iii  i  ii:  >, 
T",  M  '  ,  ;'iiii  ".lie  aviciiiit  ini  ah-lants  of  Iji.t.i::;.  .Some 
are  <:•"  opi%;e>it  ti.at  tUc  lint  hint  w.ii  t:i';'  11  fri,:r.  liic 
fJ;^ht  o|  the  kite  ;  and  fomc,  .is  Opj-iaM  (De  Piftibua, 
Jib.  i)  from  ti.e  '.'At  ca'.Ie  I  Ni  iitilii^ ;  while  othcra- 
afcnbc  it  to  aeeiuent ;  a  id  o'.Utii  .-i^^aio  deriving  the 
hint  and  invention  from  Noah'a  ark. 

Hov'^ever,  hiftory  reprcfctt'.s  the  Plitrnicitns,  cfpe- 
t  i  iily  tf  fe  oi'  the  c.'j'iuil  Tyre,  us  tlie  firl'  nav Valors 
that  m;u!e  any  exlenlivc  pro^^'rcf;  in  th~  att,  foTar  us 
ha»  come  to  imr  kiU'wK  (ii;<;  ;  and  iad.  '.  i  t:  i  have 
been  this,'  vety  art  that  iv;:de  their  t ity  what  it  was. 
For  thi.i  pi;rp:)ff,  Lehaioii,  and  the  other  ntigft- 
bouring mountains  furnithirg  them  with  exccOeat «oo<l 
for  (hip>buiUlii|;,  they  were  fptedily  maflen  of  a  au- 
inrroi.s  fleet,  with  «vhich  conltantly  hazarding  new  na- 
vij^ations,  and  frttlinj;  new  lrade<>,  they  foon  arrived  at 
an  incredible  pitch  of  op.ilence  and  populoufnefs  ;  fo 
at  to  be  in  a  condition  to  fend  out  colonies,  tlie  prin- 
cipal of  v.hieh  wij  lh;it  of  Cartiiage  ;  whie'il,  keeping 
I,,,  (f  . riia  nici  in  tpirit  of  coinnRiee,  in  time  fat  fur- 
ji  lleel  'i'yre  ilfelf ;  fendinj^  their  merchaut  fl>ip«  through 
UcrculL^'a  pilian,  now  the  ttraitt  of  Gibniltar,  and 
thence  albng  the  weftem  coafts  of  Africa  and  EiU7>«e ; 
m  l  evt  ;,  accoidinj;  to  feme  authors,  to  America  ilfelf. 
The  eily  of  Tyre  heiiig  dtllroyed  by  Alexander  the, 
Cie-at,  its  K;ivi^;atio:i  ai.d  comii  erce  were  trai^sferred 
by  the  coinjuen  r  to  Alcxaudria,  a  tKW  city,  wcli 
litiiaCed  for  thef:  piirpofes,  and  propofed  for  ttie  ca- 
pital cif  tb<:  empire  of  Afia,  the  cunqueit  of  wi,ich 
Alexander  then  iTicditated.  And  thus  arafethe  Navi- 
gatiun  of  the  Egyptians ;  which  was  dtcnti'  ds  fo  oil- 
ilvated  by  the  ftoloir.ics,  lliat  Tyre  andCa.ih.igc  were 

quite  f  j:  :,iitl:::l. 

Ejjvpt  bviii;,^  reduced  to  a  Roman  province  after 
the  battle  of  ,\ci;u:n,  its  trade  and  N.svijj.i'.ioii  fell  irto 
the-  huiids  of  .A.u,nirtus  ;  in  wliofc  twr.e  Alexardria  waa 
onK  i.iferior  to  K<.me  ;  and  the  nrif^u/iues  of  the  capi- 
tal of  the  world  were  wholly  fopplicd  with  mctchaii* , 
diact  from  the  capital  of  Egypt. 

At  lenj^th,  Alexandria  itleli"  underwent  the  fate  of 
Tyre  and  L"a."thai^c  ;  bc:ng  fiirprifed  by  the  Saiaeens, 
who,  in  fpile  ot  tiie  emperor  Heracliui;,  ovcrfpread 
the  northern  coalls  of  Africa,  &'t  ;  whence  the  tner. 
chant*  being  driven,  Alexandria  has  ever  f.ii.tc  been  in  a 
languifliiug  flale,  tiiough  ftili  it  has  a  coniidcrablc  part 
of  the  commerce  of  tbc  duiAun  metcbaBtt  tndtiig  ta 
the  Levant. 

The  Ml  of  Rome  mi  {t»  em^re  dmr  along  mth  it , 
•ot  onl|  tbatof  Icamu^aiidthc  poUte  ait^  but  that «  f 
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jNavigation  alia  ;  the  barbarians,  into  whofc  hnnds  it 
fell,  coiiteiuin):;  thrmfdvcs  wkhthe  of  theiiuiulliy 
of  the'u  prcdccciTora. 
But  BO  founcr  were  the^fwiTC  mmoog  thofc  nations 
-  irdl  fettled  in  tboV  new  provincei  {  fonie  in  G«uU  aa 
tbc  Fninlo }  othm  in  SpoiD,  as  the  Goths ;  a  ad  othm 
io  Italy,  u  the  I^mbards  ;  but  they  began  to  Icaxn 
the  sdraiJtn|»fs  of  NaWj^Titi'on  :iiul  commerce,  with  the 
ncthodsi  t>^  miuHging  thtm,  fn  :ii  tiu-  j>toj)k'  they  fub- 
ducd  :  a:id  i\ui  uitf>  fo  n.ucii  liicc<:ls,  that  in  a  little 
time  l"cn:c  of  thctii  bccan;e  al  le  to  give  new  Itduut, 
and  fit  on  font  nrw  ir.Il  Jiiiiuiui  fur  iti.^iraiua^c.  ThiU 
it  i$  to  t!)c  l.cmL2i\]8  u«r  ul'ually  afcnbc  the  tDvention 
and  u(e  of  taokj,  bo«k-lsMpi<ig*  cKchangca^rcchwigca, 
&c. 

It  docs  not  fipptur  uluVh  uf  the  Emopean  pei^^jlc, 
after  the  frttlimint  of  tlicir  ntw  iniiucra,  tail  bfUok, 
thtmftUcs  to  NuviL'uticn  and  ccriimcrcc. — So.t.c  tlii;;k 
it  bcguii  witii  the  l  icncli  ;  thoii^^li  the  I::.liaiis  ftcm  to 
have  tlu-  juiicr  t.'tL'  lo  it,  and  art  ulua'.Iy  coniidc.  i  J  .u- 
the  reltcrcrtof  thctn,  3»  well  uf  the  pt.lite  arts,  which 
bad  been  baniflied  together  from  the  tin.c  tiic  iiDpire 
ma  lorn  afntukr.  It  i«  the  people  of  ludr  tlien,  and 
particularly  tliofe  oF  Venice  aiidl[Tenoa,  wno  have  tlie 
glory  of  th'j  i>.n.  iitiuji  ;  and  il  la  \o  tlic'r  ailv.mta- 
gecus  fiiuai!'-jp  ti  l"  Navigation  tiiil  tin.)  in  n  grtal 
nuMi  He  iiu  i  tl.i-i  ^iorv.  From  about  the  time  of  the 
6i:.  cer.Hiry,  v.hcn  tlic  inhjbitantsof  the  illandu  in  the 
boiiom  of  the  Adriatic  began  to  untie  togtthu,  and 
by  their  union  to  form  the  Vcoetiao  (late,  tbdr  flceta 
of  flictdiazilBieB  were  fcnt  to  all  the  part*  of  the  Me> 
^enaoenn ;  wad  atlaft  to  thofe  of  Egypt,  particularly 
Cairo,  a  new  city,  built  by  the  Saracen  princes  oti 
the  taftern  banks  of  the  Nile,  where  they  traded  ffv 
thcir  fpiccs  ar.d  otiicr  produfts  of  the  Indies.  Thun 
they  floiirithcd,  inctealcd  their  commerce,  tlitir  Navi- 
gation, and  tlieir  conqucfts  on  the  terra  firma,  till 
the  league  of  Canibray  in  I  jo**,  vvLca  u  liuinbcr  of 
jcalont  princca  confpinod  to  their  ruin )  which  was  the 
more  caGly  cficAed  by  the  dimtnntion  of  tbefr  Ea(l<  - 

IwV.n  t  on- . -ri',  of  vJiIeli  ll'.c  Pn:  *>  ,i;aiiTi;-  !ir.v]  .:i.c 
pari,  and  ihc  I  iciicL  ;i:.v:lii.;.  Gcu^-.-  too,  -iv  !jie!i  L.kI 
culti-ratcd  Navigational  the  fiime  time  witli  \  ;'i>.c, 
and  that  with  equal  fuccefs,  was  a  lonj^  liinc  iii>  d.in- 
gerows  ri\.l,  t'.fpurtd  with  it  the  empire  of  th<.-  fea, 
and  fharcd  with  it  the  trade  of  Kgypt ;  a:id  other 
parts  both  uf  the  eaft  and  weft.  ■ 

Jealottfy  fooB  bcean  to  break  out ;  and  the  two  k> 
pnWcs  coming  to  ntow*,  there  was  almofl  continual 
war  for  tlinr  <  '  irics,  before  the  fiipcrioiity  was 
afcertsined;  w  l.ti;,  lo.vards  the  indof  the  141!)  century, 
the  bade  of  Chio/a  i':idcd  the  flrife :  tt  :  (;.  norfe, 
who  till  then  had  iifually  the  advantage,  having  now 
loft  a|]  ;  and  the  Venetians  nlmoll  become  drfptrate, 
at  one  happy  blow,  beyo:id  all  cxpeilation,  fccurcd  to 
themCdvea  tne  empire  of  the  fea,  anil  the  fnperiority 
in  commerce. 

About  the  fame  time  that  Navigation  was  rtfriijved 
in  the  fouthcrn  parts  of  Luropc,  a  r<ew  focietv  ur'  n-',  i'- 
ehants  was  formed  i:i  the  north,  which  not  ouiy  crir- 
ried  eom'Ticrcc  to  the  grcateil  perfection  it  was  capn- 
Ue  of,  till  the  difcovcry  of  the  Eaft  and  Weft  ludiet, 
but  alfo  formed  a  new  fchcmc  of  lawa  for  tbc  regula- 
tion of  it,  which  Oill  ofataia  under  the  name  of^ 
and  Cujloim  0/  tie  Set*   TlSt  tocktf  11  titat  cO> 


l>cgui3  iiLoul  the 


IcLiraUd  Ica^'ue  uf  llic  riaiift-towns 
year  116). 

The  avt  of  Nav:<:ation  hns  becii  fn-e.itlv  improved 
in  nioderii  tii-.u-R,  both  iii  uTpccl  of  ikL  fona  of  the 
veflels  thciiifelfvis,  and  the  metbodfe  of  working  or  con- 
ducing them.   The  ufc  of  -Toweri  ia  now  entirely 

fiipcrccded  by  the  iir p:  iven-.tnt!*  made  in  the  fafhr, 
rigging,  .'cc.  It  i:.  alio  very  prolt/.'wlc,  t'liit  thf  An- 
cierits  were  ne;vlitr  fo  v.t.11  (!i;lliJ  a.s  ll^e  Moderns,  in 
finding  the  laiiiudes,  nor  in  lUtrliij^  their  veiTcIs  in 
places  of  diHicult  Ku\igi't!on,  as  tlit  ^^lHie!•^',s.  But 
the  greateil  ^.dvaiiuig 
Afactents,  is  fiom  tlu 

they  are  enabled  to  find  their  way  with  aa  much  fiu- 
cility  in  the  mtdft  of  an  imnicafnrable  ocean,  ai  the 

iAntients  could  liave  dvnt.  ':y  crci  ping  :ili);r.;  the  coisft, 
and  never  gu! 


wtiikh  ihcfc  have  ever  the 
n.aiiuer's  compafs,  by  wiiicb 


■•     •■"'Te  pcoj  Je 

indeed  coviteivJ,  th;tt  tiil  -  is  i;o  lit  v.-  i;i',  t:iliii:(,  but  that 
the  Anc"itii*.s  were  raijur>i:.U <1  with  it.  They  fay,  It 
was  impoflihie  for  h'ul<imu;.'3  (liips.  t.)  j;o  tn  Ophirj' 
Tarfhi'.h,  and  P.irvaiii',  wh'cSi  hit  tliey  v.iM  lure  to  he 
Peru,  wi:h<y.it  t\:U  ufcttd  u.ltmi  .cnt.  Tiny  inlilU'  that 
tt  was  impofiibk  for  the  Auiicuis  to  be  a«:c|ua)iited with 
the  attn«ive  virtue  of  the  magiu  t,  whhout  knowing 
its  polarity.  Tliey  even  aPirm,  tljut  this  property  of 
the  magnet  is  phiiidv  meiitinued  in  the  book  of  Job, 
where  the  kiari!',o:;c-  is  c.illed  loy.\/.,  or  the  ilone  that 
turns  itielf.  fiut^  not  to  mention  that  Mr.  Bruce  ha« 
lately  made  It  l^pCnr  htglily  probable  that  Solomon'* 
lhip«  made  no  more  than  coaftmg  voyages,  it  ia  certain 
that  the  RomaiUt  who  conquered  Judea»  were  ignorant 
of  this  inftrumeat ;  and  it  fs  very  probable,  that  Io  uiefiil 
an  invention,  if  ofKre  it  had  been  commonly  known  to  a 
;iatmn,  \' .  r  lave  been  forgotten,  trr  |>crfei>ly 

toiitt«iicJ  iiuiu  lu  prudent  a  people  as  the  Romans,  who 
were  fo  much  interefled  in  the  difcovery  of  it. 

Among  thofe  who  do  agree  that  the  mariner's  com» 
pafs  is  3  modem  inTCnlion,  it  has  b.en  mucli  difputed. 
who  waa  the  inventor:    Some  giVe  tbc  honour  of  it  to> 
Flavio  Gloia  of  A  mail!  in  Campania,  tihout  the  begin- 
ning of  the  1 4tb  century  ;  while  othei-s  f,-.  tli.ir  i:  r  ime 
fix)m   the  tail,  and  was  earlier  knoua  ui  F.i.i.ipc. 
But,  at  whatever  time  it  was  invented,  it  is  eutjiu, 
thit  the  nia.iner's  compnfs  was  not  commonly  uieti  in 
Navigat'on  before  the  year  1420.    In  tliat  year  the 
fcience  wa»Confider;ihly  improved  under  the  aufpiceaof 
Henry  duke  of  Vifeo,  brother  to  the  king  of  Portugal. 
In  the  year  148f»  Roderic  a;]d  Jufeph,  phyljcians  to 
king  Jnlin  the  20  of  Portnrpl,  together  with 'one  Mar- 
tin de  Bulictnia,  u  PortugTufc  native  of  the  iiland  of 
V'ayal,  and  pupil  to  Rc,'rionioniinu5,  calculated  tables 
of  the  fuii's  d'eeli:);iti>ui  for  the  ufe  of  fiilorr,  and  re- 
commended the  afti*  ]ibc  fort;ikI;)g  ublorv;itioiis  at  fea. 
The  celebrated  Columbus,  it  is  laid,  av-ailed  himfelf  of 
Martin's  initm&ioni,  aod  improved  the  Spaniards  in  the ' 
knowledge  of  this  art;  far  the  fiutW  progrefs  of 
which,  a  ledure  was  afterwards  founded  at  Seiiilw by  ibe^ 
crr.peror  Charles  the  5111. 

The  difcnveiy  of  the  v-ariafinn  of  the  compafs,  ia 
claimed  by  Columbus,  and  by  Scballian  Cabot.  The 
former  certainly  did  obferve  this  vatiation  without 
h.Tvinr^  hrard  of  it  from  any  other  perfou,  on  the  14th 
of  o.^tcinber  1492,  and  it  is  very  probable  that  Cabot 
might  do  the  fame.  At  that  tune  it  was  Giimd  that, 
thae  tirai  na  varntum  at  the  Axoieit  fbr  which  rea- 
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foil  fome  B«ogr«pben  made  that  tli«  firft  awridiuit 

though  it  nas  lince  be«n  d'lfcnvered  tint  tfie  variatfoa 

alters  in  timt.  The  ufc  of  the  cro''s  (lafTnov.'  began 
to  be  iiitrf.di:rr<l  among  failot^.  Tlir*  ancient  iritlru- 
mrnt  is  ilefcribt-d  by  John  Wcrnrr  of  Nurembfrg',  in 
lifi  annotations  on  t}»c  lirllbook  of  Ptolomy'a  Gi-ogra- 
phy,  piir.tcd  in  1514-  he  rccommciids  it  for  ol-foving 
the  diiiancc  between  tlie  moan  md  foinc  ftv,  fnaa 
nvhich  to  jeiermioe  the  loneitude. 

At  this  time  the  art  oT  Navigation  was  wry  iin- 
pcifift,  fn)in  the  i  lV  rf  the  plane  chart,  whicli  \va* 
the  i>nly  (.tic  thtn  ktiovti,  and  Mhich,  by  its  gmfs 
errors,  mr.ll  have  preatly  mifled  tin-  mariner,  efpecialiy 
in  places  far  (!i!1ant  from  the  ti'iiator;  aitd  wO  from 
the  want  of  hooks  of  iulbu^oii  for  fenmca. 

At  length  two  Spanirti  ireaiifes  came  out,  theaite 
by  Pedro  de  MediiMt  in  1 545 1  and  the  other  by  Marun 
C5ortts,  ot  Curtia  aa  h  U  printed  in  C)i|^Ii(h,  in  I55''>> 
thougli  the  iiiitiior  {:>y»  he  compofcd  it  at  Cadi/  in 
1545,  containin;r  a  comp?ttc  fyftem  of  the  art  a;^  iar 
an  it  \*at  then  known.  Medina,  in  his  dedication  to 
Philip  priricr  f  f  laiMcnts  that  irultititdes  gf  fhip» 

daily  ptriflitil  .<t  !'  brcaufc  there  were  neither  (cachcrt 
of  the  arty  nor  bnoka  by  w^^*  *^  night  be  learned ; 
-and  Cortes,  in  hit  dedication,  boafla  to  the 
tliat  he  was  ti  c  fi:!^  who  jiad  reduced  Navigation  into 
a  coitipeiidium,  \;-,Uiinjj  himfelf  much  on  what  he  hjtl 
pcrfovmnl.  Mulin.i  ckfciH'.^i'  the  p'ane  dnrt;  but 
•  Im:  was  oppofcd  by  Cortes,  vrho  llicwcd  ii»  errora,"  and 
endeavoured  to  acconnt  for  the  variation  of  tlie  coin|al«, 
by  fuppofing  the  needle  wat  influenced  by  a  magnetic 

fok,  different  from  that  of  the  world*  and  vhich 
c  called  the  f>c!nt  atlraBh>e  t  which  notion  liaa  been 
farther  profecuted  by  other*.  Medina's  book  was  foon 
traofiated  into  Italian,  Fre!:c!i,  avA  McniiOi,  and  fcr^'al 
•for  a  long  time  aa  a  guide  to  foreign  navigators.  How- 
ever, Cortes  was  the  favourite  author  of  the  Englifh 
nation,  and  was  tnniHated  in  1561,  by  Richard  Kden, 
trh-'le  Medina's  work  was  much  ncglidlcd,  though 
tnnflated  alfo  within  a  (kort  time  of  the  other.  At 
ftoA  lime  a  fyllein  of  Navignribn  cbnfifted  of  materialt 
fuch  a?  the  f(  •111'.',  ir  ^- :  Af  at\  iiiint  (;f  tT.t.- I'tii'iin-alt- 
hypotliC'iii,  iiiiil  il.t  tiitki  (jt  tl.t  l|<<Krt  i  of  liic  ii.nitnl- 
nci.s  of  the  earth,  the  longitude*,  latitudes,  clirr.iicff, 
tic,  and  eclipfcs  of  the  luminaries  {  a  calendar  ;  the 
tntthiid  of  finding  the  prime,  t]^aAf  mOOn's  age,  atid 
tides ;  a  deicription  uf  the  compafa,  an  account  of  iti 
vnrtation,  for  the  dilcovvring  ot  which  Cortea  fs^  an 
ii  fli:  iiRiit  night  fkfily  be  contnved ;  tables  of  the 
fuii's  declination  for  4  yrnrs,  in  order  to  find  llic  lati- 
tude from  hit  tntridian  nltitude  ;  dirrctiiiiis  to  find  the 
iap>e  by  ce.iain  (l;u« :  of  the  coiuit  of  iLt:  fu.j  dud 
moon  J  the  Itrtrih  of  the  days:  of  time  and  its  divt- 
fionat  tiic  rr.ithdd  of  finding  the  hour  of  the  day  and 
bight  i  awj  lalily,  a  dcfcription  of  the  fe:i-chart,  on 
wbicb  to  difcovL-r  where  the  fhip  ia ;  they  made  life 
alfo  uf  a  fniall  table,  that  flie\ved,  ttptm  an  alteration  of 
ore  c<:grc;  of  the  Intitude,  hc  u-  inuuv  Kni  1  i  were 
run  on  fiivi;  rlininb,  tof^etlm  witli  the  cl< p.kiii>j fiuin 
tho  nuriijij:!  ;  wljVh  itii;;ht  hir  Ciiilcd  a  tabic  ot' 
tance  and  di  p::-tiiic,  as  wc  have  now  a  tabic  of  ditltr- 
mce  of  llitit'^iic  and  dtpart<ire.  IJefidcs,  fonie  inllru- 
tnentt  were  dcfci  ibcd,  cipcciallj  by  Cortea  i  fuch  one 
to  find  tlie  plaM  and  dcdimuioo  of  the  fust  with  the 
and  place  of  the  nooD;  certain  dialiy  tlie  afinilabc,  ■ 


and  crofs-ftaff ;  with  a  complex  maichlne  to  difeMSr 

the  hour  and  latitude  at  once. 

A  bol  t  the  fame  time  propofah  were  made  Car  find* 
ing  the  longitode  by  obKrvations  of  the  moon.  Ia 
1530,  Gcntfna  Frifins  advifed  the  keeping  of  the  tine 
by  inaant  of  ftnall  docks  or  \i-atehes,  then  ficuIv  in- 
wntrd,  as  he  fays.  He  alfo  contrived  a  new  I'iirt  of 
cri't-i-fta*!,  and  an  ni'l riiiaet:t  calLd  the  i\.n;tii:a! 
dtaui  ;  \^hich  lall  was  much  prailed  hv  William  Cu- 
iiinijham,  tA  h»  Cofinogn^iicat  4^iif«»  priillcd  in  tbe 
year  1559.  ^ 

In  tlic  year  lyjyFlfdnjNtinci,  or  Nonius,  pnblflbrd 

a  book  in  the  Porttijju'frtr  language,  to  expl:>ri  r>  diffi- 
culty in  Navigation,  ptojiol'f li  to  him  hv  tht  coniiiijiuier 
Don  Martin  Alpluif.lo  tic  Siila-  In  rhij  utik  lie  rx- 
pofe^  the  cnors  of  the  plaac  chart,  and  gives  the  folq- 
ticin  offeveral  curious  aftnmomical  problenm ;  among 
w  bich  ii  that  of  dctemunin|(  tbe  latitude  from  two  ob> 
fervations  of  the  fon't  akttnde  and  the  intermedktc 
a/imuth  being  given.  He  obfervid,  th.it  iliuUjjh  the 
rhumbs  arc  fpital  line,",  yet  the  diirrt  cfuirit  of  a  Ihip 
will  altrars  be  in  the  arch  of  .1  i:rcit  rirc!<-,  liy  wliicK 
the  angle  with  thf  meridians  \vill  cuntinualiy  change  ; 
all  that  the  i'.t  L  i  lit:au  can  here  do  for  prefening  thc 
oiiginal  Hiumb,  is  to  correct  thefc  deviations  aa  fiaoii 
as  they  appear  fcniible.  But  tbm  tlft  (hip  will  in 
re:ility  defcribe  a  courfe  without  the  rhumb-line  in- 
tended ;  and  titerefore-hil  calculattoni;  for  alTipriing  the 
bititudc,  vhiTc  any  rlinmb-lint.'  croTrs  tin-  t\.vcv.>l  ine. 
ridians,  \\  iU  he  in  fome  mcafure  crroncuu*.  He  in- 
vented a  mctliod  of  dividing  a  quadrant  by  means  of 
concentric  circlet,  which*  aitcr  being  much  improved 
by  Dr.  HaBey^  is  nfed  at  prefait,  and  u  odled  a 
Nonius. 

In  1577,  Mr  William  F.oume  ptibllrticd  a  treatife, 
in  which,  by  conlidcring  the  irregularities  in  themoon'a 
motion,  he  fltcu-s  the  errors  of  the  f^ilors  in  finding  hef 
age  by  the  epa^l,  and  alfo  in  detcniiir.ing  the  hour 
from  obferring  00  what  point  of  the  compafs  the  fun 
and  moon  appeared.  In  failing  towards  high  latitude^ 
lie  aflv'lrf  to  ttirp  flir  n'.  k-i;i!'-g  hy  t!ic  rjluKt,  us  th;- 
j  laut  c!i.iil  la  jiiuil  (.tr'd  ci.M!:-  :n  liu  !i  fit-jiitlo-is.  Me 
dtfpairs  of  our  ever  l:<  :ncr  .il;!c  ; .,  t;r.(l  tlit  lon^itiid'.-, 
unlefithc  variation  of  the  compafs  ihouid  be  occalioned 
by  fome  ftich  attra4\ivt  point  us  Cortes  had  imagined  | 
of  which  however  be  douhta :  but  a»  he  had  ihewn  how 
to  find  the  variation  at  all  time«»  he  advtfes  to  keep  aa 
account  of  the  ubfervationt,  a*  ufeful  for  findir.ii  iIk- 

f)l;icc  of  the  (hip  ;  M'hfch  advice  was  profecuted  at 
argc  by  Siiron  Stevin  in  a  treatife  publimedat  Leydeu 
in  I  jt/ij  ;  the  fubllance  of  which  was  the  fame  year 
j>rinied  at  I-i  iidon  in  Englifh  by  Mr.  Edw  ard  Wright, 
iiititlrtl  the  Huvm-fr.ilini  Art.  In  the  fame  old  tni£t 
alfo  is  dcfcribcd  the  way  by  which  our  failors  eftNUatC 

the  rate  of  a  in  ncr  coutfe,  bv  tbe  inftrument 
called  tbe  Lv^.    'llie  author  of  this  contrivance  it 

not  known  ;  neither  was  it  far.li  r  r.  .tucd  till  i(Sc-, 
wficn  it  is  niciuiolicd  in  an  F.ail-ijuiu  \^yagt;  jjuLlahtd 
by  J'linl.as;  L.it  *ioii>  i!i  j  lime  it  bi'catne  common, 
and  rocntitimd  by  all  autliors  on  Navigation)  and  it 
flili  contiriucs  to  be  ufed  as  at  tirft,  though  many  attempti 
III;  .  .  '  I  r>  n.idc  to  improve  it,  and contrivaaceapropoled 
to  luji^ily  iu  place  {  fame  of  «4wc1t  kave  (woeoHd  fa 
ftiil  waurt  but  proved  ufilda  ina  lUvmf  Joi. 
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t$$i  MicliAel  Coignet,  a  native  of  Antwerp,  pub- 
Vfbgd  ■  Treatifc,  in  which  he  animadverted  on  Mcaiua. 
I>tlk»  ^  (hcwaJ»  tint  m  tin  riiumb*  arc  fpinl^  auk- 
iof  tadkA  rerelvtloM  alimit  the  poles,  auiBeroiu  cr- 

r':ri  n:iirt  nrif:'  from  tlicir  iR'in;'  rcprcfrntcd  by  flraii^^t 
Iwctonthe  1  ca-c darts  ;  but  tfiuugli  he  hiiptd  tu  tiitd 
atenedy  for  tlicfc  errors,  h'j  was  t  f  opinion  that  the 
propofaU  of  Nonius  were  fcarcdy  pi  amicable,  and 
therefore  in  a  great  mctfurc  uTtrtcfs.  In  tnating  nf  the 
4ediiMtioa,  1m:  took  aotice  of  the  gradual  de> 
cniJe  in  ibe  obliqaitf  of  the  ecHptic )  ne  aUb  de- 
(cribcd  the  Cruft-StalF  with  tlircc  trdoCAiic  pieces  as 
it  fn»  then  in  common  ufc  among  the  feilors.  He  Hkc- 
wiic  gave  fome  inllruments  of  his  own  itivi::iU:.n  ;  hut 
ail  t^em  are  now  laid  afidc,  excepting  pcrlwpii  his 
Nodumal.  He  conflruiled  a  fea-table,  to  be  ufcd 
hf  ioA  at  Citted  beyond  the  6oth  degree  of  lalitude  ; 
Vd  tt  the  cud  uf  liic  huuk  k  delivered  •  Method  of 
Mhg  OS  a  fHmikl  •£  latitude,  by  amm  «£  » t'mg 
tnd  a  34  hour  glaf*. 

Id  the  f  i:Vir  Yt -r  Mr.  Rotx-rt  Korihan  j>iil  KfKi-i!  liii 
Difcuvery-  tin.  Dlj^j^'i^ivf-uetiilc,  m  a  pastiphlct  (..Jl  J 
the  New  Attractive  ;  to  k\  hich  i»  always  !i;l;;.-iric<!  Mv. 
'U'llliam  Burruughi>'$  Diicouric  of  the  VairMUun  ui  the 
Compafs.— >In  1594*  Capt.  John  Davis  publtlhed  3 
fanQ  ticKifa^  catitMd  Uine  Scamaii'*  SaxtO,  which 
^■f  jmkIi  cftecncd  ia  tft  tnb 

The  writcn  of  this  period  compldnad  much  of  the 
of  the  phne  chart,  which  contlnocd  ftiU  in  ufe, 
liiodgh  they  were  unable  to  difcover  a  protjir  itmcdy  : 
tiil  Gerrard  M(:rii;ator  contrived  his  Univerfal  Map, 
which  he  puLliflied  in  1569,  without  clearly  uiider- 
^tnyng  tue  priacqika  of  its  conAni^tion :  thcfe  woe 
fed  <meo«endby  Mr.  Edward  Wright,  who  fent  an 
atconak  of  Am  Menctlwd  of  dimUng  theaMiidiaa 
Inn  Cambridge,  where  he  «*•  aFdlow,  to  l%r.  Bhio* 
drrillc,  with  a  fliort  table  for  that  purpofe,  and  u  fnc- 
cimen  of  a  chart  fu  divided.  Thi^  were  piibbflied  by 
filuttdevinc  in  1 594,  imon^  his  Ezcrcifes  i  to  the  Utcr 
editions  of  which  was  added  iiit  Diicourfe  of  Univer- 
U  ^^"P**  printed  in  1589.  However,  in  1599 
Uk.  pnatod  hi«  Com&ion  of  certaio  £nron 

n  Ningitka,  n  which  woik  he  Ihcwi  the  icafim  of 
t^ia  divirioo,  the  mnnnerof  conAruAii^  bis  table,  and 
iu  ufes  in  Navigation.  A  fecond  edition  of  this  trea- 
tife,  with  fartlier  irrprbvemcnts,  wus  printed  in  16 10, 
aad  a  third  edition  by  Mr.  MoKon,  in  1657. — ^The 
Method  of  Approximation,  by  what  is  called  the  middle 
latitude,  now  iifed  b^  our  failors,  occurs  in  Gunter's 
works,  firft  printed  in  162  V — About  tlu's  time  I.oga- 
nthma  began  to  be  intioduccd,  which  were  applied  to 
Navigatiaii  in  a  variety  of  ways  by  Mr.  Edmund  Cmt- 
tci ;  though  the  r.r.l  applicntii-ii  of  the  Lojfatithmie 
Tables  lo  the  Caf^a  S  iilinir,  was  by  Mr.  Thouas 
Addifon,  in  his  Aiithnittical  Navi^aliuii,  printed  in 
1625. — In  1635  Mr.  Henry  Gellihrand  piinied  a  Dit^ 
courfc  MathcniaticaJ  on  the  Variation  of  the  Magneli* 
cal  NtoUcf  containing  bit  difeoiciy  «t  the  chaiwct 
to  which  the  variatbrn  ia  fabjeft.  !■  1631,  Mr.  tLu 
chard  Norwood  puhlifticd  an  excellent  Trcatife  of  Tri- 
goncinetry,  adapted  to  the  invention  of  logaritluns, 
particulariy  in  ^q;]'!) Napier's  general  canons;  and 
fur  the  &rthcr  improvement  of  Navigation,  he  under- 
took tbc  laborioM  wpdt  of  iMafiiri^;  a  defree  of  the 


meridian,  for  examiniag  the  diviikins  of  the  log-Iinc. 
He  has  given  a  full  and  clear  account  of  this  opcratioo 
ia  hiaScavaa'a  PraOiGe,  firft  pnbUlbedni  1637 1  where 
he  aUb  ddrrthet  hts  own  excfflent  WMthcd  of  fettiog 

dowTi  and  pLtftvt!ii;r  a  fca  rtL!<otui:g,  &c.  Thw  trea- 
tJic,  iiiid  iliat  i  t  Tri^jiinunut! y,  were  often  reptiiited, 
as  the  principttl  buuict  for  learning;  fcietaiiically  the  art 
of  Navigatioji.  >  What  he  had  di-li»;red,  efpctiuUy  in 
the  latter  of  then,  coticenttug  ihi..  lubjeti,  w.is  citn* 
traded  n  a  nanual  (m  (ailon  in  a  very  iiaall  pi.-ec, 
eifled  his  Epitmne^  which  hat  gone  thmtigh  a  rreat 
number  of  ediiioot. — About  the  year  1645,  Mr.  Bond 
piihliflied,  in  Norwood's  Epitoruf,  a  very  great  iiw» 
provcment  in  Wright's  method,  hy  a  property  in  his 
meridian  line,  by  which  it»  di«iiioiu  irtc  mure  Kici!tifi> 
c.Uly  aHl^incd  than  the  author  was  ahk  to  c.Toit  ;  wiiu  'i 
he  deduced  from  this  theorem,  that  t'lefe  divilionsare 
nnalovous  to  the  exceifes  of  the  logarithmic  taogcotl 
of  huf  the  lefpvciive  latitodea iaGKafcd  fay  45  dcgKOf 
above  the  h>g.trithB  of  the  nufiin  t  this  he  afterwania 
explained  more  futly  :n  th_-  jd  edition  of  C/unitr's 
works,  printed  in  16:3  ;  y;ii  the  deir.onfti  jtiun  ot  the 
J  f^icral  theorem  was  riippJioi  by  A  t  ,  Janus  Groj-^ory  of 
/Aberdeen,  in  hij  £>:eicitatioiii.>  Geometrlcse,  puutedat 
London  in  166K,  and  afterwards  by  Dr.  Hallcy,  in  the 
I'bilof.  Tniaf.  numb.  219,  as  alfo  by  Mr.  Cotea,  munb, 
3i8.~Iii  1700,  Mr.  Bond,  tdbo  ima^rned  tbn  be  had 
difcovcrcd  the  loi^itude,  by  having  difcovered  the  true 
theory  of  the  magnetic  variation,  publiihed  a  general 
map,  on  v  'l'  -,   1  in  j  were  drawn,  exprcfling  the 

path«  or  pl.ict.-ii  .w.t  rL  the  ^n^£ucli«:  needle  had  the  fame 
variation.  TUc  potitious  of  thefc  curves  will  indeed 
continually  fuifci  alterations  ;  and  therefore  they  Ihooid 
be  corrcded  ham  tino  to  time,  as  t)«y  have  aheady 
bccafor  the  jean  1744,  and  tjcC,  byjir,  WOIiam. 
Mosntaloa,  aiid  Mr.  James  Dodmi!--The aBowaaeca 

proper  to  be  made  tor  !ee-wuv,  arc  very  p.jrtlcvilaily 
let  doiva  by  Mr.  John  Buckler,  and  jiul  lihed  in  a 
fmull  Irait  hrlk  printed  iu  1702,  intitlcd  a  New  Com- 
pendium of  the  whole  Art  of  Navigation,  written  by 
Mr.  WOliam  Jooes. 

Alitiaaowgencnllyagreedthat  theearthisafptteroidr 
wlialcaalt  or  polar  dtaaieter  is  Ihortcr  than  the  equa- 
tiorial diameter.  Dr.  Murdoch  publiflied  a  trael  in  174 1, 
in  which  he  adapted  Wright's,  or  Mercator's  fading  to 
fuch  a  fijjure  ;  and  in  the  fame  year  Mr.  Maeiaiirin  al- 
fo, in  the  Philof.  Tranf.  numb.  461,  for  determining 
the  meiidior  ,1  parts  of  a  fpheroid  ;  and  he  has  farther 
pT-ofecuted  the  iame  fpeculation  in  his  Fluxions,  printed 

in  1742. 

The  ncthodof  fiading  the  Iw^ode  atiica,  by  the 
obTcrved  diftancet  of  the  moon  from  the  fon  and  Sarii 

ci.mmuf.Iy  called  thi  I-  juhv  ir.etliod,  « r.s  prupoftd  at 
an  ia;ly  Itagc  in  th^  Art  cj;  N'a. t,^3tio:i,  ;ind  has  ;iovv 
been  happily  carried  ciTtLtual  c\clui  lun  l)v  en- 
couragement of  the  licate!  ot  iAJiigkude,  which  was 
cftabldhcd  in  K;.^iar.d  111  the  jr car  1714,  for  rewarding 
any  iiiccefsful  endeavours  to  keep  the  longitude  at  (du 
la  the  year  1767,  thia  Beard  pubiifbed  a  Nauticat  At 
manac,  which  haa  been  continued  annoally  ever  filloe^ 
by  the  advice,  and  under  the  dire^on  of  the  aftrono- 
mcr  luyal  at  G;ecnwirt>  :  this  work  i>  puipofcly  adapt- 
ed to  the  tde  of  navigj4iors  in  long  voyages,  and,  omting 

•  gnat  nany  afeMl  attideip  coataina  ^aUn  of  the 
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lunnr  <liftance»  aocurafely  computed  for  every  %  horn 
in  the  year,  for  the  purpulie  of  cotnparin^  the  di(» 

taiK  -  t  'r.;!  kii«)wn  for  anv  tnnc,  witli  llic  dili.iDCC  ob- 
fu  .ni  :i:  .1  :  uii'.uown  place,  tVoni  whtui  i'  to  cotnpulc 
tlu-  I.  !i.  I.i.Jl-  lyftli:!:  placi:.  I'lidcrthcani'pit-cs  of  thij 
i<uaj:tl  loo,  I:K-(ii'i!i  ;;ivirr;  eiu-oiirai^inu  iit  to  tlie  aii- 
lliOTS  of  rr.aijy  ui.Kii  t;tl)i  -j  and  otlicr  uinki,  whicli 
WOuLi  othcrvkli:' ii.Tvc  i>cci'.  lolt,  tiinc-l;v-L'j)<.T»  liavt  l)fci» 
bruU^lit  to  a  vi  rnl.T.'iil  clcj^ec  of  pi  rfcctinri,  l>y  Nir. 
JH;irnlon»  A^r.  A/i;c'.d,  and  many  other  pcifoiu,  which 
have  proved  \.':/'u]y  advAutngeOiW  w  ke^piny  the  time 
-<]-,i:  I  .;  lony;  viivagei  at  fn,  and  tbeoce  giving  the  loa« 

iS  iii'.*  (if  UiL- uiliLT  ni  i:ic;p:il  wrftcrs  on  NaviVatinn 
arc  iiai'.ht'l'.iir.cw  I.  rcUculi,  i  f  I'ume,  in  lf>C";  Wil- 
kbrord  Sntl!,  al  JLtydcn,  in  16^4,  'I'ypiiis  B.-.ta- 
viK  i  Gto.  Fotirnk-r,  at  Paris,  }  John  BaptilL 
RivciuU,  at  BdugTia,  in  1661  ;  Dcchalee,  ia  1674  and 
ir  --;  th'.-  Sii  iir  BLiukl  St.  Aubtn,  in  1671  and 
16-^  ;  M.  liL.li!! T,  in  i^S;,  ;  M.  Sauvcur,  jn  1691  ; 
M.  Ju)'i;_,"'c  r,  i:i  I'ly';  I'.  PczL-iin-;,  i:i  1733  and 
1741  ;  iliul  .\I/!\UT  J\...ipiiLr,  ul.o,  in  175;,  p'.ib- 
lilhcii  vv/Y  cL !.  >!.a>'  trc\iti:t:  tiii^  fi.bject,  itititled, 
Nouveau  i'ralc  ilc  K:'.v'v,';:u'mi  ;  ill  which  he  gives  a 
liation  compafi  of  hi.  i^vn  ir.vrntion,  and  attcmptf 
to  reform  the  LttR,  a«  he  had  before  done  i^i  the  Me- 
of.  the  Academy  of  ijcunice*  for  1747.   Ho  is 

alio  \ivy  p.uticuiar  in  deicrinining  the  lunationf  ir.  r.e 
j.ccuratL^v  ;Iiaci  hv  tlie  ctimiuon  melliodH,  and  in  de- 
Icii'ji'ij;  tS.L-  corrections  of  t be  dead  reckt.>iii:ij;.  This 
Ixtok  iiiged  and  imfjn)ved  by  .'.  .(Jcb  C.uilc, 

ill  1  76J,  Tu  liiefc  may  be  added  tlie  K  iv!(;ation  of 
Dou  (jcaifjr  Ji:aii  of  .Spain,  in  175".  And,  in  otir 
01m  D.'ttiun,  tlie  fcveial  trc.uifes  ut  MrUicurs  New* 
hniife,  btilc-i,  Hodgfon,  Atkbion,  Harris,  PatouA, 
TIauvLy,  Wilfjn,  Moore,  Nleholfon,  Sec;  but,  o»cr 
all.  The  Eleme:;l  ~  ./t  N'.ivr- i. in  2  m  ,]:,,  \h  Mr. 

ii  aijijul  the 

Ji.-.ce  often  re-prititcd  ;  which  it  the  moft  co:iiplete  work 
otthe  klud  extant;  and  to  wlifch  wurk  is  prefixed  a 
DiflCftation  on  the  Riie  snd  I'.ojrrefii  of  tii<:  modern 
Art  of  Navigation,  by  Ur.  Jame*  Willoo,  oontaioing 
a  very  learned  and  elaborate  hittory  of  tb«  wriiiiigt 
and  "uijiriivcmcnt*  in  this  art> 

l^or  an  nccnunt  of  the  feveral  m(lrnment,<i  ufecj  in  thia 
art,  virli  the  metbodi  lor  tlu  Ioii);i:udc,  and  tbt  va- 
rious kti.ds  r.tid  ine:lK;dji  ol  ;\a\ijjat:on,  ice,  the 
rt^pi■ct!^e  atticlcs  thrmfcivrs. 
^  Navigatikn  i»  cither  Proper  or  Common. 

Kamca  I  in^,  Commvit  vfu  'lly  called  Cua&ug,  m 
'  whkh  the  uloccsareat  no  griM  tlidanee  from  mm  anu« 
ther,  and  tlir  fliip  fails  ufualty  in  li^bt  of  land,  and 
iruiUy  ^tith  II  r.  -i.i  ^r>^,.  In  tiiii,  bltle  vile  is  rtj[uired 
l  el'idis  uii  ,ici|i.uuitajicc  \>  ith  tl;e  laiid'i,  th /  ciitinjafs, 
aiul  fi-iiindlii.';-!iiie  ;  e.u  h  of  which,  fee  in  it '  phici . 

Navu; <  Ki\,  J'rrf.i,  is  \(  here  the  vcyjt^e  is  long, 
and  piir'^ikd  tluo  tlie  n:ai:i  ocean.  An<\  iieie,  be» 
lidcs  the  rcquihtcs  in  the  fom  er  c.>fe,  arv  iilu  u  ifc  re- 
quired the  life  of  Mea-alor'6  Chart,  the  a^innith 
and  amplitude  comualTcs,  the  lvg-Vne>  and  other 
iiiJininif-iits  for  celrllSa]  oblmations ;  as  foieftafT!', 
qu  idi  jut:-,  and  iit!u r  IcctoT.i,  i.c. 

Navi^niii'i  turu&  chklly  upuu  four  tilings ;  two  of 

vhich  being  giveo  or  knoint,  the  itft  arc  thence  cafiij 
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found  out.  Thi^e  four  things  are,  the  differenee  of  la- 
titude, diflereDce  of  lon^itune,  the  reckontnj^  or  uif- 

tancc  run,  .uiJ  the  C(>ij;le  ot  tluinib  l.iilcd  oi-.  'J'lit  la- 
litiidts  are  talily  {<  n:.d,  and  that  v.,th  fiifl'u ii-iit  acou- 
incy  :  ti  e  o'.ul'r  :  1  i:  i^;!jJcc  hvc  Ki  d  l.y  the  lojr-line, 
or  deod  rcck'jiiMi;;,  tn  ;ciher  v.  t(h  ll:e  iDirji^f^.  Nor 
is  thire  .iiiv  tliiii^'  v.  :<:itiri'^  to  ti  t-  pi-i  I'ti,-;)  '4  Si\'ii^\t- 
li  -Ti,  but  ti)  de;eii;:-iie  ti  c  lo-iy it*. Je.  Tlie  n.a'.hemal:'- 
eians  a:\:  .liin  iuiitiLT',  oi  many  ao^i :  hav  ■  ,  iir'ind  them- 
£elvc3,  with  great  affiduity,  to'fupply  tbi^  graud  dclide- 
ratum,  bat  uot  alto^ther  with  tfte  fttccefa  that  wa»  de*  ' 

fired,  co-il'i.l'rii.-;  llit-  ii-,p<»:  :  .ij  the  i,'',';ect,  a;;d 
the  ma;^ii:l;-c"  I  icv-iii  J,  ulltirj  by  ft\ei.il  lUtes  to  tiiC 
difcovcrci,    S,  c  Ln^  Gii;  :)!  . 

i'l/i^-. /  iN  A  >.  t c  1 1  i ON,  cr  the  art  of  fniliiig  un- 
der v.itev,  i:i  !n.T.;iiau>l  by  Mr.  lk>>h',  as  tlie  drftde-  . 
ratum  ot  ihc  iut  «i  Navigation.  T!i,i,  be  fay$,  wa» 
fuccefsfuUy  Att^nifHeJ,  by  Comebu*  Drcbbel  t  Jevetat 
perfoiu  who  were  in  the  boat  breathing  freely  all  the 
time.    Se.;  Diving /.'j7. 

/rhirj  Navic  \',  iu>.,  if;  th:it  ii.rfornitd  by  flTiall 
Crah,  iijioii  <•;:::.,!-    vc,  tut  lhroii;.^ii  a  toujlkrj. 

NAV  rjr.\'i  uk,  iijurfon  <.ipabL- of  conducing  a 
fiup  at  lea  to  any  pl^ce  propoied. 

N  AUTICAL  Ciart,  Ihcfhmc  at  Sca-Chart. 
Navticai.  CMr^i,  the  lame  as  Se«>Conipars. 

■   Naitjc.m.  Phtsiff/H  tr,  a  projection  orcouttruAton 

iS  the  Itrrc'li i.iJ  j:lul"e  upon  a  plane,  for  tlic  ufe  of 
mariner:.  ;  Juch  a.<  the  Plant  Chan,  at.U  Mercator'j 
Chiirt. 

NEAP,  or  Ni  R r-TT'i'Vj,  are  ihofe  tliat  happen  at 
eqn.nl  dillanees  between  the  iprinj;  tides.  Tlie  Neap 
tides  are  the  lowell,  ai  tiie  fpri;i;r  tides  are  tlie  hij,htl\ 
ones,  being  the  opp<:iius  to  them.  j\jid  as  the  higbcft 
of  the  fpring  tides  happeni  about  three  daya  after  the 
full  or  cJwn'je  of  the  moon,  fo  the  lowvft  of  th<?  Neap 
tide&  fall  iil  'H.t  thiee  i!.".  :.  after  t!it  i  1  .  four 

days  before  the  lull  ,;iid  v.iiange;  when  the  k^iueufay 
it  ii*  Deep  .N'eap. 

NF-.^PED.  When  a  flii'p  wants  water,  fo  iliat  Ihc 
cannot  gel  out  ol  tlic  haib;'ii.-,  cut  of  the  lioek,  or  off 
the  ground*  the  icamcn  fay,  the  is  Neaped,  or  Jlc- 
nea|)ed.  > 

KF.RULOUS,  or  Cloudy,  a  term  a;  pl'-jd  to  certain 
tix<;d  liar',  which  (hew  a  dim,  h.i/.y  liyht  ;  bt,inj(  lefs 
t!ii;n  thc.ie  oi  th,  Ml:  niri^riicude,  .nd  theieiore  Itarcely 
vifibk  to  llic  11.1.^  i  •  ye,  lu  \vb"eh  heft  tliey  only  ap- 
^icar  like  ;i  lie  di:!'>y  Ipei  r.s  or  clouds. 

Thro'-,!h  a  nuKler  it*  ttlefciipe,  thefe  Nibiilou';  ilars 
phiol)  .appear  ti/  he  eon;^^  1 1.  or  ih:!k-vp  of  I'evt  tal  little 
fiara.  la  the  Nebuluua  liar  calkd  pra  fe|M:,  in  the 
breail  I'f  Cancer,  there  arerrcfeoatd  ^6  little  Itarj,  ^of 
uhicli  Mr.  FI.i  i  '  '-L'  .iov.  11  111  li's  eat.'li.yuc.  In 
the  Nebulous  llji  I'h'y.A,  ..r-j  ixe. 'ji.ed  li.  \.  Ic 
Cornj'ti  oi'i..,  lii;>t  tlicre  ..ic^c.  ir  '^.e  V!..:  :de'- ;  i;  in 
the  Itar  in  the  middk  ol  Orion  5  . in  tiu- t  x- 

tent  of  two  degrees  of  the  fame  couileGation  :  nnd 
jjooin  the  whole  coiifUllatiun.  Tt  may  farti«cr  be 
obferrcd*  that  the  ealaxy,  or  milky  way.  is  a  cortti- 
tuicd  aflemUage  of  Nebiust,  or  vail  dufiert  of  fmaU 
llai^. 

N'EKDHAM  (John  Ti'eekvilm  ),  a  nfpeft  Lie 
pliiiufophcr  and  catholic  divine,  was  born  at  i.ci.^on 
December  lo,  171}.  Hit  ialher  polE:ired  a  cc.ii..IeT- 
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able  patrimony  at  HilAon,  In  the  county  of  Mon- 
nouth,  being  of  thevoiingcr  or  catliob'c  brar.ch  of  ths 
Necdhaxn  £uBtl7y  mo  who  4ied  youqgt  Icayiog  but  a 
fimff  feitnne  fb  Vn  fonr  chndrcn.    Our  autl-or,  who 

vat  the  elrJeft  fun,  fliKKi  J  ill  tht  Englifh  eollc^^e  of 
Douaf,  whcrL-  lu- to  ok  tivtii:  t;iu;;lit  vhctoiic  fur  fc- 
vcnil  vrnrs,  and  fi.rp;iQcd  tJic  i-'.!,:  r  ]  li 't-.  li..:-.,  of 
t]ut  fcminary  in  \Lq  knowla'-^v  of  cviiciimcntal  phi- 

b  17401  he  wMCnnged  bf  lijs  (uperiort  in  the  ta- 
vkeof  the  EngUlli  miflion,  and  waa  cntrnfted  witli  tbe 

dircSion  of  tlic  fchonI  erected  at  Twyfurd,  nc?r  Win- 
chrfter,  fur  the  education  uftlic  Roman  CathouL  youth. 
—In  1744  he  \va»  appointed  profcfTor  of  phfli-fc;  y  in 
the  Euglilh  cuIJege  at  Lifbon,  whtrc,  on  account  (u~ 
hid  health,  he  remained  only  i  ^  tnontlis.  After  his 
letinit  pii(r<.'<l  feveral  years  at  Lor::don  and  Paris, 
tmea  were  chiefly  employed  in  miuolcopical  obfcrva- 
tiMiy  and  is  othbr  btaivJic*  ofcajijimqitw  |>htloibph]r. 
TTk  rrfultt  of  thcfc  obffrvationa  am)  npcnmenu  were 
publiflici!  ill  I'll-  Piiili Trijililc  ill  Tranfaflioniof  the  Royal 
Society  oi  LonJuii  in  the  ycuv  1749,  and  in  a  volume 
in  izmo  at  Pari*  in  175O  ;  :5nd  an  ai ouiitof  them  wai 
alfo  given  by  M.  lUifCun,  in  the  firti  vohimcs  of  his 
natural  hiflor)-.  Theie  waa  .an  intimate  cnnncdtion 
fobfifted  between  Mr»  NeedhMn  and  thU  Qliiftrioua 
French  natotaUft :  they  made  their  rxperiments  and 
ob(errattoti£  toircther  i  thf.iit;li  f!iL'  rffii!ts  -and  fyRems 
which  t!u-y  deduced  frpm  tin.-  kmc  objtcts  amJ  opcia- 
tions  were  totally  diiTci-Mt. 

Mr.  Nccdham  wns  ckctul  n  member  of  the  Royal 
Society  of  London  in  the  year  1 747,  and  of  the  Anti- 
^naiian  Society  fomc  time  after. — From  the  year  1751 
to  1767  he  was  chiefly  employed  in  finKhing  we  educa- 
ttM  o£  rtverai  Enghm.  and  Irifli  noblemen,  by  attend* 
ia|fthem  at  tutor  in  their  travel*  through  France,  Italy, 
and  other  foiintiii-f..  He  then  retired  from  this  wan- 
dering life  to  the  Englilh  feminary  at  Parisi  and  in 
1768  was  chofcn  hv  the  Royal  Academy  of  SciOlcea 
in  tb^t  city  a  corrciponding  member. 

Wlien  the  regency  of  the  Auilrian  Netherlndt,  iot 
die  icrifal  of pbilofophy  and  iitenttun:  in  that  eonatiVt 
fimned  the  proje^  of  an  Tmperuil  Academy,  which 
was  p-'fcolcd  by  thr  ^rcc.ion  of  a  fai>d!  li;c!ary  f^iL'Icty 
to  prcjiarf  tlie  u;iv  li:.;-  I'.s  cxcnUujn,  Mr.  NffdlwiiJ  was 
iovitcd  to  ruiiiri  !',  l  id  wuh  jitpointcd fucccfiively  chief 
direclor  of  both  thcfc  foundations  ;  an  appointment 
which  he  held,  together  with  fome  ecclefiaftical  prefcr- 
menta  in  the  I>«»w  Countriea,  tHl  bis  dcatb,  which  hap- 
pened Dceember  the  30th  1781. 

Mr.  Necdbam's  papers  iafcrted  in  the  Philolibphical 
TranfafUons,  were  Utc  following,  viz: 

1.  Account  of  Chalky  TtthuiotMConeretioa*,  called 

Malni:  vul.  4-2.  ' 

2.  MicrofcopicalObfimwtJoaa  on  Wpmu  in  SmuCty 
Com :  vol.  4a. 

Elefirical  Eiperimenta  bttdy  aiade  at  Fuia; 

4.  ^eeotnit  of  M.  Bnilon*t  Minor,  Vhich  bin-nc  at 

66  fret  :  ih. 

5.  OblVrvations  iipon  the  Generation,  CompoQtion, 
and  Di'compofition  of  Awoial  md  Vcgctaim  Sub- 
Aanccs :  «oL  4K. 
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6.   On  thi- 
vol.  J  1 . 

Other  worki  printed  at  Paris,  in  French,  are,  ' 
T.  New  Mtcroicopical  Difcoteriea :  1745. 

2.  TfiL-  r^nic  tnl-Tr^^f^  :  i  r  . 

i).  Oil  Microf;-<jp:i;i.l,  ;;nd  tiic  Gcncrfttion  of  Oigt- 
nizcd  "'odic". :  2  vols,  17C9. 

NEEDI.E,  Ma^rjcti  j/^  denotes  a  Needle,  or  a  0en- 
dcr  pi6cc  of  iron  or  ihc],  touched  with  a  loadftonci. 
which,  when  fullained  on  a  pilfot  of  centre,  upon' 
which  it  plays  l  oiind  at  Uberty,  it  fettle*  at  length  in  f 
Certain  direiflion,  ciliic-r  duly,  or  nearly  DOlth-aod- 
foi^th,  and  cr^  :d  thf  magnetic  meridian.  * 

M,  Mxiica!  Needlet  arc  of  twokuidti  Haejaontat 

and  liftiinatory. 

/^or/zon/ji/ Nkedi.i:#,  art  thofc  equally  balanced  on 
each  fide  of  t'lr  pivot  which  fullaiiis  them ;  and  which* 
playing  horiy  untjily,  with  their  two  extreme*  point 
out  the  north  and  (oath  parta  of  the  horiaoR. 

CoitJImBion  of  a  fforh.eiaalMittn.t.  HaTin^  pro- 
C'lTfd  a  llin  liidit  piece  of  piiic  Pi.tl,  rdion'.  G  i;  1  lies 
lung,  a  perltirsliuii  is  uiadc  in  t!u'  rni  idle,  (.jvci  wiucha 
braiH  cap  is  foldertd  on,  1kivI:m.  itb  iinur  i;;ivity  ccnic.il, 
fo  as  to  play  frcdy  on  the  ftyic  or  pivot,  whith  has  a 
fine  fletl  point.  To  give  tlie  Ncvdle  its  vrrticitv,  or 
dirc£livc  faculty,  it  is  rubbed  or  fliokid  leilurcly'oa' 
each  pole  of  a  magnet,  from  the  fouth  polt  tovraida 
the  north  ;  firft  beginning  with  the  nortlicrn  end,  and' 
going  back  at  each  rtptated  llrokc  towaidsthe  foiith|' 
bL-ii;)'  careful  not  to  give  a  ftroke  In  a  contrary  direc- 
tion, which  would  take  away  the  power  again.  Alfo 
the  hand  Ihould  not  return  directly  back  again  tlic 
fame  way  it  came,  but  fhould  return  in  a  kind' of  oval 
figuic,  carrying  the  hand  about  6  OT  8  inches  beyond 
the  point  wliere  the  tottch  ended,  but  tmi  beyond  on 
the  fide  where  the  touch  begins. 

El Ti  rc  tnuching,  tin;  north  end  of  the  Needle,  in 
oui  hemiljjhere,  is  made  a  little  lighter  than  the  other 
end  ;  bcraufc  the  touch  always  dvilroys  an  tx.ift  ba- 
lance, rendering  the  niitli  ciid  Iitavier  ilian  the  I'oiithy 
and  th;is  caufing  the  Need''.-  to  dip.  And  if,  lifter 
touching,  the  Needle  be  out  of  it*  equth'briuin,  funte- 
tliinfr  mull  be  filed  off  from  the  heavier  fide,  till  it  be 
f  n^nd  to  hal.tnet  evenly. 

Ntetlirt  may  .iH'o  itcq-,;irc  the  ms^'iif-'c  virtue  by 
means  of  artilicial  magnetic  bars  \<\  t'le  f>.!l>w  iti;^  mm- 
ner:  Lay  two  equal  Nv.  dif  ;;  paiuijcl  am!  ahmi!  an  inch 
afunder,  with  thLMu,n.!i  end  of  one  ai>d  (Lj  fi^uthcnd 
of  tlic  other  point  mg  the  fame  way,  and  apply  two'eoa« 
dufiors  in  coniafi  with  their  ends:  then,,  with  two 
magnetic  hard  b^rs,  cjiC  in  eneh  hand,  and  he'd  as 
nearly  horl/.outal  an  can  be,'  witli  tlie  vipper  ei,.Ii,  of 
contrp.ry  names,  ttiriKd  ou'.ward^  to  the-  ri;jhl  and  left, 
let  a  Needle  be  flrok.d  or  nrobed  fruni  the  middle  to 
both  ends  at  the  fa.ine  time,  for  ten  or  iwi'lve  tinieiy 
the  north  end  of  a  b,ir  going  over  tl.c  f^mtli  end  of  a 
Needle,  and  tlic  feaitli  end  of  a  bar  gonij- o-ar  the  north 
end  of  a  Needle:  then,  without  moviug  from  the 
place,  change  hands  with  the  bail,  or  in  the  fame  hands 
ti:rn  tiu  ntTicr  cndj  downwards,  and  '..  :hf  other 
Neidle  ii:  likv.  manner;  fo  « ill  tlicy  bulJi  be  magnctl- 
ca!.    Bill  to  make  ftronger,  re^ie:;t  the  opera- 

tion three  or  four  times  from  Needle  to  Needle,  and 
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at  lafl  ti:ni  tliC  lov.'c r  ficiL- I  f  cr;rli  Ni'fi'tt  t:pv  ar.J 
rtfrcaC  ihc  cii>craUuu&  ut  iiiuLuig  ti>uii,  m  cue 
mtr  Mn. 

The  Needles  that  were  formerly  applied  to  the  com- 
pafly  on  board  merchant  (hip*,  wcic  formed  nf  two 
piece*  of  fled  wire,  each  being  bcotin  UlC  iciddli:,  fo 
u  to  fbnn  an  obtvfe  angle,  wkile  tbetr  tnd^,  hclnfr 
applied  It'gcther,  made  an  acute  one,  fo  that  the  whole 
rcprtfcnttd  the  form  of  a  lozcn^c.  Dr.  Kiiig'it,  who 
has  i'o  much  improvc"d  tlie  compars,  found,  by  rcpialtd' 
experime:its,  that  partly  from  tl.s  forcguiui'  Aructuro, 
and  partly  from  tht  ui;eqii;d  hardening  <a  tlic  end*, 
dwfc  Necdk*  not  only  varied  from  the  tnie  direction, 
but  irom  one  anothfr,  mi  from  themfclvet. 

Alfo  tht  Needles  ft)fnverly  ufed  on  boaid  the  men  or 
■wta,  uiid  fome  of  tiie  larger  trading  ihip»,  were  made 
of  one  piece  of  lleel,  of  »  fpring  temper,  and  broad 
ton-ards  the  ends,  but  tapering  towards  the  middle. 
Every  Needle  of  this  form  i;;  found  to  have  fix  pol-^i;  in- 
ftcad  of  tw-u,  one  at  each  endf  two  where  it  bccoracs  ta> 
peiing,  and  two  at  the  hole  in  the  middle. 

To  remedy  theic  enort  lad  iacoavoiieBccg,  the 
Needle  whieh  Dr.  Knight  cotitrived  ibrJiis  compaf:;,  is 
a  niiulrr  psrallflopipedon,  iH-iii;^;  quite  ftrai.;liT  in  il 
fquarc  iit  thu  cnda,  and  fo  has  nnly  t  ivf>  poles,  ttklitJULrli 
the-  cl:ivls  ure  a  IiJiIl'  confiiff  l  ;ib^>'.it  the  hole  in  tTie 
middle  ;  thuugU  it  i»,  upuu  tite  whole,  the  limpldt 
and  beft. 

Mr.  MicheU  fuggeft«»  that  irwonid  be  ufciiil  to  in* 
creafe  ilie  weight  and-  length  of  magnetic  Needlec, 

wli'ch  \^  oult^  render  them  borii  mure  aceurate  and  pcr- 
masicnl ;  alio  lo  cov.Tthem  willi  a  coat  of  linfecd  oil,  or 
vamifh,  loprefcrvc  them  trv)m  :i:iyr-.ii?. 

A  Needle  on  occafton  may  be  prepiui  J  wjthoHf 
iblldung  it  on  a  loadilone  :  for  a  tine  Aee!  fen  ing  Nee- 
geadf  hud  on  the  water,  or  delicatel;^  fufpendcd' 
Tn  the  ahr,  w3I  take  the  north  •amt-footh  direaionv— 
Thus  alfo  a  Needle  heated  hx  the  fire,  and  cooled  again 
in  the  dircdiun  of  the  meridian,  or  only  in  an  crc^t  po. 
fition,  acquires  the  fame  faculty. 

Dec/imnim  or  Variahon  ef  the  KbKDi.b,  i*  the  devia- 
tion of  the  horizontal  Needle  from  the  meridian ;  or 
tlie  angle  it  makes  with  the  tncridiarn  when  freely  fuf. 
pendea  in  an  horizontal  pbiu.-. 

A  Needle  is  al«a7«  changinj|r  the  Une  oTita  dtrcAwnt 
wly  to  certainrirmtt*  towawl§  the  eaft  and 


cur  Jingly  :  and  tipon  this  Variation  he  propofed  a  ms»- 
tiiud  oT  finding  the  longitude,  which  has  been  farther' 
improved  by  many  others  fiuce  hit  tilMf  dMUgh  with- 
very  little  fucccfa.  Sec  VaaiATiOMx 

j  hc  period  or  revolntibn  of  the  Variation,  Hcnr|f' 
Philipa  made  onlf  370  yean,  but  accordmg  to  Hcnr^ 
Bond  it  is  6eo  years,  and  their  yearly  motion  36  mi. 
nutcs.  The  firft  jn-oi  oliftrvationi  of  *,!ic  Viiriai!  >n» 
were  by  Burrowcs,  abuui  ilie  year  lyS:*,  when  the  Va- 
riation .It  London  was  t  1°  i  j'  call ;  an  1  \\\\zt.  that  time 
the  Needle  h;i5  been  moviiig  to-  the  wcttward  at  that 

!>laec  ;  alfo  by  live  ohfervations  of  different  perfons,  it" 
las  bcea  found  to  pointj  at  different  time«t  as  bckiw : 


traverftng  flowly 
well  lidcs  of  the  iiuriJiuii 


It  ivai  at  Hi  ft  tl,')'ii.r!,f  that 


the  magnetic  Needle  puintni  <luc  m  rih  ;  but.  il  was 
.  wbfcrvcd  by  Cabot  and  Culiniibu*  tluvt  it  had  a  dcvia- 
lion  from  the  north,  thuU|^h  th^y  diil  not  fufpc^  that 
this  deviation  had  itfclf  a  variation,  and  was  contmualiy 
ahanging.  Tht»  change  in  the  Variatioo  waa  firft  found 
out,  arcording  to  Bond,  by  NT r.  John  Mair,  fecondly 
hx  Mr.  Citmtrr,  at.d  thirdly  by  Mr.  Gellibrand,  by  com- 
paring togetlier  the  obfcrvations  made  at  dilferetit  times 
near  the  fsme  place  by  Mr.Bwrowis,  Nlr.Gunter,  and 
hioifelf,  and  he  publdhcd  a  Difcourfc  upon  it  ia  1635. 
Soon  after  this,  Mr.  BonJ  ventured  to  deliver  the  rate 
at  which  the  Variation  changes  for  feveral  years  ;  by 
which  he  fefttold  that  at  London  in  1657  there  would 
be  no  Variation  of  the  compafs,  and  from  that  time  it 
tioiild  gradually  incrcafc  the  other  way,  or  toward tha 
vcft,  naking  certain  tevotutiona;  whidi  lappeiiedi» 
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^  tKiiTaBletfc-am>ean  that,  fiom  the  nrfl  oMer* 
NTitJ  ins  in  1580  till  1657,  the  change  in thfe  Variation' 
u  a,  11"  15'  in  77  years,  which  is  at  the  rate  nearly  of 
i>'ayear;  and  from  1657  till  17H0,  or  thefpaceof 
12  J  years,  it  changedja°  41',  which  is  at  the  rate  of 
1 1  a  year  nearly  ;  which  k  may  bc  prefomed  it  «ei)» 
near  the  tnitiu 

The  Variuiioii  and  Dip  of  the  Needle  was  far  m.-tny 
years  cai«fu%  obfervcd  by  the  Royal  Society  while' 
Uiey  met  at  Crane  Court ;  and  it  u  a  pfty  that  fwch- 
obfcrvations  hare  not  been  couti'Uied  firrc  I'lat  t!:  ir. 

Dipfinx,  OT  Inclmatei^KitDLl,  i*  a  Ncrdie  to  (hew 
t!iL  Dtp  of  t4ie  Magnetic  Nccdte,  or  how  &r  it  paint* 
below  the  horir.on. 

The  Inclination  or  Dip  oTtlu  Needle  was  £[rft  ob« 
lerved  by  Robert  Norman,  a  con|>afs^trjdier  at  Raty 
cHffe  ;  andactordingto  him,  the  dip  at  thatplace^  in. 
the  year  I  J??!,  was  7?"  ^o';  and  at  the  Rl y.tl  Socictjt 
it  wu  oUfcrrcd  for  fome  years  lately  as  fgllov.  s  ; 
Ul  1776      -      7J«  $0' 
1778  •  .    '71  J$ 
1780      -     7«  171. 

Mr.  Henry  Bond  makes  the  Variatioo  and 
«f  the  Needle  depend  on  the  fanw  motion  of  the  mag^ 
■etie  poles  in  tbeir  itwSlviion,  and  vponit  heibanded 
•  metlMd  «f  difcofcring  tlie  longittide  at  fak 
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KEEP  Ti<k$.    S<e  Neap  Titlet. 

NEGATIVE,  m  Algebra,  fomcthing  marked  w  !lh 
the  iign  ~|  or  minus,  as  h<a\\^  contrary  to  fiic!i  as  are 
l^tive,or  with  the  fign  plus  +.  A«  Negatire 

Mven  and  nxnU,  Negative  quantitki^  ftc.  See 
Powm,  Root,  Quahtity,  &c. 

N'l  GVTu  r  .V;Vn>  the  fign  of  fubtraf^i'on  — ,  or  that 
wliicU  deuotcsi  iomctKmjr  in  dcfefl.    Sliftl  is  the  (irll 
author  I  find  who  uf'  d  tlmir.aik  —  for  tiil>ti  .u  tion,  «>r 
ncntion  ,  before  his  time,  live  word  mitiua  iliclf  was 
•  4)fcd,  ^ji  clfc  its  initial  m. 

Tbc  life  of  the  Negative  fign  in  algebra,  is  attended 
^hh  fevend  coalequcnen  that  at  6rfl  light  ate  admitted 
with  fonit  JifTicully,  and  has  fotnctimes  given  ooeafioa 
<o  notions  that  feem  to  have  no  real  foundation.  Thii 
fign  inijiliV's,  tli.tt  t[ic  r(;.l  \ali:''  of  x\i.:  (|uji;t:ty  r^pix- 
fcntetl  hy  tlic  kltcrlo  wtiich  it  i»  picltsvvd,  i»  be  lub- 
tfafied  ;  and  it  fcrves,  with  the  pulitive  fign,  to  keep 
U  new  what  ckmenU  or  parts  enter  into  the  compifi- 
<tioaof  quantttifli,  and  in  what  manner,  whether  a^  in- 
creiwents  or  deEremenUt  that  is  whether  additioa  or 
fofatradtton,  which  it  of  the  greati.'ft  ufe  in  tht*  art. 

Hence  it  fi.'n"cs  to  cxp-ri.f:j  a  tjiiint'tv  (if  an  oppci'ltc 
t]nality  to  a  poikivc;  lucli  a>  a  line  in  a  LH)ntnirY  iioli- 
tion,  a  motion  with  oppollte  dii\:tt:i.in,  i)i  a  cfntrifugal 
force  in  oppoTition  to  gravity;  and  tliuj  it  often  favcs  ilie 
4nMdik  uf  dillinguilhing»  and  dcmonftraiing  faNinitc)y» 
«he«arioM  oifa*  of  praportMo^  and  preCrrve*  tneir  ana- 
log in  vievr.  Btit  at  the  propertioniof  Unci  depend  on 
their  mapnitiide  only,  without  regard  to  their  pofition  j 
and  motions  and  force*  arc  faiJ  to  be  equal  or.unrqual, 

t;i  any  ^tvcn  ratio,  without  rcgivni  to  tlair  (lircftion:;  ; 

and  in  general  the  proportion  of  quaniitics  iclatk&  to 
■^Kir  magnitude  only,  without  tletermining  whether 
ther  are  to  be  confidcrcd  as  increments  or  decremeQts  ; 
'io  uereil  no  ground  to  imagine  any  other  proportioa 
of  -f  d  and  —  ht  than  that  of  the  real  Biapittudei  of 
(he  quantities  repr^fentcd  by  -a  and  h,  whether  thele 
quantities  are*  !■  anj  paitictibr  cal^  to  hi  added  or 
fubtrafted. 

As  to  the  ufuiil  atithm<-tical  opciations  of  adJition, 
&hlra£Hon,  &c,  the  cafe  is  diHcrent,  as  the  cifed  of 
4he  Ncg]fti«C  fign  is  here  to  be  carefully  attended  to, 
•mA  is  to  be  oonfidered  always  at  pioduciogt  in  thofc 
•operations,  a*  clF«£k  jull  oppofite  to  the  pofitive  fign. 
'rii'j.,  it  Is  tJii-  fame  thing  to  fublraft  a  decrement  at  to 
add  an  equal  increment,  or  to  fubtnict  —  b  fn>m  a  —  i, 
is  to  add  +  t  to  it:  and  btcaufc  mi:ltij)ly.i     u  ijuun- 
tilj  by  a  Negative  number,  implies  miiy  a  tcpcdUd 
fubtfanioa  of  it,  the  multiplying  —  A  by  —  «,  is  fub- 
tgnE^tag     ^  aa  often  as  tlicre  iiic  units  iu  n,  .-md  is 
then^re  eqmvaleBt  to  adding  +  l>  fo  many  time*,  or 
the  fame     adding  +  "i.    liu"  if  «e  infer  from  this, 
tlut  I     to  —  B  as  —  i  to  nl>,  according  to  the  rule,  tliqt 
unit  is  to  one  <-i  tlic  faflors  as  tl:t-  other  i,K;or  >■  to  '.ht- 
product,  thcrf  is  not  ground  to  ]i;.;;^..ni-  tli.it  xln-.c  is 
•aaymyflcry  in  this,  or  any  otbcr  Tncninn-  lli.i.i  iA--<t 
the  real  quantities  reprefented  by  i,  «r,  I;  and  tii  art 
proportional.  For  that  rule  relates  only  to  the  magaii  ude 
«f  the  favors  and  produ£t,  witliuitt  determimng  whe- 
ther any  faftor,  or  the  produft,  i»addlli*e  or  (ubtrac- 
ti»e.    But  this  Ukovvifc  mull  bt  tkterroincd  in  algebraic 
«oa»piitatM>ns  ;  and  this  is  the  proper  ufc  concerning 
dMfigi^  trithvut  irinch  the  opentiba could  ootplo* 


ceed.  Becniifo  a  quaniiiy  to  l>c  fubiiaftcd  h  never 
produced,  iu  cotnpolliion,  hy  any  repeated  addition  of 
a  pofilive,  or  repented  fnbtra^ion  of  a  Negative,  a  Ne> 
g.itivc  Iquare  number  is  ncy«r  produced  by  coitipofi* 
tioofroma  i\>ot.  lienccthe^—  i,  oi  the  fquaieioot 
of  a  Negative,  implies  an  imaginar)'  quantity,  and  in 
refo'ii'i  n  is  a  m.i;"k  or  rlirn.u'Ui  of  tl.:.'  iniiulljblccafe* 
ot  a  jjujijk'in,  uitlcfs  it  is  l  OinpL-nfatt-ii  by  another  im»- 
giwary  fymlioi  or  fuppoliiion,  foi  th  the  whole-  ex- 
prt  fiioii  may  have  a  real  figiuAcation.  Tum  r  +  v'  — 1» 
and  I  —  i/  —  t,  taken  feparately,  are  both  im.iginirj» 
but  yet  their  fum  u.  the  number  a  s  w  the  condithm  ' 
liiat  fcpui^tcly  wouM  render  the  fdutiMi  of  *  proUem 
impoiublci  ia  fume  cafes  dcilroy  each  others  effixl  when 
conjoined.  In  the  purfuit  of  general  conclufions,  and 
of  lini]'lf  fonas  for  reprcfeuting  them,  cxpreffions  of 
this  k;ud  liiult  fumcttincs  arifc,  where  the  imasinar^ 
f}-mbol  is  compcnJkted  in  a  muDer  that  it  not  uwaya 

fo  obviuLis. 

By  proper  fubllitutioiii,  liowever,  the  expreflioa 
may  be  tnuitlunoacd  into  another,  whereiB  each  pwtH 
cuUr  term  mxj  have  a  real  jignificatwn,  at  well  at  the 

wKoIe  I. » preflion. 

I'ln;  theorems  that  arc  ft>aictin;es  brltfly  dift  ovcrcd 
by  the  ufe  of  this  fymbol,  may  be  dcmonltrated  with- 
out it  by  the  Inverfe  operation,  or  fome  other  w-ay  ;  and 
though  fuch  fymbols  are  of  fome  ufe  in  the  corapotl* 
tions  in  the  method  of  fluxions,  ScCt  ita  evidence  caB" 
not  be  faid  to  depend  upon  any  arti  of  this  kind*  See 
Maclaurin's  riuxioiis,  book  2,  chap.  i. 

Mr.  Baron  Maferes  publifhcd  a  pretty  large  book  in 
quarto,  on  tlir  uie  of  tlie  Ncjjativc  Siijii  in  algebra. 

For  the  rules  or  ways  of  uiing  the  Negative  ligii  im 
the  fcvcral  rnlcs  of  Ai;jebtn,  fee  tliofe  rules  feverallf* 
vii'.,  Addition,  bvBTRACTtON,  Multiplicatiox* 
&c.  And  for  the  method  of  «"Wg*ffg  the  TOOta  flf 
Heaann  oumittiet.  fee  iMrotsikLsi. 

NEPER.  SeeNapiaa. 

NEWEL,  the  upri^rUt  poll  that  ftairs  turn  about ; 
being  that  pan  of  da-  liaircafe  which  fuHaius  the  ilcps. 

NEWTON  fDr.  John),  an  eminent  Englifli  ma- 
thematician and  divine,  was  the  gnindf<in  of  Joha 
Newton  of  Axmouth  iu  Dcvonfljire,  and  fo;i  uf  Hum 
phrey  Newton  of  Ouadle  in  Northamptonftiirc,  wherP 
he  M-as  boro  w  i692.    After  receiving  the  proper  fona 
dationaf  a gramanar  education,  he  wasfeat  to  OxfcirJ, 
where  he  was  entered  a  commoner  of  St.  tdrnuud's 
li.ill  in  1637.    lie  ii  ok  tlie  degree  of  bachelor  ot" 
arti  in  1641  ;  and  tiie  year  foltowing  be  was  crc<ited 
mailer,  in  precedence  to  insiny  lludents  of  quality, 
on  account  of  bi«  dilliiiguiilitd  talents  in  the  ^roal 
brsnches  uf  literature.    His  ^ttiius  leading  hint  ilrtag- 
ly  to  allronomy  and_ mathematics^  he  applied  hiniCdf 
dili^^cntly  to  thofc  fciencc*,  as  well  as  to  divinity,  snd 
mailt  a  gretil  prdicitncy  in  tl:.;iT,  wl  u  ;i  he  fouud  of 
fume  fcrviceto  him  durin,^;  C'roraw ell's  govi.r.iixn.iit. 

After  the  u  il.  r:iti(jii  of  C'harlcs  the  2d,  he  reaped 
the  fruin  «»f  loyalty  :  bt-ini^  cr^Rtttl  doctor  of  di\>- 
nity  at  Oxford,  Sept.  l6^)I,  t  e  v  as  made  or.e  of  the 
king's  chaplains,  and  re^or  uf  Kod  iu  Hercfordihin^ 
snUead  cf  Mr.  John  Tounibes,  defied  for  not(oOn> 
furmitj.  He  held  this  living  till  his  death,  which 
bofpcoed  at  Ruis  on  CbrtfUsasday  1678,  "t  ^6  yian 
dfage. 

U »  .  '  .      -  Mr. 
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Mr.  Wood  gn»e  him  tho  charaftcr  of  a  capriciotis 
and  humourfomc  pciTon.  Hoivt-ver  that  be,  his  writ- 
ings arc  »  proof  of  his  yrr-st  .\pp!>eat}on  to  tliidy,  and 
a  fuiB<:tctit  monuinrnt  ot  ;;<'niiii  nnd  IkiU  in  ibc 
aoatbcmatical  ic!cr!Cv-«.    'llirft  ure,  ^ 

I.  Aftroi'.ri  ^lia  B-itanTiica,  &c:  15410,  1656. 

J.  Help  to  Ca'.tubition  ;  with  Tables  of  Declina- 
tion, i<c  :  4to,  1^157. 

J.  Trigitnomftria  Britannxa,  in  two  books ;  the 
one  cornpofed  by  our  author,  and  the  other  irandated 
from  the  Latin  of  Htnrr  Gctabrand :  foiiot  t(>Sti. 

4.  ChSiides  Centum  LogirithmDraiDt  prinUa  iHth, 

5.  Geometrical  Trtgonoinctiy :  ^^S9' 

6.  -Malhematkral  Knnentt,  thpre  parts :  4to,  1660. 

7.  A  Pct-.-trrJ  !>h.-v,  -jr  AV.-.nnvx  i  I'fij. 

8.  Defi  ij  U'jn  ui  the  Vie  ul  liit  Cat ptiiici 'i  Rulc: 

1667. 

9.  EphcfTicridts,  (Iiewiiig  I  he  intercft  aud  rate  of 
money  at  6  per  cfut.  k'^c  :  1667. 

10.  Chiliadc*  Centum  Logarithmorum  ct  Tabula 
Partium  PirapomoiuiltalB :  loiSy. 

II.  The  Rule  of  Intcr<r.a,  or  tlteCaTcef  Dcciiml 
Fractions,  &c,  part  2  :  i^vo,  1668, 

12.  SchooUpoftimc*  for  young  duUzvoy  Ac  t  8«o, 
1669. 

13.  Art  of  Pra^^ical  Gaiijjing,  Sec:  \66g. 

I+.  Tntrodu6iion  to  the  att  of  Rhrtoric  :  1671. 

15.  The  Art  of  Natural  Arithmetic  in  Whole 
Numben,  and FnnAion*  Vulgar  and  IXxiitial :  Svo,  1671. 

16.  llie  Engtifli  Academy :  8tu,  1677. 

17.  Cofmography, 

.  iR.  Inirodiiclion  to  Aftronomy. 

19.  Infroduiflion  to  Geography  :  8vo,  1678. 

NEAVTON  (Kir  IsAAi  ),  oik-  of  the  grcatcft  phi- 
lofbphcn  and  mathcm»ti<:iai)j  the  world  has  pn>duced, 
was  born  at  Woolftrop  in  Linc«lnfliir«  on  Cl^ftntM 
day  164Z.  He  vnu  defeended  from  the  eldeft  brinch 
of  the  family  of  Sir  John  Nrwtor,  hjit.  ^vh  1  uvre 
lords  of  the  manor  of  Woollhup,  unj  li.id  bL-ni  p  if- 
fefled  of  t'u'i-lht":  ah  .-.it  ••.•.-.>  c-cn?urii-x  hff;>ic  ,  to 
vrhich  they  liad  removed  from  Wcilley  in  the  fame 
county,  but  originally  they  c^rnc  from  the  town  of 
Newton  in  Lancaflure.  Other  acc<luot«  in,  I  think 
more  truly,  that  he  was  the  onljcbnd  of  Mr.  John 
Newton  of  Cole(woftll»  near  Grantham  in  I.  in  coin  Ih  ire, 
who  had  there  an  (fbtc  of  about  120I.  a  year, 
which  he  kept  itt  his  own  hands.  His  in  tlu  r  u  as  uf 
the  ancient  and  opulent  family  «if  the  Ayfcoiighs,  or 
Af{<-'"'»>  of  the  fame  county.  Our  author  lofing  his 
fethtr  V  he\\"as  very  young,  the  cart  of  his  educa- 
tion \  x.cd  on  his  inothcr,  who,  though  Ihe  tnarricd 
again  after  hit  father's  death,  did  not  neglect  to  im- 
prove by  a  liberal  education  the  pmmifing  genius  that 
was  obfcrved  in  her  fon.  At  12  yc.irs  of  age,  by  the 
advice  of  his  mat'rnal  uncle,  he  vrxs  fent  to  tlie  gnim- 
iTiar  fchool  at  Grunlham,  when'  lie  r-ixJe  a  good  pidi- 
ciency  in  the  langnagt  g,  and  laid  the  foundation  of  iu's 
future  ftudics.  JLvcii  here  was  obferved  in  him  a  ftrong 
indination  to  figures  and  ^hilofophical  fubjefis.  One 
tfait  of  thii  earl}'  dtfoofltion  it  told  of  h^  :  be  had 
thm  a  rude  method  of  mcafiirin^  thf  force  of  t!ic  wind 
blowing  agaioft  him,  by  obfcrving  how  much  farther 
lie  coaUlnp  is  the  durCkloa  of  tut  niod,  «r 


on  his  b?-  A,  th.in  he  conld  Icip  the  coatrary  war,  or 
oppofcd  to  the  wind :  an  early  maik  of  lu»  original 
iniancine  genitit. 

After  a  few  years  i^ient  here,  his  inothcr  took  htai 
'borne  ;  intending,  as  (be  had  no  other  child,  to  base 
the  pleafuic  of  hti  company ;  and  that,  after  theauillx 
Iter  of  \a»  fiither  before  him,  he  fhonU  ooenpy  his  own 
<\h.--. 

But  infkad  of  mit;ding  the  nurkets,  or  the  huHncfs 
of  the  farm,  he  was  always  ftudying  and  poring  over 
his  biKikt,  cTcn  by  iteallh,  from  hii  mather's  fcnow» 
lodge.  On  one  of  thcfc  occafions  his  uncle  difcovered 
him  one  day  in  a  bayJoft  at  Grantham,  wfaither^  he 
bad  been  fent  to  the  market,  workinj^  a  iDathematical 
pmbltm  ;  and  h.iving  othcrwifc  (jbt^rrvcd  the  Inr,  '> 
mind  to  be  uticonum  ijly  bent  upon  learning,  lie  p;^- 
vaihd  upon  liis  filler  to  part  with  him  ;  and  he  was 
Bcc<>rding!y  fent,  in  i^Cic,  to  Trinity  College  in  Cam- 
bridge, where  hi'  uncle,  having  h'^lfelf  been  a  mem- 
ber of  it,  bad  IliQ  many  friends,  ifaac  wa*  foon  taken 
mticie  of  by  Dr.  Barrow,  who  wu  foon  aiter  appoint- 
ed the  firft  Lucafiiin  jitoitflbr  of  mathematics ;  ami 
obfcryinff  his  bright  ;;ei>i  is.  contracted  a  great  fricnd- 
fhipfornim.  Ai  his  nuif.  iting  hei«,  Euclid  wa^  tirft 
put  into  his  h.-tnd«,  m,  uiual,  hut  that  author  wa:>  fuon 
difmilTed  ;  fecming  to  him  too  plai-i  and  eafy,  and 
anwortby  of  taking  up  his  time.  He  undcrilood  hint 
almoft  before  he  read  him|  tnd  I  c»tt  of  his  eye  upoa 
the  eonteatsof  hit  theormv.tm  liilBcicat  to  uake 
hhn  matter  of  them :  and  as  the  analytic^il  method  of 
l>es Cartes  wvi  t'u  n  much  in  vogue,  tu-  |>ar[i;  iil:irly  .ip- 
plietl  to  it,  ;iiiJ  Kepler's  Optics.  ;.c,  iiuikin^'^  kvcral 
iivp'ovi TncnU  on  them,  which  h<  in'.LTid  lijion  tnc 
margins  of  the  books  as  U^i  went  en,  as  his  cuitom  was 
in  Audpng  any  anthor. 

Thus  he  was  employed  tJU  the  year  166^  wbcn  he 
'  opened  a  way  into  hii  new  method  of  FIuiwdi  and  tn> 
finite  Series;  aud  the  fame  year  toyk  the  degree  of  ba- 
chelor of  arti.  In  the  mean  time,  obfcrvine!'  thai  the 
mathematicians  were  much  engaged  in  the  t  iiiiiieli  of 
improving  telcfcoiKs,  by  griudiug  glaiCu  into  one  of 
the  figure*  made  by  tlie  three  ieekioM  of  a  conc^ 
upon  the  principle  then  generally  entertained,  that 
light  was  bomogeaeoiM,  be  fet  himrdf  to  grinding  of 
optic  ghtfTcs,  of  other  figures  than  fpherical,  having  bs 
yet  110  diUaill  of  the  homogeneous  natureof  light :  but 
not  hsiti  1,;  jivcfently  ujvon  any  thing  in  tJiis  aacmptto 
fatiufy  hi^  iiiiod,  he  procured  a  glofs  prifm,  that  he  might 
try  the  celebrated  phenomena  of  colours,  difcovcred  by 
Grimaldi  not  long  before.  He  was  much  pleafed  at  firtt 
with  the  vivid  brightncf^  of  the  colours  prodtieed  by 
thia  cxpertmeots  but  after  a  while,  confidcring  tbcm 
in  a  phiJofophicd  way,  with  that  drcumfpcc^ion  ivhidi 
was  natural  to  him,  he  was  furprifed  to  fee  them  in  At\ 
obkmg  form,  which,  according  to  the  received  rule  of 
ri fractii.Mi'',  mi ;;ht  to  br  circular.  At  lirlL  lie  thought 
the  irregularity  might  poiiibly  be  no  more  than  acci- 
dental; out  thit  «ras  what  he  could  not  leave  without 
further  enqoinr :  accordingly,  he  fonn  hivcnted  an  tB> 
falHbte  method  of  deciding  the  queflion,  aitd  theiefnit 
was,  his  T/rrry  r,f  Light  and  Colourt. 

However,  the  theory  alone,  uncspc&cd  and  furprif- 

utla^  biai }  M  rather  confidcred 
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Ac  proftx  vSt  tb«t  might  be  made  of  it  for  tiBPimtng 
'  lUcttop«%  -dhidi  mt  his  M\  defigiu   To  ttm 
ItmoB  aow  dilieooeRd  thtt  li^  tm  aot  boBMigrafr* 

fflN)  dbi  in  lictcrugciMuiu  mntofv  of  dtflRctmu^ 

frsir.-iL!"  rr.vf.  lie  ccimputcd  the  errors ariiVn;^  frutn  thri 
difl'trc-t  rt  ?rj-;gibi!ity  ;  and.  linking  t!i'-n  to  tuc'  tij 
(•me  hi-TAlri  dj  of  times  tln-ii.  occat'oncrl  by  the  r-'' u- 
J«r  figure  of  tbc  glaffcs,  he  threw  aiHe  hi";  Hafs  worki, 
aod  took  reflections  into  crnifidcntion.  lie  wa$  now 
feolible  that  optical  ioftnUMiMt  m^gfat  be  brought  to 
any  degree  of  perfn^ioa  defiiHt  ni  oife  tbwe  eetiM  be 
foond  a  reHe^ting  fubftancc  which  woold  ooltfti  as  finely 
u  glafs,  aiid  refitdl  a»  much  light  as.;^Ws  tranfmits, 
and  tiic  art  of  giving  it  u  pimbclic;;!  ttjrurr-  he  ;  !f<i  at- 
tained :  but  thcfe  feemed  tu  htm  vcr)'  great  diincoltK-.i ; 
na)'i  he  almott  thought  them  inl'iiperabic,  when  hi-  fur- 
ther coafidered,  that  every  irrcgidarity  in  a  rrHciVing 
Inperficics  make*  the  rays  ttray  live  or  fix  trmes  nioir 
froia  their  due  courle«  duut  the  like  incgH)«yitica  in  • 
icfitQing  otw. 

AniiJil  lliofc  r;»ccnlat'rin%  he  was  ^orc-i]  far.n 
Cafiibi id^i',  in  166^,  by  the  plague;  iiinl  11  w.i'  mure 
than  two  yi"Jrs  !)cforc  he;  trade  ar.y  furtlur  j.rogrcf* 
in  the  fiibjeCt.  However,  he  wai  fax  from  puiiing  his 
tint  idly  la  the  country ;  on  the  contrary,  it  wai  here, 
atthia  time,  that  he  firft  ftaitcd  the  hint  that  save  rife 
to  the  fyflem  of  the  world,  which  it  the  main  (ubjeft  of 
the  Pri.f.if  ii.  Iti  hh  rctirinicii'.,  lie  was  frtti-ig  :i!onr 
in  a  gardi-n,  when  lornc  ap[.lc»  falling  trorn  <i  tire,  kJ 
hiathoijglits  upon  the  fub^eft of  gnrrity  ;  ami,  ntiiTt.'n^ 
on  the  pt>«cr  of  that  principle,  he  began  to  couJidcr, 
that,  as  this  power  i«  not  found  to  be  ftnfibly  dimi- 
wAcdat  the  mnotcft  diftance  iiroin  the  cmtre  of  the 
cmh  tcL  which  we'  can  lik,  neither  at  the  topi  of  the 
leitieft  buildings,  nor  on  the  fommita  i>f  the  hit^eft 
iDO(intain»,  it  appeared  to  him  mfonaUc  to  eoncindc, 
that  this  power  iif.ifl  extend  much  farther  than  i* 
ufuaUy  thought.  "  Whv  not  as  high  as  the  moon  i 
laid  he  to  himfrlf ;  aod  if  fo,  her  inr>tiun  mull  be 
iafluenced  by  it ;  perhaps  (he  is  retained  in  her  or- 
bit by  it :  however,  though  the  power  of  gravity  is 
not  feniiUf  weakened  in  the  littw  change  of  dilfamee 
aft  whSdi  we  can  place  onrfefw*  from  the  centre  of  the 
earth,  yft  it  is  rcry  poffiblc  that,  at  the  hti^lit  nf  t!ie 
moon,  this  power  may  diftcr  in  itrcngth  idiicU  from 
wh.Tt  it  it  here."  Ti;  mr.kc  an  elliniatC  what  might  1  ? 
the  degree  of  tliia  diminution,  he  confidercd  with  liitn- 
1^  that  if  the  moon  be  retained  in  her  orbit  by  the 
feffce  of  giaritf,  no  doubt  the  prioiaiy  planet*  are  ear* 
vied  about  khe»fan  by  the  like  power ;  and,  by  com- 
paring  tlie  period-i  of  the  fcvetal  planets  with  tluir 
diilaiiL-e"!  from  tho  I'lin,  he  tniind,  that  if  nnv  puvvcr 
like  ^r.iTity  htLi   x\'crj    in  thiu"  corirliH,   i!  1  l^rcnglh 

Biuft  decreafe  in  the  duplicate  proportion  or  the  iii- 
creafie  of  diftance.  Thia  he  condaded,  by  fuppofmg 
diem  to  move  m  perfeft  drclet,  concentric  to  the  fun, 
fexm-wfaidi  the  oroitt  irf  the  great  eft  part  of  thctn  do 
not  much  dilfer.  Suppifing  therefore  the  force  of  gra- 
vity, when  extended  to  the  moon,  to  decreafe  in  the 
fan  c  n;j!u.tr,  tic  ct  mi  nted  whether  that  force  tvotdd 
be  l"ulFiciei;t  to  keep  the  aioon  in  her  orbit. 

In  this  compvtatioti,  being  abfent  from  books,  he 
took  the  cowon  elUmate  in  ufe  -nmonff  the  gebjgta- 
fko*  nd*  on  fcaamif  bebvc  Nonioodnad'tteawcd 


the  earth,  namely  that  60  mitea  make  one  degree  of 
Jatitude  i  but  as  that  it  a  very  erroneous  fupj^ntitioOt 
aachd^KC  cootamag  about  o^i  of  oor  Enghft  iBtlca» 
k  i£d  not  make  the  power  of 

,-ravity,  .l-,-cn.-afiris(  in  a  daplicatc  proportion  to  the 
d:t!M;cr,  inlwcrjbic  lo  the  power  which  rtlRinrd  the 
tr. -on  in  her  oibii  :  whence  he  concluded,  th. it  fome 
other  cauft-  muft  at  Irafl  join  wiili  the  adion  of  the 
power  of  gravity  on  the  moon.  For  this  reafoa  he  taid 
afide,  for  that  time,  anjr  finthor  thoughts  upon  the 
matter.  Mt.  Wfaiftoo  (n  his  Memoh-t,  pi.  35}  t'ayti 
he  told  htm  tliat  [)e  thought  Des  Cartcs's  TOfticta might- 
concur  with  the  aciian  of  gravity. 

Nor  did  hercfume  this  eiiqiiiry  on  his  return  to  Cum- 
bridge,  which  was  Ihortly  ii'ui.  The  truth 
tlui'ights  were  now  engaged  upon  htj  r.«v]y  projef^cd 
rctkaing  tdefcope,  of  x\  hicb  he  made  a  Imall  fpcci> 
men,  whh  a  metallic  reHeetor  fphericatly  concave.  It 
was  bet  a  mde  efE-y,  chieflv  dcfe^ve  Iryvthc  want  of 
a  good  polilh  for  the  metal.  This  mflratncot  »  nour 
■11  I  pi)fleflion  of  the  Roval  Society.  In  irj'.y  he 
\vj8  cholen  FcHow  of  his  ro^legc,  and  took  the  dej;rre 
of  mall'.-r  of  arts.  And  in  1669  Dr.  Iiarra«-  religned 
to  him  the  mathematical  chair  at  Cxnlindge,  the 
bnfinefs  of  which  appointment  interrupted  fur  a  while 
hii  attention  to  the  tdelcone:  however,  tts  hiii  thoughts 
bad  been  for  fame  thne  cluefly  emploj  cd  up  m  i>p!tc», 
hr  nxidi-  1.;  iirfLriTt  ri,:>  ir;  th  a  kik-ncc  the  fi;-»ject  ofhrs 
hf  turr-.,,  tor  iIk  nrit  thicc  yeai's  i*Ucr  he  was  appointed 
M.ithematical  Profcflor  :  and  having  now  brou^'lu  his 
■]  htan  ^  l  'al>t  anil  Co!oun  to  a  contidcTable  degree  of 
perfcifti<>:i,  and  having  been  eleded  a  FeQow  of  the 
koyal  Society  in  Jan.  1672,  he  communicated  it  to 
that  body,  to  hare  thrit  judgment  upon  h  t  And  it 
Was  afterwards  p'lblifhcd  in  their  Tnui factious,  viz,  of 
Feb.  19,  ifi";!.  This  publication  octafiaiied  a  dilputc 
upon  the  truth  of  it,  which  gate  him  fo  much  iinrall- 
iitf»,  ihnt  he  refolvcd  not  to  pubLih  any  thing  fuitlier 
for  a  while  upon  the  fubjeft ;  and  in  that  icfolutioti  he 
laid  up  hit  Opfi€iii  LeSurct,  although  he  liad  prepared 
them  for  the  pre£b  And  the  Ann  yfu  by  Irfii;:ie  htritt, 
which  he  had  intaided  to  fubjoin  to  them,'  imhapplly 
for  the  world,  mderwent  the  bane  fbt:-,  and  for  the 
fame  reafon. 

In  thii  temper  he  nfumcd  his  tclefcopc ;  and  r/h- 
fcrving  th.it  there  was  no  abiolute  ueciffity  for  tht  pa 
rabuUc  figure  of  the  dales,  iince,  if  metals  cculd  he 
groond  truly  fpbcnca^  they  would  be  able  to  bear  as 
great  apertures  aa_  men  could  give  a  poh'ih  to,  he 
compteted  another  inftrument  of  the  fame  kind.  Tb7i' 
iinf'.*.  irnvr  the  puipofc  fo  well,  as,  though  only  half  a 
fijut  in  kngth,  to  ftcw  the  planit  Jupiter  diftincUy 
round,  with  his  four  fatcllitta,  and  all'o  Venus  bon  ed,, 
he  fent  it  to  the  Royal  Society,  at  their  retpKi^,  to- 
gether with  a  dcfcription  of  i:,  with  further  particulars;' 
,  which  were  publiibcd  in  the  Piiilofophicai  Tianfadliona 
for  March  1672.    Several  attempts  were  alfo  made  by 
that  fociety  to  brin^-  it  to  pcrl'tetion  ;  but,  for  wont 
of  a  proper  compoiJtion  of  metal,  and  a  good  polith, 
nothiii-;  fucccidi-'d,  aid  the  iMVL'.t'jn  lay  dormant,  till 
iiadicy  made  hi^  Newtonian  tclelcopc  in  1723.  At  the 
requcft  of  Leibnitz,  i.r  1676,  he  expl.tincd  hisi  invention, 
of  Infinite  Scries,  and  toiak  nodce  bow  far  he  bad  im- 
pnnad  it  liy  bit  Ifetliod  of  71uuud%  wbicll  howcvar 
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he  ftill  concealed,  and  particularly  on  thit  occaGoo,  by 
m  tfanfpolUioi)  of  the  letters  that  make  up  thc.two  fuD> 
dammul  propofitions  of  it,  into  aq  alph>bctfc»l  ocJtri 
4he  lettm  concerning  wInV'h  ire  infertcd  in  CoHinf'i 

Coiriliicrcium  F.pi;i:J:i.uni,  pii'itc]  1712.  In  l]\c  wlu- 
tcr  brtwcca  the  ycirs  i^yO  ar.«l  i6;:7,  lie  found  out 
tlic  giTind  propoliilijn,  1  li.it,  by  :i  rriitnp^-tal  force 
ading  reciprocally  ai  the  iquare  of  the  diilance,  a  planet 
mud  revolve  in  ao  eUipfi$,  abmit  the  centre  of  forec 
placed  in  its  lower  focus  ^^"d,  by  a  ndius  drawn  to 
clut  centre,  deferibe  arra*  proportiont]  to  the  ttmca. 
In  1 6(^0  he  made  fc-cralailronumical  ubfervaiions  upua 
the  comet  tlwt  then  appeared  ;  which,  for  fume  coiifi- 
dri  ibii-  time,  he  took  not  to  be  one  and  the  fajre,  but 
two  diflcient  comcti;  and  upon  this  occafion  fc%'cial 
Ittlcrj  pnllcd  between  him  and  Mr.  Flamlleed. 

He  was  flill  under  this  miit.ikc,  when  he  received  a 
letter  from  Dr.  Hook,  explaining  the  nature  of  the  line 
defciilKd  by  a  falling  body,  {upoolcd  to  be  moved  cii-- 
coltirly  by  the  diurnal  notion  01  the  earth,  and  perpcn. 
t]u  iil.;rly  by  the  power  of  crawty.  This  letter  put 
him  upon  cnquirinir  anew  v>]iat  wan  tlie  real  figure  in 
wliich  fut  h  a  Sic  ily  jiu ;  and  ihat  enquiry,  convincing 
him  of  another  miibkc  which  he  had  before  fallen  into 
COncenilng  that  figure,  put  him  upon  refuminf  his 
former  tbougbta  M-iUirrgord  to  the  moon ;  andricart 
having  not  long  before,  viy.^  in  1679,  meafured  a  de- 
gree of  the  earth  with  fufFKirnt  ace  j:  .;(.  y,  by  ufin;;  1:1'! 
meafurcft,  thai  pLuct  apptaitd  to  be  rctiuiud  ni  lur 
orbit  by  the  fole  power  of  gravity;  and  conUqnrutly 
that  this  power  dccrcafcs  in  the  diipUcate  ratio  of  the 
diflancc  ;  as  he  had  formerly  conjectured.  Upon  this 
principle,  he  found  the  line  dcfcribcd  bjr  «  fiiUi^g  bodf 
to  be  an  cUipfit,  having  one  focua  in  tlie  centre  of 
the  earth.  And  finding  b^  this  meant,  that  the  pri- 
niary  planet*  really  moved  in  fuch  orbits  at  Kepler  had 
A  j  polcd,  be  had  the  fatisfad^lon  to  fee  that  tbi^  rn- 
tjuiry,  wjiiih  he  bad  undertaken  at  firft  out  of  mere 
cuiiofity,  could  be  apphed  to  the  greatcft  purpoftt. 
Hereupon  he  drew  up  about  a  dozen  proftofitiont,  re- 
lating to  the  fltotioQ  of  the  pnmary  planets  round  the 
fun,  which  ««rt  oomaunicatcd  to  the  Royal  Society 
to  the  latter  end  of  1693.  Thia  coming  to  belcnown  to 
Dr.  Hallr^,  that  gentleman,  wbj  bn!  aiic  n  jitcj  the  dc- 
monfliiitlon  in  vain,  applied,  in  Aii;;ull  16^4,  to  New- 
tun,  \  bo  afiuted  him  that  he  11:1!  abfolutely  completed 
the  proof.  T:ii^  was  aKo  regiitered  in  the  book*  of 
tlic  Royal  Society  ;  at  uhuft  earned  folicil.iticii  New- 
ton finilhed  the  work,  which  was  printed  under  the 
care  of  Dr.  Hafle^,  and  came  out  about  midfummer 

t&ijt  under  llie  tillc  af,  /'Z>//t>/V/'/';V  naliiaKs  Prltuipia 
mUlemalUii,  containing  in  the  tliird  b(jok,  the  Com;:- 
tic  Aftroiioiny,  v.lich  had  lutn  lately  difcuvcitd 
by  bin,  and  now  made  its  lit  it  .ippcarance  in  tli« 
world  :  a  work  whiili  m.\y  he  looked  upon  as  the 
protiuaion  rf  ccUftial  intcUigCQCC  rather  than  of  a 
man. 

This  work  however,  in  which  the  great  author  hat 
btiHt  a  new  fyftem  of  natural  phihifophy  upon  the  mnft 
fill  b;-'.  ^crrnitry,  did  not  meet  at  full  with  all  tiic 
dcftivid,  and  was  one  day  to  receive.  Two 


a; 


dreffed  out :  Ke  !iad  pycn  her  Ilkewifc  fom;  of  natttre^ 
fine  featurct,  and  paiatcd  the  retl  to  a  firming  likencft 
-  of  ber.  On  the  other  hand*  Newton  had  wtib  an 
unparalleled  penctratmn,  and  force  of  gcniuk,  purfued 

n.itiMc  up  In  !.t.'  n-.nl  ffcrut  abi/Je,  ami  wis  iii'tn!  to 
d(.ii;oi.lli  ate  'i.i  uinlcii*.^  to  otlu-i  ^,  rri'-b:-.'  I'liui  .iii>.;uU» 
to  dtfci'l.ic  p.n  iii  ub-rly  the  way  by  v.  hicb  :io  .niivni  ,r.  it 
bimfclf:  he  liniihcd  his  piece  in  that  elegant  coticiit  acts, 
which  had  jnflly  gamed  the  Ancients  an  uiiiverlal  e& 
teem.  In  fad,  tlie  confeouencea  flow  vrith  fuch  ra« 
pidity  from  the  piincipies  that  the  reader  is  often  left 
to  lupply  a  Ii>ng  ch.iiii  of  reafoiiing  to  connecl  thctn : 
fo  tliat  It  required  fome  time  before  the  wotlJ  could 
undcriland  it.  Tin*  b1.l1  mathtmaticiana  were  obliged 
to  iludy  it  with  care,  before  they  could  make  tiiem- 
fclve»  mailer  of  it  ;  and  thofe  t)i  a  kiwer  rank  d'Jrft. 
uot  venture  i:p.;ri  it,  till  er.couragi-d  by  the  ti.'llirr.oTirt 
of  the  more  lt  ,;i:u  J,  But  at  lull,  when  its  value  cair.c 
to  be  fufficlcntly  known,  th$  approbation  which  bad 
been  fo  flou  ly  gained,  became  uiiKerful,  and  nothing 
was  to  be  heard  from  all  qiiancrs,  bi.i  "I'.c  j;i:ucral  burll 
of  adiniraCiun.  "  Duos  Mr.  Newton  cat,  ibink,  or 
ficep  h'ke  other  men  :"  fays  the  mar<iuis  de  I'liolpiial, 
one  of  the  grctftell  mathematicians  of  the  age,  to  the 
E^gliili  u  ho  viiittrd  him.  "  I  rcprefent  him  to  myfelf 
a*  n  cddlial  |^cniu«  intircly  difei^piged  fram  matter." 

In  the  midft  of  thde  proAiund  mathematJcal  re> 
fe;irchcB,  jull  before  his  Prnicl^ia  went  to  the  prefs  in 
1686,  the  privileges  of  the  uiu'veriily  being  attacked  by 
[i'.i;-.<-s  ibc  iNtiMnii  .i;;j)r.iicd  among  iin  moil  ftreiiu- 
ot:s  dciciidci  :.,  lind  was  on  that  occafion  app  liiited  one 
of  thvii  (Itli'^iivcj  to  the  hlfjh-commiffiou  court ;  and 
they  made  fuch  a  defimcc,  that  James  thought  proper 
to  drop  tin  nfiMr.  Our  author  w  as  alfo  choTcn  one  of 
their  members  for  the  Comcntion'Fteliament  in  l688» 
in  which  he  fat  till  it  w  as  did'olvcd. 

Mcv,  ton's  mci  n  was  well  known  to  Mr.  Montague, 
then  chaucellut  ul  the  exchequer,  and  afteruards  earl 
of  Halifax,  who  had  been  bred  at  the  fante  boUege 
with  him  ;  an  J  whcrv  br  midc'rtnok  the  great  work  of 
rccoiniiig  tlit  iru/iay,  be  fixed  hii  tyc  upon  NeWtOQ 
for  an  am.ttant  in  it ;  and  accordingly,  in  1696,  he  was 
appointed  warden  of  the  mint,  in  which  employment, 
he  ii.i.Ji.rii  '..ry  bgiial  fervicc  to  the  natici:.  ^\iid 
thicc  jettu  .liUT  he  wa,i  promoted  to  be  master  of  the 
mint,  a  place  worth  12  or  15  bundled  pounds  per 
annum,  wliich  he  held  till  hiV  dcitli.  U|>on  this  pro* 
motion,  he  ap|>(iiiittd  Mr.  \\  iniUni  his  deputy  in  the 
mathematical  prufcflbifliip  at  Cantbt  idge,  giving  him 
the  fuU  profiu  of  the  place,  whicli  appointment  itfdf 
he  alio  procured  Un  him  iu  170^.  Tlic  fame  year 
our  autlior  wns  clioftn  prelidcnt  of  the  Royal  Society, 
in  which  eiialr  he  fat  fur  25  ytnrs,  namely  till  the  time 
of  his  dtijtb. ;  and  he  had  been  choferi  a  rrembrr  of 
the  Ruynl  Academy  of  Sciences  ftt  Puris  iu  <f)()9,  as 
fool:  as  the  new  rivulatiun  was  made  for  admitting  fo- 
reigners into  that  (ociety. 

£m  fince  the  firft  dlfccvriy  of  the  hetcrogencoua 
mixture  of  light,  natt  tb'.-  production  of  colours  (hence 
arifiii)^,  he  h;id  employed  a  giiod  jtait  of  hit  time  in 
bringing  the  experiment,  ujjon  wliiih  the  theoiy  it 
founded,  to  a  d  'gree  of  ex.ai'liief&  tliat  nu'ght  fatisfy 


reafons  concurrtd  in  pit>ducing  this  cflecft  :  Des  Ciittes   ,  .    .    -  „  --     .    -  - 

had  then  got  full  poielTton  of  the  woshL  Hispbiio<  himfcift  The  truth  it,  this  feems  to  .have  been  his  fi 
Ibpfaj  WW  ndeed  the  aeatim  of  a  fine  unaginatioM,gaiIy   voittite  iuTcntibn  $  30  yearn  lie  had  fpent  ia  thia  nrdu« 
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•a*  uik,  bcfur<  be  publiihed  it  in  1704.  la  infinite 
kA»  aod  fluxiont,  and  in  the  power  md  rule  of  mvi- 
tT  in  picferruig  the  folur  fjftenit  there  had  been  TonM» 
tboagli  dttmt  Itinti,  given'  bv  others  before  hitn : 

whereas  in  diflv^ling  a  ray  of  light  into  its  primary  con- 
ftitnent  particles,  which  then  admitted  of  no  further 
feparatioii  ;  in  the  d:kovcr\'  of  the  different  icftjiij;!- 
bility  vf  tliefc  p.utick's  thus  Icparalcd ;  and  th.il  thtfc 
conflitut  ti!  r,!v  i  had  inch  its  own  peculiar  colour  in- 
hercnt  in  it;  that  rays  falling  in  the  fame  angle  of 
incidence  have  alternate  tits  of  reflection  and  rcfractian^ 
that  bodiei  are  rendered  tiaofparvnt  by  the  minute- 
•efi  of  their  pores,  and  become  opaque  by  having  tbcn 
lar^f  ;  afui  llut  t!ic  iiion  li aiifpur.. .jt  bof'.v,  Ijt  naring 
agrtAt  tliiur.tfs,  w  ill  bccun-.c  Iris  pcr-.^oii')  ti)  tlic  light  : 
io  all  thefe,  wliich  m?.'Ac  up  liis  :;  -'.v  uilo.'v  of  li;,l>t 
and  colours,  he  wa«  abfoiutt-ly  and  t-T  tiidy  the  tirft 
ftarter;  xad  at  the  fubjed  is  of  tb.  moll  fubtle  and 
ddicatc  nntutc^  he  thought  it  neccilarj  to  be  himiclf 
tiielaft  finiiherof 

In  fact,  the  iflair  that  chiefly  employed  his  refearchet 
for  fo  many  years,  was  far  from  being  ccmfined  to  the 
fubjeA  of  light  alone.  On  the  contrary,  all  ;liat  wc 
know  of  natural  bodie»,  fecnied  to  be  comprehended  in 
it ;  be  had  found  out,  that  there  was  a  natural  adi<ia 
at  a  dillance  between  heht  and  other  bodies,  hy  winch 
both  the  reficftiooa  SM  ivfradions,  35  well  as  inllcc- 
tian^  if  the  fimBcr*  weve  cooftantly  produced.  To 
•icertatn  the  force  and  extent  of  this  principle  of  siAion, 

was  what  Iwd  all  alulr^  (.'ii^;:;^;' il  l:ib  thoughts,  atid 
nhaC  after  all,  1)V  its  cxtrcnu.'  iubtlcty,  ffi.^pcd  his 
moil  pcr.i;traLt;ii:^  fpiiit.  However,  lU(ju;;li  lie  liiin 
not  made  fo  ftdl  a  diteovcry  of  this  principle,  which 
direds  the  courfe  of  light,  as  he  has  in  regard  to  the 
power  by  which  thepltunctti  arc  kept  in  their  courfe* { 
fet  be- gave  the  beft  direflioM  poffible  for  fuch  aa 
(hould  be  difpofed  to  carry  on  the  yvork,  and  furnifticd 
matter  abundantly  fuificii-nt  to  animate  them  to  the 
purfiiit.  Me  h;:.s  mdced  hereby  <i;>cnf  '.  ,',  w.  y  iif  pnfT-' 
ug  from  optics  to  an  entire  fyliene  ul  ptiyiic.^  ;  and, 
if  we  look  upon  hi*  ^nenca  a>  containing  vhe  hWlory  of 
•  grrst  man's  £rft  thouglits,  ex*en  in  that  view  they 
mii\  he  alwaytntleaft  eatertaining  and  curious. 

This  fame  year,  and  in  the  mum  book  with  hfS 
Optics,  be  publiihed,  for  the  firft  time,  hi*  MetTied  of 
Fluxions.  ,  It  has  been  already  obfervi  ;!,  tiiLit  tliefi-t  '.Mj 
inventions  were  intended  for  the  p;  (ilic;  lo  Ii;ti;;  litli n- 
as  1672;  bi  t  WLTr  hi.il  iiv  tlu-ii,  in  uni' r  t-j  pr'-'.ciit 
his  being  engaged  on  tb;ic  account  in  a  difpute  abui:t 
them.  And  it  it  not  a  Kttic  xanarkable,  that  c\ta 
sow  thia  faift  picoe  proved  the  occafion  of  another  dif- 
pntet  which  continued  for  man^  yean.  Ever  lince 
1684,  Leibnitz  had  been  artfully  working  the  world 
into  an  opinian,  that  l>e  firft  invented  this  niethod. — 
Newton  i^.v  hii  (irll^n  fiom  the  '.cjinning,  and  had 
fuiiiciently  uLvtatcd  it  lu  the  tird  edition  of  the  Prii>>- 
cipia.  In  1687  (viz,  in  the  Scholium  to  the  2d  lemma 
«t  the  2d  book)  :  and  with  the  fume  view,  when  be 
■ovpohlifhed  that  method,  he  took  occaHontO  aequaint 
the  worid*  that  he  invented  it  in  the  yeaia  1665  and 
1666.  In  the  Afia  Eraditontm  of  Leipfic,  where  an 
»ce<j-,iL',i  Ik  '/jwn  (.-f  tlii^  t>o<ik,  the  aulh  ;r  of  that  ac- 
count afcnbed  the  inx-ention  to  Leibnitz,  intimating 

tkit  Nnrtca  boniowed  k  fit«m  him.  Dt,  KeiO,  the 


1    3  NEW 

ailronomical  profefTor  at  Oxford,  undertook  Ner^on'* 
defence  ;  and  after  fcyctai  anfwei-s  on  both  fiJis,  Lcib« 
nitz  complaining  to  the  Royal  Society,  thl«  body  ap- 
pointed a  comnuttee  of  their  members  to  examine  w' 
maritaof  the  cafe.  Thefe,  after  confidering  all  the  papers 
andlettera  relating  to  the  point  in  contruverfy,  decided 
in  favour  of  Newton  and  Kelll ;  ai  Is  rLlu'.tJ  at  lai^c  lu 
the  life  of  this  lall  mentioned  gentleman  ;  and  thcic  pa- 
per*  themfclves  were  publiflitd  In  1712,  under  the  till* 
of  Commercium  Epillolicitm  Joliannis  Collins,  8vo. 

Iii  1705,  the  houour  of  knighthood  was  conferred 
«pon  our  author  bv  queen  Anne,  in  confidmitjon  of 
hiagitat  merit.  And  in  17 14  he  was  applied  to  hy 
the  Houfe  ot  Commons,  tor  bis  oj/iiuo:]  ujjoii  :i  new 
method  of  dilcovering  the  luii^iludt  at  ica  b)' 
which  had  been  laid  before  them  by  Ditton  and  Whif*  . 
ton,'  in  order  to  procure  their  encouragement }  but  the 
petition  was  tlunwn.  afidc  upoit  voiding  Newton'apa* 
per  delivered  to  the  oommittce. 

The  following  year,  1715,  Leibnitz,  with  thevieir 
of  bringing  the  world  more  eaiiJ  j  into  the  belief  that 
Newton  had  taken  the  method  of  fluxions  irom  bit' 
Diffcri  iitKi*  un  iliod,  attempted  tcf(j:lii;:,  n^atlitmntical 
fkiil  by  the  iainuui>  problem  of  the  trajectories,  wlilch 
be  therefore  propofed  to  the  Lngliih  by  way  of  chal- 
lenge ;  but  the  foluiion  of  tbtl,  though  the  moH  dilfi- 
cult  proportion  he  was  able  tod«vye»  andwhat  iraght 
pabforanarditotia  aftiir  to  aay  otbea^  yet  waahatdiy 
any  mote  than  an  amufemcnt  to  Newton'i  penctratng 
peiiias  :  he  received  the  problem  at  4  o'elt>ek  in  the  af- 
ter noon,  as  he  was  returning  from  the  Mint}  and!» 

tiiuLigii  cxtrcttK-iy  fatigued  with buiiiida»  yethefiftiflied 

the  iolution  bcturc  he  u'ent  to  bed. 

As  Leibnitz  was  privy  counfellor  of  jolUce  to  the 
de^r  of  Hanovcrf  io  when  that  prince  was  raifed  to 
the  Bntiflt  throne,  Newton  came  more  under  the  notice 
of  the  court ;  and  it  wM  fiovthe  iaimadiate  fatisfadioa 
of  George  the  Firil,  that  he  waa  prevailed  on  to  put  tht 
lall  hand  to  tfie  dilpnte  aliuut  tuc  invention  of  naxiuDS. 
In  this  court.  Can  line  pri  itii»  ui  Wides,  afterwards 
queen  confort  to  Gcor;j;c  il-.c  Second,  happened  to  have 
a  curiufity  for  philofopbical  enquiries  j  no  fooncr  there- 
fore wait  ihe  intonr.cd  of  our  author's  attachment  to  lbs 
houfe  of  Hanover,  than  ihe  engiq^ed  hia  coimrfatiaiv 
which  foon  endeared  him  to  her.  Here  (be  fotrad  in 
every  (llfF.ulty  that  fn'l  fatisfsf'^'on,  which  flu  had 
ill  vaia  lu.rNit  K.r  e!i>.:vv here }  and  ihc  w.n  uftcn 
lii.'rj  to  (^i-cIluv  publicly,  that  (he  thou^iit  I'-LrtVlt" 
happy  in  cnming  into  the  world  at  a  junfture  of  time,, 
which  put  it  in  her  power  to  conveTit  with  him.  It 
waa  at  this  prinee^^  folicitationa  that  he  drew  up  an 
•bftnA  of  hia  Chronology  »  a  copy  of  which  was  at 
her  requeftcoramunieated,  about  1 7 1 8,  to  fig  nior  Conti, 
a  Venetian  nobleman,  then  in  England,  u{>on  a  pru- 
mife  to  keep  it  fv  .  tt.  But  notwithllanding  this  pro- 
mife,  the  abbe,  wi.u  v-lak'  here  had alfo alfc^ed  to  llitw 
a  particular  friendlhip  fi;i  N'owrtin,  though  privately 
betraying  him  as  much  n  ,  lay  in  his  power  to  LeibnitiS, 
no  fooner  got  acrols  the  water  into  Fiance,  thaa 
he  difpcrfed  copies  of  it,  and  procured^  an  antiquary  t« 
tranOate  ft  into  French,  as  well  aa  to  write  a  contittatioA- 
of  It.  This,  bt  aif;  j.rinttd  at  Paris  in  1725,  was  tIclE. 
vcred  as  a  prefcnt  11  om  the  bookt'cUer  that  printed  it  to 
««r  unithnr,  thatbemight  obta^i,  aa  waa  fi^,  hkcuofent 
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to  the  pnMIcntion  ;  but  though  he  expixfaly  rtfofed 
fudi  lonftftit,  yet  the  whole  wm  publtlhcd  the  faint 
Til  jr.  Hrrfiifxjn  Newton  found  it  neccfTary  to  publilh 
a  l>cfci:cc  oi  liimfelf,  which  was  infcrted  in  the  Philo- 
fophical  Tranfadioai.  _  Tliufbe,  wbo  had  U>  inuchall 
hit  life  lonp  been  ftnttrolN  to  •void  difpttte^,  wki  un* 
aTi>nl.ibly  all  hit  h'fo  time,  in  a  manner,  involved  in 
them  ;  nor  did  this  lart  ditpute  even  finifti  at  his  death, 
which  happened  the  year  following.  Newton's  paper 
vra»  republiflicd  in  1726  at  Paris,  In  French,  with  a 
letter  of  the  nhbe  Conti  in  anfwerioit ;  and  the  fame 
Tcar  fomc  diflcrtations  were  printed  there  hy  father 
SoMcJet  acaind  Newton's  Chronologicnl  fm'o:,  an  an- 
fir«r  to  vnich  wa»  iofertcd  by  iUUnf  in  tbc  Fhikiibphi* 
cal  Tranfa^ttons,  numb,  yfj, 

-  Rorr.;-  liiii  •  liefr.ix  tlii'i  bisrm.-r  ,  'r;  Sc  tli  yt-.ir,  our 
author  Sii/nl    v  ih    an    1:1c  ii  i!in-nrr    iit  iii-.r,c, 

thought  to  prOCCfd  fi<>-i\  tlic  (li  lir  i  i  the  bi-iM.r,  srA 

deeniCd  to  be  iiii.uijl>k-.  iiowever,  by  me  help  of  a 
fttriAngiineB  and  othe  r  prcc-tntionii.  which  tit!  then  he 
new  had  ooeafion  for,  he  ptociitc-d  confidcrabk  inter, 
vala  of  ale  dining  the  five  remaining  veaTt  of  bia  life. 
Yet  he  wMMit  free  from  fomc  li;«efe  p«roxyftn««  which 
c«<n  6>reed  mit  large  drnp«  of  fwrattfiat  ran  down  hta 
f:'i  i'.  Tn  \\c'.t.  c  irc,ji;.lUi!i<:<  :j  Iil  i'.  in  vrr  ((lift  r k  (!  to 
ultcr  the  itoit  comjjluiiit,  r.or  capitis  the  ieaU  impa- 
tience  ;  and  a»  fotm  at  he  had  a  moment's  eafe,  he  woti'd 
fmilc  and  talk  with  hi»  ufui>lchearfiilm'f».  He  wa«  imw 
obliged  to  rely  upon  Mr.  Condntt,  who  liad  married 
his  niectt  for  the  difieharge  of  his  office  in  the  Mint. 
Satutday  oioniiag  March  18,  17:7,  he  read  the  newt 
pripers,  and  difcourfed  a  long  time  with  Dr.  Mead  hit 
phyfician,  having  then  the  pcrfed  ufc  of  all  his  fcnfes 
and  hi'  underrtano mj;  ;  but  that  night  he  entirely  h  it 
thxm  all,  and,  not  recovering  thi-m  afterwards,  died 
the  Monday  foOowing,  March  20,  in  the  85th  year  of 
htl  age.  Hi*  corpfe  lay  in  flate  in  the  Jcrufalcm* 
eharober,  and  on  the  38th  waa  conveyed  into  Wcfitnin- 
ft«r.abbcy,  the  pail  being  fupported  by  the  lord  cha»- 
cetlnr,  the  dnket  of  MontroK  and  Roxburgh,  and  the 
f-tl  .  (if  Pcmhioke,  Suflcx,  and  Maccle^^field.  He  was 
ititciiLd  iirsr  the  entrance  int«  the  ehoir  on  the  left 
hand,  wl!,;r(-  .1  ihr.iiy  iiiori i: mtiit  Is  ercfted  tO  hit 
memory,  wuh  a  rncil  ikgant  ini'cription  upon  it. 

Newton's  chanider  hat  been  attempted  by  M.  Fon- 
tenellc  aud  Dr,  Pcmbetton,  the  fubAaocc  of  which  is  as 
IbHows.  He  was  of  a  middle  flatinei  and  fomewhnt 
inclined  to  he  fat  in  the  tatter  part  of  his  life.  His  coun- 
tenance wa«  plcafing  and  venerable  at  the  fame  time  ; 
efp: fia'iiy  wv-.ii  lie  took  citT  his  p;riike,  and  Ihewed  his 
white  hai:,  ktltich  lA'as  pretty  track.  He  never  made 
ufe  of  fpeclacles,  and  h>ft  bnt  one  tooth  during  his 
whole  life,  bti^op  .'^ttcrbury  fayt,  that,  in  the  whole 
■irof  Sir  Ifaac's  face  and  make,  there  was  nothing  of 
that  pcnetratioE  fagacity  tvhich  appears  in  htaoompofi- 
tiona;  that  he  had  fomctbing  rather  languid  m  bil look 
and  manner,  which  did  not  niife  any  great  espdAatMB  ia 
thofc  who  did  not  know  him. 

Ill's,  toirjiof  it  is  Tail!  was  fo  rqsial  inci  miid,  that  no 
accident  could  diiiurb  it.  A  remarkable  iuilauce  of 
which  is  related  as  follows.  Sir  Ifaac  had  a  favourite 
little  60^,  whtcli  he  called  Diamond.  Ucing  one  day 
called  uut  uf  hih  thidy  into  the  ontt  toooi,  DtaiBOadwia 
igftbchind.   When  Sir  liimKtiined^lnnBf  been 
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frm  tint  a  few  minutes,  he  had  the  morti'ficatinn  to  find, 
tli.ic  Diamond  having  overfet  a  lighted  candle  among 
tome  papers,  the  nearly  liniihed  labour  of  many  ysarf 
was  in  flames,  and  almoll  confumcd  to  adtn,  Thiikfif 
at  Sir  Ifaac  fraa  then  very  far  advanced  in  yean,  wssir^ 
retrievable ;  yet,  without  once  ftrikin;^  the  do^,  he 
only  rebuked  him  with  il  'j  t  •  Tun  .  ;:  1,  "  Oh  Dia- 
mond I  Diamond!  iht-u  Inik:  kuov.tit  tiic  niikliiLf 
thou        .i..;»c  !" 

He  was  indeed  offu  meek  and  gentle  a  dirpo{itinn,and 
fo  great  a  lover  of  peace,  that  he  would  rather  have  cho- 
fcn  tu  remain  in  oijiciintyt  than  t<i  have  the  calcn  of 
lite  rulRid  by  il  iic  (U>nna  anddifputcs,  whidi  geahia 
and  leamiog  alwaya  draw  «poo  tb^e  that  are  the  laoft 
eminent  for  them. 

From  his  Kuc  of  j^cacf,  no  douht,  aiMu-  that  iin- 
ufual  kind  <,f  horror  \vhi;;h  he  tth  for  a!l  Jil"|)UJcs  :  a 
ilcai!v-  un:)i  :>ktM  iittentiou,  fuc  liuni  tiioiV  hcqucijt  re- 
coilingst  iQle[Kirabiy  incident  to  utiitri,  was  his  peculiar 
felicity  ;  he  know  it«  and  he  knew  the  value  of  it.  No 
wooder  then  that  contfoverfy  waa  looked  on  aa  hia 
bane.  When  finne  objcAiom,  killily  made  to  htt  dif. 
corerica  conerming  tight  and  coloort,  induced  him  to 
lay  afide  the  defign  he  nad  taken  of  publifliing  his  Optl. 
c  1!  I.i  aurcs,  we  tr;J  lii.-.i  1 1  r.cit '11  l'  on  that  difpiite,  in- 
to  which  he  liad  bfcn  uis.tvo>uyb!y  drawn,  in  thcfe 
terms :  i  blamed  my  own  imprudence  for  parting 
with  fo  real  a  blefling  an  my  quiet,  to  run  after  a  (ha. 
dow."  It  is  true  this  lhado.v,  an  Fontenellc  obfenrea, 
did  not  efcape  him  afterwarda,  nor  did  it  00ft  hint  that 
quiet  whkh  be  lb  much  valtud,  but  proved  aa  mnrh  a 
real  happinefs  to  him  as  his  quiet  it fttf;  yet  th'^  was 
a  happinefs  of  his  own  miking  :  |jf  '.Dok  a  rcfoliition 
fr  iiii  theic  dii;).;tci,  nut  to  jiuHlini  anv  nmrc  coiiferning 
thai  thtor)-,  till  he  had  put  it  above  the  reach  Jof  con- 
trovcify,  hy  the  exadeft  experiments,  and  the  ftrideft 
demoolirattorts }  and  accordingly  it  has  never  beCB 
called  in  qucUion  fince.  In  the  fame  temper,  after  he 
had  Cent  the  nanuiierijpt  to  the  Royal  Society,  with  hia 
confent  to  the  printing  of  tt  by  them  ;  yet  upon 
Hook's  injurioully  InfiilinT  that  he  himfell  H.id  di  nu  ti- 
flrated  KcpWr's  proMi  in  jetore  our  author,  he  detcrmin. 
ed, rather  tiKni  he  i:n(jlvri!  acT.in  i.i  a  coiur<werfy,  tofup. 
preft  the  third  book  ;  and  he  was  very  hardly  prevailed 
upon  to  alter  that  refolutiou.  It  is  true,  the  publie'waa 
thereby  a  gainer  i  that  booic,  which  t»  indeed  no  more 
than  a  corollary  of  fome  propofitioot  in  the  firil,  being 
originally  drawn  up  in  the  popular  way,  v.-ith  a  deiu^ti 
to  publilh  it  in  that  form  ;  wheixas  he  was  now  con- 
vinced that  it  wouh!  I)c  but  i)ot  to  let  it  go  abraaA 
without  a  rind  dcmoiiHration. 

In  contemplating  his  genius,  it  prefently  bccooiea 
a  doubt,  whicli  ot  thcfe  endowments  had  the  grcaK> 
ell  Ihare,  fagaeiiy,  penetration,  ftrength,  or  dil» 
gence  {  and.  after  all«  the  aoarJt  that  Kent  mofk  to 
diftingntlh  it  ia,  that  he  hitnft-lf  nude  the  jtitlefl  cftt- 
matioii  of  ir,  deelariri;^,  tliRl  if  Uc  lijj  (!oii-.-  -he  wurlJ 
ail)  leivict,  It  w.ts  due  lo  ns^thlii;^  li'.il  iiiihii'ity  am!  [lu- 
tient  thought ;  tlut  he  kept  the  fuhjcd  of  conii  kr.ition 
conllantly  before  him,  and  waite^l  till  the  brtt  dawning 
OuencJ  jjradually,  by  little  and  tittk,  into  a  full  and 
.clear  light.  It  ia  faid*  that  when  Ite  had  any  mathe- 
matical  probleoM  Of  folitliaiM  ia  hit  Binds  he  would  no- 
terqiiitthelutgefttM  Hqraoaniu*  AodUtlerviir.t  has 
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fiij,  when  lie  lias  bcr*  getting  up  ;a  a  moLuii!;;, 
ht  ha?  futnctlinca  bc;;un  to  Jrdf),  and  wi;h  one  leg  in 
bi»  br<iclu'»,  ls(  down  again  on  tfic  bed,  whcrc'lic  has 
remained  fur  hours  before  lie  hj«  got  hi#  cIoUkk  on  : 
and  that  dinner  Ivas  been  often  threr  houn  rcmly  for 
him  hclorc  be  could  be  brought  to  t.iblc.  Upon  thii 
,htad  (ievml  liuk  anecdotei  aie  rtlittd;  amon^  which 
htlKfoUotring:  DoAorStnk^Tf  coming  in  ncctacntallT 
we  duv,"wh.n  Newtuii'*  dinner  vva^  Lft  for  litin  1;;;  n 
the  table,  covered  up,  as  iif  :al,  to  ket  p  it  warm  till  l.c 
e.n'd  t  '-.d  ii  cotivtnier.l  to  coinc  to  t;ib!e ;  the  doc'.or 
lilting  the  cover,  fwind  tinder  it  a  ebiVken,  wfiicU  he 
pvefcnrly  ate,  pi.tting  the  bor.es  inthcdifht  and  re. 
phctng  co*tr.  Sume  titnc  aTler  Ncw'ton  came  into 
the  nma%  and  after  the  ofual  camplSmcntc  fat  down  to 
iusditiner ;  hut  on  taking  up  the  cover,  ai  d  feeing  only 
the  bone*  of  the  fowl  kh,  heobfervcd  with  fomc  iiule 
furprifr, "  I  tluNight  I  h«d  nut  diiKd,  but  I  aow  find  that 

I  Lave." 

After  all,  notwitUflanding  his  3ni:ii;iis  care  to  avoid 
eveiy  uccaiiun  of  breaking  hi*  inteafc  application  to 
iludy,  he  wa«  at  a  great  dittance  fiom  btirg  ilecj  ed  in 
phiiofopby.  On  tiic  contrary^  he  could  Jay  afide  hi* 
thoughti,  thoiiKli  cngHgcd  in  the  Wioft  intricate  re- 
fer.: eh  cs,  when  his  other  afTairs  nqtnVed  his.  attention  ; 
aiid,  at  foon  as  he  had  Icifure,  refiime  tlie  fiibje^t  at  the 
point  where  he  li-  'l  !•  ;t  off.  I'liis  he  fccnm  to  have 
done  HOC  fo  much  by  any  extraordinani-  llreiigth  of  nic- 
inaijf  at  by  the  force  of  hi*  inventive  faculty,  to  which 
eery  thing  opened  itfelf  dgain  with  eafe,  if  nothing  iti' 
tcrvened  toruAle  hinn.  The  nadimTi,  of  hit  inventioii 
nade  hiio  not  think  of  putting  hi«  memory  much  to 
the  trials  but  thhwa*  theoffpring  of  a  vigorotii  in«  ' 
tcnf.M^ri  thui.Mit,  o;:t  tS  hi,_i,  lit  Li.t  a  com- 
!i -^'H  ui.iii.  Mt  ;ju-rL  tliirrfiirc  tiic  prur.t  ijI  Ji:»  age  in 
tSi  ic  ;:LU;  iMt  vi'k.iuli  s  u  hc'lhis  fituation  in  a  college 
gave  him  ieifure,  and  while  (liidy  was  big  proper  bu- 
iodib  But  as  foon  as  he  was  rrtroved  to  the  mint, 
k^applied  himfclf  chitfly  to  U>e  duties  of  that  cfF.et  { 
wi  m  far  quitted  mathematics  and  philnfophy,  as 
Jiot  to.  engage  is  any  purftu'ts  of  either  kind  afiei  wards. 

Dfi  PeBioertod  obfcnes,  that  though  his  memory 
■ma  much  dtcaved  in  tlic;  I.ill  tif  h;:>  li.'c,  ycl  l.e 

perfe^lly  underftood  his  own  writing*,  coiiiraiy  to  wiut 
I  had  foimerly  hc?rd,  fays  the  doctor,  in  difcourfe  from 
many  pcrfotis.  Thin  opniton  of  theirs  tniglit  arife  pir- 
hap?  from  his  not  being  always  ii-ady  at  fpeaking  on 
•thcfe  fubje£tt»  w^en  it  might  becapedetl  he  fliould. 
Bin  on  tn!a  bead  it  may  be  aiitrvca»  that  greai  gc- 
oiufea  arc  often  liable  to  beabfeiit,  not  oiiJv  in  rel.itioii 
to  Cf,rr:mon  life,  but  with  regard  to  fnme  oi  the  paitsof 
feience  that  they  arc  bell  informed  of:  in.cm.ii^s  feein 
totreaft;ic  up  in  their  mindi  what  they  have  lound  out, 
after  another  manner,  than  thofe  00  i  lie  fame  thintis, 
trbo-faavc  not  this  inventive  faculty.  Theformcra  whca 
ihey  have  occ>-;fion  to  jiroducc  their  Kr.o\^  iedgCi  ace  in 

tamt  meafurc  obliged  tmtncdiaiely  to  invdltgate  part  of 
what  they  want;  and  for  this  they  are  not  tqnilly  lit 
at  . "  :[:,  '5  :  from  whence  it  h.Ts  of'.cn  hsppentd,  tliit 
f^Kii  ill.  rtiiiiii  things  chiefly  by  mcaiik  ol  a  vtiy  !lro;ig 
memory,  have  appeared  off-hand  more  experr  than  the 
difcoHrcrt  tbemfckes. 

It  wai  evidCQtly  owiu^  to  the  fame  inventive  f.iciilty 
that  NcwtoDi     tbit  vntcr  found,  bad  read  fewer  of 
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li.e  modem  mathemsticians  than  one  could  have  espefl- 
cd  ;  his  own  proJi;n'_)Ua  invention  rcatlily  fupplying  liiin 
with  what  he  mi;^!;t  iin/c  occaiion  for  in  the  j>'.'.:hiit 
of  a:iy  fiilijcct  he  und 'rtook..     However,  lie  often  cen- 
fuicd  theliiindhng  of  gci»iuctrienl  I'l-l-l'-^ts  by  td  jebiaic 
ralculaliont ;  and  his  book  of  ah^ebia  he  called  by  the  \  I 
name  of  Uuivrrful  jtrHAmtticf  In  oppofition  to  the  inju-  \  V    \  \ 
dicioos  tirk  of  (fnmetry  which  Det  Cartes  had  j^ven 
to  ti  c  tri.3life  iii,whic]i  he  (hews  I'.ow  the  geometrician  | 
may  aifi  i  h    invention  by  fi:ch  kintl  of  conipniatiouo.  | 
He  frctjiieiitiy    prailed  ^llJ^l■Ji,  Barrow,   and   Huy-  \\ 
i;cns,  foi  nut  being  tn.l'-jinctd  by  the  falfc  tailc  which    \  v    i  \ 
then  begun  to  prevail.    He  ufed  to  commend  the  Uo-     »^  * 
dable  attempt  uf  Hugo  d'Omerique  to  rcilorc  the  an* 
cient  an.ilyfiK;  and  vcr)'  much  elleemed  ApoHonitit'a 
b *i  k  /?.'  SrfliiM  Ret'iciih,  for  giving  us  a  clearer  no- 
tion  <  f  'hat  anolyfis  than  we  bad  before.   Dr.  Barrow 
may  be  clleemed  iia  Laving  Hinvn  a  compafs  of  invention 
ctinal.  If  not  fiiperior,  to  .my  of  the  Moderns,  our  au- 
iho:-  only  excepted  ;  but  Newton  particularly  recom-  i    ^      •  jr 
mended  H'tri^eiis's  ilylc  and  manner :  he  thought  him  I   i  \ 
theradl      i;.:itof  any  nnithcmatiea!  wiiter  of  mcxlern   ^  V  ^ 
times,  and  the  irueli  imitator  of  the  Ancients.  Of  their 
larteand  mode  of  demonflration  onr  author  always  pio. 
fcilld  liimfelf  .1  great  admirer  ;  and  even  cerf.n;  t!  liirrs- 
felf  for  not  fiillowJog  tht  m  yet  more  clofeiy  than  he 
did  ;  andfpokeulth  icgret  of  his  millakeat  ihebegin- 
nin''  of  his  mathitnaiitjl  (ludles,  in  applying  hiinfelf 
to  tl4C  work.s  of  l)esC.irtts,  and  other  algebraic  wn- 
teis,  befote  he  had  confidered  the  Elements  of  Euclid 
with  that  rttentlon  which  fo  excellent  a  writer  dcfervc<> 

But  if  this  wa*  a  fault,  it  i« certain  it  waa  a  &nltta 
whkh  we  avt  both  Ki»  grot  invention!  in  fpeculatiTe 
matlitniaticj,  atn:!  tlu  ui  f-iiirj  afF!i:x:ot;s  and  Infinite? 
Series.  And  perhaps  tiiiii  might  be  one  nafcui  v.hy 
h  p.irtlcidar  reverence  for  the  Ancients  is  o:-.,LU^Li  by 
Fontenclle,  v.'ho  however  certainly  makes  fomc  amends 
by  thatjuil  clogium  which  he  makes  of  our  author's 
modcily,  which  amiable  tjtiality  he  reprckats  as  Aand* 
iiig  forcmoll  in  the  charadcr  of  this  great  man*i  mind, 
and  manners.  It  v\as  in  reality  greater  than  can  be 
eafily  imagined,  or  will  be  readily  bclievtd :  yet  it  al- 
ways coiuiiuied  fo  without  any  Liltcration  j  though  ths 
whole  world,  fays  I'ontenclle,  confpiied  againll  it  ;  let 
us  .■J-Jd,  though  he  v.  a»  thereby  robbed  of  his  invention 
of  Fluxions.  Nicholas  Mercator  publifhing  hi$  l.oga- 
ri' ^olrrhruixn  )66S,  where  he  gave  the  quadrature  of 
the  hyperbola  by  an  infinite  kries>  which  was  the  fiilt 
appiarance  in  tlie  learned  world  of  a  fcries  of  this  fort 
diiiwii  fioin  the  p.irtlcular  nat'ire  of  the  curve,  and  that  in 
u  in:inaer  very  new  and  -.dillraclcd  ;  Dr.  I'aiTon',  then  at 
Ciuiibridgc,  where  Mr.  Kew  ton,  then  about  ;6ycarsul'" 
age,  lefiJcd,  rea'IUc'tt.l,  that  lie  had  met  with  ll.c 
(air.e  thing  in  the  « riti;!;;;  of  that  yoiinj;  >(eniiemati  ; 
andlhcte  not  cj-ifmed  tu  ihe  hyp<jrb;>!i«  <:<dy,  but  e.vlt  nd- 
ed,  by  '"trjl  f.  rn.^,  mnll  f'.ins  of  curves,  c  tti  f-ich  at 
are  tncch^nical;  to  their  (quadratures,  their  rei^fica* 
t  ion  s,  and  thcrr  centres  of  gravity  {  tu  the  folids  formed 
by  tiuir  tL/t.itii-:- ■,  and  to  tiie  fureilkics  of  tbof«  fo- 
li  ]  .;  to  thiiT,  u  IiLii  tiieii- dctcrnl!^-•t:o^5  were  poiTible, 
the  (  lie:  It.  Ft  a  ctvt.Tin  pu;!*!,  or  at  lead  liieir 

fa:r:.  wi.e  j^ivi.i  by  iLittd  nlks  :  and  if  the  ahiiiiiite  (!t- 
terriiiiations  wcic  iinpi  trible,  il  cy  c\.M  y.t  '.>e 
ntiely  approximated   which  it  the  liappieU  aud  mu& 
X  refined 
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re£ncJ  method,  £ayi  FoptcncUc,  of  fijpplying  the  de- 
ftdt*  of  human  kri<>\vlc<l;Tc  thui  tvi^u'*  imagination 
cvuld  poflir.Iy  mrent.  To  be  mailii  of  fo  fruitful  .md 
general  a  tweatf  wm  a  mine  of  g  Id  to  a  ^vouictri- 
«ua  J  but  it  wal  *  graxtr  ^orf  to  U»tc  been  the  dtf> 
eOTcrrr  of  fo  furprtfinj^  and  ro;{fnioni  a  fyfteiit.  So 
that  Newton,  iiiuii  -g  liy  Mi  i>  .i!<': 's  buok,  t'tiul  he 
was  in  the  w.;-  tc<  Ii,  ar;<l  tluit  oiiKTS  rr.i;]lit  felloe''  in 
his  track,  fhouM  ri.uurdiy  have  lien  forwaril  to  opMi 
hi*  ticafures,  avJ  rccvrc  trt,.- jiropi".:!)-,  whi^h  O'^rifUJ 
in  making  the  Ji  Vox-iiy  ;  1/  it  Ik-  c;)ritci,;cd  lii';  l«!f 
With  his  treafurc  which  be  liad  touiKi,  without  re^rd- 
ing  t  III*  J^  lory.  What  an  idea  doe»  it  g»e  us  oT  lut  un  • 
{>:uulli-'i.il  mo  kilr,  wl.i'M  wc  iV.  I  him  <!:<.'lf.i iiij,',  tli.it 
he  thou.-!it  Mcrcntor  l.Lid  ciii'ii'v  ditos't'ci';  iiit  !i> 
cnt,  ortlif.:  otlitr":  ^uitld,  hcto:T  he  (ho'il!  bcci^tni'ot 
a  proper  ajjo  lor  v  i  itji' ;  !  1  i:i  nidi'.ii'ctipi  'ipun  liiliniie 
Scries  wa^  commuiriiuiil  lo  non:  imt  Mr.  Jt.Un  Cr.l- 
iios  and  the  lard  JJiouaker,  t[K-t>  Prtftdciit  cf  the 
Roya]  So<.  -\:ty,  who  had  alfo  done  fometbing  in  this 
way  hinfdf }  and  even  that  iiad  not  keen  compUed 
nrhiH  but  for  Dr.  Barrow,  who  would  not  ftifiicr  him 
to  indulge  his  mof^efly  f"  nuich  a«  he  d<.  fired. 

It  It  further  obfer\ed,  toncer.nn^  this  part  of  his 
charaiSer,  that  he  never  talked  either  of  himfclf  or 
others,  nor  ever  behaved  in  fuch  a  manner,  as  to  give 
the  moft  tnalici<;'js  cenfureia  the  kail  occafion  even  to 
Jill  peek  him  of  vanity.  He  waa  candid  and  affable,  and 
always  put  hir.^felf  upon  a  lercl  with  hh  eotnpany.  He 

never  tl.'.\:.4:t  cither  J::s  nicii"  or  his  i  ',i'  l-i(H)n  fuffi- 
cient  t<i  CACiiic  \i'vv.  i  ;>ii!  an-  r.f  iiun  i>iliee«  of 

fiKi'.il  life.  jVn  lin ;/ I'i,! -.1  ir-,  '  natural  or  alfcclet!, 
diitiiigHiilicd  Juiti  kotn  uilier  incn.  Though  he  was 
firmly  attaclied  to  i>he  church  of  £ngt:ind,  lie  was 
averfe  to  the  pcrfccutton  of  the  pon-eonTormtft*.  He 
jud^d  of  men  their  manners  t  and  the  true  fduS' 
anaties  in  his  opinion,  were  the  Tieioin  aad  the  wick^ 
ed.  Not  tliat  he  cottffined  his  prirtetples  to  natural  rc- 
Hgion,  frir  it  is  f.iid  he  was  tl;oroMghly  pci  fu  idc  d  ■ft}:- 
truth  (A  Rcveiatiuit  ;  and  amidtl  ihi.*  j,'real  variety  of 
books  which  he  had  conllantly  before  itiiii,  that  which 
he  ftudied  with  the  greateft  applitniioti  was  the  Hible, 
Mleaft  in  the  htter  years  of  his  life  :  and  he  iindcrllood 
die  natiire  and  force  of  monl  certitiuty  u  wcQ ache  did 
that  of  a  finfl  demonftration. 

Sir  ir,..ii  1!;^  l  i  t  r:cgleft  the  opporttuniies  of  doing 
gotjd,  thr  revenues  of  hilt  patriinony  and  a  pro- 

iitablr  cniployment,  improved  by  a  prudent  (rconomy, 
put  it  in  his  powder.  We  have  two  r..markul>k  iaitanccB 
of  hit  bounty  and  generolitj  ;  one  to  Mr.  Macblttria, 
cxtfaprofeffor  of  madieinaties  at  Edinboigh,  to  ncoii> 
ragewhofe  appobtment  he  offered  so  pounds  a  year  to 
that  office  ;  and  the  other  to  his  niece  Barton,  upon 
whom  he  Iwd  fettled  an  annuity  of  100  pounds  prr  an- 
num. When  decet»cy  upon  any  occafion  required  ex- 
pence  and  (hew,  he  was  magnificent  without  grudg- 
ing it,  and  with  a  very  good  grace  :  at  all  other  time*, 
that  poap  which  fccma  ereat  to  h>w  mind*  onlj^  waa 
ntterif  ictftQched,  and  toe  expence  referred  for  better 
vfff. 

Newton  never  married ;  and  it  hat  bern  fatd,  that 

"  perhaps  Ik  m-vcr  had  leifurc- 10  think  <if  it ;  t!  ;it ,  being 
tmaacrfed  in  profound  iludics  during  the  prime- of  his 
mtt&imm4»*ngiiged  in  anerapbyment  of  grcit 
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importance,  and  even  quite  taken  up  wiiii  the  comp»> 
»y  which  his  merit  drew  to  him,  he  was  not  fcnfible  of 
any  vacancy  in  life,  nor  of  the  want  cf  a  conipai.ion 
at  nonie."  Thefe  however  do  not  appir:ir  to  be  any  fuiS. 
Ctent  reafoni  for  hii  sever  marrying,  if  he  had  had  an  in- 
dinatioB  fo  to  do.  It  ia  much  more  likely  that  he  had  a 
conilitution.d  indifrt-rcncj  to  l!ic  fluto,  ;-i.  <t  i  vtn  :'o  the 
fe.x  iiigetuial;  srid  it  has  cvin  been  fiij  df  liim,  tr..it  l.e^ 
never  once  knew  woit.nn. — He  IcI  at  hi.  ilt  ,ith,  it 
fctrr.s,  ja  thotifancl  puu.ids  ;  b'^t  lit  r.:.icie  no 
which,  Foiitenellc  tells  us,  was  hc<.  r.jfc  in  ti.uut  K:  4 
legacy  was  no  gift— -As  to  his  wurks,  bdidcs  wl.at 
vcre  publithcd  in  hii  lifL^timc,  there  were  found  after 
Iiiadvatb,  amon^  his  prtpers  fivcr.il  ibfL  luifi  i  up'  :i 
tbefubjc«^5of  /Mitiquuy,  tiiilury,  D;:i;.ity,  Chru  i'.- 
tn.-,  ;i,;id  N;:it!K nr.r.;i.:s  ;  Itvcra!  (if  whii  it  \k.  ;>  p;j'jl,'l:.i.  J 
at  uiffcri-iu  ll:i)e3,  as  appear*  from  tiic  fullav.-iiv^  c.ri- 
lo;^i;c  of  a!!  h.'.s  work:;  ;  where  th.-y  arc  r.^.nkv  I  in  the 
order  of  time  i^i  wiiicli  the  f.imc  fuhjcci 

were  publillit  d. 

1.  Several  Papers  rek.iiiig  to  hia  Te'e/rfte,  and  his 
T/xrry  Lh;ht  otiJ  CrUuii,  -glinted  in  the  Philoft*, 
phical 'I  ranfadtions,  8(j,  81,  t(2,  Kj,  S4,  Sj, 
8S,  (j6,  97,  no,  (2i,  iij,  128  ;  o.'  voli  6,  7,  3, 
9,  10,  II. 

2.  Ojtticj,  or  a  Treat:fr  of  the  Rffifflknt,  Rifrni'^hnt, 
and  InjitP.ioni,  ant!  th.'  Culoun  of  l.i^l-:  ;  I  704,  ^.to.— 
A  Latin  tranflation  by  X)r.  Clarke ;  I706>  4to.— -Aod 
a  French  tranflatron  by  Pet.  Cofle,  Amft.  1739,9  vola 

l2mo. — EviijL-  ftvcnd  ilnglifli  edilioi.s  i:i  Svd. 

3.  O/i.'if.i/  Ltaiirft  ;  1728,  Bvo.  Alfo  in  f.  vi  r.d 
Letters  to  Mr.  Oldeiib.irg,  ftcreiiiry  of  the  iv  ;  j1 
Society,  infill' d  in  the  Gi-iicral  Dicliunary,  uwdcrour 
mithor'b  article. 

4.  Ixill-^r.i-s  O^'t'ira  ;  1729,  4to. 

5.  Nttturufu  Pl/Jofifh'ut  Princifla  Mttthema(tta f  i^if^ 
Mo^-^A  fetoiid  etiition  in  1713,  with  a  Preface,  hj 
Roger  Cotc^. — ^Thc  3d  edition  in  fja'',  under  the  di- 
rection of  Dr.  rcnibi  rtoii. — An  L  nglilh  tranflation,  by 
Motte,  1729,  2  volumes  8v»',  printed  in  feveral  edititms 
of  iiik  works,  in  different  nation.-,  pnrtlcularly  an  edi- 
tion, with  a  large  Comtncnury,  by  the  two  learned 
JefoKa,  Le  Seur  and  Jacqnier,  in  4  vofaudei  4tos  is 
*739»  »740.  aad  1^42. 

6.  A  Syfcii  of  Jit  ll'orU,  tmnflatcd  from  the  Latni 
original;  1727,  Svo. —  i'lii-,  ;i  lus  been  al  indv  ,,b- 
ferved,  was  al  lirll  intended  to  miikc  the  third  book  of 
his  Piincipta.— AnEftgUlbtimllatioabyMotte,  1729. 
8vo. 

7.  Several  Ltttert  to  Mr.  Harofteed,  Dr.  HaJiey„ 
and  Mr.  01denbiirg|«  Sec  our  ■uthor'a  article  in  the 
General  DiAionary. 

8.  A  Pufvr  rpnrrm/Bf  the  J,cng',lHt!i  ;  dmWB  Vp  by 
order  of  the  Houfe  of  Commons  ;  ibid. 

9.  yitregf  dt  Chranclngir,  &c  ;  lyJ.'i,  lusder  the  di- 
rection of  the  abbe  Conti,  together  witli  fooie  Ob- 
fcrvations  upon  it. 

10.  Rrmarit  uprn  the  Obfervatum  mmU  uinm  a  C6r«m 
Mologieal  Index  of  Sir  I.  Newtvn,  Uft*  Pbuof.  Tnnll. 
vol.  33.  See  aUo  the  iaiDe,  voL  34  and  55,  by  Dr. 
Halley. 

1 1 .  The  Chror.ology  of  .Ancient  Kingdoma  amendi 
cd,  &c ;  1728,  4to. 

JbwMiAa  Umwr/aBtt        under  the  infpec- 
'4  tioa 


Digitized  by  Googl 


NEW 


C    '55  ] 


NEW 


*ioa  of  KJr.  Wliiflou,  Cantab.  1707,  fivo.  Priaud  I 
think  witl'ov.t  tli«  author'*  confent,  and  c»en  againft  htl 
will :  an  oflence  which  it  Axms  vent  tumt  tar^ten. 
There  arc  alfo  Englifli  editions  of  the  (une,  particll- 
kilj  ooe  by  WiUer.  with  m  ConmcBUrr,  in  1769, 
a  voU  8vp.  And  a  Idtin  edition,  with  a  Cfiiminentary, 
jkf  Cillii:u.i,  2  vc;l9  4to,  Amft.  &C. 

13.  /ir.ii'jjtt  per  :^iMt'uiilvm  Srrift,  Fluxianet,  et 
Dlgertn:ifts,  Lum  Enutttii  aiinnr  Jiinearum  Ttrtii  Ordlnis  ; 
171 1,  410  ;  uiid;.T  the  infpcrtion  of  W.  Jonca,  Kfq. 
F.  R.  S.— nic  b.ft  tr»a  hid  been  publiftcd  Urfou-,  to- 
Rthcrwitii  anothrron  thefjuJ^tfurv  ^Cwrvr/,  by 
Uie  M(tht>d  of  Fluxfom,  under  the  title  of  TraBatvt 
duo  df  Sl><c'ui.nf  l-f  Mii^ftitiiStie  Figtimntm  CiirvUi- 
atjnm  ;  luljjoiind  ta  the  (irH  edition  of  his  Optics  in 
)"J4;  a;id  other  letters  in  the  Ap;j'iiLii\  to  Dr. 
Grcjrury'n  Catoptrics,   ti.c,  8vo. — Under  tbi* 

^;^id  inaf  be  niokcd  f/ltwlMn  Gtaefi*  Cm-PMnm  fir 
l/mirM  i  Lcyden,  1740. 

■4.  Stveral  Itetteri  rtkuiuf  tt  bit  D'tfpuU  v/Uh  Ltib- 
nbi^  upon  bi»  Riffht  to  the  Invration  of  Fluxions ; 
prated  fa  the  Cmimtrwm  Ep^oRaim  D.  Jo&annU 

C://iai  ijf  aUorum  de  ^In^fi  fnmtlSt  jljfil*  SftilMit 

Rfp.f  nfilUTTi  i  1 7  1 2 ,  8vo. 

15.  Poilfcript  ;i:iJ  Litter  of  M.  Leibnita:  to  the 
Abbe  Ctmti,  with  Rcmiirks,  and  ■  Letter  of  hk  own  to 
that  Abbe  ;  I7i7«  Svo.  To  which  wu«dded>  Rnpk* 
isn't  HiAory  of  rltuion*,  ai  a  Supplement. 

tfi.  Tie  Method  ef  Pivxkmi,  mid  Anahfi/  by  In/if 
nl'f  S.'.-'-'i,  Ir.in'T.ntc'i  I'lt'i  Eli'^:i:ll  fl  om  tne  ori>;iii;il 
Laiia ;  tu  vvliicli  i:,  1,  it  i'ci  jKtua!  Commt-iu.n  y, 
by  the  tranflator  M.  .  j  hnColfon;  1736,  410. 

17.  Sn:'>\%l  MtJ'ceiiantoiu  Piettt,  md  I^l^rs,  as  fol- 
low : — -(i).  A  Letter  to  Mr.  B  'jk-  upon  tlic  fufj^cd 
of  the  Fhiloropher'a  Stone,  lofcrted  in  the  Ccocnt 
Diclionarvi-nnder  the  article  BortK.— (3).  A  Letter 
to  Mr.  Alton,  contiinin^  directions  for  his  tr-ivels;  ibid. 
utiL'.fr  our  author's  article. — (3).  An  Englifh  Tranflar 
ltr»n  of  a  Latin  DifTcrttHion  upon  the  Sacred  Cubit  of 
the  Jc\r.'.  Infcrtfd  iun()n;T  the  niiiVellaneous  works  of 
Mr.  Ji)hn  Greaves,  vol.  2,  publiihcd  by  Ur.  TItutnaa 
Birch,  in  »737»  2  vols  tivo.  Tliis  DilTertation  was  found 
nibjiiiiicd  tQ  a  work  of  Sir  Ifaac's,  not  riiiifhcd,  inti- 
tlea  IxMpm  J*r)fkftieum*—{±).  Four  Letters  from 
Sir  Ilaae  Newton  to  Dr.  Bcntley,  containing  fume  ar- 
pimirnts  in  proof  of  a  Heity  }  1756*  8vO.— {5)*  Two 
Li.ltcr.>  to  Mr.  Claikt",  j>  c. 

18.  Olfrr'.^aikns  en  1':  I'l  phfdes  «f  Damd  aiti.  At 
Af9caljMt9j St,  Jihn  t  1733,  4CU. 

19.  vjr.  Kevtlom  BltmaOa  PtrJ^tt^  UnSvtrfiBt  g 
,17461  Sro. 

JO.  TtaMis  f'jr  puTchafin^  'J'  l^<*ft>  }  •74i»  rtmo. 

Z\.  CrVMllrlrs  br'Whifton. 

2».  A  CtillvCtion  of  ftveral  pieces  of  our  auiUoi's, 
under  the  followiiii^  title,  l^t  v.'i'/ni  If.  O^uj'tula  Matttt- 
iMJtifa  Pl'i/of.  ij  Phih!.  colJe^it  J.  Caftihoneus ;  Lauf. 

a.  T wo  Trtat  '^€t  of  the  Quadrature  of  Ciu^ct,  and 
y^lii  by     nation*  of  an  InBiiite  Number  of  Trnna, 
exptaiEied:  tnmnati-d  by  John  6t«wait»  «Jth  a  hrge  > 

Comment. iry  ;  174J,  4to. 

24.  D-i'^nptim  <ij'  an  /n,^.-t//7- f  ir  obfcrving  the 
Mooa'a  Diftiiace  £roiQ  the  rixcd  Star«  at  Htyu  FhiloC 
Tnidl,voK4X.  '  ' 


zj.  Jl^cwton  aUb  pnbli&ed  BarrowU  fiftitai  Ltt- 
turft,  in  1699, 4to;  wadBtrw,  Vmtmt  Gngrt^tl^fj 
t68i,  ihro,  ^ 

t&  The  whole  worfn  oAlewton,  pubUthcdby  Dr. 
Horflcy ;  j  7  79,  4to»  ta  $  volamc*. 

The  foHpwing  ia  a  Kll «(  the  pifim  left  by  Newt/  . 
at  hit  death,  aa  nenttoBed  abtitre.  ^ 

yf  Catalogue  of  S.r  Jpa.-  A'<  Won't  M.rnuf.  nptt  and 
P up,::,  ti  (inncAtJ  tj  a  DotiJ,  yivm  iy  Mr.  Condmty  f 
tlx  A^iin  'iMjlraiort  of  Sir  Ifaac  ;  h  •u  huh  hi  ciiijtt  Um- 
ftlf  io  oisount/or  tmj  frpft  htjUil  mait  if  fui/S^ba^  My 

Dr.  Ptllet,  by  ajjreement  of  the  exectrtors,  entered 
into  Aels  of  tbc  Prerogative  Court,  being  appointed  ta 
perufc  all  the  pfcrt^  and  judge  vHiioh  wei^  proper  foe 
theprcfj.  ,     .  ♦ 

N». 

1.  Viaticum  Nautanami  by  Robert  Wright. 

2.  MircciUnea ;  not  in  Sir  JUaac'vliMid  wmiob 

3.  MifccUanea  |  part  ia  Sir  Ifuc'a  ^nL 

4.  Tn^iiomettu;  about  5  lhata* 

5.  I)c'(itiit!on».  • 

6.  Miti.rllarua  ;  pnrt  rn  Sir  luau's  hnad. 

7.  40  iiiect^  iii  4to,  icLtirig  toCburdk  Htftory. 

6>  126  Sheets  wTittcr>.|)noDc(kie^b(iuglbbltbaiighla 

of  the  Prophetic  Stile.  "  , 

9.  88  fhictK  relating  to  Church  Hiftory.' 

10.  About  7Q  loole  ike  eta  id  iinaU  410,  of  C^cmi;  il 

pap.TR  ;  fomeof  which  are  not  io  Sir  Uaac's 

11.  Abuu;  6^  ditto,  in  folia. 

fa.  About  15  large  fltceta,  doubled  into  410;  Che- 
mical. 

13.  About  8  (heeu  ditto,  written  on  one  fide. 

14.  Ab9ut  5  ihecta  of  loulpaperi,  tehtti^  to  Ch^ 

nlftrY. 

15.  li  half-fheet*  of  ditto. 

16.  104  half-fhcets,  in  410,  ditto. 

17.  About^;  llic^' ■,  i:i  410,  ditto. 

18.  34  (lirct^,  in  4to,  (ipr.n  tiie  Pmphecicf, 

19.  X9  hair-flieets ;  bring  an  anfvrer  to  Mir*  Hook, 

on  Sir  ll'aac'i  Theory  of  Cokwri.' 

20.  87  haif-fliec-tt  relaUnj^  to  the  Optir%  fomf  of 

which  arc  not  in  Sir  TfairN  'i;,,;  !. 

From  No.  t  to  No.  20  examined  on  the.2oth  of 
May  17x7,  and  judged  not  fit  to4>e  printed. 

T.  P.'Hct. 
Witacf*,  Tlxt.  Ptslu^gton. 

tu  jaft  half-flicttt  IB  folio,  and  65  an  .(iiutU  4to ; 
being  loofc  and  fuul  pi{>cra  Ttlating  to  the 
Revelations  atvd  Prophecies. 
'  2S.  S'balf.ibects  in  Iniall  410,  tefaitti^  to  dnnck 

Matters. 

S5.  SI4  half-flicets  in  fmall  .ito  ;  beuig  a  dUcottric'rC* 
latiug  to  the  2d  of  Kings. 

24.  353  halt'(bcets  in  folio,  and  57  in  fmill  410  f 

being  fiml  aud  loofe  papera  tdating  tn  Fi< 
gures  aadMatlienMtic*. 

25.  2QI  half-fhctt.  ill  r<  lio,  ami  31  in  fmall  4to  j 

loofe  and  foul  uapcrt  relating  to  the  Com- 
landiiBft  EpiftfllacfW. 
X«  .  26. 
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'  a6*  91  hal/'thceti  ia  fmaU  4101  in  iMiot  Vfoa  the 
■  Tfinple  ofSoloihMu 

*7*  37  l>'''^"-''^i*-'f ts  ill         iiponthe  H-.'I  ■-f  IT  vcn, 

the  SaiiLtiiir. ,  lit'j  olt.tr  Ch'.jrvii  MbIU'Ij. 
2  3.  44  h-.If-fl;ttt8  ii)  f{;Lu,  u[;o:i  DtUo. 
2y,  25  halt'-fhcits  in  fo'i^^ ;  l^ci:-^  a  f.irtlicr  cccoijnt 

of  the  H<jA  of  Hf.-.vtti. 
ya.  51  bali'(hcctg  inlUIo;  b«ii>jaii  Ili^loru  . -I  Ac- 
count of  two  notable  Ci^riuptionu  uf  Scrip- 
ture. 

88  halt-lliMtt  In  fmall  410  ;  btiiig  KxtrmAs  of 

Cliuixli  Hiftct-)-, 
lt6  half-lhccti  ill  fulio  ;  Lcin:;  PaiaJoxicdl  Qui-f- 
.ttoiis  conccniinj^  Aih3::.iiiiis,  ct  u  IulL  tcvc- 
ral  lcave»  in  the  bc^iiiuiug  aic  very  niucU  da- 

J3.  56  bau'iheetft  in  fuIlo,  De  Mutu  Corponiint' 
the  ^mtdl  part  not  in  Sir  Ifuc't  baud. 

6t  halt-fhcctD  in  fii  a'!  4X0-,  being  iiaribQ*  (ee< 
tJon«  on  the  Apucalyplc. 

Ij.  25  half-lhrvts  in  t'uliu, 'of  the  Working  of  the 

Mrftery  of  luimiity. 
36.  SO  hdf-AiMtt  in  mImh  of  the  Tbeologr  of  the 
Hexthens. 

24  hdf-flieeti  in  folio  ;  being  an  Account  of  the 
Cor.tcfl  l)ttvs ecu  the  Hoft  of  Hcaven/md tl*e 
Traiifgicli'oia  lA  tijt:  Covenant. 
3 1  haif-fl)cct>  in  folio  ;  being  Pamdowol  Quef* 

tion*  conceroing  Atbanafius. 
107  <)uarte^^bect•«a  fiBall4t(it  upon  the  RefC* 
latMiu* 

17A  half-flieets  in  folio;  being  loofe  ptpen  i«. 

uting  to  Cliurcii  Hilliir)'. 

 ,         .Jij,  caamiiicci  from  No.  21  to  No.  40 

inclufivc,  and  judged  them  not  fit  to  bcprintcdi  MUf 
No»  j3  and  Ko,  38  flwuld  be  reconfidcrcd. 

T.  Ptilcl. 
Wiinefs,  Tti».  t  'Jt  'm^on. 

167  Iialf  flicfti  In  folio;  being  loofe  and  foul 
p«pcr»  relating  to  the  Commercium  Lpilloli- 
tiitn. 

21  haJt-fhctfs  in  folio  j  bc:ug  ihc      Uticr  upon 

Texts  of  Scripture,  very  much  damn^^^cd. 
31  half  ihects  in  fulio  ;  being  foul  papers  relating 

to  Church  Matter*. 
495  haif-dKcts  in  fk'lto^  bcip^  loofc  and  foul 
papers  rcLiiag  to  Calcuhuont  snd  iMathe- 

3J5  luilf-tlitcls  in  fo'iio  ;  bcitijj  loofe  and  fuul  pa- 
pers relating  to  the  Cbroiuilof^y. 
1 12  (hccts  in  fuiall  ito,  relaling  to  ilw  RcTcla- 
tions  and  other  Church  Matteit. 


37- 
$8. 

40. 

May  ^^ 


4«* 

42. 


45- 
46. 

47' 


J2^>  half- ihrets  in  folio ;  b^itig  luofe  pnpcnnr» 


laiinp  to  the  Cbronolcigy,  paii  in  iMi^^^liAand 
part  in  Latin. 
4!^.  400  half-(btcts  ia  folio  ;  being  loofc  Mathema- 
tical pTi|>trs. 

49>  log  fhfi!>  in  4to,  rclatingto  the  Prophccie*,  and 

Church  ->  alters. 
jO>  127  half-lhects  in  folio,  relating  to  the  Um?crii« 
ty  t  gr<nt  prt  not  in  Sir  luiac's  hand. 
18  (beet*  in  4to  ;  being  Chcmital  papers. 
^2.       quarttr-lheett }  bcut^  Chemical  papers. 


1  NEW 

$5.  Ad  AeeooHt  of  ConaptioiM  of  Scripture  i  aol 
in  Sir  Iiaac*t  hand. 

54.  31  qu.iitcr-nir.  t  ;  bt  ing  Fbmme&'aEspliintioB 

ot  Kicroglypfiical  i  igurci. 

55.  About  350  Jnlf-Owet* being  Mifedlaaeoat  pa» 

.pen. 

5$.  6  half-lheeti }  being  An  AccotMt  of  the  £a*i 
pires  &c  reprefeoud  by  St.  John. 

57.  9  half-lheet*  folio,  and  71  quartcr^eeta  4tOt. 

bring  Mathematical  paperit. 

58.  140  hulf-llieeis,  in  9  chapter*,  and  2  pieces  in- 

fitlio,  tilled*  Concenidg  the  language  oftbo 

PrcM)Iiets, 

59.  <io6  baff-diecti  folio,  rehUngtothcChfonokgyi. 

9  more  in  Latin. 

60.  18s  half«lheet»  folio ;  being  loofe  papen  relating 

to  the  Chraoologjr  and  Prophecies. 

61.  144  quarter {hc«t«,  asid  95  half-fticUs  folio; 

bcinj'  loofc  Mathematica!  paiKi-a. 
6j.  137  halt-rtieeti  folio  ;  bcin^  loofe  papers  relating 

to  the  Difputc  with  Leibnitz. 
63.  A  fulio   Common-place   book ;   part  in  Sir 

Ilaac's  hand. 
^4.  A  bundle  of  £agliih  Letters  to  Sir  l&mct, 

hting  to  Matbenatica. 

65.  54  half-fbeet« ;  being  loofe  papen  fisiind  in  the 

Piiiicipia. 

66.  A  bundle  of  loofi;  Sfbtheoiatical  Papen ;  not. 

Sir  Ifaac'a. 

67.  A  bundle  of  Freaeh  and  Latin  Letten  to  Siir- 

Ifaac. 

68.  136  (heeta  falto,  tdnting  to  Optica* 

IZ  half-(hcet»  folio,   De  Kationtbna  MotUim' 
&  c  ;  not  iu  Sir  Ifaac's  hand. 
70U  70  half-lhccti  &dio  {.'being  loofe  Mathenatieal 

Papers. 

71.  38  hatf-iheoti  ibito  %  being  looft  papen  nlatiog; 

to  Optios. 

7a.  47  half-nieet£  folio ;  being  loofe  paper*  rdacing 

to  ChronoIogT  and  Prophecies. 

73.  40  half-(hects  folio ;  Prorxdus  Myflcrii  Magni 

Phil  f  ;  Ju  .s  l:^\Viii.  Ywotth}  not  in  Si* 

Ifaae'd  ii.tr.d. 

74.  5  balf-(lieets  ;  being  a  letter  from  RlzxefttO  tO 

Marline,  in  Sir  liaai's  hand. 

75.  41  ha1f-llK'it!i ;  bi'iit/  loofe  papers  of  (erCnl 

kinds,  part  in  Sir  Itaac's  hand. 

76.  40  hsdf-lhee'ts  ;  being  loofe  p;:pcrs,  foidand  dir. 

tv,  n!  ,tl     !i)  Caicnlati'jus. 

77.  t^o  h..It  r„i.x;s.  lolio  ;  being  loofe  Mathematical 

pr,per.<.. 

j8.  176  lialf-tlicets  folio;  being  U>ufe  papcfs  relating 

to  Chronolo'iy. 
79.  176  balf-lhcets  folio  ;  being  loofe  papers  relating, 
to  the  Prophcciea. 
fir  l.ilf  the^-ts  u>lio}  An  Abfltaft  of  the 
Fc.  -I  Cliu»iiult>jijy. 

I  92  hairihects,  fjlo  ;  The  Chronology. 
Si.  40  hnlf-ftieets  folio  j  The  Hiliory  of  tlic  Pro- 
phecies, in  lo  cluipten»  and  part  of  the  i  ith 

Wnfiniflied. 

84.  5  faall  bound  books  in  i2mo,  the  greatrft  pait 
not  in  Sir  Ifaac'a  band,  being  reogh  Caktt* 
lations. 

May 
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May  26th  1727,  Etammcd  from  No.  41  to  No.  8j 
LicliiliTe,  arid  judged  not  lit  to  b-  pri.ited,  except 
Ho.  bo,  which  u  agreed  to  br  priutcd,  and  pan  of 
Mok6i  and  8f,  whioi  an  tob«  reconfidinnid. 

Wi:ntTii,  7h).  Pi'L'ui^tmt, 

It  i'»  a!<i'riifhinf»  whnt  C4rc»nd  iiKluftry  Sir  Ifa?.c  liad 
fTTpIoytrf  n'oout  tlic  papcn  i<^Ua^  to  Chronology", 
Church  HtAoijf  &c ;  at,  od  examining  the  p^r« 
diemlelm,  vrhK^i  m  m  the  poSHEoA  of  the  fiunity  of 

the  cnrl  of  Portfnioiitli,  it  yjjpcars  tlirit  m^nv  of  them 
are  copu-s  r.vcr  and  over  a^ai!!,  often  wiili  little  or  no 
vaiiatiun ;  the  whole  nuti.bcr  liti.ij;  iipwdrds  of  4000 
flieel!)  in  fulio,  or  8  rcanri  of  folio  pnpor  ;  btlulc  the 
liouod  books  .f^c  ill  this  cataio'Tuc,  of  which  the  num- 
Ixrof  flici-ts  is  not  mcntio:ita.  Of  thefc  there  have 
been  published  vn\y  the  Clirt  nology,  and  Obfcrvation* 
on  the  Propheciea  of  Daniel  andVu:  Apocalypfe  of  St. 
Jolin. 

NEWTONIAN'  Phllifh^hj,  doftrine  of  the 
Dnivcric,  oi  the  properties,  laws,  aife^ioDtt  aciions» 
{oues,  inouon«,  &c  of  bodies,  both  oekftial  Md  tme& 
trial,  aa  delivered  bj  Newton. 

This  term  how«?wr  is  differently  applied  ;  which  ha* 

fivcn  occafioTi  t<>  funu  cnuriifed  notions  rc*  ti  i^;  to  it. 
"or,  fome  iiulhuvi,  uuJcr  this  term,  include  all  the 
corpufcular  philofophy,  coiilidcvo!  as  it  now  tt.Mtds  re- 
fonned  and  eorrtiilcd  by  the  dircovcrics  and  improve- 
ments rr.adc  in  fcvcral  parti  cf  it  by  Newton.  In 
vhieh  fcnfc  it  if,  that  Gravcfande  c^lU  hit  £lemept&  af 
Phyfics,  Introdndio  ad  Philofuphir.m  Newtontanani. 
And  in  ttii<;  fcnf  tV.  >'cwtii.;i.,  ,  i»  the  fan>r  :w  tlv  ni  w 
uhUofuphy  ;  and  li.indii  coiiinHliUin^uillied  from  the 
Caitefian,  the  Peripatetic,  arid  the  andtitt  Corpufieiw 
br. 


ill  ttli.ion,  with 
:  l-i,      r.ii-  o^:t  in 
w  in  a  vi.-f 


Aa  to  the  btftory  of  thw  Pliaofoplif ,  confult  the 

forcToinp  artii-le.  It  wi»  (yrX  p'  Ijii'H'.  5  in  the  year 
16S7,  the  aiithLir  bLiti;;  tiicu  prutilffr  of  :Tiatli.-;natfci 
in  the  tiiiv.Ti'uy  of  C'  ltnhr 
coiifiderabk  odditiuuk  and  ii:i,  to-.f.i.i-:  is 
1713  and  a  jd  in  1726.  ^'kii  rWu.m 
Lurjc  Commentary,  came  out  iu  i;  r>,  by  1"  Hiurand 
Jacquicr  ;  belkU-t  the  complete  cditioa  of  all  Ncwtoa'a 
worka,  with  nutet,  by  Dr. H'JTlIsyt  •«  -^«^- 
»e.-;d  aulhoft  luiw  cndcavxinred  to  make  ft  pl.iir.er  ;  by 
fitting  aliJc  many  of  the  more  fiililmie  mathcmaticil 
nfcarch^n,  and  fiibllitulint;  either  tnorc  i>''viuu&  rra- 
f<nu'rv;i  01  expcrinie.it.  i:ii\cad  of  them  ;  p irticiilarly 
Wiiilton,  in  Wn  Prasltit.  i'toft  Malheui.  ;  Or  ;i\fand<, 
ill  Eljin.  &  ;  Petnhcrton,  iu  hi:>  View  ot : ;  and 
Maclatmn,  in  bit  Account  of  Newton'*  Phfloibpfay. 

The  chief  pant  of  tlie  Newtonian  Philofoplw',  as 
deliv  icd  tr,  tiic  author,  exc  :  t  h;^  Optieal  Uifcnve- 
riirs^vv,  a-c  c  mtjincd  in  i'luicpia,  ur  MatbccnaUcal 
Prini  plr  ,  i  t  Natural  I'ii-'li.f.-phy.  He  fouadk  h!* fyf* 
ttm  on  the  foUuwiug  dctiuitiuiifi. 

1.  Quantity  of  Matter,  in  •ilie  nieaftire  of  the  fatne, 
'  arifing  from  itt  denlity  and  btdk  conjoiatiy. — Thiu, 

flir  of  a  double  denfity,  la  the  fame  fpaee,  it  double  ia 
quantity  ;  in  a  double  fpjce,  U  .;"-idiup!c  i.)  qiHUllity} 
in  a  triple  fpace,  is  fcxtuple  in  quantity,  Ac. 

2.  Ciuantitf  of  .Motion,  is  the  me;..'j' .  of  tin-  fa;nf, 
arifin^;  tix>m  the  velocity  and  quantity  u»  jnatlcr  cou- 
jvinftly. — Th";  IS  evident,  hecaufc  the  motion  of  tlic 
whole  iit  the  motion  of  ail  iu  oaru;  and  therefore  in  a 
body  double  in  quantity,  wita  eqbal  tfelacity,  tbeMo- 
dotttft  double,  &c. 

3.  The  Vi»  Inflta,  VTs  InCTtix,  or  hmate  force  of 
iTiiittcr,  is  a  power  of  refilling,  by  which  cvtiy  body, 
as  much  ns  in  it  lies,  end^nvours  to  ptrfevL-.r  in  its 

Sireicrit  (late,  wl^-.tlitr  it  be  of  rell,  or  moving  uni- 
ormly  forward  in  a  n;:ht  li:ie.— Tliis  detiukion  \M 


Other*,  by  Newtonian  Philofoj)!iy,  mean  the  method    proved  to  be  juft  by  experience,  finorr.  obfcrvi:i^  the  dtf* 
order  ufed  b^  Newton  in  phiJofopbifing ;  vix,  Lbc    tkulty  withwhie!)  ;.ny  body  ttflnoved  out  of  its  place, 
nfoaiB^  and  uifrrmcca  drawn  diredlly  from  phc-    tipwardt,  orobhqncly,  or  erej  downwards  when  aflcd 


rcnfoaiB^ 

iioniena,  exclufi*c  of  all  prevloui  hypothefts ;  the  be 
g::iniiig  from  fimple  priiieiplis,  aud  deducing  the  iirft 
powers  and  laws  of  nature  fro.T.  a  few  IclcCl  phcnon  e- 
r.a,  and  then  apply  iti^  thtifc  laws  &c  to  account  for 
etlier  thi..gs.  I:i  tjiis  fcnfc,  the  Newtonian  Piiilofophy 
i:  the  fame  with  the  Experimental  Philoiopby,  or  lUodt 
oppofed  to  the  aiicirnt  Corpufcular,  and  to  all  byp(K 
tbetical  and  f.>ncifulfv(l<nt8of  Philufopby. 
-  Others  apain,  by  this  term,  mean  that  Phitofophy  tn 
which  phyl'ical  bodies  are  ctinlidLred  inathcmatiea'.iy, 
and  wlierc  pconietry  and  ;ncc!i.iiiic3  arc  applied  to  lbc 
foiutioti  of  ulicnomeu.i.  In  wiiicli  fenfe,  the  Ncwto- 
uinn  is  the  fami-  with  the  Mechanical  and  Ma:hemati* 
C.1I  Philofophy. 

Otbert,  by  Netvtonian  PhilofoDhy,  undcrfiaitd  that 
part  of  ph\fical  knowlcdf^e  which  Newton  haa  handled, 

i:r,prnv. J.  ilc-rno-l^  .  ■  ~\. 

Aiid  L.;ly,  others,  b)  il.ij  Philofophy,  mean  thence 
principles  v.  bieh  Newton  has  brou;jht  into  Philsjfuphv  ; 
with  the  ne4v  fyileni  founded  upon  thetn,  and  lite  new 
folntions  of  phi  noi;icna  thence  deduced  ;  or  that  which 
charaAerizcs  and  diAinguilhet  hit  Philofophy  from  all 
othcra.  And  tliia  ia  the  fenfi:  which'we  ftall  here 
diiellj  eoofiderit. 


on  by  a  body  endeavouring^  to  iir^e  it  qiiicltcr  than  the 
velocity  given  it  by  gravity  ;  and  any  how  to  ohan^c  itt 
ftatcof  motion  or  rell.  And  thevefore  this  force  is  the 
fame,  w'lrt'icr  tlvj  bodv  have  jfr.«vity  or  Dot  ;  .tuiI  .1 
cannon  ball,  voi-l  of  gi  iivity,  if  it  could  he,  biiiijj  dil- 
cliaived  horizontally,  will  go  the  fame  diibince  in  tli  tt 
dire&aa,  in  the  fame  time*  as  if  it  were  endued  with 
gravity. 

4.  An  Imprefled  Force,  it  an  adHon  exerted  upon  t 

Loiiy,  in  »)rii  :r  to  elianj^c  it  1  iL.N  ,  vhelher  of  rt!l  or 
Illation. — This  fotve  coolills  iii  iiic  action  only  ;  ami  re- 
mains no  lonper  in  thr  bo*ty  ivlieii  the  aiOion  is  over. 
For  a  b<Kly  nro'  itains  every  new  llatc  it  ^cipiirL-s,  by  itt 
TM  inert i:e  only. 

-  5.  A  Centripetal  Force,  it  that  by  which  bodies  are 
drawn,  impelled,  or  any  way  tend  towards  a  point,  aa 

tn  a  centre. — Tliis  may  be  co.ifidered  of  three  kinds, 
i.l  :"ilut<-,  accelcrative,  and  motive. 

fi.  'i  li  j  .'.bfolute  quantity  of  a  centripetal  force,  is 
a  rritafiiii  of  the  fame,  proj)ortional  to  the  efficacy  of 
the  caufe  that  ur^jcs  it  to  the  centre. 

i.  The  Accek-i7.tive  quantity  of  a  centripetal  force, 
eneafureof  the  fame,  proportional  to  the  vdocitf 
which  it  geaeistes  ia  a  eiven  tine* 

«.The 
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f.  TKc  Motive  iJttaoUty  uf  a  ccntn'jif.al  fovcc,  19  a 
mcafMic  ot  thf  laii.c,  pToportion4]  lo  liieiaution  which 
ii  gciiLiatci  in  a  giveij  time— Thk  w  slwaf a  known  bjr 

tin- qiiantit)- of  a  iotcc  f :  ;  ?  r^ml  cunirai  y  to  il,  lh«t  U 
jilii  liilUcitiit  to  liiiidiT  tat  iicicciil  ot  \':ic  body. 

A fu V  tJioic  dcfinitit>"S  f«>ll""'  t^Hai.i  .S.  !n.!ia,  uai- 
ioQ  «f  the  nature  and  JifUndioiis  of  Time,  Space 
Place,  Motion,  Abfolutc,  RcI.uInc,  Ap|»n;nt»  I'me, 
R.c4i,  &c.  After  whtch»  the  autbiiT  ]^io|M>fc»to  ftiewr 
how  uc  ai-:  to  coUcft  the  true?  motiOM  from  their 
caiifi's  ttf  -rts  ami  apparent  t)iirr:i.-ucc:) ;  an  i  vice  vcr- 
ia,  ho-A  ,  t"ii.ni  tl.f  molioiit;,  i.itlni  li  ne  or  apiiLii  tut,  wl- 
tiuy  conic  t  i  the  k.n>)\\ !i J^'C  i  f  tticir  t  aufi'S  ;i  4  !  tfltftii. 
In  ondcr  t»  this  he  lsy«  down  the  i>  lluwing  axi->ma  Dr 
Uw*  of  mwtmn. 

I  il  Law.  Every  body  perfererct  iu  itc  ftate  of  reft) 
or  lit'  iiiiifi>i-.^>  motion  ma  ri;Tht  line,  uolcfs  it  be  coffl- 
pilleJ  to  cli.i'na-  th.'.t  lla'..-  liy  (..ici.5  riijircllVd  upon  it. 
— -TIjuh,  "  I'l'  i' rt'ic;  p'.vlV'.viT  iu  tlicir  tnotiuim,  fo 
faratthcy  M  '  1  ■  '  .  ^  ;aui.(l  liy  the  iclillanc^- of  tlic  air, 
crnnpvllcit  di-u-invaiila  l>y  titc  force  of  jjraviiy.  Atop, 
'  wliofc  p;.its,  liy  iluir  coKciKiu,  arc  p .i p7tu;illy  drawn 
•fide  from  reftdiucwr  motious,  dnes  not  ccafe  iti  rota- 
tion otherwife  th«n  at  it  i«  retarded  by  the  air.  The 
greater  bodies  of  tin.  p!.inc-t«  and  coincis,  nicciing  wi'Ji 
hh  rcfilbnce  iu  more  fret  I^acefi,  pafcrvc  ihcir  mo- 
tions, lioth  propreffive  and  circubrt  for  «  much  longer 
time." 

sd  La*.  TIic  Alteration  of  motion  is  slHays  pro- 
ponionat  to  the  notivc  &rce  iinprclTed  i  nod  ii  made 
in  tlie  dinaion  of  the  nVht  line  10  which  that  fotce  i« 
imprelFed,  Thus,  if  ;:n  v  f"  i  ,  r  tt  a  certain  quan- 
tity of  motion,  a  Joubk  forct  >viLl  generate  a  double 
quantity,  whether  that  force  be  inpreflcd  all  at  oaoe, 
or  in  fucccllive  momcntiu 

3d  Law.  To  every  adion  there  is  alwayi  oppofed 
-  an  equal  rc-aclion  :  or  the  mutual  arlions  of  two  DOdjet 
upon  each  other,  arc  always  equal,  .-.iid  directed  to  con^ 
trary  parts.  Thus,  whatev  ,  ..s  orpiclTcs  another, 
is  as  much  drawn  or  prcfied  by  that  other.  If  you  prefs 
3  (tone  ^^  ith  your  fingcT,  thc  fing<.r  U  aifo  |»«tiisa  by 
the  llotie :  &c. 

From  this  axlomt  or  hw,  Newton  dedacea  the  fi>l> 

lo"  ill;;  v  (»r.  llanes. 

{.  A  hojy  by  two'forrrs  conjointd  will  defcribe  the 
d!  i^'>.;;  :'.  <;f  a  paraJlirlo.jr.im,  iu  the  fame  t!n:e'thAt  it 
v.-oi:l(l  J.  iVrihe  thc  fides  hy  thofe  forces  ajtart. 

2.  Hi'iuc  is  exjilaincd  the  competition  of  any  one 
direc  t  force  out  of  aoy  '.vo  o'>Iique  ones,  viz,  by  mak- 
iag  the  two  oblique  foi  L  cs  the  fides  of  t  paralhrlo- 
gnun,  and  the  diagooal  the  diredone. 

^.  The  tiuantity  of  motion,  which  in  eoTleAed  hy 
tHkiny  thc  f  ull  u:  tlie  motions  diri  In!  I  j  ..  .  rd»  the 
fame  parts,  anii  list  dilTerencc  of  tliotc  th.it  it.  clLicdtcd 
to  contrary  parts,  fuffers  no  change  froia  the  a<tiion 

bodies  amoo^  themfelveii ;  becaufc  thc  motioa  whici* 
one  body  lofea,  i( oonaBiunicated  to  another. 

A.  The  common  centre  of  gnvity  of  two  or  more 
hodica  does  not  alter  iu  ftate  of  motion  or  reft  by  the 
actions  of  thc  bodiet  amotig  themfclve*  ;  and  therefore 
the  common  centre  of  gravity  of  aU  bodiet,  afUng 
4|poa  each  othert  (nxdimngectaRialRdiRiniBdiiiipe* 
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dimcQtt)  ia  cither  at  reft,  or  movei  unifMsJy  Ja  k  right 

line. 

J.  The  motiona  of  bodie*  inchidc<l  in  a  given  fpaoc 
are  thc  faine  nmon^^  themielve^  whether  that  fpace  be 

at  reft,  or  move  uniformly  forward  10  a  riglit  line  wtth- 

oul  any  circular  motiou.  T!  ti  jfh  1  f-hi  '.vviuLut 
from  the  expi-riment  of  a  ihip  ;  v.lu.c  aii  motions  are 
jud  thc  fame,  whither  the  iliip  be  at  reft*  or  proceed 
uniformly  forward  in  a  ilrai^ht  line. 

6.  Il  bo*lie»,  Htiy  how  n.tiveJ  ainung  tlicmfvlvea,  tw 
uiyed  in  the  direction  of  pundicl  lines  by  equal  oco^ 
letativ^  forces,  tlicy  will  all  continue  to  move  among 
themf'elvct,  afi'ir  the  fame  manncras  if  tbcy  bad  m 
been  uijjcdby  fueh  torcci. 

The  iJialliematicai  part  of  the  Newtonian  Piiilofophy 
depend*  chiedy  on  tJie  following  leustiiiu ;  efpccially 
the  tirft  ;  containtng  the  doArincuf  prime  and  uUitnntn 
ratios, 

Ll;.\.  I.  QiiantitiOt  and  the  ntlioa  of  .  .it  i^ci^ 
which  iu  any  finite  Um«  converge  eonttauaUy  %9 
cqiii^lity,  and  before  thc  end  of  thnt  time  approach 

nearer  thc  one  to  the  other  than  by  any  given  dificT* 
etice,  become  ulti:ii.ilely  ivjiial. 

Lkm.  j  (hews,  that  in  a  fpicc  b^mnJed  by  1;mj 
right  linci  a:rd  a  cui  ve,  if  an  ir.iiii'te  ni:ir.ber  of  paral- 
lelOfrnimt  be  inferlhcil,  all  of  equal  breaHth  ;  then  the  - 
ultimate  ratio  of  the  curve  fpace  .'.nd  thc  fum  of  the  pai* 
rallelograme,  will  be  a  ratio  of  equality. 

Lem.  3  flievvs,  that  ihc  fame  '.Iu'il;  is  tnic  wilClltll* 
breadths  of  the  paral]clograni!<  are  unequal. 

Ill  the  fuLCceJiii^  Icmitia'*  it  iu  fiievn,  in  like  man- 
ner, that  the  ultimate  ration  of  the  fine,  chord,  and 
tangent  of  arcs  infinitely  din. it, iflitd,  arc  ratios  of  cqtia- 
lity,  and  therefore  that  in  all  our  rcaffinings  about 
thcfe,  wc  may  fafelv  ufe  the  one  far  the  other : — that 
the  ultimate  form  evanefcent  triao|[lc3,  made  by  th« 
arc,  chord,  or  tangent,  is  that  of  fimiUtude,  and  their 
iiltiinite  ratio  is  that  of  equality;  6nd  hence,  in  rca- 
foaiugs  about  ultimate  ratitis,  ihtfe  triingles  may  fafely 
be  uftdone  for  another,  whether  they  arc  made  with 
the  line,  the  arc,  or  the  lart;retit.— He  then  demonilratca 
fome  propertiet  of  the  oufiuates  of  curvilinear  figureai 
and  fliewa  tltat  the  fpacca  which  a  body  delcribes  by  anj 
finite  feree  ur^iug  it,  whether  that  force  is  determined 
and  imtuutablc,  or  coniiiiually  varied,  are  to  each 
other,  in  the  very  berinniuir  of  the  motion,  in  tl.c  du- 
plicate ratio  of  thc  forctt  : — and  lailly,  having;  added 
fome  demonllrHtiand  conccruiri^j  the  cranefccnce  of  an- 
gles uf  contnrt,  he  pr»»ceedi  to  !;:y  down  the  ii'.:ithema» 
tical  part  of  hi»  fyiiem,  which  depcndion  tlie  r>dow- 
injrthcorcmi. 

Thkok.  I..  The  area*  which  -revolving  bodies  de- 
fcribeby  radii  drawn  to  an  immoveable  centre  of  force, 
lie  iti  tilt  f.uv.v  immoveable  ]>iaiJC5,  atid  are  prviportionat 
to  the  times  in  which  they  are  Jeferihcd.— To  thit 
prop,  are  annexed  fevcral  coTollaricit,  refjtcdting  the  velo- 
cities of  bodies  rtvclviiig  by  centripetal  forces,  the  di- 
rections and  propoi-tions  of  thofe  forces,  &c  ;  fuch  ai, 
that  thc  velocity  of  fuch  a  revolving  body»  is  recipro* 
cally  ac  the  pcrpeudictdar  let  iaU  ttma  the  centre  of 
force  unon  tlic  hn*  toudung  the  oibit  in  the  place  of 
tJje  body,  &c 

TNaoK*  a»  Svcfy  Wy  thai  mon*  w  any  ci:i  .c 
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line  defcri bed  in  a  plnrf,  and,  l)y  a  raditi*  drawn  to  h 
pint  cither  imm©vrablc  or  moving  fomard  .vith  an  uni- 
form re^lincar  moti0n,dcicrib«i  about  itm  point  amt 
proportional  to  the  times,  it  urged  hy  a  centripetal 
ibnx  dire^ed  to  tbkt  point*— With  ooiioUaries  telatinig 
tD  fuch  motiinw  in  itfiftiw  mmUmmtf  aad  to  the  di- 
region  of  the  fwcei  wbea  tSe  aveM  are  af^  pixtportioo- 
d  ta  the  tmt%, 

Theoi.  5.  Kvery  hodrthat,  bv  a  riJii;?  drawn  to 
the  centre  of  another  bojy,  a-i v  how  moved,  dcfcrib*J 
arci'  r.boiit  that  centre  propur- loual  to  the  timet,  it 
urged  by  3  fiircc  compouiKK  d  v(  t he  centripetal  forces 
tending  to  that  other  body,  an  i  ui  the  whole  acctlera- 
lifc  force  by  which  that  other  faodj  ii  iinptUeiL— With 
litfCTil  corolnnn. 

TheCv.  4.  Th*  ci.'nt; ;pct.:!  forcr'^  of  hin]'c-;,  •vlilvh 
by  equal  inuu'oii:!  dclcnbe  a<iititni.  tut:ki»,  tc;;.,!  tu  •.he 
cciitr.j  ot  ihr  )'a;t'.c  crrcles  ;  and  are  one  to  the  c'.hi  r  ;u 
the  fquaretof  the  arcs  defcribed  in  equal  time*,  applied 
to  theradii  of  the  ciicict. — ^With  many  corollaries,  relat- 
ing to  theTclodtica,  timn,  periodic  forces,  &c.  Aad,ia 
fcholium,  the  aathor  ftrthcr  addi,  MorcovcTi  by  tneui 
•f  the  foregoing  propofitton  and  it*eoR>narie«,  we  may 
difeever  the  proportion  of  a  centripetal  force"  to  any 
other  known  force,  fuch  aa  that  of  gravity.  For  if  a 
body  by  means  of  its  gravity  rcvoltt  in  a  circle,  con- 
cc-ritric  to  the  earth,  this  gravity  is  the  centripetal  force 
ot  that  body.  But  from  the  dcfccnt  of  heavy  bodies, 
the  time  of  one  entire  r;rvglution,  as  well  as  the  afc  de- 
fcribcd  io  aav  gircn  time*  ia  gireo  by  a  corol.  to  thia 
pnp.  Aodbyfuchnropofitfona,  Mr.  Huygcns,  inhia 
excellent  book  Dc  Horolop'o  Ofcillatorio,  has  com- 
pared the  force  of  gravity  with  the  centrifugal  forces  of 

On  thel'e,  and  fiich-like  principles,  depends  the  New- 
tonian iMathematical  Philofophy.  The  author  iartlier 
§bewt  how  to  find  the  centre  to  which  the  forces  im- 
■cHiB^aiiy  body  ai«tiireAcd,'haTmg  the  velocity  of  the 
lodf  gtren :  and  finds  that  the  centrifuga]  force  is  al« 
wayi  as  the  vcifed  fine  of  the  nafccnt  arc  dircftly,  and 
as  the  ftiuarc  of  tli«  time  inverfely  ;  or  dircdlly  as  the 
fquare  or  the  wlocity,  aud  inverfely  ii'  the  ciiord  of  the 
nafcent  arc.  I'Vum  thefe  premifes,  he  deduces  the  me- 
thod of  finding  the  centtipctal  force  direfted  to  any 
given  point  when  the  body  revolves  in  a  .circle ;  and 
(iM  whether  the  centndpout  he  acarhmd»  or  at  im* 
mcnle  dtftance ;  lb  that  all  the  lines  drawn  from  it  m»f 
betaken  for  parallels-  And  he  flirws  tlir  ftim-  tiling 
vith  regard  to  bodies  revnlvirr.;;  in  fpirak,  flliplei,  liv- 
perbolas,  or  r(bol,u:.  He  fhc«  ■  .t'I'i,  Im^in;^  tlic  ti- 
guret  of  the  orbits  given,  how  to  tind  the  veiucitiea  und 
moving  powers  ;  and  indeed  rcfolves  all  the  moft  diffi- 
cult problems  rdating  tO  the  celeflial  bodies  with  a  fur- 
prifing  degree  of  iramcnnideil  fldll.  Thcfc  problems 
aad  demonllrationa  are  all  contained  in  the  firft  b&olt  of 
the  Pnncipi;) :  bat  an  adcoimt  of  them  here  would  nei- 
ther be  ^neralljr  underi«od;iior  cafil/  oompiiMd  in  tJie 
hmits  ot  this  work. 

In  the  fccondbook,  Newton  treats  of  the  properties 
and  motion  of  fluids,  and  their  powers  of  rcAllanc^ 
with  the  motion  of  bodies  through  fuch  reflftil^  Oiei 
dimnii,  tbofe  nefiftaacea  being  ia  wt  ratio  of  aaj|Mnrei» 
4if  the  vdociiici  I  wd  the  notioBt  tr^pg  ^tlwf  midc  h 
fi|^  lam  «r  cuifo^  *or  vibnti^g  luie  pcndiiliiaii. 
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And  here  he  demonftratck  fuch  piiiu  iples  as  entirely 
overthrow  the  dod^rine  of  De&  C  at ts's  vortices,  which 
was  the  falhionable  fyilcm  ia  his  time  ;  concluding  the 
book  with  thefe  woids:     So  that  the  hypothefis  of 
vortices  is  utterly  irreconcileable  with  altronomicalphe^ 
nomctn,  and  rather  fervct  to  perplex  than  explain  the  • 
heavenlv  motions.    How  thcfc  motions  art  ;>t  rfMMr  ,] 
fn  free  ipaccs  withont  vortices,  may  Le  ur.deritiiuJ  :>y 
the  firll  book  ;  ami  I  fliall  now  more  fully  trcRf  of  it 
in  the  following  book  Of  the  Syile-n  of  the  World." — 
In  this  fecund  lA;ok  he  makes  ^'rc:it  iifc  of  the  doctriiir, 
of  Fluxions,  then  lat<-!v  invented ;  for  wliich  purpojie 
he  lays  down  the  inlir^i^U  s  of  that  dofirine  in  the  28 
JLemnui,  io  thefe  words :  •*  The  moment  of  any  Ge- 
nitum  u  equal  to  the  moments  of  each  of  the  general  ii;^ 
fides  drawn  Into  tlic  indices  uf  flic  powers  of  tiiofe  (Id^'i, 
and  iuto  their  i-oifBcicnlii  c.intimially  :"  wlnVli  rule  I.r 
demonilraies,  mid  th^M  ;.dJs  the  foiliiwing  fcholiiim 
concerning  the  invention  of  that  doctrine  :  "  In  aletler 
of  mine,  fiys  he,  to  Mr.  J.  Collins,  dated  December  * 
lO>  1672,  having  defcribcd  a  method  of  tangents, 
wliuch  I  fufpedoTto  be  the  iarae  with  SluHus's  method, 
which  at  tnat  time  was  not  made  public  -,  I  ful  -,.^1  :e.I 
thefe  words:  •  This  is  one  particular,  or  vail  -.r  3 
corollary,  of  a  pcunul  method  which  cxteiiil.  i'.fcif, 
without  any  troublefowc  cslculation,  not  orly  to  the 
drawing  of  tangents  to  eiiv  curve  lines,  whetli  .•  j.  t-o- 
metrical  or  mcclianical,  or  any  bow  rcfpc&ing  lij^ht  ' 
lines  or  other  curves,  but  alfo  to  the  reiolvutg  other 
abAmfier  kinds  of  problems  about  the  cnmture,  areas, 
lengths,  centres  of  gmvity  of  airven,  itc ;  nor  is  it 
(,'i:>  IIiuK'  -  i's  ip.  tlKHi  li;  M.i\i:n's  ^'v  Mir  i        'rrait' '! 
to   cquati  )ii3   \v;i:l!i   arc    tree.-  f;>r!ii   iatd  ijUdntitir,,. 
This   nicllioil    I    have   ;iito;  wuvtn    wi'tli    that  otlici' 
of  workiiig  iu  equatiuui,  by  reducing  them  to  iiilinite 
feries.'    So  far  that  letter.    And  tm;fe  hft  words  re. 
late  to  a  Trcatife  I  compofed  on  th«t  fubjed  in  the 
year  1^17 1."   AVIueh,  at  leaft,  is  thereferetbe  date  of.  \ 
theiavcBtion  of  the dotlrine  of  Fluxions. 

On  entering  upan  the  ^d  book  of  the  Principla, 
Nc\(tv)ii  I)rj\Hy  rccapitulateb  ilit  contents  of  the  two 
fonncr  books  in  tliefc  words:  "  In  the  preceding 
books  I  have  laid  down  the  principles  of  piiihifophy  t 
principles  not  philofophfcal,  but  mathematical ;  fuch, 
to  wit,  as  we  may  build  our  reufoiiings  upon  in  philo- 
fophical  enquiries.   Thefe  ^nciplcs  are,  the  law*  and 
conditions  of  certain  motions,  and  )>o\ver«  or  (brce% 
\v!iii.!i  tliiffly  !i;r.L:   ■Lfii^J'l   to  priilvifupliy.     But  L'ft 
tliL-y  ru  iiild  ti.Tvr  ^[ipcarcd  of  lliinil.'lvi-s  dry  and  Ixir- 
rcv,  I  li:ivt;  illnilni'.cd  iliem  here  und  :'ikti-  witli  foiv.c 
pitiiolophicai  fcholium^,  giving  an  account  of  fucH 
things,  as  are  of  a  more  general  nature,  and  which  phi-  ' 
lofcmhy  fccms  chiefty  to  be  founded  on  ;  fnch  as  tht 
dennty  and  the  refiftancc  of  bodies,  fpacca  void  of  ait* 
matter,  and  the  motion  of  ligiht  and  founds.    It  re- 
mains, he  adds,  that  from  the  fame  principles  I  now 
dci^iuiif^r.i'c         fiam."  of  the  fylLcrn  of  the  xvorld. 
Upon  ilii^  tiil  cil,  I   hjd  indeed  compofed  the  ;jd " 
book  in  a  popular      tl.nd,  that  it  might  be  read  by 
many.    Ilul  uficii,viudi.  confidering  that  f Uch  BS  had 
not  fufliciently  entered  into  the  principlca  COuld  not'- 
eafify  difcem  the  ftrength  of  th«eonleqneBce%  hop  lay, 
lidffthe  prejudice!  to  iriiich  tlwT^  bad  been  nuuty  yeanf-. 
accuftonedj  therefore  to  pment  iht  dUpjUca  which 

might. 
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might  be  nifcd  Hpon  fuch  accounts,  I  chofc  to  reduce 
the  fabflance  of  that  book  into  the  fciin  of  prcpofi- 

tluiij,  ill  tlu"  matlicmn'if  T  .  .ir  ,  x*' '  h  fhou'iil  bo  read 
by  tliofc  o  ilv,  who  \\31i  iiiU  nuuli  t!;i.rr.fclvt;s  mjilctii  of 
the  ]>rincii<Ii.s  ciljblifhcJ  iri  the  prcccdinf;  books." 

n  necdTaryjprcliniinary  to  thi»  3d  part,  Newton 
lays  dm-,  n  the  muosttng  rnUa  (or  rcuKHiing  in  iwtunil 
fbilolophy :  ^  ^ 

1.  We  are  to  admit  no  more  caulet  of  natunil  things* 
tlian  fnch  :is  ire  both  ttiie  and  ftifficicnt  to  ex^a  their 
natur.il  apjicar.mces.  ' 

2.  Thordon:  to  the  fame  mtiira!  t  lTtflu  we  maft  al» 
wav5  afliga,  a«  f.ir  as  pofiiblf  ,  t!u  fmin;  (.■.Mifcs. 

3.  The  qualities  of  bodies  vliirli  a<'.iiM't  ueitlier  inten- 
fio^nor  rcwilTioM  of  dfj^ici.s,  aiid  which  arv  f'uiiid  to 
belong  to  al!  bodii's  within  the  rent  h  of  our  expci:. 

ncnti,  are  to  be  ejlcemed  thr  univn-fal  qualitiwi  of  all 
bodies  whatfocTer. 

4.  Ill  fxpLTiinc'ital  jihn  fn]  I  --,  we  are  to  h>ok  upon 
proptifitiim^  colhvird  by  giiu.dl  irulm'tion  fium  pluiui- 
mtii-i,  a:\  acriirattiv  or  vrry  iicar'y  line,  iiotwitlilLiiid- 
I'pg  any  contr.n'y  hypoihcfcs  thxt  may  be  imagined, 
tin  fuch  time  uh  otlicr  phenometia  occur,  hv  wliich 
they  may  either  be  made  more  aocuratCf  or  liable  to  ex- 
ceptions. 

Tlie  pheiioTTiciia  firfi  cnnfidorrd  arc,  I.  Tliat  tlie  fa- 
ttih'tcs  of  Jupiter,  by  rathi  drawn  to  bis  centre,  de- 
fctibe  area*  pi<  |)ortii)iial  to  the  times  of  defcriptiun  ; 
aini  thai  thfir  pm'odic  timt-s,  tlie  fixed  liars  bfinfr  at 
rell|  Bie  in  the  ftfipiiplicate  ratio  of  their  dillaiices 
from  tint  rentre.  The  f.ir.ic  tliin  r  i.-,  likcwife  ob- 
Jfarvcd  of  the  pliennn.ena  of  iSatuiii.  3.  The  five  pri- 
mary pUnel%  Mercl^yy  VeituS|  Man,  Jupiter,  and  aa- 
t>.)m,  wTih  their  feveral  orbiti,  encotnpar*  the  fun. 
4.  The  fixed  flar^  bring  foppoiVd  at  rt  if,  the  periiidic 
tiTr.<.s  of  tlie  liiid  live  prnnarv  J'l.inets,  and  iif  the  t;ii"t!i, 
about  the  fun,  are  in  tlit  i<-l(jiii]>Hcate  proportion  of 
their  mean  dilbmccs  from  the  fun.  ^.  The  primary 
planetSf  by  r>u!ii  di^u  n  to  the  e.»rtb,  di  leiiLe  aiias  no 
tvayt  proponiunal  to  the  times :  but  tlie  areas  which 
thry  defciibeby  nidii  dr:;wn  to  the  fun  are  proportion- 
al to  the  tinits  1  f  di Itriplitin.  fi.  Tbr  nuion,  bv  a  m- 
dids  drawn  1<)  tin-  cii  tre  of  the  e.irtlvl  diltribcn  an  aten 
pr^'portiinul  to  the  time  of  <l(.lVripii<)n.  .'Ml  wiiich 
jthcnomtna  are  cK'.irly  ev'nccd  Itv  altioiiomical  obfcr* 
nations.  Tho  nuuhtmL'tic.l  domoiillnit'uns  are  next 
applied  by  Nc»v  ;o:i  in  tlie  fi<!|iivving  projHifitionn. 

Prop.  i.  The  fun  es  by  which  tlie  fatellite*  of  Ju» 
piter  art  continually  drawn  off  from  rectilinear  mo- 
tiV'i«,  and  retained  tn  their  proper  orbits,  tend  to  the 
ctntic  of  lh.1t  pl  tnet  ;  ;tt  d  are  rccl;.rin  ;-.llv  ns  the 
ftjuares  of  the  oill;<iii(3  of  ti:ofe  fatvllite.  Irom  tlut 
centre. 

pRor.  2.  'l"he  fame  thinj^;  Is  true  of  tlie  primary 
planets,  with  rcfp^d  to  the  iun'i  txr-.tre. 

Pnor.  3.  Tlie  fame  thing  is  aifo  true  of  the  moon* 
in  refpc^i  i%f  the  earth's  centre. 

Pi-'Oi'.  .1.  The  trooii  j'r;iv!tnt<s  to'.vani?  til-  earth; 
snri  by  ihe  Knee  of  gr-'-'ly  '»  conlinuaJly  lir.iv.n  oif 

fr  a  a  rectilinear  motion^  and  retained  ui  her  or« 

bit. 

l*i  or.  5.  The  fame  tbinjr  tS  tree  of  all  the  other 
planrtSj  bvth  primary- and  f^.'coDdar}-* each  wiUi  relpc£t 
to  the  centre  ofits  motion. 


Ptop.  6.  AU  bodies  giantafte  towudt  every  planet  t 
and  the  weights  of  bodies  towards  any  ooe  and  the  fame 

planet,  at  equal  diilances  f(>  m  1:  -  centre,  are  propor- 
tional to  the  quariliii-isof  mautr  tiiiry  contain. 

Prop.  7.  Tliere  h  a  power  of  gravity  tending  toall 
bodies,  piviportional  to  the  fercral  quantities  of  matter 
which  they  contain. 

Paor.  ii.  In  two  fpheres  mutually  granta^ng  each 
towards  the  otheri  if  the  matter  in  pMieson  all  fides, 
r:>und  about  and  equididant  from  the  centres,  befimi- 
larj  thcwel^^ht  of  citiierfphcre  towRrds  the  other,  will 
be  reciprocally  as  the  fqaare  of  the  diiliintc  beiwetn 
thiir  centtes. —  Hence  are  compared  together  the 
wtiL^iits  <if  bodii  I  Hiwards  diUcri  nt  plaiK  t«  :  hence 
alfij  are  difcovcred  the  quantities  uf  matter  in  the  fcvis 
ri!  nlancu:  and  lieaoe  likcwife  are  found  the  denfitiet 
of  tlie  plaacti. 

Pnop.  9.  The  forte  of  gravity,  in  paits  dowfl- 
i^ard*  fi!  Ml  ^'i'  fi.ir.  Li  if  tic  planets  toivnrd'-  'tir!r 
centres,  dccicaiis  iK.i.ly  in  ilie  proportion  of  li.cti.l- 
taiices  from  thofc  centre's. 

'I'hefe,  and  many  other  prop')ruions  and  corwllarici), 
are  proved  »r  iilulii-ated  by  a  great  \aiiviy  of  experi* 
nents,  in  all  the  great  point*  ot  phyt'«cal  mftronony  j 
fiich  u.  That  the  motions  of  the  plauets  in  the  heavens 
may  fibl'.il  an  exc:-eJ:n,'^  loup^  tinu:: — Tint  the  tcutre 
of  the  fyllem  of  ttu'  \*iirldi%  itnmovcible: — That  the 
common  centre  of  tjravlty  of  the  eirth,  the  bin,  and 
all  tlie  planets,  is  immoveable  : — That  the  fun  is  agi- 
tated by  a  perpetual  motion,  but  never  i-ecedei  fir 
fi'o:n  the  common  centre  of  j^ravily  of  511I  thf  ph- 
nets  »— >That  the  planet  j  mo»c  in  tUij  f  *  which  I  ,n  c 

thdr  commoo  focus  in  the  centre  of  liic  funj  andt  by 
radii  drawn  to  that  centre,  they  defaibc  areas  propor» 

tional  to  the  times  of  dcfei  iption : — The  aphelions  and 
nodes  of  the  orbi'H  oftlie  planets  are  iivt  : — To  find 
tlie  aphelions,  eccentricitie'i,  and  principal  diametennif 
the  orbits  of  the  ])l?jicti> : — I'hat  the  diurnal  motiona 
of  the  planets  arc  uniform,  and  lli  U  t!ie  libmiionof  tbc 
moon  arifea  from  her  diurnal  motion  i—OS  the  propor- 
tion between  the  axes  of  the  platiets  and  the  diametcTa 
pcrpeiidieulartn  Jt.ofV  axes  Ol  the  \vt.ii;'il»  o!  bodies 
m  (he  different  region*  of  our  earth  : — That  the  equi- 
noer.al  p<:intR  po  baekwan'.s,  ai.d  that  the  earth's  axis, 
by  a  nutation  in  mery  annual  reviilutiun,  twice  vilnates 
towards  the  ecliptic,  and  as  often  retums  to  its  former, 
pofltton .I'hat  ail  the  motions  of  the  miKin,  and  all 
the  tneqnalitics  of  thofe  motions,  follow  from  the 
principles  ahorc  bid  dnwii  : — Of  the  iinemi  d  nuttiona 
(»f  rbe  fitelfltcfi  of  Jupiter  a  i<l  oiitui'n  : — Of  ilic  flnt 
and  iclbli:  or  tlie  f  ;i,  as  nritiiij'  fpriii  the  ;'.ctic);is  ^l^  the 
fun  and  moon: — Of  the  fuiceiwith  vviiicli  tl.e  fun  dii- 
tu.bs  ih-j  motions  of  the  irnon  ;  I'f  the  v.i'ioi;s  motions 
of  the  in  ion,  o!"  livt  orbit,  vari  iti-jii,  inciii  aUont  of 
bet  orbi?,  and  the  I/w.t.i!  r;ii)tii'ii5  (  f  iitr  ^odC•^■^^f 
the  tides,  with  the  (iirccs  of  tlie  ftui  and  moon  to  pro- 
duce them  : — Of  the  fifjurc  of  th«  mooo*s  bt  dy^— Of 

the  p' tctfiioii  i/i  ti  e  C'-u  :i  jx;  E  : — AlHl  of  iht  n^otiout 
and  ir.riitMvy  of  ctinie*  '.  The  ffrcat  inithur  th'.Ti 
conclude*  wun  a  Gs  nc:.il  ."-'ehi)l;iiai,  c'jiit:oi;in,;  ttlKe- 
tions  on  the  piitaipd  pjrj.  of  the  great  and  beautitul 
fvilem  of  ihi:  univiife.  and  of  tlie  iofinJtc,  eterual 
Creator  aTid  l^ovcrnnr  of  itt 
**  The  hvpothelii  «f  vortices,  favi  he,  is  prefled 
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wiih  mnnt  diffieult?tM.  That  every  planet  hy  a  radius 
4nwn  to  ihc  fun  may  (Jefcribe  anras  propoitional  to 
t^e  times  of  dcicriptiun,  the  periodic  times  of  the  fe> 
wnl  parts  of  the  vortices  flaoiild  ohfcrve  the  duplicate 
jroportiim  of  tiicir  ctiiUncn  from  tiie  fun.  But  (hat 
the  {Kiiodie  time*  of  the  pbuieta  may  obtain  the  fel!q|iiri* 
plicate  proportion  of  their  dillancci  from  tli'.-  fun,  the 
periodic  times  of  the  part*  of  the  vortex  ought  to  be  in 
the  fcfqtiiplicntc  pniportion  of  thn'r  dtKances.  That 
the  finiUer  vortices  may  maintain  their  leffer  revolution* 
about  Saturn,  Jupiter,  and  other  planets,  and  fv^  im 
quietly  and  unditlurbed  in  the  greater  vortec  of  the 
fun,  the  peritMb'c  tiaics  of  the  part*  of  the  fun's  vortex 
fluuld  be  couiL  But  the  wtatioB  of  tlie  fun  and  ph^ 
act*  ahoiit  tnctf  axe«,'  whicli  ought  to  cnrrrfpontf  wtth 
the  inotiuii^  ifilicir  vorticcit,  n-ccdf  fa:  ri>jiii  l.!]  lIkTc 
propuituju''.  'I'li'.-  ir.iiti;in»  of  the  comi-J s  .w  f\ii-c:iinj; 
revular.are  govcnicJ  l.y  tiiL"  Uir.c  l.iv.:'-  wi;  :i  tho  nii-ii.ini 
of  thepUnets,  and  can  by  no  nu-.ms  l.r  accounted  ior 
ln^the  Jiypotbefit  of  vortioet.  1  >r  t  :i:ieti>  are  carried 
with  very  eccentric  motiona  through  all  paru  of  the 
bearent  indifferently,  witb  a  freedom  that  iii  ineompa. 
lible  with  the  notmn  of  a  vortex. 

**  Bodies,  projcded  in  our  air,  fuSer  no  refillance  but 
from  the  air.  Withdraw  the  air,  as  in  done  :n  Mr. 
Boyle's  racuum,  and  the  reriiUucc  cirnft".-.  For  iu  liiis 
▼Old  a  bit  of  fine  do\rn  and  a  piece  of  l.  lij  gold  dc- 
fcend  with  equal  velocity.  And  the  parity  of  reafun 
malt  take  place  in  the  coellial  fpaces  abore  the  earth's 
atmnfpfcm;  tmwhidt  fiweei,  when:  there  is  no  itir  to 
ic6ft  then*  motiom,  aO  bodiea  will  more  with  the 
^rcitcll  freedom;  and  the  planets  and  comets  will  lou- 
llautiy  piirfue  their  revolution*  in  orbitu  f^iven  in  kind 
and  pulilioii,  according  to  ilie  laws  ahiive  expl jiiiej. 
But  though  thcfc  bodies  may  indeed  perfevcrc  in  their 
MhitS  hy  the  mere  laws  of  gravity,  yet  tlie^  could  by 
J»  mani  bnt  at  firft  derived  the  nqpihrpolition  of  the 
oiUtt  themCclTci  frani  Aofe  hwa. 

"  The  fix  primary  planets  are  revolved  about  the  fun, 
in  circles  concentric  with  the  fun,  and  with  motions  di- 
rrdcd  towards  the  fame  pcrts,  and  ahnoil  in  the  fame 
pbtie.  Ten  moons  arc  revolved  about  the  earth,  Ju- 
piter and  Saturn,  in  circles  concentric  with  them,  with 
the  fame  dire^Uon  of  motion,  and  nearly  in  the  planes 
of  the  orbit*  of  tbofe  planets.  But  it  is  not  to  be  con« 
ccived  that  mere  medumical  eaafiea  could  give  birth 
to  b  many  regular  motions ;  fince  the  comets  range 
over  all  parts  of  t!ie  heavens,  in  very  rrcentric  orbits. 
For  by  that  kind  of  motion  they  jiafjculily  thro;ij(h  the 
orbs  of  the  planets,  and  wiih  grr  it  rapidity  ;  am!  in 
tbdr  aphelions,  where  they  move  the  flowell,  an<l  are 
ddained  the  longeft*  they  recede  to  the  greateft  dif- 
taneei  from  caeh  other*  and  theooe  fuffer  uic  leaft  dif< 
taihanee  from  thfir  •  mntoal  attraAuma.  Tlua  moft 
beautiful  iyflem  of  the  fun,  planets,  and  comets,  could 
only  proceed  from  the  counfel  and  dominion  of  an  in> 
ff'.HgeiU  and  powerful  jjeinji;.  And  if  tl<e  fixed  'lars  are 
tbc  ecntres  of  other  like  lyllems,  thefe  being  formed  by 
the  like  wife  counfel,  muft  be  all  fubjcA  to  the  dominion 
of  one  ;  cfpecially,  Ance  the  light  of  the  fixed  liars  is  of 
tie  fame  nature  with  the  light  of  the  fun,  and  from 
ctfiT  fyftem  Usht  pafliEa  into  all  the  other  lyiUma, 
Aad  left  the  frloB  of  theliicd  Am  lhoiikl»  by  thetr 

Vob.II. 


gravity,  f&li  on  each  Other  mutually,  he  hath  placed 
thot'e  fytleau  It  tauiicnfe  diftaoeea  one  from  atto- 

iher." 

Then,  after  a  tmly  pion  and  philofophical  dcfcant 
on  the  attribatca  of  the  Being  who  oould  ovcewfteoce 
and  continuance  to  foeh  prodi^ioai  mccninfmf  and 
w  ith  fomuch  beau tlfbl  eider  and  repiUrit}')  the  gralt  > 

author  proceeds 

"  Hitherto  we  have  explained  the  plietionicna  of 
the  hejjvenj  and  of  our  fca,  by  the  power  of  gravity,  . 
bit  have  not  y-i  airi^jncil  t!i  caife  of  this  power.  Thi* 
is  certain,  that  ic  mud  proceed  froip  a  caufe  that  peiw 
tratcK  to  the  vcrv  ccntrea  nf  tbc  fun  and  planets,  with- 
out fufTcving  tiie  leaft  dimiuuiiun  of  its  fiiroe  }  that 
ofH'r  if.i,  not  according  to  tlu-  quantity  of  thcfurfacca 
oi  I'll-  pni'e'c'i  iip  ni  which  it  acli,  (as  mechanical 
ciiili  i  iiic  t  /  du,)  but  aceonlingto  the  quantity  of  the 
r'h  l  n.aucr  wliicli  they  coiitairi,  and  projKigatei  its 
virtue  ou  all  fidet,  to  immcitfe  dillancca,  decrnding  al* 
ways  in  the  duplicate  propoition  uf  the  diftaooea.  Cra^ 
vitau'on  towanU  the  fun,  is  made  ttpoatof  thegnvi- 
taitioos  towards  the  fevcnil  particles  of  which  the  Dody 

of  the  fmi  IS  compofj;!  :  .U!.!  -n  rteed'ng  from  the  fun, 
decreaies  nei  u.,'.trly  in  :h.- d..i)'ic.tte  prupjiiiui!  of  the 
dillaiireis,  ai  tj.r  .li  the.jrl)  nl  >S;'.turri,  .t.  evidently  ap. 
pears  trom  the  quidccnce  ui  the  aphelions  of  the  pla- 
nets ;  aa^,  ami  even  to  the  rcmoteil  apbdiioas  of  the 
comets,  tf  thofe  aphelions  arc  alfo  quielceiit.  Bat  hi> 
thcito  I  huve  not  been  able  to  diicovtr  the  Caufe  of 
tiwie  properties  of  gnvity  from  phenomena,  and  I 
frame  no  hypothefes.  For  whatever  is  not  deduced 
from  the  piieii<i;ricn;i,  U  to  be  c.dled  ail  hypothefis  ;  aud 
hypulJielrs,  \\  heliier  nietaphyiical  or  phytical,  whether 

of  ncetilt  <{uo!itir-.  or  u.eoiKuiical,  have  no  place  iu  ex- 
pcrimentel  philofophy.  In  this  philofophy  particular 
propofitiong  are  inferred  from  the  phenomena,  and  a£i 
tenswd*  reodered  ^netal  by  induAion.  Thui  it 
that  the  impenetralMltty,  the  mobiSty,  and  the  hnpid- 
fire  force  of  bodiec,  and  the  laws  of  mtHion  and  of 
j^iavitation,  were  difcoveTe<l.  And  to  us  it  it  enough, 
that  g.avity  diHi  roally  cxill,  and  d'-i  accordinjj  to  die 
laws  whieh  \vc  have  explained,  and  abundantly  fervea 
to  account  furiall  thenMtioHof  thecelelUal  bodiei» 
andofourfca. 

*'  And  now  wc  mi^ht  add  fomethlng  conoetning  a 
certain  moft  fubtle  fptnt»  which  pervades  and  lies  hid  in 
afl  groTs  bodies,  hy  the  fore«  and  aftion  of  which  fpi. 
rit,  the  partlclcr.  of  bti(lie3  riutiially  attriift  one  ano- 
ther at  near  (hll^iuci,  a;id  cuh---re,  it  contiguous,  and 
tiecttit  bodle-^  operate  to  j_^re,itrr  d.lliaices,  as  weD  re- 
pelling a»  altrj^ting  the  neighbouring  cor])ufdes;  and 
light  is  emitted,  refle^ed,  refr;ided,  inflei^lcd,  and 
heatc  bodiea  t  and  all  feolation  is  cxdted,  and  tbc  mem- 
bers of  ammal  bodiea  move  at  the  command  of  the 
will,  namely,  by  the  vibrations  of  this  fpiric,  mutually 
propagated  along  the  folid  lilanients  of  the  nerves,  from 
the  outward  o:  ],;an»  of  fenfe  to  the  brain,  and  fro;n  tl,c 
brain  into  the  muicles.  But  thefe  .ire  thinj^s  that  can- 
nctt  be  explained  in  few  words,  rior  arc  wc  furiMflied 
with  tliat  fufiiciency  of  experiments  which  is  re> 
quired  to  an  accur.iie  determination  and  demonflratioA 

the  l«w«  by  which,  this  ele^ic  and  ebftic  &!rifc  otic* 
iBiet.*' 

V  NICHED 
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NICH£»  a  cavity,  or  hdkiw  part*  ia  thetbickncti 
of  a  mil,  to  place  a  figure  or  ftatiw  ia. 

NICOLT!  [F?  -,N^i>'l,  a  vrry  ctlchrRted  French 
inatbciuatici.4H,  vva^  linnjt  Pji's  Decemhcr  the  23d, 
i68j.  Hit  early  ■ttaclirnriii  u>  t  ,  •  mattieinatics  in- 
duced M.  Monimort  to  lake  tlie  charj;cot  h'u  c<lu- 
ntion  :  and  he  opened  out  to  hi.n  the  way  to  the  liigher 
geonirtiy.  He  lirll  became  pubiii'ly  rrm.irkibli.-  Iiy  de- 
leting the  falbcyof  •  pretended  (jiudraLurc  of  the 
drclc.  Tbn  qaadntUK  «  M.  Maihuloq  fo  alTuttdl/ 
thought  h?  had  dlfeomed,  that  he  depofitcd,  in  the 
h.uidi  (if  a  public  no^:iry  at  l.yoiii,  the  ium  of  ^ooo  \i- 
vns,  t  i  lie  pdid  toiiny  j;crf')ii  whu,  i-.i  ihf  ji;d;!;oK't>t  of 
the  Acadcniv  of  Scircictt,  fhould  dcmor.Hr.iti'  the  fal- 
lity  ofhii  foKition.  M.  Nicole«  piqu>:d  at  tltift  chal- 
Ifii^^f,  iiuueitoijlt  the  tdik,  and  eipoling  the  paiiilo- 
fifM>  the  Acadcmy't  judgmeot  watt  thai  Nicole  had 
}.  aii.ly  proved  that  the  reAiliunl  figure  whidi  lktatha« 

Ion  hiid  ^Ivcn  ss  irqiial  In  ths  circle,  was  iml  oidy  un- 
cqu;il  to  it,  b'lt  thjit  it  w-as  even  greater  than  the  poly- 
gon of       Itdi*  circuniicrihcd  uboiit  ti  c  L;;i.lc.~The 

ijiizeof  3C00  livrcs,  Nicole  prcfcntcd  to  die  public 
lofnifal  of  Lyoas. 

The  Academy  nametl  Nicdr,  Elcve-Mccitaiiiciaiit 
March  12,  1707;  Adjund  in  1716,  Afibciate  ia 
1^18,  aod  Fenfioncr  io  17x41  which  be  continued  till 
hta  death,  which  happened  the  18th  of  January  17^8, 

at  75  vtais  of  ^  Tc. 

Hit  v.  i>rk£  were  all  infcrted  in  the  ditferent  Toiumes 
of  the  MemcMrt  af  the  Aeadeaj  of  tfcicaeci  1  ud  art 
a*  ioUow; 

U  A  General  Method  for  detenrinin^  the  NatafV 
of  Ctirvea  foimed  the  RoUiag  of  other  Cuniet  upoa 
any  Gives  Curve  t  in  the  volume  ibr  the  Tor  1 707* 

2.  A  Gcneial  Mrth  1  f  r  Rcdifying  all  RoulcM lipOB 
Right  and  Circular  liak^  ;  i  .oS. 

J.  General  McthcKl  of  dttcrmining  the  Nature  of 
tlmfc  Curve*  which  cuL  ao  Infiaity  of  utiicr  Curves 
^'iv<-n  in  Putition,,  ctitUng  tbeifi  always' in  aCoaftxnt 
Angle  I  1715. 

4*  Sdutiou  of  a  ProUca  prapolcd  hj  M.  de  I^agw 
ny  f  171*.  _ 

?.  Trcatife  of  the  Calculns  of  Finite  Difference* ; 

\  Second  Fsirt  of  the  Ci-K  ulns  of  Finite  Ddlcr- 
tiKt»  ;  J7J3. 

J.  bccoDd bcdionof  ditto;  1723. 
.  Additiaa  totfic  two  foregoing  papcn )  1714* 
q.  New  Pnipoiition  in  Etemeatary  Geometry  t 

10.  N'tv.-  >'wliiiiun  .  r  a  rinS'rni  jUTirjofi'd  to  (Tie 
lingliiil  .\ijtliLi:.u[ic:i:i..^,  i;\  the  Lu  il.  Ltl4it.il/.  ; 
17^5. 

11.  Method  of  Sui;)ining  an  Infinity  of  New  Se- 
riri,  V,  liich  are  not  fuaunaUie  by  any  otiwr  kaown  mc* 
ifaodt  1727. 

I  *.  Treatifeof  the  Linea  of  the  Third  Cider,  or  the 
Cnnrciof  the  Second  Kind  ;  1729. 

1 3.  Examination  and  Kefolution  of  forac  Queftions 

trlatitlg  to  Pl.r,  ;  17^0, 

14.  Method  of  determining  the  Chance*  ail  I'iay. 

•  l{.  Obfervau'oDs  upon  the  Conic  Scdions  ;  I7'^«. 

i6'  Manner  of  ge&enting  in  a  Sitlid  fiody,  ail  the 
Line*    the  Tbira  Order  •{  1731. 


i   ]  N  I  E 

17*  Manner  of  dctcmimng  the  Nalnre  of  RxMlett 
fimncd  opon  the  CoBict>  Samee  of  a  Sphere  t  aad  of 
dc-ttrmining  which  wc  Gcodkttfi^  and  which  are  Rieci> 

titublc  i  1732. 

18.  Soliiiion  of  a  Prc)!4em  in  Geometr)- ;  >7jj. 

19.  The  L'feot  6erie»  in  rcfolving  many  Problems  iit 
the  Inverfe  Method  of  Taii;cc!it»;  1737. 

20.  Obfer^ioiM  on  the  Irreducible  Cafe  in  Cabic 
Equations  t  1738. 

XI.  Ohfervatiom  opon  Cubic  Equations;  1738. 
3>.  ObiIm  Trifc6uon  of  an  Angle ;  1740. 

25.  Oa  the  Incdodble  Oafe  ta  Odiic  Equationa  | 
1741. 

24.  Addition  to  ditto  ;  1743. 

2^.  Hi»  La  t  i'aper  upon  the  lame  ;  1 744. 

26.  Detcrmi»ati<jO,  by  Incommcnrurabk*  and  Deci- 
inal«t  the  Valnet  of  the  6idt*  and  Area*  of  the  Hvne*  ia  ^ 
a  Doable  Phi||reflion  of  Regular  Polygout,  iiifcribed  ia  ^ 
and  circumfiTihed  iboiit  ;i  Circle  ;  1  747. 

Nlt'UWKNJ  V  J'  (I.'Rnard)  an  cminrtit  Dutcii 
philnfophcr  and  m.:t.'i.'in.'ticiun,  wa«  born  on  the  lOth 
of  Auguii  li>^4t  at  Wellgraafdjk  iu  North  iiul- 
tasd,  mtn  hh  hther  was  uiinitier.  He  difcorercd 
very  early  a  good  genioa  and  a  Arung  inclination  for 
learning  ;  » hicb  waa  carefully  improved  by  a  fuitaUe' 
education.  He  hadalfo  thai  pntdencc and  fagacity,  which 
led  him  to  purfiic  literature  by  fure  and  pi  opt  r  fieps, 
uciniiriii):^  akitij  ofinalK'ry  i'l  one  (cu  r.ci:  litimt  ho  pro* 
tvcdtti  to  another.  Hn  f^ihtr  !iuJ  dcii|^iti.tl  liiin  loiw 
the  minillry  ;  but  feeing  hit  iiic^iiu.i!:)n  did  not  hethat 
wayi  he  prudently  left  him  to  puriue  the  bent  of  bia 
l^eoiua.  Accordingly  young  Nicuwcntyt  apprrbeod> 
lag  that  nothiog  was  more  uleful  than  6xiii|r  hw  imagi> 
nation  and  fermiug  hit  judgment  wellt  applied  himtolf 
rarlv  tu  !ot;ii:,  :i  .>  l  I'n.  irt  c  )  rcafoiiing  juuly,  in  u  'lich 

);r4)iii!jcu  hiii.iil*  ii(.oii  ihv-  principle*  ot  Dt»Carles, 
with  \v[i(-iL-  phi)>>i.>;iliy  in-  vv.i«.  ;;n'.itly  delighted.  From 
thence  he  prt>cceucu  lu  iJte  nuihemalicj,  in  which  he 
made  a  confideiablc  proficiency  ;  though  the  applica- 
tioo  Im  gave  to  that  branch  «f  learning  diil  not  hinder 
him  from  ftudying  both  law  and  phvJic.  In  faA  he 
fneceeded  in  aU  ihcfc  Icienccs  fo  wcfl,  asdcfcTv.  diy  to 
acquire  the  char«£tcr  of  a  good  philofopfaer,  j  gicat 
ra:itlict:n.tidan,  an  expert  phyiicimi(  nnidaa  able  aad 
juit  uiagiiirate. 

Although  he  \n»  naturally  of  a  grave  and  frrioiN  dif- 
po&tkio,  yet  he  wa»  very  affable  and  agreeable  in  con* 
verfatioOa  liit  engaging  manner  riocurrd  tlienfefiiwi 
of  evcij  oaei  aad  by  ihia  mcaas  heoJicn  drew  over  to- 
h!a  opuiion  thoie  who  before  differed  very  widdy  from 
him.  Thus  accc n.},!i!he)l,  he  acquired  a  gre:.t  t  .'.CLin 
nud  credit  in  the  council  of  the  town  of  I'mk  iin  i  i  i.itt, 
w)itii-  he  rtiidcd  ;  ai  lie  iiid  alfo  in  the  ihitts  of  that 
proviiicct  who  refpc^icd  him  the  mote,  inalmiich  as  he 
never  engaged 'in  nay  cabalu  or  fudtiooii,  in  order  tofc 
cuie  it  I  regarding  in  hit  conduct,  an  open,  honcllf  up* 
right  hehavtoitr,  as  the  bell  fourcc  of  fatiafa&ion,  and 
relying  folely  on  his  merit.  In  fa^  he  was  imiaat-' 
tentive  to  cultivate  the  fdences,  than  eager  to  obtain 
the  hoii'mu  of  iht;  ^o\(.nmitnt  ;  tijiitijitinjj  l.irnfclf 
witll  bciitg  wouultilor  and  biirj^nrunllir,  u  itl.uul  court- 
ing or  accepting  any  other  poits,  wlucii  niight  inter- 
fere with  his  ftudics,  and  draw  ium  too  muchoniof  bia 
]ibiaiy.<vNieu«eitt]rtdkdtlie  ytb  of  May  lyj^  at  76 
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yoiiii  of  tg**— l»»vrnp  \,ren  tifiee  mirnft!.— wi» 

thorof  Icveml  wi  vk*.  -n  the  L«tin,  French,  ?n.l  Diiti  h 
lan^uaj^W,  the  priiw.jial  of  which  are  the  follnsvln^: 

1.  A  Tiratifc  in  Hutch,  frttvh^  ihr  Kjijitrrt  '-f 
GiJ  ty  the  IVotidtrtt^ Nulure  ;  a  murh  rllcfinetl  work, 
md  went  throug4iiM»]r  edit  ions.  It  rv?.*  ti-nnf1;(tcda]fo 
into  feveial  kngnificat  at  the  fVenrh,'and  tke  Eugliih, 
under  Aetitk  of,  thtR'^tmt  Pkbf^trt  ^t. 

2.  A  Refiitation  of  Spinoni,  ia  the  Dutch  Ua- 

3.  yir.iihf't  Infinilorun  ;  \f-x)^^^ia. 

4.  Canfidfrathi's  f.-ufis  rir:,i  Ctt'ru'i  DiTTrntinH: 
Pnnc'ffio  ;  iCi^ft,  8vo. — la  thii  u-orlc  he  att«i  U?.-l  Leib- 
nitz, a^?d  W31  ar.fw'CTcd  by  John  Bernoulli  atul  Jnims 

HcftDi:  • 

A  Treatife  o«  the  New  Ul«  of  the  Table*  of 
SfnntncI  Tsnrjetrt*. 

6.  A  I.cctcrtu  Botlmwor BamuHHJitiipMtheSnb- 
jc^i  of  tV»ftCUT» 

NICJM'I',  that  part  of  the  natural  Hay,  during;  vvliich 
the  fun  it  bclonr  the  htin'snn  :  though  fnmetimes  it  is 
•ndoflood  that  the  twilight  is  referred  to  the  day,  or 
time  tbe  fun  m  above  ibe  korixoa  i  tbc  remainder  only 
bein^ihe  Night. 

Under  the  eqnator,  the  Nightii,  in  the  former  fenfe, 
are  al«itys  emwl  to  the  day*  ;  each  beinpf  1 2  hmirslong. 
Eu'i  uniJtT  the  poles,  the  Night  rontinuoi  tialt  ytnt. 
— 'I'hc  ancient  Gauli  and  Germani  divided  their  time 
■ot  by  d:iy»,  but  Nightt  1  as  appean  from  Cxfar  and 
Tacitm  (.  alfo  the  Arabs  and  the  Icelnnders  do  the 
Aowb  Tbe  fnmc  tnaf  alfo  he  cbferted  of  our  Saxon 
•aaeeiont  whcMe  oar  ooAom  of  bying,  Scvenoight, 
Fortniglrt,  trr. 

NOCTILUCA,  a  fpccfcs  of  phofphoni*,  fo  called 
becaufe  it  fliioes  in  the  night,  without  anrli^ht  heinir 
thrown  on  it  :  fuch  is  the  phofphorus  nuiic  ot  urine, 
.fiy  which  it  (lattda  diftin^ilbed  from  fome  other  fpecics 
of  pbofphoru*.  whiek  iMfuiivtobe  expoCed  to  the  fun- 
beaaM  before  tkej  wQl Aine } » ibeBoMMiim-ftone,  ftc 

MrJBofk  bai  a  partledar  Trentife  oa  tlua  folH 

^  NOCTURNAL  jlrch.  Is  the  arch  of  a  cirele  de. 
fcribed  by  the  f  ni,  nr  a  tlar,  i:i  t!ie  ii'i'lit. 

NocruaxAi  ,  oi  N'<-)(  tub  i,4BiitM,  denotes  an  in- 
flrvment,  ct  it  fl;  nri-Jsi  tea,  to  lake  the  altitude  or  de- 
pieffieaot  the  pok  ftar,  and  fome  other  ftara  about  the 
f«le,^  fcr  Sm^mg  tbe  hlitndes  and  tbe  hour  of  the 


TTie 


bere  ««  feWral  kfaids  of  thk  inftrammt ;  feme  of 

which  are  pru|e<^tions  of  tlic  fnhere  ;  fuch  as  the  he- 
mifpheres,  or  (jJanifphcies  the  pkne  of  the  equinoc- 
tial. 'Vhc  ff  jtiicn  comnmnlv  iilc  t^vo  k,tni!^  ;  tlit  one 
adapted  to  th«  pole  flaraiul  tlie  lit  It  of  the  iruards  of  the 
l  ittle  Bear  ;  the  other  to  tbe  pole  ftar  ana  the  poitltert 
cCthe  Great  Bear. 

'Hie  No^^urnal confiftt  of  twoeircuhrphtra  (fig.  i  j, 
'"""'^pLsiii)  abpUed  over  cad>  other.  TIkt  greater,  which 
baia  Ininale  to  hoM  tbe  inttrurot-nt,  it  uhout  2^  inches 
diameter,  aiid  '•;(.!iuJt  (I  into  ii  p.irt  .,  aulu  criup;  to  the 
12  months;  alAi  each  inoitth  tubdivid«d  \n\o  every  <;th 
day  ;  and  in  fuch  manner,  that  the  middle  of  thr  handle 
corrrfpcvi^s  to  that  dav  of  the  year  which  the  flar 
beic  rtfps.cttd  has  (lit  lame  light  afcenfinn  with  the  fua. 

.   Whoi  tb«ij>ftn>BmMMUd<i)rcwolltt«,tte 


die  I*  miAt  mewsUe.  The  opfier  etirle  n  dr/ided  in' 

to  2  i  rq  ;i:'i-t  ,  Tl  i  t'lr.-  3  4.  i.iii'ri  of  the  da^,  atld  each 
hot:r  (-iii  iimJcd  iiitci  tjuaitwta,  as  in  the  fi;^urc.  I  iicle 
r .1  !i  Dvs  *K  noted  !)T  z\  loetb  ;  to  be  told  in  the  iMi,-la. 
In  the  centre  of  the  two  cirtiuJar  plates  is  adj:ill  "d« 
ko};  index  A,  moveable  upon  the  upper  plate.  And 
the  three  pieces,  via,  the  two  circles  anxi  ittdcSf  arc 
jo'ned  by  a  rirct  ^h>:h  ia  pierced  thmugh  the  cent^e» 
tvith  a  hole  a  ipchci  in  diameter*  for  tbe  flort^  be  ob— 
fervi'd  thi-oiigh. 

To  U)(  N'>crrsi«  At.  Turn  the  upper  phte 
till  the  1  ngcll  tooth,  marled  12,  b::aj;ntift  tlie  dfy  cf 
the  mouth  on  the  under  pljtt;  and  lirinj^in^  tin- in- 
ftrument  near  the  eye,  fu,|>cnd  it  by  ilic  lundle,  with 
the  plane  near!)'  p:irallcl  tu  thr  rv|innLi<Lli4l  ;  then  •tClT* 
..tag  the  pnie-flar  through  the  bole  in  thevrntre^  tMfB 
the  indei  about  ttll,  bj  the  «dp|e  eomin;*  from  the  ceo< 
tre,  you  fee  the  bright  flar  or  j;u,ir;!  <  !  tlic  I  iitV  Peat, 
if  the  iailrumeiit  bt  fitted  to  that  .iar  :  ll.ct;  tl.al  tooth 
tit  ill.  up;ii  1  *  ill  'r-,  -ri  lcr  the  «-<'ge  of  the  index,  is  at 
tbe  hour  ot  t!,t  n  ;;kt  on  the  <'t'i,'c  of  the  h'Xir-ciicle  : 
which  may  known  without  a  )lif:ht,  by  cuunling'the 
teeth  fn>m  the  Jongcll,  which  is  for  the  hour  of  II. 

NODATED  l7yt>frUh.  one,  fo  called  by  Newton, 
which  by  turning  round  drrufTatci  or  crofTes  itfelf :  as 
in  tbc  2d,  and  fevers!  oih«  fpccics,  of  his  Ei!umcr.itio 
Linearum  Teitii  Or  l-r'is. 

NODES,  the  two  oppoiitr  poa^.s  where  ihi.-  otbi't 
of  a  planet  interfeds  the  crl  p-.ic.  T  ltii,  \»hiicth; 
planet  afcends  from  the  ibuth  to  thc  .noitli  fide  of  tlie 
ecliptic,  is  called  the  Afcendinj  Nodci  or  the  Dragon's 
Head,  and  marked  thua  fi  :  and  dm  oppo^te  poiott 
where  tbe  fJaoet  defcenda  from  tbe  north  to  the  Cbuih 
fulc  of  the  ic!'p?'f,  I'j  crtltfii  ^^:c  IXfc-r.ding  N\>  o. 
Dragon's  Tail,  at^i  thus  marked  gj ,  Alio  the 
ri'^'ht  line  dr.'.'vii  fr.t;!!  the  ODC  ]^^ode  to  the  othcCy  ia 
called  the  Line  of  lite  Nodes. 

By  obfervntion  itappcaathat,  inallthej^iMt^theLjae 
of  the  NodeaGa«tioualiycb8ngcaitsplace,tt*litot  ion  being 
i«  MftswAnlie  r  I.  e>  oontrary  to  tne  older  of  the  iigna, 
or  finom  eaft  to  weft ;  with  a  peculiar  degree  uf  motion 
fcr  each  planet.  Thus,  hy  a  rctrogr.ide  motion,  the  line 
of  the  moon'i  nojcj.  cotiiph'tct  iti  rin'uit  in  18  vcars 
and  22  i  ditys,  in  tvbich  time  the  Node  returns  agkin  to 
the  fame  point  of  the  ecliptic.  N'cvton  has  not  only 
Iheum,  that  thit  motion  atifcs  from  thi  aiftion  of  the 
fun,  but,  from  ita  «nife,  he  has  with  grrat  niill  taka- 
kted  all  the  elements  and  varieties  in  tbta  motion,  See 
his  Princip.  lib.  3,  prop.  50,  31,  He. 

The  moon  niiift  he  in  or  iK  .ir  one  of  the  Nodea  to 
make  an  eclipfc  tiilicr  of  thr  iuu  or  ir.oon. 

NODUS,  or  Xurif,  In  Dialling,  denotes  a  point  or  lioir 
in  the  guomuu  of  a  dial,  by  the  fhadoiv  or  light  of  wliich 
is  (hfwn,  either  the  hour  of  the  day  in  dials  witlMiUt 
furaiturct  or  the  panillelaof  the  fun's  dech'nation,  asd 
hit  place  in  the  ccliptsc»  ftci  ia  dials  with  ftiroi* 
lure. 

NOI.LET  (the  Abbe  Jokh  Akthosy),  a  confi- 
dc  rahie  1' mil  h  pti ilolophcr,  .'inj  a  nur.  1  ri  ct  ir.ult  of 
the  philorophical  I'ncicties  and  academies  ol  Euio^h-,  was 
b«jm  at  I'iinprc,  in  the  diUrict  of  No)un,  the  lyth  of 
Movcmbcr  l^co.  From  the  piofound  rctirBt,in  which 
the  wediocnty  of  bis  fortune  obliged  him  to  li\e,  hit 
MMtBivttr  ncfcafitd  from  day  to  day. 
a  -        .  M.DiJ«y 
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M-  Dahj  aflbcutad  h'.m  in  lti$  EleAticul  Rcfieaichct  i 
mai  M.  die  Reatimur  n  ti^ri.t  d  to  Kim  liw  Utbontmy.  It 

wa<!  tiiidcr  tl^cfcr  malKf:  that  he  dcvrloped  hi*  Uueatt. 
M.  Eliifav  tiiok  liim  ;iU'-i^  v.-ith  htm  in  a  joomcy  he 
made  inrti  Kii>;)iiu!  ;  n>id  protitr.!  fii  well  of  tliis 

omvontni:':)',  .-ii>  to  iauitute  a  tVicndlr  aud  literary  cur- 
te^ndettce  with  &bk  af  the  inoft  celebrated  men  in 
th;t  country. 

The  kuieof  Sardinia  give  him  an  invitivt'(>n  tn  Tu- 
rin^ topeiwrm  9  owtfe  of  ekpcrimenud  phikfuphy  to 
the  dake  of  8a*ov.   Frcim  theuee  he  traxlltid  into 

Itul)-,  wl.crc  I.c  ci  IL  -'T.tiJ  f<;nic  gocid  obfcr»atioili  etm- 
ceming  the  n  i'ur«!  hiltiny      tlit  ccuutry. 

h'rtory  to  iIk-  royul  i.unily  ;  ai.d  pfofcirnr  royal  t»t  tx- 
perimcntiU  philolcipliv  tu  tlic-  college  of  Nav^ire,  aud 
to  the  fchooitof  artiliery  and  engiocera.  The  Acade- 
my of  Sciences  appointed  htm  aiIjuiiA*RKcbamc>aii  ia 
I7;59,  affociatc  in  1742,  and  penlioucr  in  1757.  Nol- 
Ict  tlied  the  24th  of  April  1-70,  regretted  by  all  hit 
friends,  hut  efpecially  by  hi  n  j.itionj,  whom  he  aUv.ivs 
fuccoured  with  an  atfc<^ioaal<:  attention.  'i'Lc  wufk» 
published  by  Nollet,  are  the  following : 

t.  Rci:iieil(  dc  Ltttrti  fur  l'£kdncite|  »753.  3 
vob  In  1 3mo. 

it.  Effiu  fur  VEU&ndU  in  Corp*  t  t  voL  ia 

ItlBO. 

3.  Rtelicrchei  fur  Ics  C«uft«  particulicm  it*  Pbe* 
iK>mcnt»  Lk<^trique«  ;  1  v«L  in  1  amo. 

4.  L'Art  des  Enj'cric-KC-,  ;  i~7c,  3  »d<i  in  1211,0. 
nil  papcra  printol  in  the  difierrnt  volumes  of  the 

Menoitt  «f  llw  Academy  of  Scicncea,  arc  much  too 
tvmaVM  to  be  MiUculansed  here }  tbejr  are  inserted 
In  ^  oriaeft  af  ne  wlnmei  from  the  yew  1740  to  die 

!'car  1767  ifldiifiv^-aolUy  fawfil  pipcra  bcwIitd* 
ume. 

NONA',";  ESI  MA  L,  or  Non  AcrstMAi.  Drgrtt, 
called  «lfo  the  Mid^heaven,  is  the  higheft  point,  or 
90dl  dc;;rec  of  tiK  cdiptic*  rrckoocd  from  it*  intcrfec- 
tioo  with  the  horiton  at  any  time }  and  it»  altitude  is 
cqiui  to  the  an^le  that  the  ecliptic  makcn  with  the  ho- 
rizon at  their  tnterfeAion,  or  c^nal  to  the  dllaiice  of 
the  zenith  from  the  pole  «if  the  ecliptic.  It  ta  much 
•fed  in  the  calculatiim  of  folai  (clijilcs. 

NONAGON,  a  figure  having  nine  fidrs  and  ar?!^l«t. 
—In  a  regular  Konagon,  or  that  whoir  ,iu;,ies,  anJ 
lidca,  are  all  ctjual,  if  each  fide  be  i,  hs  are^  will  be 
^iSi8s4«  =  4of  the  taogenit  of  70°,  to  tkendina 
I.   See  mr  Menftiiatiou,  p,  1 14*  ad  edit. 

NONETS,  in  the  Roman  Calendar,  the  5th  dar  of 
the  months  J.inunry,  Ff1:TU?Tv,  Aim"!,  J^mt,  Au^rult, 
September,  November,  atid  i)ict.ir.htr  ;  ;i  ij  the  7th 
of  the  other  months  Murdi,  May,  J.ily,  ai  <J  Odober  : 
thcfc  1  ill  four  months  baring  6  days  belore  the  Nones, 
and  the  others  only  fi«ur. — They  had  thi<  riaroepr«>ba- 
Uy»  becanfc  thcr  were  ah»aya  9  days  invlufiveiy^  from 
the  firft  of  the  Nonn  to  die  Idea»  u  e.  reckooing  in- 
clufivtly  bo'h  thofe  d:iy5. 

NONIUS,  or  Nuxrz  (Pete*),  a  very  eminent 
Portug  jcfi:  irathcinaiician  and  phylician,  was  born  in 
1497,  at  Alcazar  iii  Portugal,  anciently  a  rcntarkablc 
aitft  known  bvthe  name  of  Sahcta,  from  whence  he 
waa  furaamed  Salacieafia.  He  wsn  proMbr  of  matbe- 
vaticiwtlieiinicriityor  Coinbi%  whmhepttUilhcd 


fome  pieeca  which  procured  hint  greit  rtnutationk  lie 
wv  maihentatical  nrcccptor  to  JDkiii  Henry,  foa  to 
king  Emanuel  of  Poilugid,  aud  princi^ul  cof  iio^'i.i- 
pher  to  the  king.  Nonius  was  very  ferviceable  ;o  tlic 
dctigns,  which  this  court  entertained  of  carrying  oi\ 
their  maritime  expeditions  into  the  Eail,  by  tltt:  public 
cation  of  lii»  book  Uf  tlx  Art  ef  Xavigutian,  and  Op 
rioiif  other  work*.  He  died  in  1577,  at  8o  ycail 
of  age. 

Noniui  was  the  author  of  fcvcral  iiir^eoioi:*  work* 
andloventionf,  andjulUy  eftecmcd  one  ct  the  moll  cmi- 
r.r 111  inatKi  r-i  .tiiiins  of  bit  age.  Concenung  tiis  Art 
el  ''>'a-i'ixciin,u,  father  Dcth.ilcs  fays,  "  In  the  year 
1  ;o,  Peter  Nouiui,  a  celebrated  Poitiiguefc  mathc- 
niaiician,  upon  occariun  of  lotnc  doubts  piopofed  to 
hini  by  Martinus  Alphoufus  Sofa,  wrote  a'lVcatife  on 
Navigatmor  divided  into  two  booka;  in  tfacfixJl,  be 
aafwcn  fomcof  tbofe  doi^its,  and  exphinathe  nature 
of  Losodromic  lines.  In  Uic  fctunj  boi.k,  lie  treats 
of  rules  and  iollrumenls  proper  t»>r  iia\ii;al  ion,  particu- 
larljr  fea  charts,  ami  inftiuna.iU  iVrviKg  to  iinj  the  ele- 
vation of  tiie  pole;  but  fays  he  is  ratlicr  obfcmc  in  his 
manner  of  writing." — Furetiere,  in  hit  Didionarr, 
takca  notice  that  Peter  Nonius  was  the  firtt  who,  in 
15301  invented  the  angles  which  the  Loxodromte 
curves  make  with  each  meridi.tn,  calling  thim  in  his 
language  Rhumbs,  and  which  he  calculated  by  fphe- 
rif>l  tn:i:i)j;lf —  Stc\ ituli  .-ickiios.  Itdj't  s,  tli:u  I'lttr  N'o- 
niu*  wdi  Itatcc  jufi.:  Ltir  to  tlit  vn  v  bvii  inatiicirMttciaos 
of  the  age.  And  Scliottus  fays  he  explained  a  great 
many  problems,  and  unrtiuularly  the  mechanical  nro> 
blem  of  Ariflotic  on  the  ir.vtion  of  vcflels  byOan,  WW 
Notea  190B  Fuikich'a  Theory  of  the  Phneiap  are  very 
much  to  be  eftctned :  he  there  cxptaini  IStvtnl  tbtnn, 
which  hadcichernotbeenaoticcdfaefbi^orMtiigbt^ 

undcrfloftd. 

Ill  1542  he  piillill-.erl  a  Trcalifc  cii  the  Twilight, 
which  bcdcditattd  to  John  the  ^d,  king  of  Portugal ; 
to  which  he  added  what  Aihazcn,  an  Arabian  author, 
has  compofcd  cm  the  fame  fubjed.  In  thia  work  be 
dcfcribet  the  method  or  iaftminent  called,  Iran  him,* 
Noniua,  a  particular  arcount  of  which  fee  in  the  fol- 
lowing article.— He  corretted  fe»cral  mathematical 
miliakes  of  Otontiui  Finxus.^ — But  the  molt  cc'ihr^ited 
of  all  his  works,  or  th*it  at  Icail  ho  iipptircd  mod  to 
\aliic,  « a*  his  7"r^ji/;'/f  0/*  Algebra,  whu  h  he  had  coiB- 
poied  in  Portuguefe,  but  tranilatod  it  into  the  Catlilin 
tongue,  when  he  refolved  upon  making  it  puhh'c, 
which  he  thought  would  render  his  book  more  ufcful, 
as  thn  language  was  more  generally  known  tlian  the  ' 
Purtu^j  Ic.  'I  ill-  ilctitcat'o:),  ti)  liis  fivrmer  pupil, 
pjiiiui  llcmy,  was  dated  from  Lilbon,  Dec  1,  K64. 

This  work  coiHaint  341        in  the  Aatwap  ednimi 

of  1 567,  in  Seo. 

I'he  cninkigue  of  hat  woikiiy  chicly  ia  Latnt,  it  m 
follow*: 

1.  De  Arte  NavirmiS,  hlwidoot  I530« 

2.  Df  Crrfyu/cuiit  ;  1 5 42. 

5.  A.-mi/iii'mnct  in  Ar^oteltm. 

.;■  P»obIcina  Mcdumcnna  de  Mota  Kwnigii  «i 

nti&. 

Annotztiooea  in  Fbnctiiani  Theonae  Gcoi^ 
Putbacbii,  &c. 
iLIJbioideA^gcbaeaAijtliffleikiyGeoaetni  ttfit^ 
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llb>io>i  i»«iHnneaUb  erroneoofly  ^en  to  the  me- 
dMdefgmduatMiil  aowgenenUy  uudrotbedhilkMi  of 
Ac  fiatka  of  vxnon  inflnimaitt,  foi  whicli  ftould  be 

called  Vernier,  fnim  its  rral  ir.ventor.  Tlic  method  of 
Noiriui,  fo  calk  J  from  iis  ii;venior  Pedro  Niiiiez,  or 
Nooius,  ami  dLfcnhcii  i;i  li.'s  tieatifc  Dc  Crcpufculi*, 
printed  at  Lifbon  in  1542,  coDfiitt  iii  dcfciibiu^  within 
•dte  fiune  ^uadiaati  4$  concentric  drclc*.  Ulvtding  the 
outennoft  int»  90  crampnti.  the  next  witlnn  into  89, 
thenext  {ttto  SBfWdlb  on,  tfll  the  nrnemoft  wis  dividra 
into  46  only.  By  tlu'«  mean**  in  moft  oUcrrattona, 
the  plumb-line  or  iiidcs  miiil  crofs  one  or  other  of  thofe 
circles  ill  or  very  nrnr  11  ]:o';  t  of  tli\ifioii  :  wKeiJCO  Ly 
cakulatioo  titc  degitoi  aud  minutes  ot  the  aich  might 
Ctlily  be  obtained.  This  method  is  alfo  defcrlbcd  by 
Kunez,  in  hh  trcatifc  Dc  Artcct  Ratione  Nnvigandi, 
lib.  2,  cap.  6,  where  he  imaginei  it  wa&  nor  uiiknown 
to  Ptolomy.  But  aathc  dcjptn  are  thiu  divided  un- 
equally, and  it  h  very  dHBcnlt  to  attain  exiAnefs  in 

tlie  divihon,  cfpecially  when  the  numbcra,  into  which 
the  aruhcf  ate  to  be  diwdcd,  arc  incompufite,  01  .vhicli 
there  arc  no  Itfi  than  nine,  thf  rr.c:tho<l  of  <lia^or:iilK, 
firft  pubiiihcd  by  Thomas  Digger,  Eiq.  in  his  trL-aiiie 
Ala!  feu  Scale  Mathematicc,  printed  at  Lund,  in 
1573,  and  {aid  to  be  invented  by  one  Richard  Chanfe- 
ler,  a  very  Ikilful  artill,  vrat  fubftituted  in  its  (lead, 
Howcrer,  NoniiH'i  nddMd  «aa  inproMd  «t  difierCBt 
thnea  ;  but  tlie  adminlile  dlvffion  now  lb  awch  iiiiiic» 
i   '    moft  conJidenbki'aipittTCaienC  of tu  SccVkr- 


kill. 

KORMAL,  it  ided  fometiniM  for  a  perpctidScu- 
br. 

NORTH  Ss^r,  called  jlio  the  Pok-Aar,  is  t!i«;  La 
ia die  tail  of  the  Little  Bear. 

KoftTREtN  Sigiut  are  ihofc  fix  that  art  in  the  north 
fide  of  the  equator ;  viz,  Aries,  Tauiu«,  Gemini, 
Cancer,  T.co,  Virgo. 

NORTHINGt  in  Navigation, .  it  the  diffeteace 
•f  btitndet  which  a  fliip  nukca'  in  (ailing  north- 

«ai<^«. 

NOSTRADAMUS  (Micjifu),  an  able  phyfician 
at>d  ctL'brated  allrologer,  ua*  born  at  St.  Remy  in 
Prorence  in  the  diocefe  of  Arijnion,  December  14, 
1503.  His  father  was  a  notary  public,  andhisgrnrid- 
father  a,pbyfician,  from  whoon  he  received  fomc  tinc- 
ture of  the  natfaeiutics.  He  aftcTwaidii  completed  bis 
CO  utfls  of  languages  and  philafophy  ut  Avignon.  Fi  m 
hence,  goinff  to  Montpelicr,  be  there  ippUcd  hiii.ftll  to 
phyfit  J  but  bcin^  forced  away  by  the  phigue,  he  tra- 
nlietl  through  difTenent  place*  till  he  came  to  Boiir- 
'dcaux,  nndcrialin?  all  fuch  patients  as  were  u-illitig  to 

Et  thtrnfelvts  ttiidtr  his  care.  This  courfc  occupied 
B  five  year?  ;  after  wlu'ch  he  returned  to  Mootpelicr, 
andwaa  creaked  lioSor  «f  biafiKuky  in  1529}  after 
vhidi  he  revifited  the  fame  pfaca  where  he  had  prac- 
.  tifed  phyCc  before.  At  A  pen  he  formed  an  acquaint" 
ance  with  Julius  Cxfar  Scaligcr,  and  married  his  firll 
wife;  but  havnig  huiied  her,  a:nl  two  children  whuli 
(he  brought  him,  he  quitted  Agen  after  a /efidence  of 
about  four  years.  He  6xed  next  at  lifarfetlles ;  but, 
IttH  friends  iuving  provided  an  advantageoaa  natch  for 
hin  II  BtSaOf  he  repaired  thitlier  about  the  year  1544* 

S 


and  married  accordingly  hii  fccond  wife»  by  vhoa  bt 

bad  lieveral  children. 

Is  1546,  Aix  being  aflliAed  with  the  plague,  he 

■went  thitlicr  at  th;  Itlicitation  of  the  inhhbit;int»,  to 
w  homht  leiidcrcd  gnat  fcrvicc,  parlitularly  by  a  pow- 
('irufhis  own  invention r  fo  tl  it  the  town,  in  grati- 
tude, gave  him  a  confitler^ihle  ptiiiioti  for  fcver.d  ycma 
after  the  contagion  ceafcd.  In  1547  the  city  of  Lyoui, 
being  vifited  with  the  faiac  diAetnper,  bad  itcourfc  to 
our  phyficiaot  who  attended  them  alfo.  -Aftetwardi 
returning  to  Salon,  he  bnan  a  more  retlr:;d  roiufe  of 
life,  ana  in  this  timeof  leiuirc  appbVd  himfelfclofely  to 
IiIj  fludicb.  lie  hue  fu:  a  Io:;j;  tiiric  fuillovircd  the  trade 
of  a  conjurer  occaijotialiy  ;  and  now  he  began  to  f;!ncy 
bimfclf  infpircd,  and  uiiraculoiiiiy  illumiisated  with  a 

Erofpe^t  into  futurity.  As  fall  as  thefe  il'uminations 
ad  difcovered  to  him  any  future  event,  he  entered  it  in 
writings  in  Ample  profe,  though  in  enigmatical  lien> 
tenoea  ;  bnt  Tev!lin^<  :  hem  aflcrwarda,  he  thought  *the 
fentences  wjiihi  apjjuar  more  refpedlablc,  ri:  J  favour 
iroic  of  a  puiphctiL  Ipirit,  if  they  wc>c  cxpi i [fed  in 
vi-rit.,  Tlur,  oj>ii:iLiii  dtlcrn'.iiK-d  him  to  throw  ihcm  all 
into  quatrains,  and  he  atierw  ard  ranged  them  into  ecu. 
turies.  For  foine  tirt^e  he  could  not  venture  to  publifll 
a  vtotIl  of  this  nature  ;  but  afterwards  perceiving  that 
the  time  of  many  events  foretold  in  his  quatrain*  waa 
«cnr  aearathaoiC  hcicTolved  to  print  then*  be  di4 
witn  a  dedication  addrelTed  to  bit  fon  Cwlar,  an  infiint 
[i:ilv  foirif  nimr.l.f  and  dated  M.irih  I,  !;'55.  To 
this  fint  edition,  wliicu  tomprifts  hut  Icvch  cciitiirics, 
he  prefixed  his  name  in  Laliii,  bat  gave  to  his  fon 
Citifar  the  name  a«  it  i^  pronounced  in  Frccich,  Notra- 
dainc-. 

The  puUic  were  divided  in  their  fcntimentt  of  thii 
vrorJt :  nany  looked  upon  the  author  at  a  fimple  vi- 

fionary  i  by  others  he  vas  accufed  of  magic  or  tiie 
black  art,  and  treated  as  an  impious  perfon  H-hoheUl  a 
comiTicrce  with  the  dcvii  ;  vhilc  great  numbers  Ix  i\  m  J 
htm  to  be  re^ly  endued  uit!t  the  fiipcrnatural  gift  of 
prophecy.  However,  Henry  the  2d,  and  queen  Catha- 
rine of  Medicis,  his  mother,  were  rcfolved  to  ite  our 
Drophctf  who  receiving  ordtrc  to  that  clftft,  he  piv- 
llnxtly  (qiaircd  to  Paiii.  ^  He  waa  may  ecacionfly  re- 
ceived at  court,  and  received  a  prcfcnt  of  2ce  crownat 
He  ivas  feiit  ;,ltc  t '/ urc'k  to  I'L  is,  to  \ilit  the  kiiig*a 
children  tficit,  ii.-ii  repoit  %sLal  he  ili.  iiij  he  able  lo 
difcovci  concerning  their  diillnn^.  J;  is  not  known 
tvlipit  las.  fentence  was;  hoy. ever  he  ttturned  to  Salon 
lc3(lt.d  with  honour,  u;id  good  prefcntK. 

Animated  with  thi&  fucccit,  he  au^ented  his  vrork 
to  the  number  of  lOQO  quatraiiu,  andpubUlbcd  ii  iritb 
a  dedication  to  the  hiug  in  i^^B.  That  prince dyhig 
the  next  year  of  4  wound  which  he  rfceivet!  at  a  tour- 
nainrnt,  our  prophet's  book  v. .is  irrn-.rd lately  con- 
fuhed  i  and  this  unfortuoale  event  was  found  in  the 
3;th  quatrab  of  the  firil  centurfp  which  nuittbut  ill 
the  Loodoa  edition  of  1 67* : 

T,e  Lion  jcuncle  nVux  furmontcra. 
En  champ  hdhqijc,  par  fingulier  duelle, 
Dans  cage  d'or  I'cril  il  lui  crevei-a. 

Deux  playetuae,  puis  mourir  mort  crueller 
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In  CngliA  tliwi  From  tlie  fiinie  edition ! 

'  Tlxe  yiu;ng  l.ion  (hall  overcome  the  old  onCp 

In  mrittisl  liclJ  by  a  (xn^le  duel, 
In  a  golden  c;igc  ht  (liall  pdt  out  hi*  <ryf, 
Two  wounds fmni  one,  then  be  flwll  die  aci  nel  ?!cath. 

"  '    So  reitiaikable  a  prcdiflion  addi'd  new  winfrslo  hit 

fame  ;  ami  lie  wan  lioiiourttl  Pi'in  jhcr  u-tli  a  vita  from 
Kmanuel  diikr  of  Savoy,  .ind  die  priiicefs  Mifgiirct  of 
I'Vinn,  his  c;onfi>it.  From  [U'n  time  Noilr.idamus 
found  himfel/  even  overburdened  with  Tiflton*  «ad  hit 
hme  made  c^-ery  day  new  acquifitionii.  CInrles  the 
(;tli,  coming  to  Salon,  was  eager  aliove  all  tliinj^s  to  Jiavc 
a  lljjiit  of  tiiir. :  Noltridnmu':,  who  then  lu  waiting 
jiS  one  of  the  retinue  of  the  iTiiic'fl'"i'i'S'.  hein^  inlKintly 
prefcntcd  to  the  kin;:;-,  cotrjihii  li  tlv  lutlc  tllecm 
liis  couni rymcn  h*d  for  hiin  ;  upon  ,1,1  the  monardi 
pubiiclv  dcclai  td  that  he  1'  onld  liold  the  enemies  of 
llojiiwlamilt  to  be  his  ctietniiii,  and  defircd  to  (ce  hif 
children.  Nor  did  Uut  prince**  fnvotir  ftoo  here  j  io 
t  pafinKi        '""K'  after,  tDrongh  the  city  or  Ar)c«,  he 

lent  for  Noftradanius,  aiui  prefented  him  with  .1  purfc  of 
JCO  crowns,  tngetiicr  with  a  brevet,  coiiflituting  liiin 
his  phyficiati  inordinary,  with  the  fnme  appointment  as 
the  reft.  Hut  our  piophet  enjoyed  thefe  hoiiourt  only  a 
fliort  time,  as  he  died  ih  months  after,  viz,  July  7, 
1566,  at  Salon,  being  then  in  hii  enind  dimaderic,  or 
6jd  ycw.«»Hehad  puUiihed  levenljother  picceit  chiety 
tebtinff  to  nediane* 

He  left  three  fona  and  three  daughters.  Cirfar  the 
•  cldeft  fon  was  bom  at  Salon  in  1  $^5, and  died  in  1629  : 
lie  left  a  manur<:ript,  giving  an  account  of  the  mod  rc- 
markaWe  events  in  the  hillory  of  Prover.t trom  ic^o 
to  1494.  in  which  he  inferted  the  lives  ttic  p<ic"s  of 
that  country.  Thcfr  memoirs  falling  ni'.o  h.ir.ds 
of  hia  nephew  CxCar  KollradaniHs,  gentleman  to  the 
dukt-  of  UuilCi  he  undertook  to  complete  the  wmk  f 
and  bcuie  eaaMinged  by  the  eftatct  of  the  coantry* 
lie  earr!ea  the  areonnt  up  to  the  Celtic  G«d*  x  the  im* 
pirn^3u  finiflted  at  Lyons  in  1614,  and  ptiblifhed 
'  under  the  title  of  Chroniquc  d**  I'Hilloircde  Provence. 
— The  fecond  ibn,  John,  exercifed  with  reputation  the 
bufinefs  of  a  piodVor  in  the  parliament  of  ProiTnct. — 
He  wrote  the  Lives  of  the  y\:icii;iit  i'rovfiic^Ml  I'oTts, 
called  Troubadours,  and  the  work  was  printed  at  Lyons 
in  1575.  ^vo. — Tiic  youngcft  fon  it  is  faid  undertook 
the  trade  of  peepinjg;  into  futurity^  after  his  father. 

NOTATION*  IS  the  repfetbidng  of  munbers,  or  any 
other  mmiitities,  by  Notes,  charaAers,  ormarkn. 

The  ciioice  of  arithmetical,  and  other,  chaia^era,  is 
arbitrary  ;  and  hence  they  arc  various  in  various  na- 
tions:  t!ic  fif^nre^  o,  i,  2,  3,  Sec,  in  common  tife,  arc 
derived  from  the  A-'aba  and  Indians,  from  whom  they 
Jutve  their  name,  and  the  Notation  by  them,  which 
Ibmi  the  decimal  or  decuple  fcalc,  is  perhaps  the  moft 
*  coBveniciil  of  any  foi  atitnaietical  computitiaafc 

The  Greeks*  Hebrrws*  and  other  eaUcrn  iMtioRik  in 
alfo  the  RumanB,  exprcfled  numbers  by  tbelettcnof 
their  common  alphabet.    See  CHAHACTaa. 

In  Algebra,  the  quantities  are  rcpiclcnted  moflly  by 
till  letters  of  the  alphabet,  Jcc  ;  attd  that  a«  early  as 
the  time  of  Uioph.iutiis.    Sec  .^r.GEBRA. 
^  NOTES,  in  Mufic,  are  charaders  which  mark  tiie 

"*t       tMKtf  i.  c>the  defaiioH  and  ftDiaga  «f  ikt  imee,  or 
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foond,  nnd  the  rwtftnefs  or  flowncfs  of  its  mntionr, 
ttc  i  and  thefe  ha«e  undergnoe  nriona  alterationa  and 
{mproTcwenti,  before  they  arrived  at  tbeir  prefent  ftate 

of  peifec^fon. 

NOVtMBER,  the  eleventh  ni  Jinh  111  t1i«  Julian 
vi- hnt  the  ninth  in  ti  e  year  of  Kormil  i-,  iicfrn-nDj^ 
wiili  March;  whence  its  name.  In  this  motith,  which 
con(.tiiis  30  days,  the  fun  cnier,i  the  lign  nx,  ufinDf 
about  the  ;  rft  day  of  ihe  month. 

NUCLEUS,  the  kerne),  is  'ufcd  by  HevdiiM,  and 
fomc  other  afttonomers,  6»r  the  body  of  a  crnncii  which 
others  call  its  head,  a»  diRfnguiihed  frtsm  Its  taS,  or 

beard. 

NucLfUs  i*  alfo  ufird  by  fomc  writers  for  the  cen- 
tral parts  •f  the  eartli,  and  other  plar  i  tii,  n1n,  h  they 
ftijipofc  firmer,  and  as  it  were  fcpai'ated  irom  thcoi, 
conlidercd  as  a  corte  x  or  flu  ll. 

NUEL,  the  fame  ''  Nr  -.vuL  of  a  Stsircafc. 

NUMBKR,  a  co  ).  t  <iii  or  afTemblflge  of  fcfcnl 
imits,  or  fcvrral  thittgs  of  the  fame  kind }  as  2^  n,  4,  , 
ftc,  excluiWe  of  the  nomher  l :  which  is  Endid's  de- 
finiit  jn  of  Number. — Stcvjnus  defines  Niirnber  as  that 
by  which  thr  quantity  of  anything  iscxprcffcd  :  agrre-  , 
ably  to  which  Nev 1  L  >r  c.  ivi  <  ,x  N'ur^her  to  confift, 
not  in  a  multitude  of  units,  as  LucUd  dttines  it,  bat  in 
the  abftraft  ratio  of  a  quantity  of  any  kind  to  another 
quantity  of  the  fame  kind,  which  is  accoorted  as  unityj 
and  in  this  fenfe,  including  all  thtfe  three  fpeCtC*  of 
Number,  viz,  lategen,  Fraaions,  and  Surds* 

Wulfins  defines  Number  to  be  forocthing  which  re- 
fers to  unity,  bs  one  rtrht  line  refers  to  another.  Thus, 
afl'uming  a  right  line  for  unity,  a  Nun;beT  insy  likcwii'c 
be  t»i  ;Liri_d  by  a  right  line.  Ami  in  this  way  alio 
Des  Cartes  coufidcrs  numbers  as  expreiTed  by  liucii* 
wlierc  he  treats  of  the  aritlinu-'tici!.!  op-rations  per- 
formed by  lines,  in  the  beginning  of  his  Geometry.  , 
^  Str  tie  m^ner  etmraeewmb^  Hvmbibi,  fi«  No* 
TATIOK.  And 

For  rtaSmg  and ix(.rtjjtng  NvnaKas  in  combinalioii^ 
fee        M  Kn  .\Tiris'. 

M.Kl.oir'.ticiam  conftder  Number  isndcr  a  j^rcat  many 
circnrijL;.iiii:cj,  and  different  relations,  aecidti.is 

NuMtrj.it*,  Allo'utt,  AhJiraH,  ^'Jbuiulai\l,  Ainicablrj 
jlpplnitle.  Binary,  Carjina',  I'itcm'.ir,  Ci'r.yjlir,  Con- 
(tele,  Dtftil'iw,  Fintl.inal,  He  n(;;.-rir^!,  /rr.nitr.ii  OT 
SurJ,  Lituar  or  Mixt,(Jra'ina:',  /'(//jj;^;.  j.',  i'r:inc,  /'jr** 

mdalt  JUtkiulf  Simiiar,  Utt^  Itt  the  n-fpcttive  adjec- 
tives, 

Brolen  Numb->^rs,  or  Fnii^ious,  att  certain  part*  of 

unity,  or  of  fomc  other  Number. 

Ca^/V  NuMBEK,  i*  the  product  of  a  fq;..ire  Niimber 
multiplied  by  its  I'uuty  or  t!ie  i.tHtiit.):.it  product  of  a 
NuiTiber  twice  multiplied  by  iclelf ; 
a«  the  Numbers       -       -       j,  8,  27,  04,  &Ca 
which  are  the  cl:;;i>  of       -        1,2,   3,   4,  5,4CC* 

Tbia  brics  of  the  cubes  of  the  i^rdinal  Nutr.bvrsi,  mar 
be  taifed  by  addition  only,  viz,  addi^i^t  -lys  the  diN 
fritiiLis  ;  as  was  lirll  ftlcwn  by  Pelttariu?,  ut  the  end 
ot  his  Algebra,  tlrll  printed  in  15^8,  wiicrc  he  give*  a 
t.iLlc  uf  tiiL'  Kjuaic«  and  Cubes ^f  the  firft  149  num- 
hcii.    S<ec  Cunt. 

Every  Cabic  Number  wliofe  root  is  Icfs  than  f\  v!/, 
the  Cubic  Numbers  1,  8,  27,  bJ-  I2j,  buing  divided  by 
6,  die  icmainder  it  tki  root  itfttr : 
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Thns. 

j  =  oj  J  I  =  I ?  ;  y  =  4,'  J  V  =  lof  ;     «  =r  ao ?, 
whm  the  remaindcn,  or  tbe  oumcmort  of  tbe  finxll 
fnfikMt.  ate  o,  I,  »,     4,  5,  the  ftme  it  the  root* 
of  the  Cuba  o,  i,    27, 64,  1 25.    After  thefe,  the 

wxt  fix  Cuhic  Numbers  being  divided  hj  f>,  the  re- 
mainders will  bv  refpeclivcly  the  fame  arithmetical 
fn  rs  V  .-.         -  -       -        O,  I,  J,  3,  4,  5  ; 

to  each  ot  which  adding  0,  girtt    6,  7,  H,  9,  10,  1 1, 
for  the  rootaof  ilic  next  fix  cubes   2  1    34.5,  &c. 

Then,  again  dividing  the  next  fct  of  tix  Cubic 
Nombers.  VIZ,         -  17281 2197,  ftc, 

"^trstf^r*^'} 

to  each  of  which  adding  I  12,  1  J,  14  I     16,  i'» 

for  the  mots  of  the  fattl  next  fix  cubes.  And  U>  on  in 
nfinttum,  tbeferici  of  teoiainderto,  i,  2,  3,  4,  coii> 
tintaDy  recwrrinfc  and  to  csch  fet  of  thcfc  irmaimWrs 
the  rtlpcdwe  mnnbefi'  o»  6,  u,  18,  24,  &c,  luring 
added,  tlie  fums  wiU  be  the  whok  ferica  of  loou, 
o,  I,  2,  3,  4,  c,  6,  Sec, 

M.  dc  la  Hire,  from  r  )ii.'"i!t  ;  'n;;  t!i's  proprity  of  the 
Niimhtr  6,  with  rtgard  to  Cubi^'  Numbers,  found  that 
al!  other  NiMpbirs,  railVd  to  any  power  whatever,  hnd 
each  their  divifor,  which  hadtlic  fan-.c  efTcA  with  regard, 
tothctn,  that  6  has  with  regard  to  Cubes.  AadftllC 
geacral  ntk  be  ha«  difcovered  i»  tins:  if  tbe  cspooeot 
of  the  power  of  a  Dnmber  be  even,  I.  e.  if  that  number 
!e  ral'  ;!  to  li  e  It!,  4ih,  6tU,  !cc  power,  it  inuft  he  J:- 
xistd  by  3,  tliLii  the  remainder  ad  !i;d  to  j,  ot  to  a 
mullip'ir  i  t  2  .  jjivts  ".he  riH)t  ot  tilt-  N'mnhfi  I'orrciinjnd- 
ing  to  its  power,  i.  c.  the  id,  or  4th,  &c,  ivot.  But  if 
the  exponc:it  of  the  power  of  the  Numl>er  be  uncveilf 
nx  the  jd,  51b,  jtht  &c  power,  the  double  of  that  ex* 
pooeot  fhdt  be  the  divtfor,  vhiA  fhal]  have  the  pro* 
peity  here  required. 

j1  Det.'rmlnafe^VMtyM,  i«  that  which  is  referred  to 
fome  given  unit ;  as  a  teruarv  or  ilirce. 

An  Ki'fti  NuMr»e,  i;!  tliat  tthtch  may  be  divided 
into  twt>  cq'.ial  parti,,  •.  ith:  .jt  reiiiair.der  or  fraf^ion,  as 
the  Numbrrs  2, 4,  6, 8,  10,  Slc. — Tbe  fuma,  difcrtncea, 
wedudi,  lod  powen  of  £«enMttinbcn««e  aUb  Even 
Nimbera. 

An  EvtnhfEvtm  NirMiti,  St  fuch  as  betng  divided 

by  an  even  NviiLScr,  t'lt-  (;iio'ij>  nt  i*.  -AU:  an  F.vcn  N'liin- 
ber  without  a  reniji-idci  :  as  IL,  which  divided  by  8 
gires  2  for  the  quotient. 

An  Unevenly- Even  NvmbilK,  is  fuch  as  beingdivided 
hj  an  Even  Nambrr,  the  quotient  is  an  Uneven  one;  aa 
20,  which  divided  by  4«  gives  $  for  the  qaotieat. 

Figurate  or  Figvral  mrsiBF.sis,  are  certain  ranks  of 
MlMnaa  found  by  adding  to((cihcr  firft  a  nnk  of  units, 
which  is  the  firll  order,  which  gives  the  id  order  j 

tticn  dltfc  kidded  j;ivc  t!it  3d  oidci  ;  and  fu  HcnCC, 

the  fcvcral  orders  of  FiguiBtc  Nuntbcra,  aic  ai>  follow : 


Firft  order 
ad  order 
3d  order 
4th  order 

cth  order 


1  . 

2  . 

3 
4 

5 


I.I. 

3  •  4  • 
6  .  10. 
10.  xo. 

iS«3S- 


I  . 

5  • 
'J- 

S5- 

70, 


&c. 
Sec. 
5cc. 
&c. 
&c. 


The  iirfl  order  confiftt  all  of  equala,  aod  the  id  order 


ia  «Ub  calM  triaa{|uUr  Nvmbcng  tbe  4tii  wider  p)n«> 

See  FlOURATI  Kumlrrt. 

Hrierogenral  NuMsi  Ks,  are  fueh  as  are  referred  to 
different  units.  As  ihn  t  mi'n  ami  4  trcts. 

Homcgme4iIh!v*ilwsi  5,  arc  fuclk  a»  are  referred  to  the 
fame  unit.    As  \  mci  and  4  mil. 

ImperfeB  NoMBERs,  arc  thofe  whofe  aliquot  parts 
added  together,  make  either  more  or  lefs  than  the 
whole  of  tbe  namber  itfdf )  and  are  dtftiaguilbcd  iilo. 
Abondant  and  Dcfe£t!te. 

/r/.'fj'<-r»tj(M/#  NoMBSR,  is  th*l  w'rch        rrfcrrcd  to 
UBity  ill  theffeneral ;  which  is  «!ijc  wc  caU  Quantity, 

Irr  ihy.n.il  ur  Sur.l  NuvEi?,  ii  one  that  IS  OOC  COB* 
mrnfurablr  with  unity  ;  as  ^/:,or  ^4,  Sic 

PrrfeQ  NuMBia,  that  which  rujuft  equal  to  thefum 
of  iu  uliquut  parts,  added  togetlier.    A%  6»  aS,  &c; 
for  the  aliquot  p:ii4  of  6  are  i,  a,  3«  wbofe  fimi* 
the  fame  6  ;  and  the  aliquot  parts  of  28,  arc 
I,  2,4,  7,  Ui  \*l)">fefuni  is  28.  See  Pehfict  .\timhfr» 

P/jnt-  N'L' M  lUR,  lliit  whcli  arilcs  from  tli-  tiiulli- 
pltcation  uf  t'.vo  other  Numbers:  fo  6  is  a  yhm  or 
reflangle,  whole  iwo  ftdts  are  2  and  3,  for  »  x  3  =  0. 

Sfuart  Nusf  lEs,  is  a  Number  prod«oed  by  multipiy« 
ing  any  jriveu  Nuabec  ^  it&lf }  at  tbe 
Sqjuare  fjanbcr*       -      «       1,  4,  9,  t6,  if, 
produced  from  the  root*      -      .1,2,3,  4, 

F.rrry  N^iinri:  Vnmber  added  tO  ttt  VWi  awbet  att* 
even  Nuir.bci.     Ste  S<>UARF. 

U'.n-ii  N  u  M  Bi  I ,  or  O/A/ Nt'M  KIR,  that  w}ii<l.  differs 
from  au  even  Number  by  oqe,  or  which  cannot  be  divid- 
ed into  two  equal  integer  parts ;  fuch  as  1,3,  5,  7,  tUU 
The  fums  and  differences  of  Uoevcif  Mumbctsarc  even  } 
but  all  the  produds  artd  powcri  of  ibeoi  are  Uneven 
Numbers.  On  tbe  other  band,  the  Aim  or  differeooe  of 
an  cvrn  and  Uneven  Number  are  both  Uneven,  but  their 
produdt  is  even. 

Whiili  Number,  or  InU^tr,  is  unit,  or  a  coUcflion- 
of  units. 

CoUtn  NuMSER.  See  (.(oldcn  Hmmkr  and 
Cycle. 

NvMBia  tf  Dirt8ia»t  ia  Chioaalog]|r*  CwK  one  of 
the     Numbers  between  the  EaAer  Kmitt,  or  between 

tlie  taili  U  lateit  dav  on  which  it  can  fall,  i.  c.  hc*» 

tweca  iMarL-li  ix  aod  A]  .  .1  ;  J,  which  ate  3s  daysj 
being  fo  called,  bevatiic  u  urves  as  a  Direction  for 
finding  Eafler  fur  any  year  ;  being  indeed  the  Number 
that  cxprefFcs  how  many  days  after  MArch  2 1 ,  Eaftcr* 
dav  Ma.  "Vhm^  £aftcr>dajr  &itin«  at  in  the  iirft  line 
beunr,  tbe  Namber  of  Diieaiien  wi9  be  Mon  the  lower 
•Bnes 

Maidi  April 
£ailer-day,2a,23,a4,2j,26,27,  28,29,30,31,  i,2,^c. 
N" of  Dir.   I,  2,  3,4,  5,  6,  7,  8,  9,  10, 1 1 , 1 2,&c 
and  fo  or:,  till  the  Number  of  Direction  orj  the  tower 
line  be  3^,  which  will  anfwer  to  April  2;,  being  the' 
lateft  that  Eafter  can  happen.,  Therefore  add  Xl  to« 
the  Number  of  Diie^Liep,  end  the  fins  wifl  be  fe  nmj' 
days  in  March  for  the  fiafter^yt  if  the  fum  exceed  ' 
31,  the  cxcefs  wiQbe  the  day  of  April. 

To Jind  ike  NuMsra  of  DireSion.  Enter  the  follow- 
ing table  ^wliich  is  adapted  r^)  tlic  New  Sty  le),  with 
the  Dominical  Lettct  on  tbe  left  hand,  and  the  Golden 
Muober  It  tbe  taft  tbcD  where  ibe  cobMBn»  auct  i» 

lb* 
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tbeNaoAer  of  Dir^aion  for  tbat  jm.  See  Fogn^ 
fon*«  Aflron.  pa.  381,  ed.  8vo. 
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ThiMitfbrthe  war  1790,  the  Dominical  Lrtter  beme 
C,  and  tbc  Golden  Number  5 1  on  the  Kite  of  C,  md 

below  {,  il  14  for  the  Number  of  DireAion.  To 
thit  add  2 1,  the  fum  is  35  dnys  from  the  ill  of  March, 
viiich,  dcdu(tin^  tlx-  31  days  of  Nfarcli,  letTCi 4  fot 
the  day  of  April,  for  EaAer-day  that  year. 

NtmiiAL  ChanBtn.    See  'CHAaACT«ft«. 

Numeral  Figmrn.  The  antiquity  of  thcfc  in  Eng- 
land hat,  for  fcveni)  rearont,  been  fuppofrd  at  high  as 
tbe  deventb  centtir;  ;  in  Fmee  about  the  miodle  of 
the  tenth  century  ;  having  been  introduced  into  both 
cmutriee  fWin  Spain,  where  thty  h,id  l>crn  brought  by 
the  Moor*  or  Saraccnt.  Sec  Wallis's  Algebra,  oa.  9 
&c,  and  p.-i.  1)  3  (tf  ndditiuiis  at  the  end  of  the  HHIV* 
Secalfu  Philof.  Tianf.  numb.  439  and  475. 

NoMBlAL /w/rr/.thofe  letters  of  the  alphabet  that 
■tc  commonly  u&d  for  figiuca  or  numben,  as  I,  V,  X, 
I<t  C*  Dt  M. 

NUMERATION,  in  Arithmetic,  the  art  of  eftima. 
tine  or  pronouncing  any  number,  or  feries  of  nitmbera. 

Numoers  arc  ufually  exprefled  by  the  ten  followinjf 
charsiAers,  1 .  2,  3,  4,  5.  b,  7,  8,  q,  and  0  ;  the  firft  nine 
denoting  rcfpcdbvcly  the  I'lHl  nine  ordinal  nuinhirs; 
■ndthc  laft,  or  cipher  c,  juincd  to  any  of  the  others, 
denotes  Iblniny  tens.  In  like  manner,  two  dpbers 
Joined  to  mf  one  of  the  iirft  nine  ligtiificant  figure*, 
make  It  bectMne  lb  many  hundreds,  three  ciphera  make 
it  thoufanda,  and  fo  on. 

Wcipelius  indeed  (liews  how  to  number,  without 
going  beyond  a  qiiatrrna'-y  ;  i.  e.  by  bcjtinninjj  to  re- 
peat at  each  fourth.  And  Lcibnitr.  and  Dc  Lagny,  in 
«rimt  they  ciH  dicfr  faiurf  uithnetiCf  begin  to  repett 


ct  eioy  2d  |Jaee  »  tding  oidy  the  two  figaret  i  and  oi. 
Bat  theft  are  lather  anattcn  of  ntriolity  than  any  real 

ufe. 

Tliat  the  nine  fignificant  fij;iire«  may  exprcfs  not 
only  iinitu,  but  alfo  tens,  luindriJi,  tlioufatids  i*<c,  ihcy 
have  a  local  i-aluc  given  llictn,  as  hinted  above;  ft> 
that,  though  uhcn  alone,  or  in  the  right-hand  place, 
tlicy  denote  only  noitaor  onci,  yet  in  the  24I  pLicc  they 
denote  teo«,  in  the  3d  jilace  himdrtdt,  in  the  4th  pla^-e 
thonfimdi,  ftc;  aa  the  number  555  s  ia  five  Uioufand 
five  huitdred  fifty  and  five. 

Uci-.cl- t!.<  n,  to  cxprcfi' any  w  ritten  nnn^fn  r,  or  alTi^ll 
the  pr<)j)tr  \.iliic  to  tui h  cliaiaCti  1  ,  bc^niiii.^  at  tlir 
right  hand,  divide  ttic  propofcd  number  intci  lUl'its,  of 
three  chat:KM(.r<^  to  each  clala;  and  cuiilider  two  clafliea 
at  making  up  a  pcrioi  of  Gnfigttictori^acea.  Then 
every  period,  of  fix  fieurcs,  hat  a  name  cominon  to  all  tlie 
fi^uiea  ia  it  1  the  firflr being  priimt  or  uniu ;  tlic  id  it 
millions;  the  jd  it  milliont  of«mittiuna,  of  bilUuu);  the 
4tlt  it  miIGoraM)f-miOiun>.of-miniona  or  trilliont ;  and  fo 
on  ;  alfo  every  clafs,  or  half-period,  of  three  fij;urci,  is 
read  i'cparately by  ilfclf.fomany  hundred!!, t«n»,aud  units; 
(inly,  after  the  left  h:inJ  It-ilt  i.f  i;ub  ;.cr'iM!,  the  word 
thu'ufandt  it  addedl  and  at  the  eud  of  the  ad,  3d,  4th 
period,  it*  comnon  name  milSon^  bi1lki»«,  &c,  ia  cs> 
•pieflcd. 

That  the  mnnber  4,591,  ia  4  thoufand  $  .hundred 
and  9 1 . 

Till- niin-.htT  21:^,^63,  it  2  hundred  and  10  ihoii- 
fands,  aii<!  461. 

The  ntunbcr  281,527,307,  is  1^1  millions,  427 
thoufands,  and  ^07. 

NUMERAl'OR.  of  a  Fraaion,  is  the  number 
which  (hewahow  many  of  thxfc  paiti,  which  the  inte- 

Kr  it  fuppofcd  to  he  divided  into,  are  denoted  Iw  the 
idion.  And,  in  the  notation  the  Nnmeiator  la  fet 
over  the  detK)minator,  or  nittnlKT  that  (Ticws  Into  ho* 
many  parts  tbe  integer  is  divided,  in  the  fraciiun.  ik>, 
ex.  gr.  I  denotes  three-fuurtht,  or  3  parts  out  of  4$ 
where  3  is  the  numerator,  and  4  the  denominator. 

NUMERICAL,  NvMEaovi*  or- Mmmm/,  fiNDO* 
thing  that  relates  to  number* 

liTOMiKai  jllgrira,  it  that  whidi  makes  ufe  of 
numbers,  in  contradiflin^ion  'fruro  litcnl  algebra,  or 
that  ia  which  tlie  letters  of  the  alphabet  arc  ulcd. 


o. 

OBE  V    OB  J 

O^'^'lr^'^'j  5  of  quadrangular  pyramid,  very  OBJECT,  fomething  prcfcnted  to  the  mind,  by 
tdl  and  llender,  lailed  at  an  ornament  in  fofflc  fenfation,  orby  imagindtion.  Oi' fomething  that  affcf^s 
piiWic  pljce,  or  10  Cmrc  « wAorial  of  fune  remark,  ut  by  itt  prefcwx,  tbat  afii^t  the  eye,  ear,  or  fome 
ifaktraafaaioB.  otlw  of  thcoifaaiof  ftnfe. 

The 
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The  objcAt  of  the  eye,  or  vifion,  are  painted  on  the 
retina;  thoLij;h  not  there  crcft,  hut  inverted,  acn  ird- 
ing  to  the  law*  of  t>j)tic«.  This  is  eafily  (hewn  from 
Vet  Cartel's  expertmeut,  of  laying  hare  the  Titreooi  bu> 
nour  on  the  back  part  of  theejrc,  and  putting  OT«r  it 
a  bit  of  white  paper,  or  the  ilcttt  of  an  rg^,  and  then 
fiaaiig  the  finre  part  of  the  eje  to  the  hole  of  a  darkened 
foom.  By  this  means  there  it  obtained  a  pretty  land  - 
fcape  of  t!ie  external  ulA  flfi,  painted  inMrtcdIy  on  the 
back  of  the  eye.  In  this  cafe,  how  the  Object  thus 
painted  itivercedty  fluMlld  he  tea  eiedt  i*  natter  of 
cootroTcrfy. 

OajBCT  is  alfo  ufcd  for  the  fubjec^,  or  matter  of  an 
art  or  icknec;  being  that  about  wbtcii  it  is  emplaned 
or  concerned. 

OtjtCT-Gf/t/i,  of  a  telefcope  or  microrcnpr,  is  the 
glaCi  placed  at  the  end  of  the  tube  whicJi  is  next  or  to- 
wards the  Objcft  to  be  viewed. 

To  prove  the  goodncfs  and  regularity  of  an  Objeft- 
glafs ;  on  a  pupct  defcribe  two  concentric  circles  the 
one  having  in  diameter  the  fame  with  the  breadth  of 
the  OV.jeci-^lars,  iind  the  otijcr  hulf  that  diameter;  di< 
vide  the  fntaUer  drcnat&rciicc  into  6  equal  parta,  prick- 
ing the  points  of  divifion  through  with  a  fine  needle  ; 
cover  <jiu-  ilce  cifiV*.  f;!ar!i  with  this  paper,  and,  cxn^'lii 
it  to  tiie  i'.jn.  leciv^-  the  rays  through  tbcfe  6  iiule* 
i;pon  a  pI  iiK-  ;  li  en  liy  motiitg  the  plane  nearer  to  or 
father  from  the  glals,  it  will  lie  found  whether  the  lix 
rtw  unite  exaftly  together  at  any  diftance  from  the 
filaft ;  if  thtf  do,  it  is  a  proof  of  the  trgnlaritj  andjuft 
hm  of  the  riafi  t  and  the  fiu'd  diftance  n  alTo  the  focat 
diftaoce  of  tne  glafs. 

A  ^ood  way  of  proving  the  excellency  of  an  Objed- 
glafs,  is  by  placing  it  in  a  tube,  and  (niii;:  it  \.  th 
fmall  eye-^laflls,  at  fevcral  dillant  vljctU  ;  tm  that  Ob- 
Jed-glafs  IS  always  the  beft,  which  rcprefcnt*  abjecls 
the  bnrjhteft  and  moll  dillin(fl,  and  which  bears  the 
grvatctl  a-H-rturc,  and  ilic  moll  contex  and«oiiGaTe¥ye> 
glaifcs,  without  cuhuiring  or  bazineft. 

A  drcular  Ohjcct-glals  Is  faid  to  lie  truly  centred, 
when  tf.L  centre  of  it^.  citcumfc  rrncc  falls  exaAly  !:i  the 
axiii  ui  tlic  gl.ifs;  and  10  be  lil  centred,  when  it  fails 
out  of  the  a\ii. 

To  prove  whctlicr  Objcfl -glalTts  be  well  centred, 
hold  the  glafs  at  a  due  dillancc  from  the  eye,  and  <  h- 
(em  the  two  rcfltrded  images  of  a  candle,  varying  the 
dillMce  tin  the  two-images  unite,  which  is  the  true 
centre  point :  then  if  (his  fall  in  the  mtddk,  or  cential 
point  of  the  gin's,,  it  is  known  to  be  inily  centred. 

As  Oftjcct-i'^  ii'Ti  •  eoniitioiily  included  in  cells  lliat 
fcrew  upiiu  the  end  of  the  tube  <jf  a  telefcope,  it  may  be 
proved  whether  they  be  well  centred,  by  fixing  the 
tube,  and  obfcrving  while  the  cell  is unfcrcwed,  whctbtr 
the  crofs-hairs  krejt  fixed  upon  the  fame  lines'of  aa  ob- 
jc£k  ktta  throBgh  the  tdefoopc. 

For  various  meth«d«  nf  finding  the  true  centre  of  an 
01)itift  -i;t.if5,  fr\  StiKTli's  Optics,  book  3,  chap.  };  alfo 
the  I'li'luf.  Tii-tif.  vol.  48,  pa.  177. 

OH  J  El  11  \  E  J.inr,  in  PerfpeAive,  is  any  line  drawn 
OD  the  geometrical  plane,  whofereprefcntatioa  is  fought 
fiir  ia-a  draught  or  picture. 

Oa|f  tCTITi  P/mUf  ifi  Terfpcdive,  is  any  plane fitnated 
ta  tlw  hoiiaootal  phine,  whofe  pcrfpedive  reprefentation 
ii  required. 

OBLATE,  flatted,  or  ihortcncd  :  as  ap  Oblate  fpbe- 
Vot.  IL  *^ 


raid,  haviog  its  axi«  Aorter  than  Its  middle  diameter  t 
beitig  formed  by  the  wiatibn  of  aa  cfltpfe  about  the 
AorteraziB. 

OBLATENESS,  of  the  earth,  tKe  fl.itncfs  .i'jn.„t 
tli^e  pulij,  or  th;-  <iimiuiition  of  the  poljr  axu  in  u-fpirl 
oi  ihc  cquatoj.aL  The  ratio  of  tliefc  two  axes  has 
been  determined  in  various  ways  ;  fometiines  by  the 
ineafures  of  diiiercni  degrees  of  latitude,  aad  fomctiaiCi 
by  the  length  of  penduhims  vibrntrnglceonds  in  tiflcT' 
ent  latitudes,  kc ;  the  refulu  of  all  which,  as  welt  as 
acoounts  of  the  mcisns  of  determining  them,  fee  under 
the  articles  Ea»t  h  ;inrl  1"5:  c  p  i  ...  To  what  is  there 
faid,  may  be  added  tin  fwliowmg,  ffoui  An  Account 
of  the  Experiments  made  in  Kuflia  concerning  the 
l  ength  of  a  Pendulum  which  fwings  Second*,  by  iMr. 
Kralft,  contained  in  tlie  6th  and  7th  aohtnei  of  tbe 
New  Petrrfliurgb  Tranfaftioni,  for  the  yeaia  1790 and 
1 79^^  Thefe  experimcBta  were  made  at  dtflerent  times,  % 
and  la  various  parts  of  the  RulTian  empire:  Mr  KiafTi 
has  coDrAet!and  comjiarcd  them,  with  a  view  to  i-.r.^:- 
tirnrt  the  e.-.i/r^ji:.  r..  ri  1 1  nt  ni.iy  he  deduecd  fnun  th:.-:;i. 
I'iuin  the  wLoit  lie  ciiucluticii,  that  the  length  />  of  n 
pendrlum,  which  fivings  fcconds  in  any  given  latitude  /, 
and  in  a  temperature  of  10  degrees  of  Reaumur's  ther- 
;nutRc;cr,  may  be  determined  by  the  following  equa- 
tion, ialiiK.  jfu  r.vuh  foot:  wz, 

/'  ~Ai9''7^  +  *  line*/. 
This  exprcflion  agrees,  very  neatly,  not  oaW  with  aO 
the  expenoienls  made  on  tbe  pendulum  in  kuflla,  but 
alfo  vnh  tbofeofMr,  Graham,  and  thofe  of  Mr.  Lvuns 
in  7</  50  north  latitude,  iirhere  1)6  fouad  itt  ksgOi  to 

be  441  "38  lines. 

It  alio  (hews  the  augmentation  of  j^ravity  fmm  the 
equator  to  the  par.iUel  of  a  given  latitude  /:  for, 
putting^  for  the  gravity  under  the  cquatoi,  G  for  tliai 
under  the  pole,  and  s  for  that  under  the  latitude/; 
Mr.  Krafu  finds  z  =  (i  4-  0-0051848  fine*/)  x  ^  ; 
and  confequently  G  =  i«005:2S4Sj;  : 

Frtnn  this  proportion  of  Gravity  under  ili  Litt.i  iati- 
ti;(K  vMr.  Krallt  deduces,  that  on  the  liyp<iihcfii  of  the 
eiii  th's  h.in/  a  liomogencous  ellipfoid,  its  obbltnefs  mud 
be  ■,  It,  ;  iiV.Uad  of  5},,  which  ought  to  b^  the  refuit 
of  this  HypothcUs  :  hut  on  adopting  the  fuppolition  that 
the  earth  ii  a  hetcrugeucous  ellipfoid,  liefiadcitc  Ohlate- 
nefsf-as  deduced  from  tlicfe  caperimeets,  to  be 
which  agrees  with  that  rtfulting  from  the  mcaiurcraeui 


w-i  of  the  meridian. 


TiU5  eiin.itms.iniibrei  .  .ai  in  of  .M.DcU  Place,  that, 
if  i'.  liypothefis  of  e.i  th's  homogeneity  be  given 
up,  tiicii  do  tlieory,  the  HicrtHjremeni  of  degrees  of  la- 
titude, and  experiments  with  the  |>cndulum,  all  agree 
ta  their  refuit  with  refped  to  tbe  OUatcAcA  of  tbe 
earth. 

OBLIQIJE,  aflant,  tndire&,  nr  deviating  fro|a  the 

perpendicular.  As, 

OELHitiE  ^.".r'-i  our  tl;.:t  is  n'.t  a  ti-].:  angle,  but  is 
cither  greater  01  lets  titan  this,  being  cither  obtufc  or 
acute. 

Or.LiQs-&-an^liJ  Tr iait^ff,  ihut  whofc  angles  ait.all 

oblique. 

QluJ<iV^  Aiet^tHfit  that  point  of  the  cquiuoctial 
which  riles  with  the  centre  of  the  fun,  or  d.ir,  or  any 
other  pc5<nt  nf  the  heavens,  iu  an  Oljlifji:..-  fpiicre. 

Or.LiQi-£  CirUe,  in  the  Uereographic  proje^ion. 
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is  any  circle  tW  I'l  Oblique  la  tlite  (line  of  pr^c- 

lien. 

Obi-TQI'E  Drftinfion,  tliat  point  of  the  cr,uino^\I»l 
wliich  fcts  witli  the  ccntie  of  the  fun,  or  Uri,  or  oilier 
'^poiut  of  tlie  !ir:ivtiis  in  au  OLIitjne  fjjhcrc. 

Oii-ify  s  DiniUdHt  tlut  wliitli  is  not  j>eipeni.'.iei.:lar 
tb  a  Hae  or  plane. 

OBitqj;e  i^tf'V'i  or  PerculSon^or  Pvwir,  ur  Stroke^ 
h  that  made  !n  n  dtrrAion  Oblique  to  a  h(j<ly  or  plane* 
It  is  (itin<r:iftiatc<I  that  the  ifTtift  of  (ucJi  Oblique  force 
Ac,  upon  ihc  hotly,  ii  to  an  ctjiial  ptrpcntltcular  one, 
as  tlie  fine  of  tlif  anfi^lcof  incidcntc  is  to  nitliUs. 

Op.i.ho-'*'  •^-""'1  tli^t  whikh  makes  an  Qblique  angle 
fAxh  foan:  ntlicr  line. 

Oblique  Pitfntt,  in  Dialling,  arc  fiicli  astedine  from 
tlie  zenith,  or  incline  toward*  the  liorizon. 

OnuQj^t  PfyeHioa,  ta  that  where  a  hoiy  i%  oro^eo 
tti  or  impelled  in  s  line  of  dirtftion  that  maltea  aa 
«>bH<i  u-  .uii^k  with  the  horizontal  line. 

Oiit-n^L  t  S.ti/iayp  ia  l^avicatioij,  i»  that  pjrt  which 
incliulcs  the  api>iicatK»  ana  cakufatioD  of  OUiqac* 
angled  triati^;lr». 

OAltQtJK  Sphrrr,  In  Geography,  is  that  in  which  tlic 
axis  Is  Ob«I<]ue  to  the  hori/.on  of  a  place. — In  this 
fj)hero,  the  cquatoi  and  parallrlB  of  declination  cut  the 
iionaon  obUqucly.  Aad  it  is  this  ohiiquitj  that  occa- 
iioDt  the  ineqiiulity  of  days  and  nights,  and  thcTiria- 
tion  of  the  fi-,  Sn- h  ;  1 1  . 

GBLIQl'l  i  '1,  -li-U  wbit^liiiiLctcr  a  thinr;  Ol-liquc. 

OBLKiiuTY  o/'.'/-.'  F.ilipiu,  it  ihi- iin^Ii.  which  the 
ediplic-roaLes  with  the cqitator.    See  LcLimc. 

OBLONG,  foinetioies  means  any  figure  tiat  is 
longCT-  than  it  is  broad  ;  but  more  propetly  it  denotes  a 
fcftsnglc,  or  a  right-angled  parallelognuDt  wbofe  length 
ncreds  Its  breadth* 

Obion-g,  is  alfo  nled  for  the  quality  or  Tpccics  of 
a  figure  that  is  longer  than  it  i«  l<r;.;ui  : 
tphrroid  ;  formed  by  an  clliptV  rcvoi 
iM  tivin! .<■!  fc;  \'.\\^;  in  torrtnidiilinftion  from  ti.e  .'ibl.itc 
fphcroid,  or  that  which  is  flatted  at  its  pules,  being  ge- 
titrated  by  the  revolution  of  the  cUipTe  about  it*  coa* 
jn^e  Or  (barter  vfo, 

OfiSCUR  A  CmKra.    See  C  a  m  f  a  a  cafcwra, 

Oascuaa  Cfant.   Sec  Clara  Oifimrt. 

OBSERVATION,  in  Aftnroomy  and  Navigation, 
if  the  obfcrving  with  an  inllrument  fome  celellial  phe- 
Borrienon  ;  as,  the  altitude  of  fH<-  fim,  moon,  or  Hats, 
or  their  diftamxi  ;J.'iiil!_T,  i-.r.  liiil  by  tlm  tfun  the 
feamcn  commot'.sy  mean  only  ilic  t.;kii)(r  tin-  iTit  ;»liaii 
altitudes,  in  order  to  tind  the  latsui  ic.  And  die  lindinff 


II  ?  Oblong 
atuiKt  irs  li.njTcr 


I.  The  Greenwich  Obfeiv:ilor}',  or  Royal  Ohferr*. 
tory  of  England.  Thru  was  built  and  endow  cd  in  the 
year  1676,  by  order  of  Kinp  Charles  tfic  id,  at  ilie  in- 
lljnee  of  Sir  Jonus  Atoore,  and  Sir  Clirifiuphcr  W  ren  : 
the  former  of  thefc  gentlcrr.ui  bc;n;j  Surveyor  General 
of  the  Ordnance,  the  office  of  Aiironomcr  Kojal  wat 
placed  under  (bat  deptrunmt,  in  m-hidi  it  hMCOatiracd 
ever  lince. 

Thia  obAwntorj  waa  nt  firft  fomtlbed  with  (everal 
Tcry  accurate  infirufflcnts :  partiL-daily  a  mMc  r^NM:.t 
of  7  feet  radint,  with  telclcopii.  fijjhts.  Aid  ihc  (  ilk 
Aftronomer  Ri.yal,  or  the  perlon  to  whom  die  j  rinince 
of  ftbferving  wn*  liift  commi'.'vd,  was  Mr.  John  1  ;.ifn- 
Uer  i  ;  n  iii.tii  who,  as  Dr.  Hiilicy  cxprefTcs  it,  feetned 
bom  for  tne  employment.  During  14  years  he  watched 
the  motions  of  the  pbntts  witb  unwearied  diligence^ 
efpecially  thofe  of  the  noon,  as  giren  btm  in 
charge ;  that  a  new  theory  of  that  phnet  beine  Ibund, 
fhewiug  all  her  irregulirltlei^  tbe longitude  RligCttkcacc 
be  dctcimined. 

In  the  year  1690,  han'n;T  providtd  liiinfcif  with  a 
mural  arch  of  near  7  feet  radius,  made  by  hi*  Alliflant 
Mr.  Abrahsni  Sharp,  ai.d  fixed  in  the  plane  of  the  me- 
ridian, he  began  lo  vtrify  his  citaloeue  of  the  . fixed 
ftars,  which  lud  hitherto  depended  altogether  bo  the 
ditianccancafurcdwith  the  fcxtai't,  aftersnew  and  very, 
different  manner,  viz,  by  taking  the  meridian  altitudeF, 
ani!  tlic  moments  of  culinuiatirin,  <ir  In  i  tliti-  WdrvUliic 
right  afcenfion  and  dixiiiiatiun.  And  he  was  lo  well 
plcafed  with  this  iullrtimcnt,  tliat  be  dtfcontlBUCd  almuft 
entirely  the  iife  of-the  fexta<it. 

Thus,  in  the  fpace  of  upwards  of  40  years,  the  Af- 
tronomer Royal  col'eded  an  immenfc  Dumber  of  good 
obfervations ;  which  may  be  found  in  hi*  Hiftorn. 
C«)eftis  firitaaoica,  publiihtd  ia  1725 ;  the  principal 
part  of  whicli  is  the  Britannic  catalogue  of  the  fixed 
aars. 

Mr.  I'l.;;...1tcd,  on  his  d,  at!i  i:^  '  7  i  f^,  was  fuccccdcd 
by  Dr.  Hallcy,  and  he  by  Dr.H',  fllcy  ir;  1742,  and  this  ' 
bill  by  Mr.  Uiifs  io  1762  j  but  none  of  the  obfcrva* 
tlMis  of  thcle  gentlemen  have  yet  been  given  to  the  pub^ 
lie. 

On  the  dcmife  of  Mr.  Blifs,  in  »76j,  be  was  fpc» 
ceeded  by  Dr.  N'evil  Maikelynr,  the  prefcnt  worthy 
aSronomer  royr.l,  wbofe  valuable  obfciAations  lute 
been  puhlifhcd,  from  time  to  unx,  uiu'cr  the  diredtoa 
of  the  Roy^l  Society,  in  fevcrai  folio  volutret. 

'J'lif  Ciiccnwich  Obfervatory  is  found,  by  very  accu- 
rate  ublei  vations,  to  lie  in  ^  1°  2S'  40"  north  iatitudCf  • 
as  fettled  by  Dr.  Maikclyne,  from  i.ianv  of  hiaoWlk- 


the  latittHle  from  fuch  obfei  vcd  ahiiude,  they  call  wrt-  obfcrvations,  as  well  as  thofc  of  Dr.  Bradley, 
nrf  tfit  tfffrvalit».  ~"    ..  .   ^.  - 

OBSt  RX  ATORY,  a  place  dcftincd  for  obfcrving 
the  hcivcnly  bodies  ;  or  a  building,  ufiialfy  in  farm  of  a 
ti.wer,  eredted  on  fomc  cminenti ,  .iiul  low  rcdwitha 
terrace,  for  making  allronomical  obJervatiuns. 

Mofl  nations,  at  almoft  all  times,  have  luid  thdr 
obftrvatorics,  either  public  or  private  ones,  and  in  va« 
nous  degrees  of  perfc^iiim.  A  defcription  of  a  grnX, 
many  of  them  may  be  fees  is  a  difEeitauon  of  Wcidler'si 
Pe  prefcnti  Specidanin  Aftrenomiearara  Sidln,  i»intcd 
in  17*7»  and  in  different  articles  of  hij  Hiftory  of  Af- 
tronomy,  printed  in  1741,  viz,  pa.  86  &c  ;  as  alfo  in 
T.andc's  Aflronomy.  the  prcface.p«.  34*  The  chief 
•aottg  Utcle  arc  the  foUowaig : 


II.  l*he  Paris  Obfervatory  was  built  by  Louis  tbt' 

14th,  in  the  fauxbourjj  St.  Jaqucs,  h/\n^  begun  in 
1664,  and  tjnifned  in  1672.  It  is  a  fingular  but  mag- 
nificent Iu  iIJni;:,^  (if  8->  fivt  ill  height,  with  a  terrace 
at  top  ;  iifd  litre  M.  De  1^  Hire.  M.  Caffini,  &c,  the 
kir-.^'s  .■.llriinomers,  h:i\e  rr,aGe  t'11.11  1.  brcrvaiions.  Its 
liuii'Klc  is  48''  50'  14"  north,  and  its  longitude. 
9'  20"  mft  of  Greenwich  Obfervatoty, 

In  the  ObCervatoiy  of  Paris  is  a  cave,  or  pit,  170 
fact  deep,  with  fiibtcrnneous  paflages,  for  experiments 
that  are  to  be  madcotit  of  the  reach  of  the  fun,  cfpc- 
caUyfuch  as  relate  to  congelations,  refrigerations,  He. 
In  this  cave  there  is  an  old  thermometer  of  M.  la 
Hire,  which  ikads  always  at  the  lame  height ;  thereby 
a  Akdriaf 
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.flieninr  that  tlxe  tanptuiaUire  of  the  f^tct  remain*  ai- 
ivayc  the  fame.  Fmaa  tbe  top  of  the  platform  to  the 
bottom  of  Uic  em  u  a  perpendicular  well  or  pit,  urcd 
ftraciljr  for  experidwnts  on  the  M  of  bodMt;  beinc 
iiUb  B  lund  of  long  tdelcopical  (ubct  throm^  wUctt 
the  ftarf  are  feeo  at  mtd-day. 

III.  Tycho  Braii  .-'s  Obforvitory  was  in  tTie  I'ttle 
ifliod  VVeen,  or  the  5c-jtkt  IilaiKi,  hciv,  cca  the  coalls 
of  Schoncn  and  Zcalnnd,  io  the  b.duc  ilii.  Thi»  Ob- 
fenratory  wi»  not  wcl]  fituated  for  fume  kinds  of  obfcr- 
'vations,  particularlv  tlie  rifinga  and  fctting*  ;  as  it  by 
too  low,  and  wu  wnrilfifkrd  on  all  the  point*  of  the 
comparb  except  three ;  and  the  land  horison  bcin^  rerj 
ivg^ed  and  uneven. 

IV.  Pckin  Obferratory.  Father  Le  Compte  uc- 
fcrihfja  very  magiiificer.t  Ohf«rvatory,  <.;  i-ctr>i  and  fur- 
ni&ied  by  the  late  emperor  of  China,  in  liis  <  .ijl^ul,  at  the 
intercefTion  of  feme  Jcfuit  inillionanV^,  <  hu  ily  father 
'V^rbicll,  whom  be  appointed  hit  chief  ubferver.  Tbe 
iadrunicnti  bcR  ire  exceeding  large  ;  but  tiic  divifions 
vt  k£i  acenrate,  and  la  f«in«  rdpc^  the  cotttrirancc 
if  kfs  commodious  tfaaa  ra  thoCe  <^  the  Evropeam. 
nic  cliief  are,  an  armillaiy  zodiacal  fpherr,  of  6  Paris 
feet  diameter,  an  aziinuthai  horizon  6  feet  diameter,  a 
Urge  quadrant  6  feet  radius,  a  fextant  8  iiceCnulillltaild 
a  cdcdial  ^lobc  6  feet  diameter. 

V.  Brainins'  Obfcrvatory  at  Benarei,  in  the  Eaft 
Indies,  \v!uc'i  is  RiU.one  of  the  principal  feminaiicsof 
the  Bramhi;  or  piicitl  of  theoiwiiial  Gentoos  of  Hin- 
d«fUa.  ThU  ObfenaioTj  at  Benaret  it  it  did  vat 
bnilt  about  zoo  years  linee,  by  order  of  tbe  emperor 

Ackbjr  :  (r.  tills  wii':  priiicc  i:hIl-„vuiii  to  im- 
•  ])''>vt.-  t!ic  an*,  he  vviiliid  lilftJ  u'cuvcr  the  fcicnccs 
of  ll:r.r]oibn,  and  therefore  ordered  that  three  fuch 
jiiaco  ihould  be  erccled  ;  one  at  Delhi,  another  at 
A^a,  and  the  third  at  Ucnarcs. 

Wanting  tbe  life  of  optical  glafTcs,  to  magnify  very 
dtftant  or  rery  fmal!  objcds,  thefc  ptoplt  dircded  their 
attention  to  the  increafing  the  fize  of  their  ioflrumeDts, 
for  obtaining  the  greater  accuracy  and  number  of  the 
dirifiont  and  fubdivifionsin  tht'r  !.  ii.\,ir(r::i..  Accord- 
inrly,  the  Obfcrvatory  contains  fevcral  iiugc  tutlruments, 
of  none,  veiy  nicely  eic<f\cd  anddividcil,  confifting  nf 
circles,  columns,  gnomons,  diaJi,  quadrants,  &c,  fonie 
of  them  of  30  feet  mdiu!:,  the  circle  divided  fiiil  into 
560  equal  parts,  and  fometimes  each  ofihefe  into  30 
l»ther  equal  part*,  each  aafweriuj^  to  3',  and  of  about 
two-tenths  of  an  inch  in  extent.  And  althoiigh  thcfe 
-wonderful  inflrumcnts  have  bten  built  upwards  uf  20Q 
years,  the  graduations  and  divifums  on  the  fcvtml  arcs 
appear  as  well  cut,  and  as  accurately  divided,  if  they 
had  been  the  performance  of  a  modern  art  ill.  The  ex- 
■ecjition,  in  the  conllru^tion  of  thcfe  inllruments,  exhi- 
bits an  extraordinary  miithcniatical  cy.'iflnefs  in  the 
fying,  bearingt  fittioe  of  the  fcvcral  ]  a;  ts,  in  the  ne« 
'«flary  ard  fulBdeiit  lopports  to  the  very  far;jc  Ronea 
th^t  t-jirvofc  thtm,  n:  1  in  t].-:  joining  siid  faltcniD^ 
therri  i:;to  cilIi  oliici  L;  :  '..ns  i  i  lead  2nd  iron. 

Set  a  t'ji liier  defcvi^)!:'  ■,  iiml  dr.i\vin<r.  i>f  this  Ob-- 
■fcivator}',  bj'  SirRobttt  Barker,  in  the  i'hilof.  Traal. 
«ol.  &7,  pa.  599* 

OsiaavATORV  Pcridle.   See  EoyATOaiVit.. 
'  OBTUSE  ^^^f  «»e  that  it  greater  t^tana  right- 
4t#; 


OtTvs t-aa^frJ  TrtmgU,  is  a  triangie  that  has  one  qt 
iu  angles  Obtufe :  and  it  can  have  only  one  fuch. 

OaTirae  Coatt  or  Qmixi-Ja^ltdConet  ooe  whoie 
angle  at  the  vettex,  by  a  fe6tioa  through  the  aati^  ii 
Obtufe. 

Obtuse  Hyperbola^  one  whole  afymptotcs  form  aa 
Obtufe  angle. 

OiSTusE-diffo/iir  Srflion  of  a  Cone,  a  name  given  to 
the  hyperbola  by  the  ancient  geometricians,  becaufe 
they  coiWidercd  thiife^liaa  duly  in  the  Obtufe  cone. 

OCCIDENT,  or  OcctacKTAt.,  weft,  or  wciUvard, 
ia  AAronomy  |  aplanet  ia  laid  to  be  Occident  when  (t 
fett  nfterthe  fun. 

OcciDEsf,  in  GLOgrapViy,  the  weft  ward  quarter  of 
tl.c-  horizon,  or  iliat  part  of  the  horiron  where  thfe 
e^lijjtic,  or  thefua'aplaoe  inityddixiidBistothelowct 
hcmiiphcre. 

Occident  EquinoS'tal,  that  point  of  the  horizon 
where  tlic  fun  fet«,  when  he  croifcs  the  equi&oCtial,  ot 
enters  the  figo  Aries  or  Libra, 

OcciOBNT  £Jlivtl,  that  point  of  the  horiaon  where 
the  fan  feta  at  b»  entrance  tntotbe  fign  Canceft  dt 
in  our  fummcr  when  tlic  (?a\  s  ate  longe!^. 

Occident  Hjiernal,  that  point  of  the  boiixAa  where 
the  Tun  fets  at  iiudwtRtffr»  when  cntetiflig  the  figa 
Capricorn. 

OCCIDENTAI.  ffonmtt  SeeHMiizoH. 

OCCULT,  in  Geometiy*  »  oled  far  a  line  that  ia 

(carcc  pcrceirable,  drawn  with  the  point  of  the  com- 

patTcs,  or  a  b!:u-k-I(.i(l  jiciil!!.  Occult  or  di^  !it.t;  .,r.if 
iiltd  111  ffvcral  optrulroiii  ;  ai  the  ntifaag  ot  pLiUS,  Ue- 
ligns  of  Ijuiliii'-.^;,  p;;cfj  of  perfpcdivc,  &c.  They 
arc  to  be  efiaccd  or  rubbed  out  when  the  work  i*  ii- 
ailhcdL 

OCCULT ATION,  the  obfcurati'on,  or  hiding  from 
our  fight,  any  ilar  or  planet,  by  the  interpofitioa  of  the 
body  of  the  inuun,  or  of  f  'mo  cither  planet. — The  Oc- 
cultation  of  a  ftar  by  the  moon,  if  obferved  in  a  place 
whf.'fe  latitude  and  lo;igiiude  are  well  determined,  may 
be  applied  to  the  contaion  of  the  lunar  tables;  but  if 
obferved  iu  a  place  whofe  latitude  only  is  wdl  known, 
may  be  applied  to  the  determining  tlic  hwgitude  of  tl)e 
place. 

Ci.'ffe  0/  Perpetutil  Occult atioh.  See  CtaClF- 

OCEAN,  the  vaR  colkclion  of  fait  and  iiavigjbte 
watrr,  winch  cncomiiaiTea  moil  paits  of  the  earth. 
By  computation  it  appeaii  that  the  Occaa  take*  np. 

confiderably  more  of  what  we  know  of  the  terreflrtal 

globe,  than  the  dry  IeikI  dues.  This  .is  pcrliaps  e:i(k  ft 
known,  hv  taking' a  good  map  of  llit  wo^Id,  ai  d  with  a 
pair  (  t  li.iiri:«  dipping  out  a'l  the  water  fi-oin  •. h.  himl, 
and  weighing  the  two  part?  fi-par.itely :  by  which 
Oieans  it  hai:  been  found,  tliat  tilt?  v.-af  r  uccnpiet  abotlt 
twe-thirdi  of  tb^  whole  farface  of  the  |^*obe. 

The  great  and  untvtrfal  Ocean  ii  funietimes,  by  pro* 
graphers,  divided  I'ritu  three  pnit^.  Ai,  til,  tlx  Ali  in- 
lic  and  Kjropean  0<  cau,  Kin;;  bvt»-e<n  p^nof  Eiiiiypi-, 
Africa,  and  America  :  id.llic  Iiuiian  Octan,  Ivittg 
tv^cen  Ai'iic.T,  the  iil,;ll-tud'.';i(  ifi.ind*,  sfiu  New  Ho!- 
l.''.nd  ;  3d,  t!ic  }'jji;'k-  l)c'-:r.i,  11:  ;;!catfoirJi  ica,  wIi.lIi 
lies  between  the  Philippine  iil.iii.;!.,  China,  Japau,  _a»d 
New  Holland  on  the  v.  Jt,  .-.nd  t'::r  coatl  of  America  on 
the  eaft.   'Ihc  Oceau  Alfo  takes  direct  other  namea,  ac- 
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•ordinff  to  the  different  countries  it  borders  upon  ;  at 
the  mtlih  Ocean.  German  Ocean,  &c.  Alfo  M* 
cwdidg  to  the  pofitioa  on  the  glabc }  m  the  iioithciq» 
Ibutlieni*  oftenii  and  weileni  Ocaini. 

The  Ocean,  penetrating  llie  land  at  fcveral  ftmght8» 
quits  its  name  of  Ocean,  and  affnmes  that  of  fea  or 
gulph;  as  the  Mediterranean  fea,  the  Perfian  gtilph,  &c. 
In  very  narrow  placet,  it  is  called  a  (Ireight,  &c. 

OCTAEDRON,  or  Octaufdron,  one  of  the  five 
regular  bodies  ;  cont.iined  under  S  equal  and  equilateral 
tranglc^.— It  may  be  conceived  as  confilling  of  two 
qtttdnliteialpjiiaqiud*  joinecl  together  at  tbcir  bafrc. 


To  form  an  OSaeJron.  Join  together  8  equal  and 
(quilatcnil  triangles,  as  in  fig.  1  ;  then  Cut  the  lioet 
half  through,  and  fold  the  figure  up  by-  tiufc  cut 
line*,  till  the  extreme  edges  meet,  aiul  form  the  Odac- 
4ron,  as  in  figure  2. 

Jo  an  O&dcdron,  if 

A  be  the  Knear  edge  or  fide, 

B  its  v.lir.lc  fii-f.ici, 

C  iUifohdity,  or  Uilid  content, 
.  R  the  radius  ot  tlu'  circumfcribed  fphire,  and 
r  the  radiu*  of  the  infcribed  fphen- :  Tlteti 

B  =  ur\Ji  =  4R  J'3  =  sAv'J  =  6{/£j^. 

» = V3  =  ;av'j  =  ^''tp  =  VIC. 

r.  n  jRv'j  =  =  |  vHTj  =  '*^ir* 

Sec  my  Mcnfuration,  pa.  251  *cc,  ad  edition. 

OCTAGON*  is  a  iwure  of  8  Odes  and  angles ; 
irUcb*  whcnthdie  nwdTequal,  is  alfo  called  a  regular 
Wtt  or  may  he  iafcribed  10  a  circle. 

If  tlie  fide  of  a  regular  Oftaj">n  h  :  • ,-  tlicn 
Itsarca  =        x  i  -i-  y'i  ~  4"a^r'427i<"  j  aud 

the  Radius  of  its  circumfc.  circle  =:       '  . 

OcTACos,  in  Fortification,  denotes  a  pkcc  that 
has  8  fides,  or  8  bailions. 
-OCTANT,  the  8th  paft  of  a  dide. 
Octant,  «rO«Tti.B,  noMtdfoiB  iSgeQ,  orpo. 

i 


Ctionof  two  planets,  when  their  p!jces  are  diftant  by 
the  8th  part  of  a  circle,  or  45  dcy^'iets. 

OCTAVE,  or  8tfa,  ia  Mufic,  is  an  interval  of  S 
foanda ;  Cfcyy  Sth  wte  m  the  fcale  of  the  gamut  hdn^  - 
the  ftme,  aa  Jar  aa  the  connafi  o<f  nuifie  vequnva. 
^Tonea,  or  founds,  thataieQaa«t«toeachodier,oraC 
an  Oft^vi  '';  diflnncc,  are  alike,  ot  the  fame  nearly  as  the 
unilut).  lu  this  calf,  the  more  acute  of  the  two  makes 
exactly  two  vibrations  whil':  the  dcvper  or  j;rav(  r  m:ikcs 
but  one  ;  whence,  they  coincide  at  tvcry  two  vibrdtiom 
of  the  acuter,  which,  being  more  frequent,  makes  this 
concord  more  perfe(^  than  any  other,  and  as  it  vrcre  an 
Hiiifuii.  Hence  alfo,  it  happeot»  that  two  chords  or 
ilrinn,  of  the  iame  matter,  thiekacfn,  and  tcniion, 
hnt  tne  one  dotible  the  length  of  the  other,  produce  the 

Oa:'.vc'. 

The  0>  :r',vc  to:iliiiiiing  in  it  all  the  other  fimplecon- 
(■■  ids,  Li-.d  the  degrees  being  v!ic  dillVrences  of  thtfe 
concords  ;  it  is  evident,  that  tiic  divtlion  of  the  Oc- 
taw comprehends  the  divifiun  of  all  the  rell. 

Bf  joining  therefore  all  the  funple  concomb  t« 
a  common  ftmdtmental,  we  have  the  foDowinig  feriet  i 

I      •  »     •        !      •     *     •     1     •     t     •     T     •  X 

Fund.  3d/,  3d^,    4th  ,  51I1  ,  6th/,  6th^,  8vc. 

Mr.  Malcolmobferves,  that  any  wind  inflnimcnt  being 
over  blown,  the  found  will  nfc  to  an  Odtave,  and  no 
Other  concord}  which  be  alcribes  to  the  perfe&ioa  of 
the  Ofiave,  ai>d  its  being  next  to  unifon. 

Dr:-C.iit.«,  f.i,m  111  iil)rci\,it'.,ii  of  llif  like  k'nd, 
vi/.,  ilul  lliL  fkiuirl  Lit  a  v.  luillc,  I,';  urgun  [lijit,  will  rife 
U)  an  Oiitavc,  if  forcibly  blown,  contlutU.v,  thai  nj»  . 
futind  is  heard,  bnt  it!:  arute  Octave  fct;uu  Ibine  way  to 
echo  or  rifouud  m  llic  nr. 

OCTILE.    See  Octant. 

OCTOBER,  the  Sth  month  of  tlic  year,  in  Ro- 
mulua'a  calendar ;  but  the  tenth  in  that  of  Numa, 
JuHua  Cxfar,  &c,  after  the  addition  of  January  and 

r'tl  nnrv.  This  month  n  iitaiiis  31  days;  about  til* 
aid  ot  which,  the  fun  tutcrs  iht  iign  Scorpio 

OCTOGON.    See  Octagon. 

OCTOSTYI.F,  in  Architcaure,  tLc  face  of  a 
buddiii};  aO(-HiKd  u  itU  8  colamns. 

ODx),  iu  Arithmetic,  i*  faid  of  a  aumbcr  that  i« 
not  cvco.  The  {eaet  of  Odd  anrabcri  ia  i,  3,  5,  7, 
&c. 

ODDLY-Odd.  a  number  is  faid  to  be  Oddly-Odd, 
when  an  0»ld  iumiLi<-r  nu  .irmcs  it  by  an  Odd  number. 
So  15  is  a  luuuhcT  ()clilly-'^)di'.,  hcciiufc  the  Odd  num- 
berj  meafiitcs  it  by  the  (Jdd  inimbt ;  ^. 

OFFING,  or  Offin,  in  Navigiition,  that  part  of 
the  fea  which  is  atagocM]  distance  from  fhorc;  where 
there  is  deep  water,  and  do  need  of  apilot  to  caod«&  . 
thelhip  intojjoit. 

OFFSETS,  in  Surveying  are  the  pcrpendirulars  let 
fall,  and  meafuied  from  the  llatiuu  Uocs,  Co  thecomen 
or  bends  in  the  hc^gCt  iieace,  or  bonadafy  of  aoy 

ground. 

OmtT'Staf,  a  (lender  rod  or  (laff,  of  10  links,  or 
other  convenient  length.  Its  ufe  is  for  mcafuring  the 
ClFsets,  and  other  fltort  L'ncs  and  diftances. 

OFFWARDf  IB  NatrifHtiMb  the  ftuK  with  Snm 
thcihore,&Ct 

OGEi; 
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OGEE,  or  OG,  an  ornamental  moulding  in  the 
ihape  of  an  S ;  confiding  of  two  Bcnlicn»  tbc  OOC  COQ- 
ckTC  and  the  ether  contex. 

OLDENBURG  (Heniit),  who  wrote  hh  ame 
ftnctiBct  Gkviwbok*  revoiinff  the  kttcc^  «n« 
leuned  Gerfnan  gvntleman,  and  bora  In  the  Dudiy  of 
Brcrntn  in  the  !  -  i  Saxony,  about  the  year  1616, 
bcing^  (k-fcciicit .1  lioia  the  coiuitu  of  AWenbtirg  in 
V,  L  |l;ili,ilia  ;  wlifnct  h;s  nimc.  Durlnjj  the- loiifj  Eii- 
glitb  paHiament  in  the  time  of  Charles  the  itt,  became 
to  England  as  conful  for  his  couiitryroco ;  in  which  ca- 
ncitj  he  reoiaiocd  at  London  in  Cromvell'i  admini- 
mtim.  Bat  being  difcKarged  of  that  empbyment,  he 
mt  e^^gedm  tutor  to  tbeionl Hcacy  OUyan,  «n  IriSk 
DoUenaBt  whom  he  attended  to  the  antverfity  of  Ox* 
ford;  and  in  1656  hn  cntcrctl  himrt'f  a  (ludent  in  iliat 
iiniverfity,  chiefly  to  liavc  t!ic  l>cnctit  nf  confulting  the 
Bodleian  librjrj-.  He  was  aftcrwarUi  upjiointed  tutor 
to  lord  WiUiafi}  Cavcnilifli,  aad  becattie  intiinatelv  ac< 
quaintcd  with  ^^ilton  ihc  poet.  During  hi>  nSaetat 
at  Oxford,  he  became  al(b  acqrainted  with  the  mem- 
bers of  that  fociety  tliere,  which  gave  birth  to  the 
RofJL  Society }  and  upoa  the  fbundatioa  of  ihislatter, 
he  wai  eleded  a  member  of  h :  and  when  the  Society 
found  it  nccc-nar)  to  Jiiive  two  ftrcretarii-s.  lie  waschu- 
fcn  aiUllaiU  tu  Dr.  Wiikins.  Hr  ap;  lini  liinifclf  with 
extraordinary  dih'gence  to  the  duties  ot'  this  oflice,  and 
b^gau  the  publication  of  the  Fiiilolophical  Tranfadions 
with  No.  I,  in  166^.  In  order  to  d{fi.-luirge  this  talk 
with  more  credit  to  himfelf  and  the  Society,  he  held  a 
correfpoadoioewith  more  than  fe*enty  learned  perlbn*, 
andoUiaa,  upon  a  great  warietj  of  fohjefia,  10  difierent 

Cof  the  woiM.  Thi«  fati^e  wouM  have  been  !d- 
ntnWc,  had  lie  tint,  ar,  told  Dr.  Liilir,  managuci 
It  foas  lomakc  one  letter  anfu'cr  naothcr  ;  and  that,  ta 
be  alwajs  frelh,  he  tuvcr  read  a  kttir  fnftirc  he  was 
ready  immediately  to  aofwcr  it  :  £0  that  the  multitude 
cf  his  letters  did  not  clog  bitR«  nor  ever  lie  upon  his 
hands.  Among  others,  be  was  a  conllant  correfpoo* 
dent  of  Mr.  Rooert  Boyle,  and  be  tranflatcd  many  of 
that  ingenious  gentleman's  worksiaUi  X^atin, 

About  the  year  1^74  he  was  drawn  into  a  difpute 
with  Mr.  Hook,  who  complaiucd,  tti.if  the  ft-c-ctary 
bad  not  done  him  juftice,  in  l!ic  Ilillor;.  of  ti  e  Tranf- 
aftior.s,  with  rcTpc^t  to  th:  invc-ntiun  of  thr  fpiral 
fpring  for  pocket  watches  ;  the  contcll  wai  carried  on 
withfome  warmth  on  both  iidcs,  but  was  at  length  tcr* 
ninatcd  to  the  honour  of  Mr.  OMcnbinst  for*  pur* 
fiiaot  to  aa  open  reptefentation  of  the  ulair  to  the 
Koyal  Society,  the  council  thought  lit  to  declare,  in 
belulf  of  their  fecretary,  that  they  knew  nothiR|»  of 
Mr.  Hook  having  printed  a  book  illtitled  Litrrfus,  <s'l  ; 
but  that  the  puhlifher  of  thf  Tranfjft ions  had  cdiuluiHt  d 
himfclt  in; i ;tii!ly  ar,d  hciailly  i:i  ir,aija^ing  t!ic  intelli- 
gence of  the  Royal  Senicty,  alld  givL-n  no  juil  caufe 
forfuch  rcflcf^ions. 

Mr.  Oldenbiax  continued  to  publtfli  the  Tianlao- 
tiboa  it  before,  toNo.  1 36,  June  t^,  1677 1  after  which 
the  publication  wasdifconlinued  till  the  January  follow- 
ing J  when  they  were  again  rcfumet!  by  his  fucccflbr  in 
the  fecretafr's  office,  Mr.  Nchemiah  Grrw,  who  carried 
them  00  tifi  the  end  of  Februair  1678.  Mr.  OKJenbur? 

4iF4  al  1m  tenfe  it  ClMrltoiit  Mt«m«  GM«nm^ 
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Woolwich,  in  Kent,  Auguft  1678,  and  was  interred 
there,  being  51  years  of  age. 

He  puUKhcd,  bcfides  what  has  been  already  mentiOM 
cd,  so  traAi,  chiefly  on  theological  and  political  fob- 
je^s  ;  in  which  he  principally  aimed  at  iconndling  diC> 
J'crcnces,  and  promoting  peace. 

OLYMPIAD,  in  Chrorxiloj^y,  a  revolution  or  pe» 
riod  of  four  years,  by  which  the  Urecki  reckoned  their 
time  :  fo  called  from  the  Olympic  games,  which  wttt 
celebrated  every  fourth  vcar*  durioa  j  dayi^  near  the 
fummer  CbUice*  upon  tiie  banks otthe  river  Alpheua, 
near  OIympia»  a  town  of  £lis.  As  each  Olympiad 
confifted  of  4  years,  thefe  were  called  the  ift,  2d,  3d, 
and  4th  year  of  each  Olymp'iul  ;  the  firfl  y  .-.ir  coin- 
mcnttng  with  the  neairtl  ncxmaon  to  the  Iiii'.jri-icr  {lA- 
Aice. 

The  firft  Oiytnpiad  began  the  v;]'^  yar  of  the  Ju- 
lian period,  the  ^  ?c8  of  the  cwation,  ^  ■j'j  years  I>eforc 
the  birth  oif  Chnft,  and  24  years  before  tbc  fonndation 
'  of  Rome:  And  the  conqnitatkM  by  thde*  ended  with 
the  404th  Olympiadt  being  the  440th year  of  the  pre* 
feiit  vulgar  Curiftian  era. 

O.VIBROMETER,  a  name  glvrn  by  Mr.  Roger 
Pickering-  (Philof.  Tnuif.  No.  473,  or  Abridg.  V,  ^jb) 
to  u'uit  ii  more  commonly,  though  Icfs  propcny*  ^ 
called  a  Pluviameter  or  Rain-gage.  See  PkirnAMt*  . 

TER. 

OMPHALOPfFR,  or  OMiPHAtorric,  inOptici, 
agtafsthat  Vi  ev^nsex  oa  both  fides,  popubviy  called  a 
Co.ivt  Leni. 

OPACITY,  a  quality  af  bodies  which  renders  than 
opske,  or  the  contrary  of  tranfparency. 

The  Carteiians  make  opacity  toconlill  in  thisg  that 
the  pore9  of  the  body  are  not  all  llraight,  or  di> 
rcttly  before  «acb  other  j<or  rather  not  pervioua  every 
way. 

This  do£irine  however  it  delkient  :  for  though,  to 
have  a  body  tranfparent,  its  pores  muit  be  llraight,  or 
'  rather  open  every  way ;  yet  it  is  iuconccivabk  how  it 
ftoold  happen,  that  nut  only  gkft  asd  diamonds*  hat 

even  water,  whofe  parts  are  fo  very  moveable,  lh'>iild 

have  all  their  pores  open  and  pervious  cvtty  way  ;  while 
the  fine  il  pafKi",  or  tlie  tli.nnc;!  ^old  kaf,  (hould  ex- 
clude the  hght,  forwa;it  of  filth  p(5res.  So  that  ano> 
tbercaufe  of  Opacity  mnft  be  fought  for. 

Now  all  bodies  havevaflly  more  pores  or  vacuitiea 
than  areneceflary  for  an  infiiiice  number  of  rays  to  paf^ 
fitdy  through  them  in  right  linen,  without  flrikio^  OR 
any  of  the  parts  tbemfclvcs.  For  fiuce  water  is  t^timcs 
lighter  or  rarer  than  gold  ;  and  yet  jrold  Itfcif  is  fo  very 
rare,  that  magnetic  eir.uvla  piii  :icely  iliro'j)  '. 
without  any  oppofit ion  ;  mid  qi-I..k:  I  .er  is  reaiHiy  re- 
eti»ed  within  Its  porci,  ai;d  even  v..i;t:    tfelf  by  com. 
prefiion  ;  it  muA  have  much  more  pure&thau  fulid  parts : 
confcquently  water  awA  have  ttloJl  40  tiaws  U  much, 
vacuity  at  iiiriidity. 

The'  danfe  tbefeibre»  why  feme  bodies  are  opake,, 
does  not  confjll  in  the  want  of  rectilinear  pores,  per- 
v'.o\.:s.  every  way  ;  but  either  in  the  unequal  denfity  of 
the  tj.irtf,  or  i-i  the  rr.agiiit'ide  of  the  pores  ;  nud  to 
their  being  cither  empty,  ortlUcd  with  a  difierent  mat- 
ter} byaieaiiigfwhiCD)  the  layaofltghti  in  their  paf- 

tage. 
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ftage*  iretrrcftedby  innumerable  rcfradion*  and  reflcc. 
(tioat,  tm  at  length  Ming  on  fomefolid  part,  tUey  be- 
uoint  quite  exiiad*  Mid  are  uUcrly  abrorbed. 

Hence  cork,  paper,  wood,  ke,  are  opake ;  wlifle 
^iflafs,  diainontk,  &c,  arrpclliicid.    l  orin  tlicconfiaei 
ror  ioiniti^  of  parts  alike  in  ('xniity,  fiich  as  thofc  of 
fflafs,  waicr,  diamoiiti*,  ;<c,  atnon;;  ll.emlclvcs,  no  re- 
-fradiion  or  reflcdion  takes  place,  bccjufc  of  the  equal 
•mttn£Lion  every  way,  fo  that  fuch  of  the  ray»  of  light 
t«s  enter  the  firft  iiutwe,  ui£i  ftiaigbt  tbrouigh  the  bod)', 
«Kcepli<i;[r,riich  as  are  loflTrnd  anorbed,  hf  finking  on 
•folid  prts:  but  in  tlie  bordering  of  part*  of  unc^tal 
denfity,  fuch  as  thofe  of  wood  and  paptr,  both  with 
rcj^n  d  to  thcmfeU-es,  and  v.  lih  regard  to  the  air  or 
empty  fpace  in  their  larger  pr,tf»,  the  attracYion  ht\nQ 
unequal,  the  leflediona  nnd  rcfrac'^ioni  will  he  vtr\- 
•mat ;  and  thus  the  raya  will  not  be  able  to  pal*  throagh 
Joeb  bodies,  being  con^nallf  dmea  about,  ttli  th«f 

That  ttui,  interruption  or  liifcor.ti-.uitT  of  part*  Utile 
rchief  caiJe  of  Opacity,  Sir  liatc  Newton  art^Mc^,  ap- 
jpcar»from  hence;  that  all  opake  bouits  immedutcl  v  b«- 
gin  to  be  tranfparent,  whan  their  porcs  become  filled 
-with  a  fubftance  of  neatly  equal  denfitv  w  ith  their  parts. 
Thiw,  paperdipi>ed  in  wat«roroil,  lome  flooe*  llccp- 
ed  in  water,  lioen  cloth  dipped  iB  oil  or  via«:|^r,  &C, 
'become  more  traiifparent  than  b^ofv*  < 

OPAKE,  not  tninflucent,  nor  tranrparcut,  Of 
tadmitting  a  irec  pafli^  to  the  rays  of  Ughi. 

OPEK  Kftwl,  !n  Fortification,  h  that  pttt  of  tbe 
tfank  which  is  covered  by  the  orillon  or  (hmilder. 

OPENING  of  lire  Trencbu,  ia  the  firil  breaking  of 
^iind  by  the  beftcgerh  in  order  to  carry  on  their  ap- 
fvoachet  towarda  a  place. 

Or  EN  INC  of  Gaitt,  in  Aftroloffy.  «»  vrhen  one  pla- 
.fiet  feparatcs  fiom  arotlitr.  and  prtffUtly  applie*  to  a 
•thiri!,  bearing  rule  in  a  fi^-^n  oppoiilc  to  that  rvded  by 
*he  plani  t  with  which  it  was  before  juined. 

QPKRA-G/a//,  in  Optica,  is  fo  called  ftotn  it*  ufe 
in  play-houfei,  and  fometitnea  a  Diagonal  Per/pfffire, 
from  it*  conftruflion,  which  it  as  follows.  ABCD 
(fig.  5,  pl.xvil)  Tcprefcntt  a  tube  about  4inchej  long  ; 
incachfide  of  which  there  is  s  hok£FandUUi  ex- 
aflly  agiitift  the  middle  of  n  plane  HiirTOr  IK,  which 
■vcfJcf^s  the  mya  falling  iipj'i  it  tuthe  convex  c-'i'".  I.M  : 
.•throui^h  which  they  are  reirr-fttd  tothe  concave  eyc- 
cla&  NO,  whence  they  emerge  parallel  to  the  eye  at 
•the  bole  «,  in  the  end  of  the  tube.  Let  PtfQbe  an 
«ltjeA  to  bevieWedt  ftom  which  proceed  the  rays  P*,  at, 
and  -  thefc  rays,  being  refleded  by  the  plane  mir- 
ror IK,  will  Oicwthe  oh]t^  in  thediroftion  ia,  fi\, 
in  the  imaj;c  fq.  eq  i.il  to  the  oVIe^l  ?Q ,  and  as  Jar 
behind  the  mirror  as  the  oHr.  t  is  liciore  it :  the  mirror 
being  placed  fo  as  to  nuke  n;i  anplc  uf  45  degree* 
with  tbe  fides  af  the  tube.  And  as,  in  viewing  near 
MeCbt,  H  ia  not  neccfTary  to  magnify  them,  the  fo- 
cal diibneea  of  1»tb  tbe  glaflVi  mw  be  neaily 
<qual ;  or  if  that  of  LM  be  3  tnchea,  mtf  that  of  NO 
one  inch,  the  diftancc  between  them  wHI  be  but  1 
iiicLic.  and  the  objca  will  be  magnified  J  limes, 
Icing  fuffident  for  the  pupofea  to  whidi  thk  glala 
j$  applied. 


When  the  obje 51  is  very  near,  at  XY,  it  it  viewed 
through  a  hule  xy,  at  the  other  end  of  the  tube 
All,  without  an  eye  K'iifi  i  the  upper  part  of  the 
minor  being  poiiflied  for  that  purpofe,  as  well  a* 
the  under.  The  tube  unTcrewa  near  the  objcd-gl^fa 
LM«  for  taking  out  and  dcanfing  ^  jmltet  ud 
tntrror.  lite  pnrnion  of  tbe  objcft  wiS  be  enft 
through  the  concave  cyc-glafs. 

The  peculiar  artiticc  of  thiagiafi  is  to  view  a  perfita 
at  a  fmall  dillance,  fo  that  no  out-  ftal]  know  who  it 
obferved  (  for  the  iullruineiit  points  tu  a  ditiercnt 

oUnft  fiwn  that  wbisih  is  viewed ;  and  aa  there  ia  • 
bote  dm  eafih  fide*  it  ia  impolCble  to  know  on 
which  haad  tbe  obj*^  in  fitaated,  which  you  arc  vioMfw , 

OPHruCUS,  a  conflclUtion  of 
the  northern  hcraifphere ;  called  alf«* 
Serpentarniii. 

OPPOSITE  A^Ut,  or  Vertical 
Angle*,  are  dio(e  oppofite  to  each 
other,  made  hr  two  iiit<  r)t\*tlti|j'  lit:' 
at  a  and     or  r  and  J. —  I  iic  ojijKJiuc 
■nglrs  arc  equal  to  rat  h  otJicr. 

Otto^itt  i  •etietf  denote  two  ftmi- 
lar  conet  veiticaly  oppofite,  having 
the  lAiiie  common  vertex  and  asm, 
and  the  fame  {idea  produced ;  ac  the 
cones  .A  and  B. 

Oi'P'">sirv  Sr^^'iisriT,  or  Urprrldas, 
arc  thoii-  ma  le  bv 
pofite  cniics  hy  the  Ijnu' 
the  In  n^rStilas  C  and 


ic  Op- 

iiliuir  ;  as 

TIrIc  are 

alway*  equal  and  riiuilar,  and  have 
•the  tame  tnnfverfe  ada  EF,  «•  «)& 

the  fame  conjugate  axis. 

OPPOSITION,  is  that  afpecl  or 
fttuation  of  twoplaiRth  or  liars,  when 
they  an-  diametrically  opfaitite  to  each 
o'Ji'rr  ;  being  1 80",  or  a  feim<Ctlde 
apart ;  and  marked  thu*  cP. 

The  moon  is  in  Oppofitfon  to  the  ftm  when  (he  w  at 

the  fall. 

OPTIC,  or  Optical,  fomething  that  relate* 
to  vifioB,  or  the  fenfe  of  feeing,  or  the  fciem^  of 

optics. 

Optic  Jtiigle.  SceAKOLE. 

Optic  Jtjnt,   See  Axis. 

Optic  Cfrmhr.    See  Camera  OtfiVra. 

Optic  CI are  j^I  i'Tcs  proimd  either  concave  op 

convex  ;  fi>  cither  to  ci.tlccl  or  diif  rife  the  rays  of 
light  i  by  which  means  vifior.  is  improved,  :ind  the  ej-e 
ftrengthrned,  preferred,  &c. 

Air.ci!^'  ihife,  l'-.c  ;;■  rijal  rre  fj-r. 
ing  ghilics,  telcfcuj  es  :  j.  ■  wj  cs,  ma 
&c. 

Optic  /wi^mA'At,  in  Aflronomy,  it  ap  apparent  irte- 
gularity  in  the  motion*  of  far  dtftant  bodies ;  fo  calkd, 
bccaufejt  ia  not  rcoQy'ia  themomng  bedica,  but  arifing 
from  the  fituation  of  the  obferrePii  tjc-  -Forsif  the 
eye  were  in  ■>  c  cc  Ure,  it  would ^hngrp  fec-thc  ato- 
^omstt  li>ey  Kiiily  iire. 

The 


■.:r,  rcad- 
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The  Optic  Inctjuaiity  tnay  be 
tiro*  iiluftraccd.  iiup2>ore  abodf 
molriag  with  a  real  uuiTorm  mo- 
^m,  in  the  jieriphcry  of  «  cirde 
ABD  Sic;  and  foppufe  die  eve 
in  the  plane  of  tlic  fame  circle, 
but  «t  a  dillaiic^-  (u.iii  it,  v:tsr- 
jng  the  mulion  of  the  l^tiy  from 
O.  Now  when  the  body  ((oei 
from  A  to  11 ;  it*  apparent  motion 
^amiured  by  the  angle  AOB  or 
dieiicbor  line  HL,  which  tl  will 
kem  to  dderibe.  But  «tu1t  it 
iro»L<  til  rough  the  arch  BI>  In  an  equal  time,  its  ap- 
parent nil  vifj'!  wfH  be  determined  by  the  angle  BOD, 
or  tlie  arLh  or  line  LM,  whk-h  i-i  IlU  than  the  former 
LH.  But  it  fpcnds  the  fame  time  in  defcribing^  DE, 
»  It  does  in  AB  or  BD  ;  during  all  which  thnc  of  dt.> 
Icribiog;  DZ  it  tppew*  ftationarjr  in  the  point  M. 
When  It  mU^ defcrtbe* EFGIQ.  it  wiD  appear  to  pafi 
orcr  NtLHlCN ;  fo  that  it  wiUTeem  to  have  gone  re- 
tsograd^  And  laftiy,  from  Q^to  P  it  will  ogala  ap- 
pear  ftationary  in  the  puiut  N. 

Orric  Nervtt,  the  fecosdpoir  of  nerves,  (pringing 
f.ott  the  crur.i  ui  dtc  mcdafla  oblongata,  and  paJBng 
thc.-ic?-  tu  the  eye. 

'I'hrfc  are  covered  with  two  coat*,  which  they  take 
&am  the  dura  and  pia  mater  \  and  which,  by  th«tr  ea. 
paitGont.  fbm  the  two  mcmbrnnei  of  the  eye,  called 
the  nvc.T  n-id  cornea.  An:!  ilr.  :cl-n:i,  \:'^'.;\\  \i.  J  third 
membrane,  and  tlic  immediate  organ  ot  ligiii,  is  only  an 

expanfion  of  the  fibroM*  or  iwMr,  lud  ineddlaiy  part 

•f  thcfc  nerve*. 

*  OtTic  PrneiL    See  PsKCtL  o/"  Rayt. 

Optic  Pfacr,  of  a  (lar  S:c,  is  that  point  or  part  of 
its  orbit,  which  is  determined  by  our  fight,  when  the  ' 
ftar  it  freo  there.  This  is  either  tnieorappaicnt ;  true, 
when  the  obfervn'f  eye  it  fuppofed  to  be  at  the  centre 
of  the  rno;io:i ;  cr  apparent,  when  his  eye  is  at  thectr* 
eurofcrcr.cc  t>t  tix  tarth.    See alfo  Place. 

Oi  iic  Px'.tini/f,  in  Perfpe^ive,  is  the  pyramid 
ABCO,  whofc  ba(c  is  the  vilibie  o\mSX  ABC,  wid 
the  vertex  it  in  the  C]^  at  O;  being  formed  \>y,  nya 


drawn  from  the  frvnal  points  cf  the  perimeter  to  the 

Hence  alfo  ctny  nppear  what  is  meant  by  Optic  tri- 
angle. 

OfTiC  P,.<T!f,  pnviicitlarly  means  thofe  by  which 
ao  Optic  pv  ran  I  id,  or  Op;.*;  tiiwijjle, .  i»  ttrmiiwtcd. 

AaOA,OB,OC,&c. 


OPTICS,  the  fc-encc  of  vifion ;  including  Catop- 
trics, and  Dioptric*  ;  and  even  Perfpeftive  ;  a*  aifci  the 
whole  doAiine  of  U^ht  and  cokmrs,  and  all  the  phe«  - 
nomena  of  vifiUe  objcA*. 

Ojit.'rs,  i:i  Its  more  e->:tenfivc  acceptat!  >ri,  v-  a  mixed*" 
mathcinftlical  fciencc ;  which  ezplainsi  tJic  maniier  in 
which  vifion  is  perfo'iriLfl  in  the  eye  ;  treats  of  in 
general ;  give*  the  rcaion*  of  the  {everal  modi^ca-  - 
tions  or  altemtion*,  which  tho  rays  of  light  undergo  in 
the  ejret  and  fhews  why  objc^s  ;ippear  fomctiipea. 
^reatcr,lbaietiincifmaUcr,fonieitiMa«iiwtdiflindt,fome< 
tiatea  more  cdnfidied,  fboMtuBcs  vomer  luid  Ainetiinei 
•sore  remote.  In  thii  extenfive  fignfficatfon  it  n  confi. 
dercd  b  ,•  N'cwtoii,  in  hit,  t  xcclleiit  work  callctl  Oplic:. 

Iiidi'fii  ,s  in.ik-is  z  (;aiil..k'rablo  !>r.ii;j}i  ot  li.ituril 

ji!ii'!')fo]>!iv  ;  lioth      it  r>;pl,iivn  tlir  lawo  ot  nature,  ac- 
roi  diiig  to  which  viliun  it  performed ;  and  as  it  accooata 
for  abundance  of  phyfical  phenoaMBRt  otherw^  Dnea*  - 
plicablc. 

Tht  Trint^  AvAtn  tmd  Dffitvirm'm  CfAt,  m  • 
the  foQowtng; 

Euclid  fecms  to  be  the  earlieft  author  on  Optics  that 
we  have.    He  compofed  a  treatife  on  the  ancient  Optics 

and  catoptrics ;  dioptrics  beinfj  lefs  known  to  the  An- 
cients ;  th'Jit^li  it  \v,ia  not  i|U.tL  untioticcd  by  then., 
for  among  thi-  phenomena,  at  the  beginning  of  tliat 
work,  Euclid  rctnarks  the  elle^  <n  bringing  »a 
obje^  into  vietv,  by  n:firBi&io)l,  la  the  bottom  of  a 
Tellei,  by  pouring  water  into  h,  which  cotdd  not  he  - 
feen  over  the  edge  of  the  veffel,  before  the  water  was 
poured  in  ;  and  other  authors  fpcak  of  the  then  known 
ciTttft'-  ot"  ^'lal-.;  ;>lobf'>  C\c,  both  as  burning  g'llT-^^s,  and 
at  to  budiea  ken  ilirough  them.  Euch'd's  work  huw^ 
ever  is  chiefly  on  catoptrics,  or  refleAed  rays ;  in 
which  he  fhews,  in  ^  i  proportions,  the  chief  proper- 
tiea  of  them,  both  in  plane,  convex,  and  concave  fur. 
facet,  tn  his  iifual  geometrical  manner ;  begjoning  witk  . 
that  concerning  the  ei^uality  of  the  angles  of  inadence 
and  refleftion,  whxh  he  <]erru>n!lratcs  ;  and  in  the  lull 
propnCtion,  fliewing  the  eifedt  of  a  concave  fpeculum, 
as  a  bumii^  gioftt  when  cxpofcd  to  the  imya-  of  tbe  - 
fun. 

The  effe^  of  burning  gkfTes.bothby  rcfraftion  and 
reflcAitm,  arc  noticed  by  fcvcral  otlters  of  the  Ancients,  , 
fnd  it  is  probabk  that  the  Romans  had  a  meihod  of 
i^^hting  then-  (acred  fire  by  fooie  ^h  neaaa.-  AnC>. 
tef»hanes,  in  one  of  his  comtdiff,  introduces  a  perfon  aa' 
i.mkiiig  ufc  o{  a  globe  filled  v.  ii'i  ivstin-  to  caiiLcl  u  hond 
thiit  w.is  agiuril  him,  by  tlui»  nickir.g  tlic  wnx  ot  ttie 
fsal.    Arid  if  we  give  but  a-  fmall  degree  oi"  credit  ta 
what  fnine  ancient  hiilorians  an-  faid  to  have  written 
concerrsin:;  tlir  exploits  of  Aichimedei,  we  lhaU  be  in- 
duced to  tiitiik  that  he  conllruded  fome  very  powerful 
burning  mirrors,    tt  u  even  aUowed  that  this  eminent 
geometrioinn  v  rote  a  treatife  on  the  fabgcA  of  thent, 
though  it  be  hot  now  estant ;  as  alfo  concemmg  the 
appearance  of  a  riti;i  or  circle  under  water,  and  tlicre- 
forc  cotdd  not  have  been  if^norant  of  the  common  phe- 
nomena of  rcfraflioJi.    \V\-  tiiui  inany  ijutllioiii  i  on- 
ceming  fuch  optical  apir.araiices  in  Ariiiotk.    This  . 
author  was  a'l  i  fcniibie  that  it  is  the  reflexion  of  hVht 
firom  dieatmofpherc  which  prevents  total  darkneis  met  • 
the  fon  fets,  :ind  in  placet  where  he  doea  not  duae  i»  j 
the  day  time. .  £k  wwiilla  xf  opuaoo,  that  wa*w»^ . 
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lir.lofl,  mid  mock  fiitu,  were  all  «»<"C3rionccl  by  the  re- 
flivtiiiti  ol'  till-  fiiiiheam*  iji  tltlL-ront  ciVcumftanccs,  hy 
which  an  ioiperfoit  image  of  hia  body  wu  produccdt 
tlw' colour  only  bang  cxbibiteil,  nnd  not  bit  proper 

'  The  Ancient*  were  not  only  acciuaintird  wkli  tlie 
nmn  ordimry  inpcmwses  of  rdfndio«»  but  knew  alio 
the  produdion  of  colmirt  by  refra^ed  tight.  Seneci 

fays  that  when  the  lij^ht  of  tin  fni  niin-.s  tlirLuigh  an 
aLii^uS.^r  piece  of  j^lafs,  it  (hew*  all  the  tuLiiis  of  the 
raidhuw.  Thefi:  c«>h)uri<  however,  he  fays,  ate  fuh'c, 
fuch  36  are  feen  in  a  i^i^^oon't  neck  when  it  changes  iu 
|Mfitian;  :tnd  uf  the  i'amc  nature  he  fayt' n  a  ^ecuhiai» 
which,  without  having  tuy  colour  of  k*  cmn,  Kflumc* 
that  of  any  other  body. 

It  appears  alfo,  thut  the  Ancients  were  not  unac- 
qnainted  with  the  mapnif)  ing  power  of  glafu  globe* 
hlled  with  water,  though  it  does  not  appear  that  they 
knew  any  tiling  of  the  leaftin  i>f  this  power  :  and  it  is 
fup|>ofed  that  tlic  ancient  engraver  ni  ii'.<-  ii:V  of  a  glafs 
<;lol)e  fiUtJ  with  water  to  mawf.iry  their  figure*,  that 
tJjrv  might  work  to  more  adv.i::t,i;;.-. 

Ptolomy,  jdiout  the  middk  o{  tjie  ioGOod  ccntaty* 
wmte  1  ooofiderable  tireatUe  o«i  Opdci.  ^  The  work  i« 
toA )  but  from  the  accounts  of  otnert,  it  appear*  that 
he  there  treated  of  allronomical  refraAfons.  The  firft 
ailronomert  were  not  aware  that  the  iir.i— .al-  hctwecn 
flars  appear  Icfa  when  near  the  horizon  titan  in  the  me- 
ridian  ;  and  on  this  account  they  nnill  have  been  much 
einbarralfcil  in  their  obftnations:  but  it  is  evident  that 
Ptolomv  was  awnre  of  this  circnmllancc  by  the  cautkm 
which  ^  gives  to  albw  fometbing^  for  it,  wheaever  re- 
conric  fa  had  to  ancient  obfervatione.  Thia  philofo* 
phtr  alfo  advances  a  very  fenfihle  hyputhcils  to  account 
for  the  remarkably  great  apparent  lire  of  the  fun  and 
moon  when  feen  near  the  horizon.  Tlie  mind,  he  fays, 
judges  of  the  lire  of  objects  by  meauR  of  a  preconceived 
idea  of  their  dillancc  from  us :  and  this  difiance  is  fan- 
cied to  be  greater  when  a  iiuml>er  of  objects  are  intcr- 
p>fed  lietivecn  the  eve  and  tfit  body  we  are  viewing ; 
which  i*  the  cafe  when  we  fee  the  licaveniy  bodies  near 
the  honzon.  In  hia  Aim.' t^.h,  however,  he  afcribct 
tin*  appearance  to  a  refraitii>n  c  f  tiie  rays  by  vapours, 
whicii  ac\ii.illy  enhirge  the  an^lt  tuider  which  the  lunn- 
nariet  appear  ^  jud  ss  the  angle  i(  etdafgcd  by  which 
an  objeft  i'  feen  from  under  water. 

Alhazcn,  a-i  Arabian  writtr,  wai  the  next  author  of 
Mnfequencc,  who  wrote  about  the  year  1  too.  Alha- 
acn  made  many  expchmen;:  on  refia<;^ion,  at  tlic  fur- 
face  betwieeii  air  and  watcr^  air  and  gla(c,  and  water  and 
glafs:  and  henee  he  deduced  feveral  propertlet  of  at> 
ini  1^'  Lv'jril  rrfractiiin  ;  fuch  as,  th.nt  i'  1  ;tfcs  ilie 
::1  iUnkb  r)f  all  objects  in  the  heawns  ;  kmd  lit:  firfl  ad- 
vancetl  tiirir  the  Uars  ate  fomelimea  feen  above  the  Iio- 
ri/.f>n  by  n^eans  of  refraction,  when  they  are  really  be- 
low it:  which  obfervation  was  confiimcd  by  Vitcllo, 
Walther,  and  efpeciaily  by  the  obfcrvations  of  Tyelio 
Bdbe.  Alltazcn  obfcrved,  that  rcfradion  contraCls  the 
diametm  and  ditlancc*  of  the  hcayeoly  bodies,  and  that 
it  is  the  eattfe  of  the  twinkling  of  the  ftars.  This  re- 
fiaftive  ptTW'cr  he  afcribed,  not  to  i'k  vapours  contained 
in  tlic  air,  hut  to  its  different  de^nLCjof  tranfpart  r.cy. 
Am!  it  was  hit  opinion,  that  fo  f.ir  li  uii'.  1^1:-,^  tl,j  ci  ufe 
*f  the  hearcttly.  bodies  appnring  larger  neat  the  hon* 


ron,  that  it  would  make  them  appear  left  5  obfcntng 
that  two  ll.irs  appear  ncartr  ti,^ithcrin  the  hiiii/'jn, 
than  near  the  meridian.  I  hii-  phmomenon  he  nuiks 
among  optical  deceptions.  We  judge  of  diftance,  he 
iays,  by  comnaring  the  angle  under  which  objeda  ap> 
pear,  with  tiKir  Tuppo&d  diflancc ;  ib  ttnt  if  theie 
angles  be  nearly  equal,  and  the  diAance  of  one  object  be 
conceived  grrattr  than  that  of'the  other,  this  >KiU  be 
imagined  to  be  the  l.tn^tr.  Am!  he  r.itKi-r  obferres, 
that  the  Iky  near  tlie  hori/on  i»  always  imagined  to  be 
farther  from  11a  than  any  other  part  of  the  coacave  tut* 
face. 

In  the  writings  of  AOiaten  too,  wc  find  the  fiift 
dillinA  acGOiut  of  the  magnifying  power  of  ^laflcs  t 
and  it  It  not  improbable  that  his  writing!i  on  this  head 

rile  t  1  itK-  ufeful  invention  of  fpcCtaeltii  :  f>.  r  Iu* 
laya,  llial  it  itn  object  be  applied  clofe  to  the  Lili:  ot 
the  larger  fcgment  of  a  fphere  of  gUils,  it  will  appear 
magnilied.  He  alfo  treats  of  the  appearance  of  an  ob- 
ject through  a  globe,  and  fays  dint  he  wai  the  firft  who 
obferved  the  rcfniC^.ion  of  -.iwi  into  it. 

In  1270,  "X  -ttlKi,  :i  lutivc  of  Poland,  publifheda 
treatife  on  OjitK^,  min.iining  all  tlvat  was  valuable  iu 
Alhazen,  and  digtllcd  in  a  better  manner.  He  ob- 
ferves,  that  light  i^  ;?l\vT.ys  kift  by  rtfrailion,  which 
makes  objeda  appear  Icfs  luminous.  He  gave  a  table 
of  the  reuilti  of  his  experiments  on  the  refnnftive  pow* 
en  of  atr,  water,  aad  ebf*b  comfponding  to  diflterent 
angles  of  incidence.  He  afcribes  the  t«-inklii^  of  the 
ftars  to  the  motion  of  the  air  in  which  the  light  i$  re- 
fracted ;  and  he  ilhillrates  this  hypothefis,  by  obfirving 
that  tliey  twinkle  flill  more  when  viewed  in  water  put 
in  motion.  He  alfo  fhews,  tliat  rcfrattion  is  neeefiary 
as  well  as  refltdion,  to  form  the  ninbow  ;  becaufe  the 
body  which  the  rays  fall  upon  u  a  tnnfparcnt  fub- 
ilattee,  at  ^e  fuiftce  of  which  one  part  of  the  h'ght  is 
always  reflcaed,  and  another  rcfi  r.f> -d.  And  hc  flcwket 
fome  ingenious  attempts  to  explain  refitaAibn,  or  to 
afcci'.niii  tilt- kiw  of  i:.  IU-  .t'Io  conftders  the  T-ll  u; 
glafs  Ipiiiitf,  and  tiie  upiiartnt  fire  of  objects  Uc:i 
through  them  ;  though  w  ith  but  little  aecuiacy. 

To  Vitello  may  be  traced  the  idea  of  feeing  imnges 
in  the  air.  He  endeavours  to  fliew,  that  it  is  pofTible, 
by  means  of  a  cylindrical  oonvcx  fpGcuIiun,  to  fee  the 
images  of  obieda  tn  the  air,  out  of  the  fpeculutn,  when 
the  objects  thcmfelves  cannot  he  feen. 

The  Optica  of  Alhazen  and  Vitello  were  pubh'ihed 
at  llafil  in  1572,  by  I'red.  Rifner. 

Contempoeary  with  Vitello,  was  Roger  Bacon,  m 
man  of  very  exienfiTe  genius,  who  wrote  upon  almoft 
every  branch  of  fcience  ;  though  it  is  thought  his  im- 
provements in  Optics  were  not  carried  far  beyond  thofe 
of  Alhazen  and  Vitello.  He  even  aflents  to  the  abfurd 
notion,  held  by  all  philofophers  down  to  his  time, 
I'lr.L  vilible  ravs  proceed  J'roni  the  eye,  inflead  «>f  tbtvurtlt 
it.  I'rom  many  ilories  related  of  him  however,  it 
would  feem,  that  he  made  greater  impnivements  than 
aj^ar  in  his  writings.  It  u  fuid  he  had  the  ufe  of 
fpcAades:  that  he  had  contrirances,  by  refleAioff  fron 
glafle"!,  to  fee  what  was  d.  ir  ;-  :it  ;i  v.nnt  diflance,  as  in 
an  enemy's  camp.  And  luid  chum  : ilui  Bacon  relate* 
a  (loi)  ,  i/f  hii  apparently  v,  .ilktd  in  the  air  be* 

,  twGcp  two  ftecplc;,  and  which  he  fuppofcd  was  effected 
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by  reflcciion  i'tum  giaiKs  wliilc  he  walktj  u^on  U»c 

Abdut  1279  written  a  tioatifc  on  Optics  by  Pec- 
cam,  «rcLbiiliop  of  Cunlcrlmry. 

One;  of  the  next  who  dillingui&ed  hiniTcif  in  thu 
way,  wa£  Maurolvciis,  toucher  of  nathematict  M  Mtt- 
fina.  Ill  a  trcatifcy  l)c  Lumtnc  et  Umbni*  publiihcd 
ill  1575,  he  dcRionllntrs,  that  the  cryftalliae  faumonr 
of  t  ill  I- .  c  is  a  Iriis  timt  loUn'ls  the  rays  of  li^fil  rliuing 
ilic  oljccts,  and  throws  thcni  ujiun  tlii-  rctiiin, 
•whtit*  t;i',  liicus  of  each  pencil  i».  rrotii  tiii»  piifi<.if>lc 
hcdikuvtuJ  the  nroibti  why  fomc  people  arc  tii>»n- 
£ght(d,  and  otbm  long-lighted ;  »IU>  why  the  fanner 
tn  rclievcti  hy  concave  glalfes,  and  the  others  by  con^  ex 


ContofTiporary  with  Maurolycas,  was  John  Bapiilla 
Pwe:t,  of  Naples.  He  difcovm-d  the  Camera  Obfcura, 
x^liich  throws  conJiditjL!  'i;,'r!  mi  tfic  natiMc  of  vilimi. 
His  houiV  was  ihetonilant  rtiorl  of  all  the  iageiiiuus 
pcrfoiu  at  Naplts,  whom  lie  fornud  iv.to  what  he  culled 
An  Academy  of  Seoul each  tncmbtr  being  tibiigcd 
tocoutiiLuie  ioiiieilaii!;  that  wji  not  jjciicrally  k!<own, 

and  might  be  ufcful.  hy  this  mcau  lie  was  furuilbcd 
mth  matcriab  for  bis  Magia  Naturalise  which  containt 
hliacrouiit  of  the  Camera  Obfcuro,  and  the  lii  A  edi- 
tion of  Avhtch  was  puLblheJ,  a*  he  ittforms  us,  when 
he  was  not  quite  15  ycuri  old.  He  alfo  j^.ivc  tl.e 
firl1h:Mt  of  the  ^^agic  Lantern  ;  which  Klrch.er  after, 
ward*  followed  and  iinproTcd.  His  experiment*  with 
the  camera  ohfcura  contiitccd  him,  that  vif.on  ii  pei  - 
{ormcd  by  the  iiitromiflion  of  fomcthing  iiUo  the  eye, 
and  not  by  vifiud  rayi  proceeding  from  it,  aa  liad  been 
ionnerly  tm.i|rincd  (  and  be  was  the  firft  irbo  fntly  fa- 
liificd  himfcif  and  othcrj  upon  thiii  fubjed.  Tie  jn.Wv 
conlidertd  the  eye  as  a  camera  obfctira,  ar.d  tiic  piip.l 
the  hole  in  the  window-fluittcr ;  but  he  was  millakeii 
in  fuppofiiig  that  the  cryilalline  humour  correfpords 
tu  the  wall  which  receives  the  im.i^cs ;  nor  was  it  dii- 
covered  till  the  year  1604,  that  this  oHice  in  pcrfonTied 
bfthe  retina.  He  made  a  variety  of  jull  rcmarki  con- 
coniiijjf  vilion  ;  and  particularly  ezphuned  Ceveralcaiea 
ia  which  we  imagine  things  to  Se  withovt  the  eye', 
when  the  appearances  are  occaiion  - 1  !  y  f  -nc  afleclion 
of  the  eye  itfelf,  or  by  fome  moiiau  v,  ;u,iu  the  cyo. 
—He  remarked  alfo  that,  in  cciiain  ciremv.iliincus, 
vifion  will  be  afTifted  by  convex  or  concave  glaJfei  ;  aiid 
he  frcms  cve:i  to  have  made  fome  fnaU  advances  to* 
wards  the  difcovcry  of  tclefcopet. 

Other  treatifti  on  Optics,  with  van'ous  and  gradual 
Sbtprovonent^  were  aftcnivards  fncceiruely  publiRied 
ky  feveral  authors:  as  Aguilon,  Opt-turum  libr.  6, 
Antv.  i6i\;  I.'Optlcjue,  CatoptrlipH-,  Dioptn'qiic 
of  Hi  1  igoise,  if.  his  Cmfiis  Math.  I'aris  lf>37  ;  the 
Dioptrics  of  Di  i  Cirtes,  1637  ;  L'Optique  Sj.  Ca- 
ioptri^uc  of  Mcrfennc,  Pari*  1 65 1  :  Scheiner,  Optica, 
Lond.  1652  :  fcbnchinit  Diopdica  Piacllca,  Bologna, 
l666  :  E(arrow,  Leftiont*  Optica:,  London  1663 1 
Janjcs  Gregory,  Optica  Promota,  I-ond.  1663  :  -Gri- 
IBaldi,  Phynco  nijllnf  - <'c  Li'mine,  Coioribus,  &  Iride, 
Booomai  1665  :  bcipliuij,  L'u^'i*.;:sone6  Pliyflco-me» 
^hanice  dc  Natuia  Vifionit,  Hcid:!.  1670:  Kircher, 
Ars  Magna  Lucis  &  IJm'.jr.e,  Rome  if)7i  :  Chcru- 
I'  l,  I):,i;i',iiquc  Oculiirt,  Pan.  1671  :  Ltibr.itz,  Pifu- 
<jpe  Gcuciale  de   I'Opti^uc,  Lcipfic  idSi  t 

"  V«t*  II* 


Newtoii'.;  Op'.fcB  and  Lxclioties  Op'.icr,  .ito  Bvo, 
1704  &c  :  Molyneur,,  Diopirics,  L<>:id.  i(^j2  :  Df. 
Juri;i'ii  'I'hroiy  of  DilUn^t  ;iiid  i iiuilliiict  V  11101).— 
I  heie  is  uho  a  Larje  mid  cxetl'-iil  wtirk  0:1  Optii^a, 
by  1);.  iStiiidi,  J  vuU  4:0;  and  a;i  ciaboratc  Hiikory 
of  the  i'rcli  iit  St.itc  of  Diivovcri.\.  relating  to  Vifion* 
j^ight.  and  Colours,  by  £>r.  FrielUc}',  4.10*  1772  i  with 
a  niiiUittKle  of  other  authors  of  iufcrior  note;  bs- 
luki.  kixr  and  occalu'nal  tracu  a:;d  piipcis  iu  tlie  Me-  ■ 
llU'iU  L'i  liie  fevtrai  IcarucJ  /VciL.>..;iiv>  and  .Socittici 
ol  hni  jjjL  ;  w.\h  ill  prov.'iiicn.:- 1  }  i.vi'.y  other  pcrfuuj, 
air.ooj^  whom  aie  tiic  lefpectaLIt  iiunui  of  Sncll,  i"'ei-- 
ni:il,  Kepi.r,  Iltr/^ens,  HortLMfius,  lU-.yle,  Hoo!-„  l)c 
la  Hire,  l.okvihoip,  Calliai,  li*Ucy,  Deiiile,  Lulcr* 
Dolioiid,  Cl:iiraut,  D'Alenibert,  ^eiher,  Bouguer, 
)}iiirijii,  NoUet*  Bautne}  but  the  purticular  itnprovc- 
menu  by  cnch  author  muft  be  referred  to  the  htilory 
of  la'j  htc,  u:iil^r  the  artiek  of  their  names  ;  wi.iic  tiic 
hiiicn-  and  if,ipr.ivcmei)ts  nf  the  Icviral  brar.cLe*  x.'t 
to  be  for'iid  ui.der  the  variou-?  particular  art:c!e«,  as. 
Light,  Colaurs,  Retiudion,  Retraction,  ladedion^ 
'i'rar.fn.iifioD^' ftct  Spedacksy  Te)cfcopt>  Micrafcope^ 
f;c,  Ac. 

ORB,  a  ^hcrtcal  flidD,  hollow  fphcre,  or  fpace  con* 

tained  betweea  two  coocentric  fphcricol  furfacee. — 

The  ancierit  ainionomer*  conceiveAthe  heavens  as  con- 

lii'!:v,'  oMrver.ti  v.ift  azure  traiifpnreiit  Or'.'.,  rr  rj-hcres, 
iiich)i:ng  o;:e  anoihtr,  and  including  tlic  boase*  of  the 
plaiict 

The  Orbis  Alatnui,  or  Gnat  Oaa,  is  that  in  which 
the  fun  li  fuppofed  to  revolve }  or  rather  it  is  that  n 
which  the  earth  makes  its  annita!  circuit.  « 

OfcB,  in  Aftrology,  or  Or»  of  Light,  is  a  certain 
fpherc  or  extent  of  hght,  which  the  allrologers  allow 
a  planet  beyond  its  centre.  They  pretend  that,  pro- 
vided the  afpects  do  but  fall  within  thi»  Orb,  they 
have  almolt  tnc  fame  effeifl  aa  ii'  they  pointed  directly 
a^ainll  the  centre  of  the  planet. — The  Orb  of  Saturn's 
livrht  they  make  to  be  10  degrees;  that  of  Jupiter  la 
degreis ;  that  of  Mars  7  j  ;  that  of  the  Sui  1 7  acgrecai 
that  of  Venus  8  degrees  ;  that  of  Meiewj  7  degniet; 
and  that  of  the  Moon  1 2  !  degrees. 

OR  KIT,  is  the  path  of  a  planet  or  crmct;  bcin^ 
the  curve  line  defcribcd  by  its  centre,  ui  its  proper 
motion  in  the  heaven*.  So  the  earth's  Orbit,  is  the 
ecliptic,  or  the  ciine  it  dcfcribes  in  its  annual  revolu« 
lion  about  the  fu:i. 

The  atK-ietit  aStronomers  made  the  planets  dokribe 
circular  Oibits,  with  an  aniform  velocity.  Copemi*  - 
cuu  himfeif  could  not  believe  tliey  Ihoidd  do  otherwife  % 
being  unable  to  difentanple  himfeif  entirely  fratii  the 
I  >, ii'.nes  j'lid  ejiieye; -;.  tu  M'!.i^-h  llicy  had  lecouifc,  to 
i.ifiiiji  »  ior  tlie  irur'i;',li'ic-s  in  llicir  um'iiur.s. 

But  Kepkr  fuuud,  froin  oljlvrvatimis,  that  the  Orbit 
of  the  tanh,  that  of  cv<Ty  ]>riiiuir)-  planet,  is  ail 
cUipfis,  Laving  the  lu:i  in  one  of  its  foci ;  and  that 
they  all  move  in  thefe  elHpfeg  by  this  hiw,  that  a  ra*  . 
diua  drawn  from  tbr  centre  of  the  fun  to  the  centre  of 
theptanet,  always  defcribe;!  ei^nu]  auac^  in  cqiiid  times  { 
or,  which  is  the  lame  Oiini,-,  i:i  unequal  times,  it  d»!crihe» 
arcaj  that  sr.'  pr  ipcitio-.jl  to  thofe  times.  And  N'evv» 
ton  has  ;ir.ee  dtine-iillrated,  Ironi  the  nslurc  e'f  iinivtrial 
jonvitation,  ar.d  prrgectile  motion,  thai  the  Orhiis  mu:l 
oi  neceiUty  be  dlipfcsj  and  \bc  motioos  obicrve  that 
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law,  bolti  of  t!ie  primary  and  fccondary  plunft*  ; 
excepting  in  fo  far  as  their  mot  ions  and  paths  are  dif- 
tnrbcd  by  thrir  niutu:<l  a<^tiuii:i  upon  one  another;  m 
She  Orbit  uf  the  earth  by  that  of  the  noon  ;  or  tblt  «f 
Butuni  by  the  itSdon  of  jupiter  i  Ac. 
Oftliere  elKptfc  Ortnts,  tlim  hive  been  two  Icrads 

aiFigrnt!:  (lit  full  iliat  if  Kii.ili:r  nnd  Vivvtun,  v.liich 
i»  ihf  cun.irni;  ur  c-r.iiit.al  tlliplc  ;  tin  which  hcth 
uiil,  t:iuu^-!]  (ic  Iiiii'.iclf  keeps  to  it,  tl  ir.ks  wo  might 
Tcnturc  to  iubllitutc  circular  Orbitt,  by  ufing  two 
points,  taken  at  equal  diftances  from  the  centre,  on  one 
of  the  diamcterif  n  u  done  in  the  foci  of  the  (Uipfu, 
Md  which  w  c'diied  bia  Circular  HypoUwrit.  The  fe> 
cond  it  that  of  Caffini,  of  this  Dttort,  that  the^pro* 
dufts  of  the  two  lities  drawn  from  the  two  foci,  to 
any  point  in  the  ctrctimfercnce,  are  everywhere  cq  ml  to 
the  liin.c  cr>n(\ant  quantity;  whereat,  tn  the  common 
ellipfc,  it  in  the  lum  of  tliofetwo  Uiiei  that  it  dMrayt  a 

conflant  quantity. 

The-  Oibits  of  the  planets  arc  not  all  in  the  faOM 
plane  with  the  ediptic*  which  it  the  eaith'a  Oibit 
nund  the  (on,  bnt  ave  irBnonllf  indlnied  to  it,  and  to 

each  other :  but  ftill  the  pLine  of  the  ecliptic,  br 
earth's  Orbit,  interfedts  the  plane  of  the  Orbit  of  c»ery 
other  jilatLtr,  in  a  ripht  line  which  paflet  through  the 
fun,  called  the  line  of  the  node*,  and  the  points  of  iii« 
terfeaioA  of  the  OiWu  th«infelfci  are  cafled  the 
nodet. 

The  mean  lemidiamctern  of  the  feveral  Orbits,  or 
the  neu  (KAancea  of  the  pkiKta  from  the  fun,  with 
the  e7tc<tilT?cftfe«  of  the  Orbtts,  tb«r  {ndinatimi  to  the 

ecliptic,  and  l!ic  pl.:.:c  5  -.if  tht'.r  no -It  >,  .■>:•»■  .t  '  •  the  fol- 
li/wnip  taMe  ;  vIutc  iht  i«l  cwluaia  c^uli^.i.  the  pto- 
ji.i  tii  '  li  uf  i'er-.iiliatneters  of  the  Orbits,  the  true  femi- 
diameter  of  tiiat  of  tlic  earth  being  millions  of 
miles ;  and  the  3d  column  (htm  What  part  of  the  Gb* 
midiasietert  the  cxcentiicitica  an  equal  to* 


Propor. 

Cemid. 

KxceiKr. 
pti.of  0- 
mi.iijni. 

luclina. 

of  Ofbit, 

N«dc,  179a. 

Meivury 

387 

h> 

6°  54' 

Vetiu* 

3  20 

Karlh 

ICOO 

I 

15 

0  0 

*  * 

Man 

1524 

1 

IT 

>  52 

Jupiter 

5201 

1 

ST 

I  30 

®  7  29 

Saturn 

5539 

1 

Tg 

2  30 

ffi  21  13 

Qeurgiiin 

tyc34 

1 

0  4B 

n  tz  54 

The  Orbits  of  tbc  comett  are  alib  wj  wceMric 

cllipfes. 

ORDER,  in  Arclihea«re,'a  fyftein  of  the  feveni 
members,  oriNHMiita,  add  praportioM  of  a  coluam  aad 

pilafter. 

There  ere  fiv«-  Orf'.ers  of  coKimni,  of  v/hirh  tliree 
are  Greek,  «iz,  the  Doric,  ionic,  and  Corinthian  ;  and 
two  Italic,  viz,  the  Tufcan  and  Compofite.  The 

three  Gmk  Ordeit  repfcfeat  the  three  offcrcat  mue 


78    ]  O  R  D 

ners  of  butldiog,  viz,  the  i»l>d,  the  ddicate,  Stld  ^ 
middling  :  the  two  Italic 'pnea  are  impecfcA  pradue* 

tions  of  thefe. 

Oaosa,  in  Adronomy.  A  planet  is  faid  to  ^o  ac- 
cording to  the  order  of  the  figos,  when  it  ia  dued^ 
proceeding  ttem  Ariea  to  IWat,  thenoe  to  Gemini, 

&c.  As,  on  the  contrary,  it  goes  contrary  to  the 
Order  of  the  fign»,  when  it  is  retrograde,  or  goes  back- 
warti,  t'oMi  I'd  1 5  to  Aqanrius,  &c. 

OkDtK,  in  the  Geometi')'  of  Cur>'e  Lines,  is  denomi- 
nated from  the  rank  or  Order  of  the  equation  by 
which  the  gcomettieal  L'ne  is  cxprrfTcd  ;  fo  the  fim- 
ple  equation,  or  ill  power,  denttui  t!io  lit  Order  of 
linca,  which  ia  the  r%ht  Hae ;  tbc  quadratic  equation, 
or  ad  power,  defines  the  xd  Order  of  tines,  which  tie 
the  conic  fr-iftii;ns  and  ci:-clc  ;  the  cubic  equation,  or  j4 
pi'WiT,  di:iiiic>  the  3d  Order  of  line,';  ;  and  lo  orr. 

Or,  tlif  Orders  of  li-Ks  arc  dc:m:iiinati.d  frcm  the 
number  of  points  in  which  the)-  may  be  cut  by  a  right 
line.  Thus,  the  right  line  is  of  the  ift  Order,  becaufc 
it  can  be  cut  only  in  one  point  by  a  right  line ;  the 
dide  and  conic  fcdions  are  o^  the  2d  Order,  becaufc 

the*  can  be  cot  io  two  poiata  bv  a  ti^.  liae  »  while 
thole  of  the  3d  Order,  are  fuch  ai  can  be  cut  in  3 

point',  l)y:i  ii'»!it  line  ;  nnd  To 

It  li  to  be  obicrvcd,  that  tlic  Order  of  curves  is  al- 
ways one  ilcfMfC  lower  thin  the  covri fpoudiiijj;  line; 
becaufc  the  ill  Order,  or  ughi  hue,  ii  no  curve;  and 
the  circle  and  conic  feiftions,  which  are  the  2d  Older 
of  linca,  are  only  the  tik  Order  of  curvca;  ice 

Ste  Newtoa'a  Eaameiatio  Lioearam  Tcrtii  Ord»> 
nU. 

ORDINATES,  In  theGeonietryofCamLwiei,ai« 
right  lines  drawn  parallel  to  e»cli  other,  ladcuttiag  tbc 
curve  in  a  certain  number  of  points. 

The  parallel  Onli.iates  are  ufually  all  cut  by  fan.e 
other  line,  which  is  called  the  abfcifs,  and  commonly 
the  Oi'dinates  arc  perpendicular  lo  the  abfciflal  lincw 
When  thia  line  »  a  diaiaetcr  of  the  curve,  the  property 
of  the  Ordinatea  ia  then  the  moft  remarkable ;  (or,  in 
the  curves  of  the  firft  kind,  or  the  conic  fe£tioiis  and 
circle,  the  Ordinaies  are  all  bife^ted  by  the  diameter, 
r  nkin^^  the  part  on  one  tiu?  of  it  equal  to  the  pan  on 
the  uttier  fitic  of  it ;  uud  In  the  curves  of  the  ad  order, 
which  may  be  cut  in  three  points  by  an  Or-Jinate,  then 
of  the  three  parts  of  the  Ordinate,  lying  between  thefe 
three  intcrfettions  of  Ae  curve  and  the  intcrfcdion  with 
the  dianeter,  tlic  part  on  one  fide  the  diameter  ia  equal 
to  both  the  two  parts  on  '^he  other  fide  of  tt.  And 

fo  for  curv  es  of  any  ori!er,  v.lintfvcr  thi  niin,her  uf  in- 
terreCtion;.  iiu.\  bf,  tlie  fuin  of  the  parts  of  any  Ordi- 
nate, on  one  fide  of  :  f.e  ('.i.imcter,  it  Cqual  tO  UK  fintt 
of  the  parts  on  the  other  fide  of  it. 

The  ok  of  Ordinate*  in  a  curve,  and  their  aUdfle^ 
is  to  define  or  enrefs  the  natiue  of  a  curve,  by  neana 
of  the  general  reution  or  equation  between  them ;  and 
the  greateft  nombcr  of  faaors,  or  the  dimenfions  of 
the  h^eft  term.  In  fuch  equation,  is  always  the  fime 
as  the  order  of  the  hV.c  ;  th;it  eipiatl'in  beinj;  a  ([U.u'.ra- 
tic,  or  its  hiphrft  term  of  two  diuienfiou'--,  in  tlie  lines 
cl  the  2d  order,  being  the  circdc  and  i  onic  IcLtio-i'  ; 
and  a  cubic  equation,  or  its  highdl  term  containing 
3  dnadioiM^  u  the  Inca  of  Ok  3d  aider)  and  i» 
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Thin,  V  dfnot'n?  an  Ordinate 
Be,  and  X  iti  abfcifa  AU  ;  alfo 

by  e.  Sic,  given  quantittet :  then 
^  •=  ax*  +  b»  e  h  th«  gene- 
ral equation  for  die  ioMS  w  the 
ad  order ;  and 

jpjr*  —  ejr  =  or*  +  Ar*  -^^  cm  ^  d 
u  the  equation  for  the  liaes  «(tltt 
yl  order  }  and  fb  <m. 

ORDNANCE,  we  all  ibrts  of  great  guns,  uftd  Ja 
frar  i  fudi  M-cianon,  mortars,  howitzers,  &c. 
ORFFYREUS's  Whetl,  in  Mechanics,  is  a  machine 

fo  called  from  its  inrenlor,  which  he  afTertcd  to  be  a 
pcrpcluol  mution.    This  machine,  according  to  the 
■ccotir.t  tiikcn  of  it  by  Gravefanile,  in  his  O.-uvr  i 
Eliilufoaluquea,  publiflied  by  AUetnand,  AmiL  1774, 
CWlfiflw  externally  of  a  Urg^  circular  wheel,  or  rather 
dmm,  12  £eet  m  diaoictei*  and  14  inchea  deq>  j  being. 
^ery  light,  at  h  tMU  formed  of  an  aflembhge  of  dcda» 
lumog  the  interrals  betwrt:ca  them  covered  with  waxed 
clotii,  to  conceal  the  interior  parts  of  it.    The  two 
fxtrcmititri  of  an  iron  axi^,  on  wliiih  it  turned,  relied 
on  two  fupporis.    On  >;ivin^  a  flight  impulfe  to  tlie 
wheel,  in  cither  dire&ion,  its  motion  was  tn-aduaUj  ac« 
cclcrated  ;  fo  that  after  two  or  three  revolutions  it  ac- 
qpiiicd  fo  great  a  vdudty  m  to  make  25  or  26  tunis 
in  a  minute.    Thit  npia  motioa  it  a&iiallx  piellerTed. 
during  the  fpace  of  a  months,  in  a.  ehanuter  of  the 
landgrave  of  Hcffc,  t!ic  dtior  of  which  was  kept  locked, 
and  lealed  with  the  landj^ravc's  own  feal.    At  the  end 
of  that  time  it  was  ilopptd,  to  prtvent  tlie  wear  of  the 
materials.    The  jtrofcifur,  who  had  been  an  eye-wit- 
nefs  to  thcfc  cireiunlbace^  examinL-d  all  the  external 
parts  of  it,  and  was  comaiecd  tbat  there  could  not  be 
nay  communication  bctwcea  it  and  any  neighbouring 
rooM.   OrffyroM  hmicifr  «w  &  inceofed,  or  pre- 
'tended  t6  be  fo,  that  lie  broke  dw  madsbe  in  pieces, 
and  wrote  on  the  wall,  that  it  was  the  irapcrlincnt  cu- 
riplity  of  profcflbr  Gravtiande  which  made  him  take 
this  tiep.    The  prince  of  HciTc,  who  had  fceii  tJic  in- 
terior parts  of^bitf  whed,  but  fwom  to  fecrcfy,  being 
a&ed  by  Gnrwfiuidet  whether,  after  it  lud  been  in  mo. 
taon  for  lone  tiai^  there  was  ny  change  obCervable  in 
aad  iriiether  ft  contabed  any  i^eeea  that  indicated 
fiend-  or  deeeptioo,  anfwered  both  cjueiUons  in  the  nc- 

fitfre,  and  declared  that  the  machine  was  of  a  very 
Dipic  conllru(ftion. 

ORGANICAL  Dtfcriftlon  of  Curvet,  is  the  de- 
ftriptioa  oir  them  opon  a  plane,  by  meaus  of  inflm- 
acnta,  and  eaamody  bf  •  conttMMd  mat  too.  The 
moll  fimpfe  conftmftlon  of  tbiskfnd,  !i  that  of  n  circle 

by  means  of  a  pair  of  compafTcs.  The  next  is  that  of 
an  ellipfe  by  means  of  a  thread  and  two  pins  in  ^hc 
foci,  or  the  ellipfe  and  hypcrholn,  fajmcansflf  the  d> 
liptical  and  hypThi  llc  eompaflcs. 

A  great  TBiict>  of"  ik-fcriptions  of  this  fort  are  to  be 
finiod  in  Schootcn  Dv  Organica  Conic.  Sed.  in  Piano 
pcferiptionei  in  Newton's  Arithmetics  Univerfalis, 
DeCnrvwum  Defcriptione Organica^  Maclaorin'aGco- 
■Ktria  Organica ;  Brackenridge's  Defcrtptio  Lineamm 
Ctarvarum  ;  &c. 

ORGUESf  or  OacAVs,  in  Furlification,  long  and 
thidt  piceea  of  «od3»  fluid  wttb  pointed  ine,  aad 


h*ng  each  by  a  feparate  rope  over  the  girte-fray  of  a 
town,  ready  on  any  fnrprife  or  attempt  of  the  enemy  to 
be  ktdofm  to  (lop  up  the  gate.  The  ends  of  the  fcferal 
lopei  are  wound  ihoM  a  windlai%  fee*  10  be  kt  dinni 
all  together. 

Oaoues  is  alfo  vied  for  a  machine  compnfcd  of  fe* 
vend  haiquebufTes  or  mtilkct-barrels,  hound  to>'ether  j 
ib  as;  to  make  feveral  explofions  .it  the  f.ime  time.  They 
are  ufcd  to  defend  breaches  and  other  places  at- 
tacked. 

ORIENT,  the  eaft,  or  the  caflem  point  of  the  ho* 
riron. 

OaitNT  XfiiimSia/,  u  u&d  for  that  point  of  the 
horizon  where  the  fan  lilea  when  he  !•  in  the  equinoc* 
tiai,  or  when  he  enters  the  figna  Aries  and  Libra. 

OaitNT  ^(^ffiMi/,  is  iho  point  where  the  fun  rifcs 

it!  tli:-  middle  of  fuaner,  when  the  days  are  longeft. 

U».it}tT  I/ybfrnol,  is  the  point  whtre  the  fun  rifesin 
the  middle  of  winter,  when  the  days  are  flwrteft. 

ORIENT  A  I>,  filuated  towards  the  eaft  with  regard 
to  ua:  in  oppofition  to  occidental  or  the  welt. 

OaiKNTAL  J^hmamt  PM^ffhj^  nfied  fat 
thofe  of  the  eall»  or  the  Afaaiana,  CHMfimt>  Fcr* 
fians,  Indians,  ftc> 

ORILLON,  in  Fortification,  a  fmall  ronndinff  of 
earth,  lined  with  a  wall,  rnifed  on  the  fhouldtr  of  ihofe 
builions  that  have  cafemates,  to  cover  the  cannoa  in 
the  retired  flank*  aad  prevent  their  beiag  tfbiminted' 

by  the  enemy. 

There  are  other  forts  of  Orillons,  properly  called 
K]'.»ulcments,  or  Shoulderittg*t  which  an  aloKift  of  a 
fquare  figure. 

(} R  !<)N,  a  cnnCellatlon  of  the  fouthcrn  hrm'fphete, 
with  vrljii  ct  to  t!if  ecliptic,  but  halt  in  the  northern, 
and  half  on  the  roiithem  tide  of  the  cqdoofiiaif  which 
tuns  acrofs  the  middle  of  his  body. 

The  ftars  in  this  conftcUation  are,  38  in  Ptolomy^ 
catalogue,  4.}  in  Tycho's,  6z  in  Hcveliua'Sy  and  78  in 
Flnmfieod's.  But  fonie  lelefcoties  have  dtfeovciedfeecul 
thonlanda  of  iUn  in  thia  coadeUation. 

Of  thefe  iiM,  there  are  no  left  than  two  of  the  firil 
magnitude,  and  foitr  of  the  fecond,  heridc  a  pr^'t  many 
of  the  third  and  fourth.  One  of  thofe  two  ilarsof  the 
firft  magnitude  Is  upon  the  middle  of  thr  left  foot, 
and  is  called  Rr^d:  the  other  is  on  the  rijjht  (houlder, 
and  called  B€ttl%uift ;  of  the  four  of  the  fecond  magnt* 
tude,  one  is  on  the  left  ihoulder,  and  called  Bfl/airhif 
and  the  other  three  are  in  the  belt,  lying  nearly  in  • 
right  line  and  at  equal  diftancca  from  each  othcrtfona* 
ing  what  is  populariy  called  the  Ttrdmnuf. 

Tlii;  qoiiiicll  I'joii  ii  one  of  the  48  old  Hftcrifms,  and 
one  of  the  moll  remarkable  in  theluavciis.  It  is  in  the 
figure  of  a  man,  having  a  iwunl  h\  his  (iJe,  and  lecms 
attacking  the  hull  with  a  ckjb  in  his  right  hand,  his  left 
bcariiy  a  Ihidd.  ^ 

This  conftcllation  is  particidarly  mentioned  by  many 
of  the  ancient  authors,  and  even  in  the  Saiptures  them* 
feives.  The  Gieeka^  aecotding  to  their  cuftom,  give 
feveral  (abniens  aceoimta  of  htm.  One  it,  that  th'a 
Orion  was  ^  '^t.-i  of  their  fca-pi-d  Nrpntno  by  Eiiwale, 
the  fu.nHms  h'.iii',r'.  ri.  Tl.e  fun  pofli  (fed  the  difift  iltiiin 
of  hli  mother,  and  berairc  tie  j^rcateft  huultr  in  the 
world  :  and  Neptune  gave  hiui  the  fingular  privilege, 
that  he  Oioald  wut  opon  ^  foHaec  of  (helm  aemC 
Ae  a  .  M 
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AS  iftt  «erf  rm  dry  land.    A  rtothcr  sccount  of  bu  on« 

5 in  i»,  tint  iirie  Hvieiiw  !nTlie!>e»,  hwiiifr  cnurumed 
u :  i  .'l  ''ric(nv  ivi"hmr-it  I'o'plta'.iLv*,  ttijiiiKcJ 
ci  tK;  ni  th.  f.i'i  ui  liiat  Ik  ir.i^  !it  ii.w:  a  Tiic  ll;iii'^f 
till  >  \  \vh  li  lit  liitii  [•cti'trii  »o  fium,  buriiil  in 
tlic  gMii.iut,  uitii  i-rit»ii)  I i'f«in(>tiitnt»  and  Uic  i<-n  to 
nivi.  !  tit  .a  ^vas  ■  I  ^.iii..<'>  (roiaitt  a  youth  of  promi* 
Any  rpint,  arwl  nawtd  Uruitt. 

Tbry  fartlKr  t«11  ut,  that  ht  vifitrd  Chloi  when 
grown  up,  ani'  i  jvir  ^tt  Pun'opi  ti  c  i^a'irJitcr  of Glno» 
p»rti»,  fin  \<-hW]i  ■lit;  t.itl.tr  \>Mi  out  Itii  fycs,  and  ba- 
niftini  (iiin  tlic  -fl.iiu' :  hi  thtnct  went  to  Lfmi us,  wiuic 
Vijlc4iii  rcti  iviil  liim.  gave  Irni  CtflaJujn  lor  a  ci-tii- 
paiiton.  AfCvUvarcs,  bcirpj;  rc'.lnrcd  to  llglit  Iv  the 
fun,  he  rciiirijod  to  Cliiof,  ami  wuuld  h.\vc  icv(.n|jcd 
himlclt  on  the  kinj:,  but  tlic  penpic  liiil  hiin.  Alter 
this  it  (tmt  he  hunted  with  Dudsi  and  wat  (<i  matted 
with  hit  rtieeefi,  tliac  he  nfcd  to  fay  he  would  dcflroy 
•  every  creature  on  ihc  earth  :  the  Earth,  irritattd  at  thij, 
produced  a  Scorpion,  which  ftuiig  him  to  death,  and 
bc/ili  l.c  and  ;[-.s:  rtptile  were  taken  up  to  the  iJcrii, 
ti)c  Scarpioii  making  one  of  the  twelve  figuit  of  the 
zodiac. 

Other*  give  a  diffeient  account  of  h-»  deftrtjflion  : 
they  tell  u»  that  he  would  have  ravifhed  thegoildefa  of 
chakity  Diana  herfelf,andtba(flie  killed  him  with  hcrar* 
tew.  All  the  writcrti  howewr,are  oat  agreed  about  thia: 

they  who  make  him  the  facrificc  to  the  ftngeaticeof  the 
offended  goddef»,  fay,  that  herfclf  aflerwaTd*  placed  hit 
figure  in  the  ll<ie»a«  a  memorial  cif  t!i^  a-.tt  iT.j  ',  r.nd  a 
terror  to  all  ages.  But  there  are  fome  wsio  uy  llic  loved 
him  lo  wcW  that  (lie  liad  tbooj^hts  of  marrying  him  : 
thd'cadd,  th;it  Apollo  conid  nut  bear  fo  dilhonourablc 
a:i  alliance  forhia  filler,  for  wSich  rcafon  he  killed  him  ; 
and  that  Diana»  after  ihedding  fltowera  of  tcara  over  hii 
corps,  obtained  of  Jupiter  a  place  for  kim  in  the  hea* 
vcns. 

Ko  con.Tellati-in '.vasfo  terrihle  to  the  mariner*  of  the 
early  pciindi,  ;i!  t!iii  nf  Orion,  He  i-  nieiitiontd  in 
thij  way  by  ail  lilt  Gnik  ai.d  Latlii  pi  cis,  and  even 
bv  theirhillorians ;  hi&  rifing  uiid  icUiii.'  I uttendid 
by  ilormn  at: J  tt  mpeils:  and  aa  the  u  .>itiurii  conAclia* 
tions  are  mr.de  tin  f(>llowcraof  the  t'li.  iddc&(  fo  are  the 
fi^uihcrn  oBt*  made  the  atlendantt  of  OrioH% 

I'he  name  of  tint  oosfielialion  i«  alfo  met  with  in 
Sci  [turt  i'cvcr.il  timei,  viz,  in  the  books  of  job,  Amos, 
a:id  ll'aiah.  In  Job  it  is  afkcd,  "  Canll  thou  b.'iul  ilio 
f-*'cit  infiiitnte  llic  Pieiact?,  rr  loufe  ttic  Ijards  of 
Orioii  :"'  And  Aiiio*  fajs,  "  ikek  him  lUat  niakcth  the 
Seven  Stir^  and  Oriojij  andtniDelh  the  lhadow  of  death 
iato  morning." 

Oaiow'a  iZhwr,  the  iamc  at  the  confleQaffcn  Eri> 
danuik  . 

OKLE,  OaLtT,  or  Orio.  in  Arcbitc&urr,  a  fJ> 

lot  i:!idtr  tho  ovcIli,  or  qoartcr-round  of  a  capita!  — 
Wi.vii  it  is  at  the  top  or  bottom  of  the  ftiafi,  it  ucaikd 
t')c  linifturt.— I'all-ulio  alij  ufi.!>  Otio  for  tbcpltnthof 
t!.e  b  ifi  ;-  of  colun.n*  «tn!  pr-Ii  ll.ili. 

ORRERY,  an  aliroii<>ir.ical  mathiiic,  for  exhibit injj 
the  various  niutiuns  and  ^iupearancca  of  tli£  fun  and 
planet;  ;  atiil  hence  ofttn  called  a  Planetartotn. 

The  reafuo  of  the  name  Orrery  wai  tikis :  Mr.  Row- 
a  mathematical  inllnioent-nakcr»  having  got  one 
i:WA  Mr«  George  Crahama  tbc  original  inTeator).  to  be 


fcnt  abroad  with  fome  of  hia  owa  inftramentt,  he  ca« 

pled  it,  and  made  the  firft  for  the  earl  of  Orrery, 
i^ir  Riciiard  ijtecl,  who  knew  nothing  of  Mr.  LUi- 
Inm's  machine,  thinking  to  do  ji:!\ice  to  the  tiril  en- 
c.>iira^;cr,  ii«  well  as  to  the  iuventor^of  fucli  a  curious 
i:,  IrumcT.t,  called  it  an  Orrery,  and  gave  Rowley 
tin-  pi  aiie  due  to  Mr.  Graham.  Defagulicrfi'  Experim. 
PUiiol.  voL  If  pi.  430.  The  ligurc  of  thia  gragd  Or« 
rerjr  i«  ckhibited  «i  iig.  1,  p!.  19.   liiafiaoe  made  m 

yarw.n  nilur  ngmcii.  ^ 
ORTEIL,  in  Fortific.it  ion.  See  Bat  tie. 
OkTEl.lUS  (Abraham),  a  cclebraicd  j;eographer, 
w.is  born  .It  An",  wrrp.in  1527.  He  was  well  tUilKd  in  the 
l.m^u.T;^is  and  ir.atficmjtici,  and  acquired  fnch  reputa- 
tion by  hi»  ikill  in  geography,  that  he  wa»  fumamed 
the  Ptofmj  of  hii  tint.  Juftua  l>ipGui»  and  motl  of 
the  great  men  of  the  i6th  century,  were  our  anthor'a 
intimate  frienda  He  pilled  fome  time  at  Oxford  in  the 
reign  of  Edward  the  oth  »  and  Iw  vifited  Engbod  a  fe* 

cond  time  it)  1 577. 

Hiii  Tbtatruin  0)l\t  Tern  wa»  the  completed  work 
of  the  kind  that  had  ever  been  publiihed,  and  gained 
our  author  a  rtputsii.j'i  .ni  qu  ite  to  li',  immtnfe labour 
in  compiling  it.  He  wrote  alio  (everal  other  excellent 
geographical  works ;  the  principal  of  which  are,  hit 
Tbefaunut  and  hit  ^majraia  G^r^^iiiM;— The  world 
ia  allb  obliged  to  him  for  the  BrilMmat  widdi  waa 
undert  ikeii  by  Cambden  at  hia  requeft.i— He  died  at 
Antwiri>,  1598,  at  71  yean  of  age. 

ORTHOIJKOMICS,  in  Navigation,  in  Great-circle 
faih'ng,  01  the  art  of  failin^^in  tlicarch  of  a  great  circle, 
which  is  the  Ihortell  courlc  :  Eor  tin-  .i^<  h  »  jjrtat 
cirt  lL-  i<  Orshodromla,  or  the  Ihorteil  diitajicc  beiweeo 
tv  <i  ;:i  in;   nr  places. 

QK  I  IIOGONIAL,  in  Geometry,  ia  the  fame  » 
icAangular,  orright-anrltd,—- When  the  lermrefert  to 
a  plane  ilgure,  it  fuppoica  oneW  or  fide  to  Hand  per- 
pe::dic<.iLr  to  the  otitcti  wlien  (poken  of  foltd^  it  fup- 
their  axiatohe  perpendicular  to  the  f^hnc  of  the 

hori/.on. 

ORTHOGRAPHIC  or  Or.r HncttAfHiCAt  Pre. 
jrflkn  of  the  Sphere,  it  the  projr.'Hon  of  its  fiirfacc  or 
of  the  fphere  on  a  plane,  p.ini.ii;  throf^h  the  n'.iddle  of 
it,  by  an  eyeveitically  at  an  infinite  diliance.  iiee  Pao* 

ORTHOGRAPHY,  in  Gconutry,  5*  the  drawing 
or  dclineiling  the  fore-right  plan  or  fide  of  any  obie<S, 
and  of  cxprefTing  the  heights  or  elevations  of  every  part. 
Leitig  fo  called  from  itt  dclcrmiTiing  things  by  perpen- 
dicular right  lines  falling  on  the  geomctncal  plan  ;  or 
rather,  bccaufe  all  the  horizontal  bncsare  hctf  draigbt 
and  parallel,  and  not  oblique  aa  in  leprefeotationa  c£ 
pcrJRpieAiv^.  ... 

OitTHOOKAPNY,  in  ArchiteAurc,  is  the  profile  Mr 
elevation  of  a  building,  flicwiug  all  the  parta  in  their 
true  proportion.   Tins  n  either  external  or  internal. 

I'.xirrral  Ori  hographv,  is  a  delineation  of  the 
outer  fice  or  fior.tofa  buikiing;  (hewing  the  principal 
viflX  with  its  a]ieiturts,  roof,  urnamcnti),  and  ivcry 
tlting  vifibleto  an  eye  placed  before  tlte  building.  And 

/«/fr»a/0aTH0GRArH Y,  called  alfo  a  Seiliou,  is  a 
delineation  or  draught  of  a  buildiag,  fuch  as  it  would 
appear  if  the  eitemal  wall  were  rcznotred. 

0«THoa&Ar«r,  in  FortificalMW,  is  the  profile,  or 

re^tcfcatatioj). 
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reprefentatioo  of  a  wori-. ;  or  a  draught  fo  condiifl<d, 
as  that  the  leoi;th,  breadth,  hiight,  and  ihicknefs  of 
the  fcveial  parts  are  exprefled,  fuch  aa  they  woutd  ap- 
fear*  if  it  «cr  perpeodteubrly  eut  bam  top  to  hot* 
torn. 

ORTIVE,  or  Eajfern  Amp&tuJte^  in  Aftronomy,  i« 

an  arch  of  the  hoiiz.'n  intercepted  between  the  poiut 
■whfie  a  ftar  rifci,  and  the  enft  paint  of  the  hotizon. 

(JSCILl-ATION,  in  Mctliaiiics,  vihratiow,  Or  the 
reciprocal  afcent  ami  iictceai  of  a  penduiuin. 


o  s  c 


Tfa  (imple  pendulinn  be  Tufpendcd  between  two  fein!< 

C)  c!oii!?  iiC,  CD,  tliat  have  the  diameter  CF  of  the  gc- 
r.ttatiiijT  circle  eqnalto  half  tlic  l<ngth  of  the  ftrin^,  fo 
that  the  fliiiiK,  a»  the  body  E  01t  il!.a<  .s  K  lus  -.\hwX 
tliem,  then  will  the  body  OfciUate  in  ai».cl)ci  cywLid 
BEAD,  fimitar  and  equal  to  the  former.  And  the 
time  of  the  OfciUation  in  any  arc  AF,,  nicufnrcd  from 
tbe  lowcft  point  A,  is  always  the  fame  conllant  quan- 
titr,  whether  that  arc  be  lai^er  or  fmaller.  But  the  Of- 
ciltatioflt  in  a  ctide  are  unequal,  tbofe  tn  the  fimaller 
arcs  being  lefstlian  thofe  in  the  larger  ;  and  fo  always 
lef»  and  lefs  as  the  arcsare  fmaller,  but  Hill  greater  than 
the  time  of  OfciUation  in  a  cycloidal  arc  ;  till  tl;t  1 11x11- 
br  arc  bccumes  very  fmall,  and  then  the  lime  ot  Utcd* 
lation  in  it  is  very  nearly  equal  to  the  time  in  the  cy« 
doidt  becaufe  the  circle  and  cycloid  have  the  tune  cur* 
WtttfC  «t  the  vifu-x,  the  length  of  the  iiring  being  the 
coBmon  radius  of  cnrntaTC  to  them  there* 

The  ttoieof  one  whoteOfcillatiotliD  the  cycloid,  or 
cf  an  n^ctnt  sta!  dcFcent  in  any  arch  of  it,  is  to  the 
lime  ill  wLii  ii  J  ijiiivy  body  wonld  fall  freely  throui^h 
"CF  or  FA,  .the  ^iameter  of  the  gcnciatitij;  citcL-, 
or  through  half  the  length  of  the  pendulum  Itruig,  asi 
the  circumference  of  a  circle  is  to  its  diameter,  that  is 
M  3' 14 16  to  1.  So  that  if  /  denote  the  length  of  the 
pcodulum  CA,  and  g  =  I'^i't  feet  =  19^  inches,  the 
l^ce  a  heavy  body  fiiUs  ia  the  ift  fecond  of  time, 
and  p  —  3- 1416  the  circomferenee  of  a  circle  whofc 
diameter  is  i  :  then  by  the  laws  of  frilling  bodies, 

it  ia  t/t  I  ii  X*  '.  ^/—■t  the  time  of  falling  through 
CF  or  4/  /  therefore  uptx       * /V^^  ^'btch  is 

the  lime  of  one  vibration  in  any  arcli  of  the  cycloid  which 
has  the  diameter  of  its  generating  circle  equal  to  J/.  Or, 
by  extrafting  the  known  numbtts,  the  fame  time  of  an 
OfciUation  btcomes  barely  .V^i// very  nearly, 

/  being  the  length  of  the  pendulum  in  inches.  And 
thcicfbre  tbi*  ia  alio  very  nearly  the  time  of  an  O&illao 
tioh  ia  »  fmall  ctrcidar  arc^  wtiofe  radiui  it  /  inchca. 
Hence  ttw!  times  of'lheOfeilbdMi  of  pendoloins  of 


different  lengths,  aredircclly  ia  the  futxluplicate  ratio 
of  tlietr  lengdu*  or  aa  the  fquare  root*  of  their 
ieugths. 

The  more  exaft  trme  of  Olcillatin];  tn  a  circular  arc, 

when  this  is  of  fomc  finite  fmall  length,  it 
A 

t!u  linxhtof  the  vibra> 
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X  (I  +  —  );  where  h 

tion,  or  the  verfed  fine  of  the  liiiglc  arc  of  afcent,  «r 
defccnt,  to  the  radius  /. 

The  celebrated  Huygto*  firA  refolded  the  proUena. 
eoncrming  the  OfeiUiaioni  of  pcn<liih!ms,  in  his  book 
Dc  llmologio  Ofcillatiuio,  rcdiicinK  cdmpoiind  pendu- 
lums to  fimpleones.  A::d  hi-;  doCti  inc  is  founded  on 
111  l  y;  itliLi;.,  Ihil  the  common  centre  of  gravity  of 
fcvasi  bodies,  conneiicd  to^rcthef,  muA  afcend  exadlr 
to  the  fame  height  from  whi.h  iifeU,  whether  thofe  bo- 
dies be  united,  or  feparatcd  from  one  another  in  aft  en  J- 
«8  again,  provided  that  eacli  begin  to  afcmd  with  the 
vexocity  acquired  by  its  dcfcent. 

This  fii^jpoinioii  was  oppofed  by  fcveral,  and  very 
inr.  Iii1;.;itcd  by  other*.  And  ihofc  even  who  be. 
he.t^a  the  truth  of  it,  jcl  thought  it  too  daring  to  be 
admitted  wnthout  proof  into  a  fcicnoe  wlilch  demon. 
Urates  every  thing. 

At  length  Mr.  James  Bernoulli  demonltrated  it,  from 
the  nature  of  Uie  Icverj  aod  puUidiedhis  folntit 
Mem.  Acad,  of  Scienc.  of  Paris,  for  the  ycai 
After  hisdeath,  which  happened  in  1705.  his  broiliir 
John  Benrauni  gave  a  more  cafy  and  lin.ple  fohition  of 
tlie  Time  pruhlet:,,  r^-  fame  .Memoirs  for  1714;  and 
about  tl..-  lame  lime.  Dr.  15rook  Tavlor  inibLrtad  a  f|. 
milar  iulutioii  in  his  Methodi-s  Incrtmcrrlorum  :  wiiich 
gave  occalion  to  a  difptite  between  thefii  two  nutbc- 
inaticians,  who  accufcd  each  other  of  haWng  fiolen 
their  lolutions.  The  particulars  of  which  difpute  may 
be  fcen  in  the  Leipfic  Afis  for  1 7 1 6,  and  in  Ucrnoulli's 
works,  printed  in  1743. 

AxU  of  OsciLtATio.N,  is  a  line  parallel  to  the  ho- 
rizon, fLippnlei!  t.j  p:ils  t!i:  -rli  the  centre  or  fixed 
point  about  which  the  penduiiim  ofcillatea,  and  pcr- 
pendicnbr  to  the  plane  ia  which  the  OfeiUation  it 
made. 

Cmire  Oscii.L atioh,  in  a  fiifpended  body,  is  a 
rt-Tt.iia  point  in  it,  fucU  that  the  Ofclii.itioiisofihc  bo- 
dv  VI  ill  be  made  in  the  (ame  lime  as  if  that  point  alone 
were  fufpcndid  at  1  .  ;  di  bnce  from  the  point  of 
fufp«iifio:i.  Or  it  is  si,t  pi),nt  info  wliieh  if  t!ic  whole 
wci(;ht  of  the  body  beculteaed,  iLe  fotr,i!  Ofcilbtions 
will  he  performcil  iti  loe  f.imc  (Ime  before  :  the  Ofcil* 
lations  being  inavle  ci.ly  by  the  force  v{  gravity  of  tlie 
ofcilUitiag  bod^r,  See  Crntkb  o/O/iiUjtuuu 

OhCULATION,  in  Geometry,  denotes  the  eon. 
U&,  between  any  curve  and  its  ofculatory  circle,  tiwt 
is,  the  circle  of  the  f-iroe  curv;itiire  w  ith  the  I  '.  tn 
curve,  al(]it  [loint  of  c'Mit.icI  or  ot  Oftulatio  i.  If  ,\C 
be  the  cvwUite  of  thtj  involute  curve  AKF,  and  the  tan- 
gent CE  the  raJ^us  of  .-iirvalure  at  the  point  E,  with 
which,  and  the  centre  C,  iftlir  circle  Cl.G  be  di-fcrib. 
cd  ;  thiscirtle  is  fiiiii  to  ofmlMe  or  kifs  the  curve  AEF 
in  the  point  £,  which  pcint  E  Mr.  Huygcnc  caO* the 
point  of  Ofctilalion,  or  killing  point. 

The  line  C£  iscaUed  t ne  or  t ii  i L'  n  ■.■  f;!''  us,  o-*  the  ra- 
dius of  eurvaturc ;  oad  the  circle  liLG  the  olculatory 
or  kifling  circle. 

The 
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The  Cfolute  AC  is  the  locu*  of  the  ccu'rti  of  dl  tW 
Code*  that  ofculate  the  inTolole  cum  A£F« 


1/  v» 

O^COLA^  IOM  alfo  mcani  llie  point  i  f  concoutfe 
of  twti  hranchc*  of  a  curve  whk:h  tciich  tath 
other,  r  ;  ,. x.\in])lo,  if  ido  cqiiatioii  of  .i  .ci:rvc  Lc 
y  =  y'  j.-  +  V-'S  i»  cafy  to  stc  that  the  curve  ha» 
two  branches  touching  one  another  at  the  point  where 
«  ss  Ok  becaule  the   roots  have  each  the  Cgna 

and 

The  point  of  Ofcnbtion  diflm  firam  the  cufp  or 
point  of^  retroccfliun  (which  ii  alfo  a  kind  of  point  of 

cental  of  two  blanches)  in  this,  tli.it  in  t!iu  I.uilt 
cafe  the  two  branches  trnntnale,  and  pal«  uu  iarihcr, 
but  in  the  (brmerthe  c\vo  hi  arches  cxill  on  both  lidea  of 
the  point  of  Ofcnlntioii.  Thus,  in  the  iecood  i^fffm 
abuvc,  the  p<]:iit  B  i>  tlic  Ofculation  of  tfictnobraBcliei 
ABD,  £BF ;  but  C»  though  it  it  alio  a  tufcot  point, 
la  a  cufp  or  point  of  Ktroeeffion«  of  AC  and  AB,  the 
branclit  5  m  t  paffing  bevoad  the  point  A. 

OSCUL.yi'ORY  brcUy  or  Kijfmg  drcU,  is  the 
famr  AS  the  circle  of  curvature  ;  that  is,  the  circle  hav- 
ing the  Tame  curvature  with  any  curve  at  a  given  point. 
See  the  foregoing  article,  Orculatioit,  where  B1:.G,  iu 
the  laft  figure  but  one>  ii  the  Ofculatorjr  circle  of  the 
curve  AEF  at  the  point  E ;  and  CE  tbe  Olinilatory 
ladiut,  or  the  radius  of  curr?.tiirc. 

This  circle  Is  called  Ofculatory,  or  Itifling,  bccaufc 
that,  i  f  ti  c  circles  thnt  tan  louch  the  curve  in  the 
fame  point,  that  one  touches  it  the  clufcft,  in  fuch 
manner  that  no  other  fuch  tangent  circle  can  he  diawn 
between  it  and  the  curve}  io  that,  in  touching  the 
curve,  it  embraces  it  as  it  were>  both  touching  andcut- 
ting  it  at  the  iaoK  time,  being  on  one  fide  at  the  convex 
pait  of  thecurw,  and  on  tbe  other  at  the  concave  part 

of  it. 

Iii  uciitlc,  ail  the  OfeuIat«)ry  radii  are  equal,  being 
thtf  comnvoi)  radius  of  the  ciiclc  ;  thecvulute  of  a  circle 
being  only  a  point,  which  is  its  centre.  See  fome  pro- 
peitlCl ofthe  OfcuJ.itor)-  circle  in  Matlaunn'!' Algebra, 
Appendix  Dc  Lincanim  Gcomctricarum  Proprictatibut 
genenlibusTradattit,  Theor.  a»  $  ij  &c,  treated  in  i 
pure  geometrical  manner. 

0',cv\.KTor\ ParahoLj.   Sec  Pa«aiiola. 

OictjLATORY  Paint,  the  f  )fciihi',ion,'  or  ivuintof  COtt* 
tact  la  tuvccn  a  curve  and  its  Ofculatoty  circle. 

O.^TENSlVEZ^frTt-ff/iVaZ/Vv)/,  fach  as  plainly  and 
diriLtly  rJcmonftialc  the  truili  t«f  any  propofition.  In 
whiili  they  ftaud  didinguilTicd  from  Ap^gogical  ones, 
or  reducliom  ad  abrurdtMD>  or  ad  impoflibilr,  which 
prore  the  truth  prapofed  bj  dcmonRrating  the  abfuN 
dity  or  imp«>flibilii  y  of  the  cojitiuiy 

OTACOUbTiC,  an  inlliur.,i«l  that  aids  or  im- 
provet  the  Geslie  of  hearing.  See  Acovarici* 


OVAL,  aa  oblong  curviliijcar  fi. 


jnife,  luring  two 


nne<|ual  diameters,  and  bounded  L  y  u  curve  line  return- 
ing into  itfelf.  Or  a  Hgure  contained  by  a  fingle  curve 
line,  imperkclly  round,  its  length bdaggitatcr  than  lit 
breadth,  like  an  tga  i  whence  ita  naae. 

The  pn^er  Onilir«r  egg-Oape,  ia  an  irregular  figwtw 
beinr  naimr at  one  end  than  the  other;  in  which 
Itdiflcra  fitm  tbe  ellipfe,  which  is  the  maihematic«l 
Oval,  and  is  equally  brouJ  m  h.jth  fmh;,— The  t  imnion 
people  confouiid  the  t«o  tugttheri  but  gcomariciana 
call  the  Ovjl  a  FjUV  Ljlipk-. 

The  mctJiod  of  dcfcribing  an  Oral  chiefly  ufed  amow 
artificers,  is  by  a  cord  or  ftnng,  a»Fiy,  whofe  lengthw 
equal  lo  the  greater  diameter  ofthe  intended  Oval,  and 
which  IS  faftetied  by  itaexticmetto  two  points  or  pins, 
F  and/,  planted  in  its  longer  diameter  ;  t'lc  n,  holding 
It  abvays  ftrctched  out  as  at  H,  with  a  pin  i  r  ^k-.^^W  car- 
ried  ruuiif!  theinfide,  the  Oval  isdefcribed  :  which  will 
be  fi)  niuLh  the  longer  and  narrower  as  the  two  hxed 
poinis  iu:  "^.  iher  apart.  This  Oval  fo  dtfcribed  is  the 
tnic  mathematical  eUipfe,  the  poinu  F  and /betng  tbe 
two  fbcu 


Anothfi  pcspular  way  to  defciibe  an  Oval  gf  a  givea 
length  and  breailth,  is  thus :  Set  the  gir^u  Ifiigthand 
breadth,  AB  and  CD»  to  bifrA  eadi  other  perpetidici». 
laiiy  at  £  ( with  the  centre  C»  and  ndiua  A  E.  defcribc 
an  areto  craft  AB  in  Pand  G  ;  then  with  thefeceotres, 
F  and  G,  and  r:)  hi  A  F  :,ii<l  EC,  dcroibc  two  httlcirea 
HI  and  KL  for  t  ic  Imalltr .  ini.-.f  tlic  ^KtiI  ;  and  iaftly, 
with  the  centres  Cxi,!  1),  ri;.(l  ra.hiis  CD,  defcribe  the 
arc*  HK  and  IL,  for  the  Hatter  or  longer  fides  of  the 
Oval —  Sometimes  other  paints,  in^flcad  of  C  and  D,  aie 
to  be  taken  by  trial,  «•  ccntrca  ia  the  line  CD*  pio- 
duccd  if  necclfary,  fo  u  to  make  the  two  hft  am  join 
heft  with  tbetwoibraer  ones. 

OvAb  denotes alTo  certain  roundifli  fi^nrrs,  of  v;iriniig 
and  pleafant  fhanes,  .imonp  mrve  hncs  of  the  hi;;hrr 
kinds.  Thefe  figurci  arc  exprciral  by  equmions  of  all 
dimenfions  abovt  the  2d,  and  more  efpeci ally  the  even 
dioicDfiuat,  at  the  4th,  bth,  &c.  Of  this  kind  it  the 
equation        «  -  «•  4-  «m>,  which  dcmiea  tha 


Oval  B,  in  (hapc  of  she  fcciion  of  a  pear  through  the 
iiuddle,aod  is  ealily  defcribedby  meant  of  points.  For,  if 
8  « circle 
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t  circle  be  defcribcd  whofc  diameter  AC  is  =  a,  «nd 
AD  be  perpcniliiular  and  equal  to  AC  ;  then  taking 
ary  •jofiit  P  in  AC,  ioiiiinjj  Dl*,  and  drawing  PN  pa- 
rallel to  AD,  anti  NO  paraUel  to  AC  i  andlaiUy  lakiog 
PM  =  NO,  the  jMNiit  M  will  be  oae  point  of  tke 
Oial  fiinglit* 
la  Bke  naanux  the  eqmtioB 

•         -  4  »»  =  -  ax*  +  ix^  +  (**  +  Jx  +  e 

csprelTc*  fcvernl  very  pKtty  0*ak,  uaoag  wbicb  tbe 
following  1 1  nre  foiae  of  tbe  awft  mnHliabk.  For 
wkcB  the  equation 

Im  {bur  '  ml  uAci|Hal  roots,  the  ^ivea  rmHtioo 
viQ  denote  tbe  thm  iUbnriiig  fpoeiM,  in  eg.  t» 

2,3: 


When  the  two  Ida  root«  arc  equal,  the  three  fpccies  will 
beetfrdfcd  at  ts  fig.  4*  $t  6,  tbua  t 


Fig.  4. 


Fig.  y. 


Fig.  6, 


When  the  two  lefs  rooti  becone'  inagituny.  It  irU  de> 
me  tbe  three  fpecks  ■■  exhibited  is     7, 8, 9  j 


Kg.  7. 


Fig.  8* 


Kg  ^ 


Wbea  the  two  nUUIe  voottare  cqital,  the  Jpeeice  win  be 
It  appear*  In  Hg,  lo:  wbco  two  roots  are  equal,  and 
two  more  fo,  the  fpeciea  will  be  at  in  fig.  1 1  :  and 
wfaeo  the  two  middle  roots  become  inag^aaiyi  tbe  ^0* 
CMS  will  be«s  appean  in      la : 


1%.  le. 


Fif,  tr* 


Fig.  li. 


Ol'nHTRED  (William),  an  cmjiwnt  EngKib 
mathematician  and  divine,  wa«  born  at  Eton  in  Buck* 
inghatnMrc,  15-3,  and  cd'JCated  in  the  fchaol  thtre  ( 
whence  he  wa»  elcttrd  to  King's-cuileife  in  Camhud^e 
in  1592,  where  he  continued  al>iut  u  years,  ;iti  1  •,><- 
came  a  fclluw ;  employing  his  time  in  clofe  application 
to  ufcful  lludics,  particularly  the  mathematical  fcicncH^ 
which  he  coutiihuti  J  i^rc-j'l?,  by  hh  csamplc  and  ex. 
hortatlOn,  to  biin^j.nto  v^^^ik  a.Tiong  hi:s  »ci]uamtaiic<t 
ihcre. 

About  1603  lie  qi.iitdl  tin- ii:)iverik}',  and  was  pre- 
fented  to  thcri.c\  .i  v  uf  Aldbury,  near  Guildford  in 
Surry,  wbeic  he  lived  a  lung  retired  and  (ludtouk  life, 
leUotn  tnvdling  fu  far  as  London  uncc  a  year ;  his 
Tcefcation  bemgadtTCTftty  of  Audict :  as  often,  fay* 
he,  at  I  wai  tired  with  the  t^nn  of  my  u^vn  profcT' 
fiun,  I  have  aUayed  that  tcdioarncri  by  walking  ia  the 
pleafant,  and  more  than  Elyfian  Fields  of  the  dirorfe 
and  various  parts  r,f  Imtrrsn  leaining,  and  not  of  the 
mathematics  only."  Aluiiit  the  year  he  was  ap- 
pointed by  the  cai!  of  Arundel  tutor  to  his  fun  lord 
William  Howard,  in  the  mathematics,  and  hisClavts  was 
drawn  np  for  the  ufe  of  that  young  nobleman.  He  always 
iicpt  «p  a  oorrefpondeoce  by  !citer»  with  (bme  of  the 
moft  caiiDrat  (cholBrs  oT  hit  time,  upon  mathematical 
fubjeAs:  the  orij^vnals  of  which  Were  prefervtJ,  and 
communicated  to  ttio  Roysl  Siocirty,  by  Willinm  Jur-s, 
Efq.  The  c!iie(  inatht  inaticians  of  tfi  U  aj^c  owed 
much  of  their  tkili  to  him  ;  and  his  houfe  was  idwayt 
fiiQof  joung  gentletnea  who  came  from  all  parttto  tc- 
eem  hitiaftruaion  :  nor  was  he  without  iowtatnaa  to 
ftttle  tn  Ptanee,  Italy,  and*  HoQand.  **  He  wa*  as 
facetious,  fays  Mr.  David  Lloyd,  in  Greek  anJ  LatTn, 
as  folid  in  arithmetic,  geometry,  and  the  fpherc,  of  all 
meafures,  tntific,  fee;  cxaft  in  hn  llyk-asin  !i's  jtdj- 
ment  ;  handling  his  tube  and  ntli?-  itillrument^  at  do  as 
fteadily  as  others  did  at  30  ;  owin^  this,  as  he  faid,  to 
temperance  and  exercife  ;  priocipling  his  people  with 
plain  and  folid  truths,  as  he  did  ilic  world  with  great 
and  ufcful  arts|  ad«attciiig  new  inventiona  in  all  things 
but  religion,  which  he  endeavoured  to  promote  in  ita 
primitive  purity,  rna;nta!nini^r  that  prudcnct ,  int(  kiie4» 
and  fimplicity  were  tin:  great  ornaments  of  life. 

Notrk'itlidandir.j;  Ou,;!itied's  great  merit,  being  a 
ftrong  royalift,  he  wan  in  danger,  in  1646,  of  a  fc- 
uuciliation  by  the  coramittee  fur pluaderitig  minitlers  ; 
ievcral  article*  being  di^ofed  and  fwom  aeaiaft  him : 
but  upon  hit  day  of  hearing,  Wiltiam  Lmy,  tbe  t»» 
mous  aftroloiier,  applied  to  Sir  R.jlilrode  Wli^tloeke 
and  all  his  old  iricudt. ;  who  ;t[jpk.'ured  fo 
l.eh.ilfjthat  though  the  chairti.:;n  ard 
tcrian  mcinbert  were  a&ive  a^inil  iiim,  yet  he  wat 
cleared  br  the  majority.  Tbu  is  told  us  by  Lilly  him* 
felf,  in  the  Hiftory  his  own  Life,  where  he  A|^a 
Oughtred  the  moft  famous  mathcmatieMW  then  of  Ea- 
ropc—Hc  died  in  1660,  at  86  yean  of  age.  and  wat 
buried  at  Aldbury.  It  is  faid  he  died  of  a  fuddcn  cc* 
ftafy  of  joy,  almut  the  br^-;Ii,nin;;  of  May,  on  lu-aioig 
the  newt  of  the  vote  at  We'in.iriitcr,  which  pafled  for 
the  rcftoration  of  Chcrlci  iLc  id. — He  left  one  fon, 
whom  be  put  apprentice  to  a  watch-maker,  and  vrrotc 
a  book  of  inl^rudttuQs  in  that  art  for  bis  ufe. 

He  mblilhed  iteveral  works  io  hitlife  timei  theprin* 
cipal  01  whidt  ve  tiK  ftOomig : 


i:U!iUroi;o  m  hij 
nia-;v  oth.-ri'rell>v- 


biyiiizeo  by  GoOglc 
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\.  jlr'.thnuth-a  in  Hlux^td  £5*  ^pt\i:hus  In/li'utio,  in 
8vo,  1 6;  I.  'IT.i.i  treat; to  lit:  intended  fhcuild  fcivc  as  a 
};i.nt,.-ii  Kry  lo  l!ic  fvlwilir. iiiaiic7.  It  was  aftcrwardl 
icptiiiTid,  with  coiilli'ici;ih!c  tl:cr.;; ijiis  and  additions, 
in  164'-:;,  ii;-.^l.-r  the  ti:lc  ..f  J  U-  t':t  Mathtm.il'.::. 

Itw<7;        p;ib!ilticd  v.\  \\  \v.\  (cKzrA  aadi^uiu.d 

tracts }  viv,  one  un  Rdolution'  of  all  forts  of  Af- 
fcficd  Gi|uiitionB  in  Numhcn; ;  a  fccond  on  Compound 
IntercA ;  a  third  ^>v.  tli?  .a'v  Ai  t  of  DiHiK-ating  all 
numaer  of  Plain  Suii-Lij!i ;  a'Kia  Dcn-onilratiomithe 
Rule  ff  Falft-Politioii.  A  3d  cd'tion  of  the  fi:r.c 
work  wan  priiitid  in  1 65  2,  in  Latin,  with  tli-'  f.i-iic 
ad(lii;uiMl  trafts,  t(ii;iti  cr  with  foire  otlurs,  vi/,  ()a 
the  Ul'c  of  L(ij;Hiithni»  ;  A  Dcdaration  of  ihe  icth 
book  of  l£iii-liJ's  £lcinvilts;  atrcatifc  of  Reg-.jlar  So- 
lids I  and  thi;  Tlicorems  contained  ia  thr  books  of  Ar. 
diimedes; 

3.  The  Cinlt-J  nf  Prnlnrth,'!.  and  a  Fhr't.r'nl,:'  /  : - 
ment ;  in  if)^},  410;  piiblilhed  liy  hig  fv;liolar  'n.i. 
liam  Fuller. 

3.  DcJir  fHin  and  Vfc  of  th:  Duubk  Uji  'ixor.tal  Dial ; 
1*36,  8v.». 

4.  Tr  ':ginonittn<i :  his  treatife  oti  Trigonometry,  in 
Laltn,  ill  m<>,  165;  :  And  another  edition  in  EDvliOl, 
together  with  Tabka  of  Sines,  Tangenu,  aad  Se> 
cauti. 

He  left  behind  hitii  a  great  nutnbcr  of  ji  ipiii  i  jitni 
matlieniatii  al  luhjr^ts  ;  and  in  moll  of  liit  C^rctk  i.i.J 
Latin  mAtJ;<.matical  books,  tlierc  were  foiiiid  notes  in 
his  own  hand  writing,  with  an  abridj>ment  of  almoil 
every  pi-.ipofition  and  dcinonll ration  in  the  margin, 
which  came  into  tlic  miifLum  of  the  late  William  Jones 
Efq.F.  R.  S.  Tlicfe  hook^aud  tnanulerip'i  tlicn  jiaiTcd 
into  the  bands  of  his  friend  Sir  ChaikaScarboroiif^h  the 
phffician  %  the  latter  of  wh!di  wcrt  can  fully  looked 
over,  and  all  that  were  found  fit  for  t'li  prtfs,  pttotcd 
at  Oxford  in  1676,  in  8vo,  under  tiiu  title  of 

5.  Opi.fnJij  ALiilfmiVica  hti^t.i.vi  tnetiila.  This  col- 
lection cvintairii  tlit  following  pici.c^> :  (  1 ),  Inftitutionts 
Moehanicri'  :  (i),  De  Varii* Corporun^  Grntnliui  Cira- 
Vltate  &  Magnitiidine  compjratis:  (»),  AiUom'ila  : 
(4)»  Qn^ft'onci  i>iopli,)nti  Ali.\;ilidrini,  libii  tits  ; 
(^)f  Dc  Trianjgulis  Piaats  Rc^Liugiilis  :  (6J1  Dc  IM^ 
vilione  Stiperfiocrum  ;  (7^,  MuScr  Ek-mcntn:  (8).  De 
Propugnacidosum  Mttnitionibus:  (9),  SeAioaet  An- 
gnl.irc?. 

6.  In  i(j6o,  Sir  Jonas  ^^(«)rl•  aiKiexcd  to  his  Aiitli- 
mclic  a  treatife  cntitlcJ,  Ceriail  i'^Jims  ;  cir.  The 
Jeveral  Seftion*  o*f  a  Coue  ;  bcinf;  mi  AnalyJis  or  Me- 
tbwiieal  Contraction  of  the  two  firfl  books  tf  Mydor- 

f[ius,  and  whereby  the  iiattirc  iif  ihc  I'aiaLola,  Hyjurbo- 
a»  and  ElUpfia,  is  very  clearly  laid  down.  Trauilatol  from 
the  papcrsof  thelenriiffl  WilUam  Oui^litrcd." 

Ou^hlrod,  I'li  J.:'.  1  m':  :.!?' a  v.iv  ;;  "it  tnailie- 
maticiar.,  %vas  yc^  l-i  lium  L..iiiigu.c  li.ipj/iill.  mrthod  of 
trtatini^  the  fahjcCis  he  wrote  upon.  His  llylc  and  nun- 
Btr  Were  very  concife,  obfcure,  and  dry  ;  and  his  rulcj 
and  precepts  fu  involved  in  fymboU  and  abhrcviations, 
M  rendered  his  mathematical  v^  niiri;-,  ii  ry  ttoublct'ume 
to^read,  and  difficult  to  be  undcru  "  <  '..  Ik-fide  theclu- 
taueiB  and  abbreviations  bcGore  made  life  of  ia  Algebra, 
be  introduced  fc«era1  othm  {  as 
X  t.)  .I.-...re  «.i.i!t'ii(i^-..::..r  ; 
: ;  tur  proportion  ur  limiiitu-ic  ofiTttios; 


for  COntuiui.d  piupartiuii  j 
^  ^  for;;reatcr  and  Icfi  ;  &c. 

OUNCE,  a  fmall  weight,  being  the  ifthpai  t  of  a 
povinil  avoirdupois  ;  and  tlie  1  2t!i  part  of  a  pound  tloy* 
—The  avoirdupois  Ounce  ic  divided  into  lO  draehtnior 
drami ;  aifothe  Ouuce  imy  into  24  pennywei^lits,  and 
the  pennyweight  into  24gruinB. 

t)VOLO,  in  Architcfiuie,  a  round  moulding,  whofe 
profile  or  fweep,  in  the  Ionic  and  Compoiite  capita',  it 
ufu  lUy  a  quadrant  of  a  circle  ;  whecce  it  ii  alfo  popuUrIf 
cdlltd  iVic  (^tarter  round, 

OUTWAilD  /V««iw/  ^liyilfi  or  the  jlat/e  e/  tit 
T.  i  .vl.'e,  It  that  comprehended  by  the  twoAaakiitg  liaci 
of  defence* 

OUTVirOKKS,  in  FoTtifiattion»  all  thofe  workc 
made  no  the  outiide  of  the  ditch  of  a  fortified  phoe,  to 

cover  and  defend  it. 

Outworks,  call;  l!  .ilfo  Ai'v-ikhI  r.iid  Ottacheil  Works, 
arc  ihofe  which  not  oniy  i€r»c  10  cover  the  body  of  tin: 
place,  but  alfo  to  keep  the  enemy  at  a  dillancc,  nnj 
prevent  them  from  taking  advanta^-e  of  the  c  ^ritiei  and 
elevations  ufually  found  in  the  places  about  tlicCOttntcr- 
fcaip  ;  which  wi^l  fetre  them  ri:'>ct  m  lodgiBCDtt,or 
as  ndeauXi  (o  facilitHte  the  carrj  11  their  trenrher, 
and  plautin;^  their  batterie*  ajpiinll  the  plit  e.  Such  arc 
ravelins,  tenailles,  horiiworks,  queue  d'arondtJ,  cave- 
lopes,  and  crownworks.  Of  t!;<.-'-,  ;l  .  moft  ufual  are 
ravelins,  or  halfinoonii,  forir.td  L>ct«cc:i  the  two  baf. 
tiuns,  un  the  ilankinj;  a"gle  of  the  countcrfcarp,  and 
before  the  curtain,  to  cover  the gate*  andhndses; 

It  is  a  )jcDeraI  lule  in  all  Outworkit  that  if  there  he 
fcvcral  of  them,  one  before  another,  to  cover  one  and 
the  fametenaiUe  of  a  place,  the  nearer  ones  mull  gra* 
dually,  and  one  after  another,  rt  nir: i:ini:  tliof.'  wiiich 
are  fartheft  advanced  out  into  tin-  i::ut;j  iguv.  ;  ili.^.t  is, 
tnufl  have  higher  ramparts,  th*:  lo  tl.iy  may  overlook 
and  fire  upon  the  bciiegcfs,  wlien  tltey  are  mailers  of 
the  more  outward  workt. 

Tlic  ^'''^Kf*  Outworks  (hoi.ldbe  plain,  and 

without  j^iir>:ptts  ;  left,  when  taken,  they  Huiuld  fcrvt 
to  fecure  the  bcf><>;ers  againft  the  fire  of  the  retin'iig 
believed;  whence  ihcgorgcsof  Oatworksare  only  pj- 
lifadoed,  iti[;i  t  vjnt  a  furprize. 

OX-I'A  l',  iji  Optics,    b'tc  Scioi  .,'.,  C.i.-..a- 

RA     I, J-,?. 

QXOANG,  orOxnATF,  of  land,  i*  ufually  t^tkea 
for  t$  acres  ;  being  as  much  land  as  it  in  fuppufed  ont 
ox  c:it:  p!ow  in  M  v  ai.  In  Lincohilhire  th«y  iUU  OOI^ 
luptly  «U  it  '  bud. —  In  Scotlmd,  the  term  it 

uled  fur  a  portioo  of  arable  land,  coataiuing  1 3  acres. 

OXYOONE,  in  Geometry,  fs  s«ute-angle(t,  mean- 
I.-  '  ri  ii  '  iiir  conrillmyr  wholly  of  ;  .  :ie  nn^lcs,  or 
tuJ.i  .is  d-,c  lef*  ih;i.n  ^  degrees  eati). — Titc  term  is 
chietly  api>licd  to  triangle*,  «b«rc  the  three  angles  are 
all  .ic-ire. 

OXYGONTAL,  is  actitc-sagldar. 

OZ A \' A .\ !  (J  '. ? ;  f  E ) »  eminent  Frencli  r.iuihcma  • 
titi.in,  wa*  ilc*"k  ti.ded  inm\  a  family  of  Jevrifir  extrac- 
tion, but  which  had  long  been  oodTcru  to  the  Romifii 
faith  ;  and  fome  of  whimi  hnd  held  conGderaUe  place* 

in  t!    ',',.:*    I  i  11;  -  t.r  Hi'  w.i.^  hrrn  at  Bolig- 

iscu;;  ill  iiiclua,  in  the  year  10  ;o  ;  and  bisug  a  jouogcr 
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foiiitliougfa  his  father  lia  J  a  good  eflatc,  It  was  tl-ouf^ht 
proper  to  breed  him  to  the  church,  that  he  migiit  enjoy 
fume  ftnall  bcnctkcs  which  belonged  to  the  family,  to 
fcTve  ai  a  proi'fion  for  him.  Accordingly  he  iliidit-d 
dT^iuit)-  fuui  )  t  ar>;  tiui  then,  on  the  death  of  his  fa- 
ther* he  dcvuted  himfelf  entirely  to  the  nutthcauticBt 
to  which  hrhad  alwty*  bpen  flrongfr  attached.  Sone 
msihcmaliLil  books,  v.  l.ich  fill  ir.tu  ijii  hinds,  firft  CX- 
ciU'd  Ins  curiolity ;  aiiJ  by  lin  (.xlraordiiiary  pcniu», 
willioiit  l!ic  ;>iii  ot  a  mnllt-r.  In-  imdc  lo  jrrcat  n  pv":;i\  !  ., 
tiiai  at  the  age  uf  15  he  wruic  a  treatife  of  that  kind. 

Fora  maintenance,  he  fiill  went  to  Lyous  to  teach 
the  maiiicmattca ;  whidi  anfwered  vet^  wdl  there  ;  and 
•fter  (brae  time  bit  eenero«t  difpofition  procyred  him 
flin  better  fuccefs  cllewhere.  Among  hit  fdwian  were 
two  foreigners,  who  exprcfling  their  uneafinefs  to  him, 
■t  being  cluappuintcd  of  fomc  l>ilU  of  iXLliiiiigt  for  a 
journey  to  I'ans;  he  afl<td  thrm  how  much  would  do, 
and  being  told  50  j)ifi<j!ti,  lie  kiu  tlitm  the  money  im- 
mediatelr,  pTrn  wit^i  jut  tlu  r  note,  for  it.  Upon  their 
arrivals;  r>iriv>,  tiKiiiidniiig  gcneroui  adion  to  M* 
pagiiefleaUf  father  of  the  disnceilor,  thia  m^giAnle 
vna  totich«d  with  !i ;  and  rnf^ed  them 'to  incite 
Ozanam  to  P.ii'n,  \vit^l  a  promilV  of  his  favour.  The 
oppoi't'.iuity  wjs  t.a;^i.rly  tniliriiu'd  ;  and  the  bufinefs  of 
tcachiti^  tlic  Ti".at iiL ir.atics  licu'  Uinn  broii^jht  him  in  a 
conuderable  income  :  hut  he  wanted  pruik-ncc  for  feme 
time  to  make  the  hc:t  <ifc  of  It.  He  w.u  yri\ir)g,  hand* 
tome,  and  fprightly  ;  and  much  addifked  both  to  gam* 
ing  asd  gallantr)-,  which  cootintnlly  drained  hia  parfet 
Among  o'hers,  he  had  a  love  intrijrue  wltli  a  wumati, 
w|)o  lodged  in  the  fame  hoiife  with  tiira,  and  gave  hcr- 
fclf  out  for  a  perfoii  of  condition.  However,  this  ex - 
pence  in  time  led  him  to  think  of  matrimony,  and  he 
toon  after  married  a  young  w<<man  without  a  ftiitune. 
She  made  amends  for  ihia  defied  however  by  her  mo> 
deft)',  virtue,  and  TweA  tevper;  fb  that  though  die 
ftate  of  hta  purfe  waa  not  amended,  yet  he  bad  mmc 
honie-fek  enjoyment  than  before,  being  indeed  com- 
jhtcly  happy  in  her,  as  long  as  flit-  lived.  IL-  hml 
tweUc  chiidrcii  by  her,  who  nioflly  ^11  died  young  j 
and  he  was  laftly-TcndLvi  (!  (jiiiic  uiUappy  by  the  death 
of  hiswife  alfa.  which  happened  in  i^oi.  Neithcrdid 
this  misfortunie  come  lingk:  for  the  war  breaking  out 
abmit  the  fame  time,  on  accoant  of  the  Spaiiifli  fiic> 
ecflioo.  It  fwcpt  awiiy  all  his  fchohra,  who,  being  fo- 
reigners, were  obliged  to  leave  Paris.  Thus  he  funk 
into  »  very  melaneholy  Hate  ;  under  which  however  he 
received  fome  relief,  at^I  a  nufenicnt,  from  the  honour 
of  being  admitted  this  iunie  year  an  elcve  of  the  lloyal 
Academy  of  Sciences. 

He  feemt  to  have  had  a  pre-fcntimcnt  of  his  death, 
finora  feme  lurking  difordir  within,  of  which  no  outward 
fymptoma  appealed.  Jn  that  perfiialioD  he  icfofied  to 
eng.-ige  with  fome  foreign  noblenicn,  who  offered  to  Vc> 
come  his  rclu)lii<»;  all<.giii|.M}iat  Kc  flioulJ  not  li^.-clong 
enough  to  carry  thcn^  thridlgh  llicir  infti.dcu  tourfe. 
Accordingly  he  w  i  ,  i<;ized  foon  attrr  wtli  an  ap'-.plexy, 
which  tcrmitiatcd  his  exitlence  in  lefs  than  two  Lours^ 
oatheidof  Apiil  J7171  at  77  jcartof  age. 
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Ozanam  wan  <■(  a  mil  l  and  calm  difpofiiion,  a  rirar- 
ftd  and  plealant  ieirip4.-r,  eiidt-a-ed  by  a  gentrohty  al- 
moft  unparalleled.  Hi»  manners  were  irreproachable 
after  mariiage;  and  he  wns  lincerely  piout,  and  cca* 
louflr  dcrout,  though  Dudiuuny  avoiding  to  mcddk.ta 
theoiosicalqueftiona.  He  ufed  to  lay,  that  il  wnthe 
bufinen  of  the  Sorbonne  to  dlfvnri,  of  the  pope  to  dc^ 
cide,  and  cf  mAh^  1:  ..tiiiaii  t.)  ftrE!;;ht  to 
in  a  perpe- iti.L 'i!ai  Juii  .  Ht  \'.rotf  3  >^-U',!t  r.umlicr  ot 
ufeful  t  (H>k^;  a  lilt  of  wliik  h  i.s  ;is  •..;!  lui,  : 

t.  A  tieaiile  of  I'ractical  Geomrtry  ;  timo,  1684. 

2.  Tables  of  5ine«»  Taiii^eiits  ^nd  Seeasta;  witlta 
treatifc  of  Trigonometry  t  8vu«  i(>9s. 

3.  A  tieatue  of  Line*  of  the  Fitfl  Order  $  of  the 
Con^dion  of  Kquatioas;  and  of  Ueofflctric  Lines 
&c  ;  4to,  1 6fi7. 

4.  The  Uft  :'  1 1  CompaflTcs  of  Propt)rt!on,  &c  J 
Willi  a  tre<itit<  orMti^  i)ivitinn  of  I«ands  ;  8vo,  l68^!. 

^.  A«  LTnivcrfal  Inttiument  for  rc.idily  refolving 
Grometrical  f  lobk.'nis  without  cakuhaioo  {  izmos 
1688. 

6.  AlvfatheoMliGBlDiAionarf :  410,1690. 

7.  A  General  Method  for  dnnviog  Oiab,  &c ;  t  amo, 

^.  A.  CourlL  ol  iyi.iUK'niatics,  in  5  volijoici,  8ro, 
1693. 

9.  Atrratifeon  Fortifu.u:on,  Ancu-nt  and  Mu<kni| 
4to,  1693.  * 

10.  Adatfaematical  and  Fbilofophkai  Recreations  ; 
«  vob  S«o,  1694}  and  again  with  addrtiona  in  4  vols, 
17S4. 

11.  NewTreatifeon  Tiigonomctrj-;  i2mot  160^ 

12.  Surveyings  and  nscalmingoll  Ultaaf  AttifiectB 

Works;  i2mo,  i6(y9. 

13.  New  Klctnciitsof  Algebra  ;  2  vols  8ro,  t^ot. 

14.  llicoijami  ria^iceof  Perfpedivci  8v«,  tjif, 

I  j.  Treatifc  of  Counofnpbjr  lad  Geography }  flro* 
1711. 

16.  Endid'a  Elementa,by  De  Chafei,  coireAed  and 

cii1.it;;cd  ;  i  jnio,  I  7C9. 

17.  Boulaiigci's  Tractical  Gtomr'.ry  enlarj^.  Sec  i 
l2mo,  1691. 

18.  Ik)uianger'ti  treatifc  un  the  Sphere  corret^ed  and 
cohirgied}  1  zmo. 

Oxanosi  ha«  aUb  the  foUowing  piecea  in  the  JmtnJ 
itt  Jtfumnw  /  vixt  (j),  Demonnntmil  of  thit  theorem, 
that  neither  the  Sum  nor  tlic  DiflWeocc  of  t^^o  Four-.ii 
Powers,  can  be  a  Fourth  Power  ;  Journal  of  IVIay  lO^  o. 
— (z),  Aiifwcr  to  a  Probl<r:ii  p.'  .jKjfed  by  M-  C"  ini,\rs; 
Journal  of  Nov.  i-;,  i6Si. —  (3),  DemuiiUration  of  a 
I'roblem conctruing  Falfe  and  Imaginary  Roots;  Jour* 
nal  uf  April  s  and  9,  1685. —  (4),  Method  of  fiiidiiMf 
in  Niunbers  the  Cubic  end  '^iirfolid  Roots  of  aBwomta^ 
when  it  haionet  Jeonal  of  April  9j  tAoi. 

Atfe  in  the  Mmaim  dt  Trevmutt  itf  December  1701}, 
he  liati  thii;  r,  Anf'.vcr  to  certain  artidcaofOb* 
jfdtinn  to  tilt  liill  piirt  of  his  Algebra. 

Aiidlaftly,  in  the  Memoirs  of  t'nc  Acatirmy  ufSr-!-. 
enccs,  of  1707,  be  baa  Obimationt  on  a  Problem  of 
Spberinl  TngonoiMtrft 
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PAGAN  (BiArsF  Fkan^cis  Comtc  tie),  an 
(.niincnt  Frci.t  li  iLaihcnuitician  ai.d  cn^nnet  r,  <va» 
born  at  Aviiioon  in  i'cj.ciuc,  1604  ;  umi  luok  to  tht 
' jnvfcflioa OiR Ibldiirr  at  1 4  Vf.irs  t)f' aj^f.  lii  ifiio  ht- 
WM  employed  at  tW  littjc  of  Cafti,  in  tin-  liaitk-  ut 
Pont  de  Cc,  ami  tlu*  rtiluction  ot  xUv  Na\iirriiis,  and 
tbc  rclt  of  Beorn )  where  he  ligiwUiC|d  himfelf»  Knd»c> 
qviircd  a  reputation  far  aboTvhi'o  ^Wn.  He  wu  pne- 
fffit.iii  i  '>2i,  a{  the  Htf^t  of  St.  Ji>lni  d'Angcli,  a&ol- 
fo  tfmt  of  Ciantc  and  MoiiliuL„u,  where  Uc  ioll  an  eye 
by  a  inufkct-fhot.  After  this  timf,  there  liappciircl 
neither  licj^,  battle,  nor  any  other  occafion,  in  ^vhfi  h 
lie  did  not  lisjnalizc  himfclf  by  fome  effort  of  i  lu.ijc 
mud  condu^  At  the  pal&^  of  the  Aipit,  aud  the 
barricade  of  Stiza,  he  put  himielf  at  the  head  of  the 
I'  -Ioni  T^i  jH',  cuinpofcJ  of  tbe  bravefl  yfuths  »inonj» 
till.  gujii'Ja  ;  iind  undertook  to  arrive  the  firif  at  the  at- 
ftck,  by  a  private  way  which  was  CTttreincly  L^irous; 
when,  having  gained  the  top  gf  a  very  ftccp  mountain, 
he  cried  out  to  his  followers,  There  lies  the  way  to 
gloryl"  Upon  which»  Hiding  aloti^  this  mount  ait), 
thejcamefirft  to  the  attack ;  when  immediately  com- 
mencing  «  furious  onfet»  md  the  army  coming  to  their 
afliflance,  they  forced  the  barritudes.  When  the  king 
laid  fiege  to  N.mcy  In  P,v,;  'n  attended  him,  in 

drawing  the  liiic*  and  itnt-.  of  ciri:umvallatiun.— In 
1642  he  was  fent  to  the  fervicc  in  Portugal,  as  fitld- 
niarlhal ;  and  tbc  fame  year  he  unfortunately  lotl  the 
fight  of  his  other  eye  by  adiftemper,  and  thm became 
totally  blind. 

But  thoQgli  he  was  thus  prerented  from  fervin^f  bis 

country  \v  .!!i  in'j  ^  .ih..|',i.-"t  and  courage  in  the  '".If', 
rcfumed  uif  vi^urtji..  lUidv  of  fortifiratioii  and  iht  ma- 
theitiatica;  am:  n.  i^'j.,.,  h.  i;... t  the  public  a  tieatife 
on  the  former  lubjcct,  which  was  clleeined  the  bell  ex- 
tant.— In  1651  he  puMifhed  his  Geomrtr'uul  Thfremt, 
whkh  Ihewed  an  extcuiive  and  critical  knowledge  of 
1^  fubjcA. — In  i6y5  he  printed  a  ParapS-mfe  tf  the 
count  of  the  River  of  ytm<i%rnt,  by  fiilfier  deRennti>; 
and,  though  blind,  it  is  fnid  he  drew  the  chart  of  tlie 
rivt  r  iiiui  1  l.r  :l. I:n  r!:t  j  a: ;  .  ut  the  country,  as  in  that 
work. — In  1657  lie  publiilud  7hf  Tlifiry  of  the  Plu- 
ru-!i,  cleared  from  that  muliipb'eity  of  eccentric  cycles 
vand  cpicycleif  which  tlic  allronomcr^  I'td  fr)v«-ntc<l  to 
explain  thrtr  motiost.  This  work  (Klliu^uillicd  him 
among  afti  onamaBaamach  as  that  of  Fortiiicationhad 
among  engineer!.  And  in  ifijS  he  printed  Kii  >^fr»> 
ttui>iciil  TahU:,  which  arc  plain  and  lUc  ciri/l. 

Few  great  men  arc  without  fnmi-  fo.l)'', .-  Pagan's  was 
that  of  ,1  pii  iuciiLL- j'n  favMiir  i-f  iudi^  i..Uill;i>iogy  ;  and 
though  he  if^  nu>rc  referred  than  moll  others  on  that 
Lead*  yet  wc  cairoot  ptacr  t»-faat  be  did  on  that  fubjeft 
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amonj  thofe  produ6Vions  which  do  honour  to  his  un- 
dcrilaiuling.  He  wus  beloved  and  rcfpeCti,'d  by  all  pcr- 
fon*  illu^lrl  JU^^  for  rank  as  well  a*  fcience;  and  hii  houfe 
was  the  rct;dc/.voiis  of  all  the  polite  and  learned  both  in 
city  and  court. — He  died  at  Paris,  unherf.i'ly  regr  *- 
ted,  Nov.  iM,  1665. 

^  Pagan  bad  an  tuiiverftd  genius ;  and,  haring  turned 
his  attention  chiefly  to  the  art  of  war,  and  particularly 
to  the  branch  of  Fortification,  he  made  extraordinary 
progrefs  and  improvements  in  it.  He  undcrftood  ma- 
thematics not  only  be:tt  r  th.ui  i,,  ufiial  for  a  gentleman 
whofevicwis  to  pufl;  ir.  f  iriiiiu  ;'n  the  army,  but  even 
toadegreeof  perfect: m  i upLM  i  to  that  of  the  ordt 
nary  natters  who  teach  tlutt  {cicnce.  He  had  fo  paf« 
ticiilar  a  genius  Ibrthis  kind  of  learning,  that  he  ac- 
quired it  more  readily  by  meditation  than  by  reading 
authors  upon  it  ;  arni  ;;c>;ijrjingly  he  fpcnt  kfs  time  in 
fuch  bookitli  ^n  i.e  ('.Id  in  tfiyfe  of  hiilory  an  i  g-i'^'ra- 
phy.  He  had  aito  made  morality  and  politic^  hi^  par- 
ticular •  Itudy :  fo  that  he  may  be  faid  to  have  drawn 
his  own  character  in  his  Hommt  Hat'ijuf,  and  to  have 
been  one  of  the  completefl.  gentlemen  of  bin  time.—- 
Having  never  married,  tl  at  branch  of  his  family,  which 
removed  from  Naples  to  France  in  1552,  became  extinct  . 
in  his  pcrfon. 

PALILICUM,  the  fame  u  Aldcbaran,  a  fixed  ftar 
of  the  fiHl  mi^pHode,  in  the  eye  of  the  BuU^  di  fign 
Taurus. 

PALISADF.S,  or  PAti.<!AnoFS,  in  Fortification, 
ftakcs  or  fmall  piles  driven  into  the  ground,  in  various 
fituations,  as  fome  defence  againll  the  furpri/e'of  an 
c-xTT.y.  They  are  ufually  .ibi  u"  6  or  -7  im  lu-,  fuu  ire, 
and  or  to  feet  long,  driven  about  ^  f^.  i  inlo  il.c 
ground,  and  6  inches  apart  from  e.icli  ntlur,  being 
braced  together  bv  pieces  naOrd  acrofs  thtm  near  tltc 
tops  1  and  ftcurca  by  thick  pofta  at  the  diftanee  of 
every  4  or  ;  yards, 

PaiiSAOil  aivphced  in  the  covert-way,  parallel  to 
and  at  3.  feet  diftancc  from  iht  parapet  01  ridge  of  the 
glacis,  to  fecure  it  againd  a  furpiizc.  They  are  alfo 
ufcd  to  fortify  the  avenues  of  ojnn  forts,  gorges,  Juitf- 
moons,  the  bottotns  of  ditches,  the  parapets  of  covert* 
ways ;  and  in  gemanl  all  places  Sable  to  ftiiprixe«  and  * 
eafy  of  acccf^. 

Palis ADors  arc  tifually  planted  perpendicularly; 
though  fome  make  an  annc  inclining  out  toward  t]  - 
enemy,  that  tbc  ropes  caff  over  them,  to  tear  then,  , 
may  flip. 

PALl.A  niO  (  .\sDkLvv},  a  cekhrated  Itiiian  ar- 
I  b/a  ct  in  I'rif  I  fi'ti  c  ciitury,  was  a  native  of  Vicenisa  ii» 
Lombardy,  and  the  diiciple  of  Tiifiiu,  a  learned  mao, 
who  waa  a  FatridaD^  or  Rmnan  aobkinas»of  tbeiame 

town 
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town  of-Vkenzn.  PaHaJio  one  rj  'f  f  fe-  wlio  la- 
boured parti^iilaiiy  to  n,itoiL'  ihc  inu  i  ui  bAiutics  of 
archttct^urc,  and  contn'biittd  j^rt  ;;t'v  to-n  vive  a  true 
tailc  ill  that  art.  Having  learned  Uie  pnnciplc'i  of  it,  he 
went  to  Rome;  where,  applying biifllielf  with  great  di- 
ligence to  Audy  the  ancient  moaumentSf  he  entered  into 
the  fpirii  of  their  architects,  and  poflefled  himfdf  with 
all  their  besutiful  idem.  Tbi«  enabled  him  to  nftore 
thdr  rnTet,  which  had  he«n  corrupted  by  the  barba- 
rous G't'is.  He  1112(1'.  t>>n6t  drawings  of  t'u-  prii  .i- 
pal  works  of  aiiti([ii!ty  ^Wiit  !)  were  to  be  tnci  witli  at 
Rome;  til  ul  ich  lie  .uJiitd  Commfntaiin,  winch  went 
through  icveral  iinpnilinns,  with  the  ligurts.  Thii*, 
though  a  very  ufcful  work,  yet  is  gtt:itly  excccd-jd  by 
the  four  books  df  aFchtte^re,  which  he  publifticd  in 
1 J70.  The  laft  book  tterts  of  the  Rooiui  tcmpln,  and 
H  CMCttted  ta  fuch  a  manner,  as  gives  him  the  preferericc 
to  alt  his  predeceflbn  upon  that  fubje^l.  It  was  tranf- 
l.T(  J  int.)  Fidich  by  Roland  Ftiatt,  and  int<'  Ei'^lini 
by  ftvcial  auiliors.  Iin'go  Jt>neit  wrote  fume  txitikul. 
remarks  upon  it,  which  were  juifil  lhtd  in  an  edition 
of  PdllMiioby  Leoni,  1742,  in  1  volumes  folio. 

^PALUGTS,  in  Clock  and  Watch  Work,  are  thofe 
piecet  or  kven  which  are  coone&cd  with  the  pendu- 
Jum  or  bakncF,  and  receive  the  immedtate  impulfe  of 
the  fwiog-whed,  or  balancc-wbccl.  To  !ii  to  maintain 
the  tibrationi  of  the  pendulum  iu  clocks,  and  of  the 
balance  in  watcher. — The  Pn'lot^  1:1  llu  oniiiuiry 
cotift ructions  of  clocks  and  watches,  arc  formed  on  tlie 
rcrpe  or  axis  of  the  pendulum  or  balance,  and  are  of 
vanous  Icngt*!?  nnd  fliapes,  according  to  the  conftruc- 
tion  of  the  pi'ivc,  (11  the  fancy  of  the  arlill. 

PALLII  IC  ATION,  or  Pilimo,  in  AivfaitcauKp 
denotei  the  piling  of  the  ground>WOTk,  or  the  ftrength« 
enmg  it  with  p:k--,  ov  tiii.bti  (!rlv[ii  it.tti  the  f^round  ; 
which  is  praitiud  wLeu  bujklln|j5  are  erected  upon  a 
moill  ormarlhv  foiL 

PALLISADES.   See  Palisadki. 

PALM,  an  ancient  losg  mcafure*  taken  fftm  the 
«tt  ti'  of  tilt  hand. 

'I'Ilc  ki>man  Palm  was  of  two  kinds:  the  great 
Pahot  taken  from  the  length  of  the  hand,  anfwercd 
tooarfpan,  and  contained  12  Ungers,  digits,  or  fingers 
breadths,  or  9  Rurr.ini  inrlu-;,  equal  to  about  V-v'",- 
liih  inches.  Thi  Imall  Palm,  taken  from  the  breadth 
of  the  hand,  cniu.inied  4.  d^tt  OT  fingen*  equal  to 
abotit  n  Knglilh  inchc*. 

'i'lu  C^'reck  Palmt  or  Doron,  was  aUb  of  two  ktmls. 
The  fmali  contained  4  fingen,  equal  to  little  more 
than  5  inches.  The  great  Palm  contained  5  fingen. 
The  Greek  doobk  Puia,  called  Djcha%  cootaiucd  nlfo 
in  proportion. 

The  Modem  Palm  is  diRerCiit  id  diAtrcnt  places 
«hcre  it  is  uTcd-    It  «;uutaiii&, 

Inc.  Linei 

At  Rome  -  •         8  3s 

■At  Nsplm,  according  to  RiocioK»  ,'80 

Ditto,  <iL  i_\;:ding  to  othpp,  -  87 

At  (iLiiuii  -  -  -         9  9 

At  Morocco  and  Fc/,        -  -  72 

l.anguedoc,  and  fome  other  parts  of  France,  y  9 
The  £n|^  Fdm  ii       •        •  50 

PALM«SUMX>AY|  tbe  bft  Simdajr  in  I«eut,  or  . 


the  Sunday  next  before  Ei:llcr  D-  .  f  ^  -  i''.  J,  fiom 
the  primitive  davs,  on  aicount  ol  a  pi  iua  ecun.cny 
then  in  ufe,  it(  bearing  Palme,  in  tt3t:nory  of  the 
triumphant  entry  of  Jefus  Clirill  into  Jenifalcm,  ei^'ht 
days  before  the  fcall  of  the  pa(!o\x.T. 

PAPPUS,  a  vii7  eminent  Greek  mathematici^in  of 
Alexandria  towards  the  latter  part  of  the  4tii  cenittty, 
particulatl^  tnentkmd  by  Siudaa*  wbolayafae  flvtiriih^ 
under  the  tinpemr  Throdofiite  the  Great,  who  reigned 
from  tV,c  yf  ;ir  I'i)  to  of  Ch^"l^.     His  writings 

fiiL'.i  iimi  Id  btLii  a  eonfumni4ic  mathematician. 

M.  - y  of  III,  iks  lolt,  01  at  Icait  have  not  yet 
been  uili  u  .  ui  td.  Suidas  mentiuns  levcrul  of  iiis  works, 
as  alfo  Voflius  de  Sciaui'u  AJivlftnaiuii,  Tlie  principal 
of  thefe  are,  hit  MathemMieaJ  CJIeSiont,  tati-bookg^ 
the  Krll  and  part  of  the  fecond  being  loft.  He  vrtote 
alfo  a  Cbmmenlarj  ufijit  Plokmy't  jUtum^t  an  VuMtf* 
fill  Chro^rophy  ;  A  Difcnption  of  the  Riven  vf  Uiya  ; 
A  Treatife  of  Afiiim  y  ]'.t.i':it:i  ;  ('otKmenlcirirt  vftu 
Aiijlarctius  ff  SiinKt,  ,  :ii.,rriin^  Stc  Ataj^ti'Uude  and  })if» 
Inner  (f  ike  Stiii  Mil  M'.  i  ;  &c.  Of  thefe,  there  have 
been  publilheil,  The  Mathematical  Colledions,  in  a 
L.atiu  trnitflation,  with  a  large  Commentary',  by  Con^ 
mandine,  iu  folio,  15S8  ;  and  a  fecond  edition  of  the 
fame  in  1660.  In  1C44,  Meifeone  exhibited' a  kind 
of  abridgment  of  them  in  his  Synopfij>  Mathematica, 
in  4to :  but  this  contains  only  fuch  propollticns  a* 
(oiilj  be  unJiilkii>d  uitiiiiut  li.nires.  In  165^,  Mri- 
l  uii.iui  ^ii%e  luiiie  oj  the  Ijttiuiiata  of  the  7ta  book, 
in  his  Dialogue  upon  Proportions.  In  1688,  Dr.  \Vallii 
printed  the  Liil  12  pru]>ofiiions  of  the  2d  book,  at  the 
end  of  bis  AriflarchuK  .Samiu.<:.  In  1705,  Dr.  David 
Gregory  gave  part  of  the  prc&cc  of  the  ytb  book,  ia 
the  Prolegomena  to  bit  Euclid.^  And  in  1706*  I>r. 
Halley  gave  that  Preface  entire,  in  the  begunung  of  his 
Apullomus. 

As  the  riintents  of  the  princij);il  work,  the  Mathe* 
matical  CuiicClions,  arc  exceedingly  curious,  ajid  nq 
account  of  them  having  evtt  appeared  in  Engli/h,  I 
fliall  here  give  a  very  brief  analyfis  of  thofe  books, 
extracted  from  nw  notes  upon  this  author. 
.  0/  lie  Tlurd  Sooi—Thr  fnbjeas  of  tl)e  third  book 
confift  chiefly  of  three  principal  |>rubUtn8 ;  for  the  folu' 
tion  of  which,  a  gi eat  many  other  probli  mi  .ire  v  fulved, 
and  theorems  demontlialed.  The  firtl  ut  tlsjc  three 
problems  is,  To  lind  Two  Mean  ProportionaU between 
two  given  liijtii — ^The  2d  pniblem  is,  To  find,  what 
are  called,  tlinx  Mct^iitates  in  a  femicirdei  whciT^  hy 
a  Medietas  is  meant  a  fee  of  three  lines  in  continued 

Eroportion,  whether  ^iiilhmetical,  or  geometrical,  or 
armonical ;  fo  that  to  find  three  aaedietatet,  if  to  find  - 
an  arithmetical,  a  geometricnl,  and  an  harmonical  let 

of  tlirtr  Iiiv.i,  A;xl  the  tb'itl  )>--;iljleiri  ii,  From  " 

fullje  poiijli  iii  tiit  Ijult  u!  u  liuii^'.i,  lu  draw  t'.,'o  lines 
to  meet  in  a  point  within  the  triangle,  tli.it  their 
i'uni  fliall  be  greater  ti)an  the  fum  of  the  other  two  fides 
which  are  w  ithout  them.  A  great  many  cuiious  proper- 
ties are  premifed  to  each  of  thefe  problems ;  then  their 
folutions  are  given  according  to  the  methoda  of  fevenil 
ancient  tnathemaiiciaiis,  mttb  an  hiltotical  account  of 
them,  and  his  own  dcmonftrations ;  and  laftly,  their 
applicalioi.s  to  n.u  i  i.  inatteri  of  great  importance. 
In  his  hiltorical  anecdotes,  man^  curious  tliii  g^  arc 

ptefervcd  conccn^g  nntlMmittciiiu  that  woe  Bnci<  1 1 
b  b  i  '  cvca 
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em  in  Ida  tunc,  which  ve  tbuM  vAttmStlmM 
known  nothinp^  a;  about. 

Iti  ordir  to  the  folutiwi  cf  tl'.e  fi'-'l  of  the  thrc« 
problcni  above  nuntionrd,  he  begins  by  prtmiling  four 
geuetsl  theorems  concerning  proportion*.  Thrn  tol- 
bwi  s  dificrtation.  on  the  natort  aud  diviAon  of  pro- 
Vkm»  by  the  Aocicnts,  into  Planv,  SoUd*  aad  linear, 
with  examples  of  thrm,  taken  out  of  tliC  writiogt  of 
EratudhcncK,  Philo,  and  Hero.  A  foIlltioB  k  tbca 
given  to  the  problem  co;iccriiin;j  two  mean  propoition- 
als,  hy  four  diiTcrcnt  w.iyn,  namely  ae-coixlinjj  to  F.ra- 
tofthcues,  Nicomeilcs,  Hero,  and  after  a  v  ,;','  ot  ln'» 
own,  in  which  be  not  only  doublet  the  cube,  but  ulfo 
find*  «nother  cube  in  any  prepovtiuii  iHsttcver  to  • 
gifcn  cube. 

*>■  For  the  fohition  of  the  ftcond  proHwn,  he  lays  down 

rcrv  ct,r':;ai»  tlefiiiit ioirs  ar.'l  pi  i;  ; t !'.•>  r.f  ri:J\l.i:.  i  of 
all  lult^,  aiitl  flicws  hijw  to  hiul  l.hi.111  .ill  n;  d  va- 
rie'.y  ot  cjfes,  both  a*  to  wlial  the  Ancient  -  |j  1  i  4«ne  in 
thttn,  and  wiiat  was  lior.e  by  others  uhum  lie  calls 
the  Moderns.  MrJirru  fecms  to  have  been  a  ?ciicnl 
tcnn  iotrented  tu  cxpreft  three  l>nc*»  bavii^  etuier  an 
aiithinctieilt  or  i  KcoiaetrKil,  or  m  hinnoniol  rdn« 
tjon  ;  for  the  worij<i  proportion  (or  ratio),  and  ana- 
log (or  fimilar  proportions),  in  rellricled  to  a  geo> 
jnetni'^l  i'tlati:>:i  unlv.  I'.ut  he  ib.ew^  hOW  ill  tbc  Die- 
dielati'^  ttiity  be  expreiled  by  analiigies. 

The  folution  of  tlic  3d  problem  lead*  Pappus  out 
jnto  the  cooJidcmtioa  of  a  number  of  admirable  and 
fcemingl^  ptradoxical  problems,  concerning  the  infleA- 

a of  knes  to  a  poiot  within  triai^ct«  qiiadnngkt, 
other  fijyurcs,  tbc  fuin  of  which  Ihali  exceed  the 
film  of  the  furrotuidiii^  exterior  lines. 

riually,  .1  nmnher  of  other  ure4jkuiii  are  aUdrd,  con- 
ceminj  the  ir.lcs  iption  of  all  the  regular  bodies  within 
a  fphere.  The  whole  being  effected  in  a  very  general 
and  pure  mathematical  way;  n-.aki.ig  all  tOgcUKTfS 
ytopofitioiMyW,  4A  problems  and  14  tbeorems. 

the  4ti  Boot  of  Pappus.—  !n  the  4th  book 
are  firft.  premifed  a  numbi  r  or  thi  ori  ir.s  rclatiu;;^to  tri- 
an^lc^,  parallclograiiis,  eirelca,  uitli  linei  i;i  imd  iibout 
cirek-«,  and  the  tangcncies  of  vari^tu:;  eiti  lcs:  all  pre- 
paratory to  this  cunous  and  geniTal  problem,  viz,  rela- 
tive to  an  infinite  fcries  of  circles  inicribed  in  the  ^MCe* 
called  cfCiXe,,  ai-ieLn,  contained  betw>een  the  dminiF 
fcvenocs  of  two  circles  touching  inwrartfiy .  Where  it  h 
flMWV,  that  if  the  inAiiite  fcries  of  circles  be  infcribed 
»  tbemanoerof  thisfiill  figure,  where  three  femidrclen 
«R  ddbftei  on  the  lum  PR,  FQ^,  QR,  «nd 


propeitir,  of  thcfe  pcfpcmUcuhirs  is  thi«,  «i»»  dbat  tli#- 
firft  perpendirttlar  Aa  k  equal  to  th«  diatneter  of 

doobff  the  radius  of  the  eircU*  .'\  ;  the  ffcond  perpen- 
dicular R6  eifual  to  double  the  diarj.eter  or  4  times 
the  radius  of  the  fecond  eirilc  li ;  the  third  per- 
pendicular  CV  equal  to  ^  times  tke  diamcttr  or  6 
tinges  the  radius  of  tbc  third  circle  C;  aiui  fo  tn,  t.<c 
feric»  of  perpendiculars  being  to  the  fLii.-s  of  the  dii^ 
meters,  as  i,  2,     .;,  i?{e,  to  i, 

or  t.j  'l,.'  fr.'t    f  r  2,1,  r.  S,  <.  c,  to  f. 

iiut  :(  Utc  tnn.u  eifi^lt*  ue  iiilLiibvi  ui  tht 


manner  of  this  fecond  circle,  the  firil  circle  of  die  fe- 
rity tL.iicitinj;  the  part  of  tht  line  QJt  ;  then  the  feriea 
ot  perpcudieulars  Aa,  B/-,  Cr,  txc,  v.iU  he  1,  3,  5,  7, 
&c,  tinven  the  radii  of  the  circles  A,  B,  C,  D,  ice  ; 
viz,  according  to  the  f«-rics  of  odd  r.uirliers ;  the  former 
proceeding  by  the  fcries  of  even  nuRibcn*. 

He  next  treats  of  the  Hdix,  or  Spiral,  propofed  by 
Conon»  and  refolvedby  Aichimedoi,  demuaftratiitg  ita 
principal  pr  iprrt'ei :  in  the  tWmonlltation  of  fonDC  <>C 
which,  he  makes  ufc  of  the  fame  principles  as  Ca%"Jle- 
rii;<.  did  lately,  adding  together .^l>  infinite  number  of  in» 
finitely  liort  p.irallelogranis  and  cylinders,  v  hich  he  in»- 
gines  a  ii :  ii'.j^ie  and  cunc  ti)  be  con;poftd  (»f. — He  nejlt 
treats  of  the  properties  of  the  Conchoid  whiel)  NicO' 
medca  ibventea  for  dOubNng  the  cube :  applying  it  to 
the  folution  of  certain  pruhlemi.  concrrnt-i;^  J-icliiin- 
tions,  with  the  finding  of  two  mean  proportmrils,  nid 
cubes  in  any  pro|  iti  -i  whutevcr. — Then  if  the 
TiT|Kr«H^(mTo>,  or  (^adrutrix,  fo  called  from  its  ufc 
in  fqnarieg  the  cir<le,  for  which  pm-pofr  it  was  invented 
and  employed  by  Uinoftiatua,  Nicomedes,  and  others  s 
the  ufc  of  which  however  he  bhtnet,  as  it  requires 
poilulatca  equally  liard  to  be  granted,  as  the  pniKkm 
itfelf  to  be  deni(;rillr.«ted  hy  it. — Next  he  treats  of 
Spirals  deferibcd  on  planes,  ati  l  on  the  ronvtx  ftnf.iccs 
of  various  btfdies. — I'Vom  a.iother  problem,  concerning 
Iocli>iatioii$,  he  there  rt;e-«^,  how  tn  trifcrt  a  given 
angle;  to  dcfcribc  an  liyocrbola,  to  tvro  given  afjrrap- 
totCifi  and  pofling  through  n  given  point |  to  divide  a 
given  arc  cr  angle  in  any  given  ntto  |  to  cut  ana 
of  equal  lengths  from  uneqnal  circles ;  to  take  arca^ 
and  angles  iu  atiy  proportion,  and  arc>  ec|rr.!l  to  nVht 
lines ;  with  par.ibeflic  and  hyperbolic  luci,  wtiich  lafl 
{•>  one  Lif  the  inelinationb  of  /Xrchimcdcs. 

0/  the  j/Zj  Bed  0/  Ptipput. — Thi^  book  opens  with 
reflections  on  the  dilferetit  natures  of  men  and  brutes, 
the  former  acting  by  reaiim  and  deinootibatioa»  the 
latter  by  inilinS,  yet  fornc  of  them  with  a  certain 
portion  n*"  1;  t  ;:  :  foreftght,  as  V'tt  s,  in  t?ie  ciirious 
ilru4iu{e  oX  li.ur  ccib,  wiucb  he  oblerves  arc  of  fucb 
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•  form  ti  to  coamlete  the  fpace  quiti:  Around  a  point, 
ltd  yet  require  toe  ball  maicrtali  to  build  iIkiii,  to 
OMtain  th;  fnfitf  qutWtttT  of  honey.  lit  llnws  iliat 
the  tiiangir,  ;(.i.rtrc,  «nd  hexagon,  are  tlic  culy  vign- 
larpoK  g  1:1,  (  J  .il  1l  cif  filling  the  vrUoJc  fjmce  rountl  a 
point  i  atj  ri;n.w).  ■  liiit  the  bcc&  h>vccLolcn  the  fitttll 
ofthcfe;  proviii^  afterwards,  in  t!io  propohtioiis,  that 
of  all  regular  figures  of  the  f?nic  pcnir.tter,  Uiat  is  of 
the  largtll  capatity  which  has  tlic  grcatcil  number  of 
fides  or  angles,  and  coiifcqHcntiy  tluit  llic-  circle  is  tikc 
moil  capacious  nf  .11  figures  whatever. 

And  Utua  he  fioifhet  Uu»  citrious  book  on  Ifopcci* 
HMtrieal  figures,  both  plane  ami  folid ;  in  whub  mny 
curious  ai'd  inip>ii;,iut  proptrties  are  IliictI)'  dcmon- 
ftrated,  both  ut  and  fuluh,  f(jnic  uf  tliciti  being 

old  in  his  tirre,  and  many  niw  rtif  of  hi»  own.  lu 
fa£{,  it  fccnis  he  has  here  bn  iight  togcllier  iiiio  this 
book,  all  the  properties  nlitii  ir  to  ifnpcrimctrical 
figures  then  knuwii,  and  their  different  dcgieet  of  ca- 
pacity. In  the  lad  tlicorem  ofthe  book,  he  has  «  dif- 
wtBtioa  to  fiiew*  that  then  can  be  no  more  rcguUr 
bodies  befide  the  five  Pbtmiie  ooes,  or,  timt  only  the 
regular  triangles,  fqwuMb  aad  pcntagoni^,  will  form  le- 
gular  folid  angles. 

Oj'ttf  fnh  £1  k  ':{  Pull'!!. — In  tliiii  book  he  trCLits 

of  certain  fphcricai  properties,  which  had  bcea  cittacr 
neglefled,  or  improperly   and  iniperfedlly  treated 

by  ioine  cdvbrated  authon  before  his  t^ne.  

Such  are  Cocie  things  in  the  fd  book  of  Theodofius's 
Spherical  and  in  his  book  on  Days  and  Nights,  as  alfo 
fbaie  in  Eudid's  Phenomena.  Fur  the  fake  uf  thrfc, 
he  preniifes  and  intcrniixes  many  curious  geometrical 
properties,  efpccially  of  circles  of  the  fpherc,  and  fphe- 
rical  tiianr;lc3.  lie  adrerts  to  fume  cunous  cafes  of 
variable  qiuintitics ;  ftiewing  how  fomc  increafc  and  de- 
Cmfe  both  ways  to  infinity  ;  v  hile  others  proceed 
Ci^  one  way  by  bcreafe  or  dccrcafe,  to  infinity,  and 
the  other  w-ay  to  a  certain  miignitude;  and  other* 
a^io  both  ways  to  a  certain  magnitude,  giving  amaxi- 
«num  and  raiiiirr.urr, — Here  are  alfo  fomc  curimis  pro- 
pertict  concerniiig  the  pcrfpeftive  of  the  circles  oflhc 
Sphere,  and  of  otlicr  lines.  Alfo  tlie  iocits  is  deter- 
mined of  all  the  points  from  whence  a  circle  may  be 
wetted,  fo  as  to  sppear  an  ellipfe,  whofe  centre  is  8 
gfven  point  within  the  circle  ;  which  locos  it  ihcwn  tO 
be  a  kir.icircle  palling  through  that  point. 

Of  ike  -jti  Booi  of  Pa/>ptjn. — In  the  intfoduAton  to' 
til!"  L  :<  k,  !.f  1",^ 'I'l  il vi  iy  p:ir  :I>:ui;Lrlv  the- natii-i.' nf 
the  !:.:i'i!Ki;u'-f  It  c  cjilipuiiLion  :i:.<l  rcl.iuti  ui  ut  tht 
Anciinfi,  (iiitjii^iJJhing  tlie  paitk.iL.r  jikhMs  ;:^m\  ilc-s 
of  them,  in  tiic  ikmoullratioii  of  tiieareni^  aiid  i'olution 
of  problems.  He  then  enumerates  all  the  analytical 
hooks  of  the  Ancients,  or  thofe  proceeding  by  refo- 
hition,  which  he  dues  i:i  the  following  order,  viz,  ifl, 
JEucUd't  Data*  in  one  book :  ad,  A^oUonius's  Sec- 
tion of  a  Ratio,  3  books :  ^d,  his  SeAion  of  a  Space, 
2  buoki  :  4'.ii,  his  Tangeticici,  2  huokr. ;  ^cli,  Eiu  lid's 
Poriims,  3  books  :  6t!i,  AjKillcuius'a  Iiiciiiialiuiis, 
2  book;:  -ih,  his  Plane  Loci,  2  books:  ^:;h,  h:s 
Conies,  8  books :  9th,  Anllxus's  Solid  Lroci,  5  books  : 
loth,  Luclid's  Loci  in  Superficies,  3  books;  and  :  ith, 
Eraicflheues's  Mcdietates,  a  booka>  $0  that  all  tbs 
books  are  3(,  the  tfrgumcnta  or  icoteoCa  of  tlUdl 
kc;9l>9Mt>>  wkb  tke  auiDber  ofthe  ho«h  detciiDiiuk 


tions,  and  cafes,  kc ;  with  a  niulu^ude  of  lemmas  and 
prupofttions  laid  down  and  demonflrate^  ;  the  wholt 
making  236  propofitions,  uf  the  moft  curioa$  hco- 
metrical  pnnciples  and  properties,  relating  to  tnofe' 

books. 

Vj  thf  8/A  BcqI  of  Pitppw. — The  Pth  book  is  alto- 
getb<;r  on  Mechanicii.  It  opens  with  a  general  oration 
on  the  fubjetl  of  mechanics  ;  defining  tfic  fcicnce,  enu- 
merating the  different  kinds  and  branches  of  it,  and 
giving  an  account  of  the  chief  authors  and  writings 
on  it.  Afttr  an  account  uf  iheacntir  of  gravity,  upon 
whkk  thefcicnce  of  mechanics  fe  greatly  de^qnla,  he 
fliews  in  the  fir  It  pi-opofhioo,  that  loch  a  potot  really 
exifls  in  all  bodit*.  Some  of  Uiti  fr  I!>v.'. '1  pr  jpc.fi- 
tions  are  aifo  concerning  the  prupw;:i.^  tji'  il.;.  ci.uac 
of  gravity.  He  next  comes  to  the  lo'.  iir.rci  I'lant,  and 
in  iin>p.  y,  fhcws  what  power  will  draw  a  given  weight  up 
a  given  inclined  plane,  when  the  power  is  given  whicn 
can  ilraw  titc  weight  «doOK  a  horixoatal  plane.  In  the 
loth  prop,  concerning  the  moving  a  given  weight 
with  a  given  power,  tu;  treat*  of  what  tint  AndcnU 
called  a  Glonoeomiira,  which  is  nothing  more  than  a 
feries  of  Wluclf-and-axles,  in  any  p:"p  rcioi^.-,  turning 
each  other,  "ill  we  arrive  at  the  \;\\-v.  p'.nvi  r.  In  this 
propoliliun,  as  wcW  [is  in  itvi-m!  [  luc---,  hi;  i ufers 

to  fome  books  that  are  now  loil ;  as  Archimedes  on 
the  Balaoee,  and  the  Mechanic*  of  Hero  and  of  FhHo. 
Then,  from  prnp.  11  to  prop.  19,  treat*  on  vanoti* 
n^iceUaneon*  thmgs,  as,  the  organical  conftnidlon  of  ^ 
folid  problems ;  the  diminution  of  an  architeAunl  co- 
lumn ;  to  defcTibe  an  dltpfe  through  fi  ^e  given  points  x 
to  find  r!ii.-  .ixtj  of, -ill  diijifc  orgaiiic;^Ily  ;  to  find  alio 
organically,  ihe  inclinatiuti  of  one  plane  lo  another,  the 
WHrcfl  point  of  a  iphrrc  to  a  plane,  the  poiuts  in  a 
fpfaerical  fiirfacc  cut  by  lines j^tuing  certain  uoiuts,  and 
to"  infertbe  fcvcn  hexagon*  in  a  given  circle.  Prop. 
30,  3t,  ii«  i3»teiiiifa»«  tocDau«£k  and  adapt  the' 
Tympani,  or  wheda  of  the  Gkflbcomum  to  one  aoo- 
thir,  flicwing  the  proportions  of  their  diameters,  the 
number  of  their  teeth,  6cc.  And  prop.  24  fhews  how 
to  cOJiilruCt  tilt  I'piral  thrc;uls  of  a  fciew. 

He  cornea  then  to  tiie  Fh>t  MeclMHical  Pown,  by 
whiih  ag'vven  iwtigirt  it  moved  by  a  given, powir.  He  here 
pmyofes  briffly  to  ihcw  what  has  been  faid  uf  ihefe- 

EOwer*  by  1  lero  and  Fhile,  adding  alio  fome  things  of 
\f  own.  Their  name*  are,  the  Axis-in>peritrochio), 
the'  Lever:,  Pulley,  Wedge  and  Screw ;  and  he  oblerves,. 
t!  .'ft'  :iiitliQrs  flicwod  how  they  are  al!  uiluici  to  one 
p-nulplr,  tliaui;!i  their  figures  be  very  uiiliicnt.  He 
tiitn  tioats  uf  L;ii;h  ut  llulf  puvjcrs  feparately,  gi*'i>ig 
their  bgures  and  properties,  their  conibuction  and. 
ufes. 

He  next  defcribes  the  manner  of  drawing  very  heavy- 
weights alon^  the  erouad,  by  the  machine  Chcione,. 
which  i*  a  kiad  of  fledge  placed  iqpon  tarn  loele.  nill« 
ers,  and  drawn  forward  by  any  power  whatever,.*  third? 

rulkr  beiiig  always  laid  under  iIk'  Pure  part  of  tlu:  Che- 
lone,  ns  one  of  tlic  othrr  tivo  is  t^iiiltcd  .cid  kit  ht-^ 
JiiiiJ  by  the  motion  uf  tiK-  Clielom-.     In  l.ict  tiiis  is 

the  fame  machine  as  has  always  been  craploye4  upoa< 
many  ocoaflou  in  movasgwrf  gnatiie^it*  to  mod^ 
ratediftaBoec.  . 

Finally,  Pkppa*  dcfcribe*  the  manner  of  raifing  grcati 
«ci^il»  to  a  he^ht  bj  the  cmnhhwriw  of  mechaniu 

powers,. 
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•powers,  ns  by  crr.nts,  mv\  uiluv  raatliincs ;  illuflratiug 
iiiiii,  aiiU  eIic  iuuuti  U)  Uijuiugs  ot  the  ittaciiiut 

tUai  MX  dclcriLicU.  ' 

i-AlViliOl^,  in  Ckomciry,  a  figure  .wif,i,;r 
the  Icctiou  ol  a  cuiw,  wticD  cui  by  a  phnt  parallel  to 
«M«  oi  a»  liUc*.  >»  lllc  tett^n  Aht.  juntlld  to  o,,  fide 
V  b  of  ttie  cone   6ce  Conic  *i*«„,  « j^^^  i^^^  „. 
tteral  pfupettiM  are  givca*  '* 


Jcmr  oZ/'z-r  Propert'itt  of  the  Paraicfa. 

1.  From  the  fame  point  of  a  cone  only  one  Parababu 
can  be  dimwn ;  «U  the  other  ic^on»  between  the  Para^ 
bola  ind  the  pandle!  fide  of  the  cone  being  cllipfeit  and 

all  without  them  hyperhola*.    Alfo  the  Paralwla 
but  one  focus,  through  which  the  uSs  AC  puITcs ;  all 
tl.r      CI  i.i.,metenoeuigparaUelto  thai  uid  infinite 

in  length  alio. 

2.  The  parameter  of  the  axis  )«  a  third  proportional 
to  any  abfcifs  and  its  ordinate  ;  \i/,  AC  :  Cl)  :  !  CD :  * 
the  paraiiiLUiv  And  thcrcfiirc  if  .v  denote  ailf  iblciu 
AC»  and  jr  the  urdiiiate  CD,  it  w  ill  be  a  :  j  : :  ^  = 

<s—  the  prsrametfr;  nr,  !  v  mirltipl' ir  rr  ottrcmcs  and 

oicans,  /X  —       which  i*  the  equation  of  the  Para- 

bcda. 

5.  The  focus  F  is  the  point  in  the  uit  where  the 
double  ordinate  GH  ia  e(jual  to  the  pamnctcr.  Then* 
fan,  in  the  e(|int«m  oi  the  cum  /«  b  j",  takin|r 
/  =  tr>  it  heeomec  Zfx  =  r*,  or  ix  —y,  that  m 

2AF  =  f  ll,  or  AF  [Fli.  or  the  focal  dniMicc 
from  a  -.trtc  x  AT  Is  equ^l  tu  hJ.i  the  ordinate  ihtrt,  or 
--        Mill  •;  .urtli  of  the  pamnirter. 

4.  The  ahfcifles  of  a  Panibola  are  to  one  another, 
as  the  (quares  of  their  correfponding  ordinates.  This 
is  e\'idcnt  from  the  general  equation  of  the  curve 
fx         where,/  bring  conftant,  x  is  as  j*. 

5.  The  line  F£  {Jig.  2  airtf)  dntwn  from  the  fbcut 
to  any  point  of  the  curve,  ist  cqn.il  to  the  fum  of  the 


fi:ral  liittancc  and  the  el't 
poir.t  ;    that  is   FE  =  1  A 


:f  iIl''   rjrJ'iii.tt  tL.  lint 


A  I  )  -  CD,  takmg 
AC  =  Al'  —  I  ':  Or  1.1  i'  ,.lv,:,;,^  =  EO,  drawn 
parailt)  to  DC,  to  n.ctt  tuc  perpendicular  GO,  called 
the  Dircdrix- 

6.  If  a  line  TCC  cut  the  curre  of  a  Pantbola  in 
two  jpotnti^  and  tbe  axis  produced  in  T,  and  BH 
and  CI  be  ordinata  at  thole  two  pOHM  t  then  ia  AT 
a  mean  proportional  between  the  ableinet  AH  and 
AT.  01  A  i^  AH  .  AI  .—And  if  TE  touch  the 
cur^-e,  tiien  it  AT  —  AD  ~  the  mean  buwcea  AU 
md  AL 


7.  If  FE  be  drawn  from  the  focus  to  the  point  of 
cont'.-.ct  of  the  tan^tit  I'E,  and  EK  pcrpendtcuiar  to 
the  fame  tangent ;  then  is  FT  —  FE  =  rK^  and  the  ' 
fiibnornial  DK  equal  to  the  conftant  quantity  2AF 
or  Ip. 

8.  Theduunctcr  ELbctnepanlldlto  the  axis  AK, 
the  pvrprndienlar  EK,  to  the  curve  or  tangent  at  E, 

bifcclo  thr  allele  I. IF.  Am!  i^urtforcall  rays  of  light 
LE,  MN,  &i,  cvimng  parallel  10  the  axis,  will  l>e 
rtflcctid  int.)  tlie  point  F,  which  is  therefore  called 
the  locus,  or  burning  point ;  for  the  angle  of  incidence 
LEK  is  =  the  angle  of  reflcckion  KEF. 
■  9.  If  IF.K  [rifxi  fg.  lcl-,w)  beany  line  parallel  to 
the  axis,  hiiiiti  J  by  the  tangent  TC  and  ordinate  CKL 
to  the  point  of  contaa ;  then  lhaU  1£  :  £K  :  t  CK 
t  Kit.  And  the  fiinic  thing  holda  true  when  CL  ia  aUs 
hi  uaj  oblique  pofitioOi 


ic.  Tlic  external  parts  of  the  parallels  IE,  TA, 
ON,  PL,  &c,  are  always  prnportiooal  to  the  fquaiCI 
of  their  intercepted  P>t>  of  the  tangent ;  thatii^ 
the  external  parts  IE  ,  TA  ,  ON  ,  PI..  , 
are  proportion^  t..  CP,  CT'  ,  •  CO  .  CP», 
or  to  the  fqua.ii  CK',  CD',  CM',  CL». 

And  as  this  property  is  common  to  every  pofition  of 
the  tangent,  if  the  lines  IE,  TA,  ON,  kc,  be  ap- 
pendcd  to  the  points  I,  T,  O,  &c,  of  the  tangent,  and 
moveable  about  them,  and  of  fuch  lengths  as  tiiat  their 
extremitict  £,  A,  N,  I've,  be  in  the  curve  of  a  Parabola 
in  any  one  polltion  of  the  tan^al  j  then  making^ the 
tangent  revolre  about  the  point  C,  the  cxtrenitiea 
E,  A,  N,  Ric,  will  always  form  tlic  curve  of  (bmc  P*» 
rabohi,  in  every  polition  of  the  tangent. 

The  fame  properties  t<ui  tl,-jt  have  been  fhewn  of  the 
axis,  and  its  abfcinVs  and  ordinates,  &;c,  are  true  of 
thofe  of  any  other  diameter.  All  uhich,  btfidcs  many 
other  carioua  propertiea  of  tbe  Parabola,  may  he  iccn 
dcmoofiratcd  in  mjr  Trcatife  on  Conic  SeAiona. 

In  the  axis  produced  take  AG  =r  AF  fli!if%.  alcvt) 
the  focal  diftaoce,  and  draw  a  number  of  lims  EE, 
EK,  ;  L,  ;u  rptndicubr  to  the  axis  AD;  then  with 
thr  (■.ii'r,.ni  t  s  GD,  Gl),  Sec,  a6  vndii,  .niiii  the  centre  I', 
drfciM  1.  nn;,  crolTini;  ;hc  parallel  otdinAtesin  F.,  E,  &c. 
'i'hen  with  a  Ocady  baadfOr  by  die  tide  of  a  flip  of  bent 
whale-h<^ne,  draw  the  curve  through  all  the  pointa 
E,  E,  E,  &c. 

1 2.  To  dtjsr'ibc  a  Paraioia  iy  a  eputinutJ  Ma/wn. 

If  the  rule  or  the  direfbix  BC  be  hid  upon  a  plane, 
(fi^ig.MfwJ  with  the  fquaiT  GDO,  in  fuch  man- 
ner tliat  one  of  its  fides  DG  lies  aloii;;  the  edge  of  that 
n.lc  ;  airj  if  tlic  thri;i  !  FMO  equal  in  length  to  DO, 
the  other  lidc  <>f  the  f[{iiarc,  lwv<  one  end  fixed  in  the 
cxticmity  of  the  rale  at     and  the  other  end  in  fome 

point 
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point  F :  Then  Aide  the  fi  le  of  the  Tquare  DG  tlow 
the  rule  BC,  and  at  tlic  fatr.c  time  keep  the  thrcM 
CMtinuallj  tigbt  by  meant  of  the  pio  M»  with  Its  part 
MO  dofe  to  the  Me  of  the  foture  DO|  fo  fliAll  the 
(  curve  AMX,  yh-ch  the  pin  dejcribcs  by  ihtimgtiga* 
b«  one  ^art  oi  a  Faraliula, 

And  if  tlic  fquarc  be  turned  otcr,  and  moved  on  the 
other  iide  of  tbc  fixed  poiat  F,  the  other  put  of  the 
Umt  Parobota  AMZ  will  be  deloibcd. 


7";  /.''■•  ■-J'  7cT'!::rr:ii  !■'.  tl.  f  PaTiihda, 
ij.  If  d.c  pi  int  t.f  tontadl  C  Lw:  givtn  :  (}aji  Jig. 
al.vfj  draw  tin-  01  liiiaic  CB,  and  produce  the  axis 
tai  AT  be  —  AU  J  liicn  join  TC,  which  will  be  the 
tangent. 

14.  Or  if  the  point  be  gnrea  10  the  axit  pradiiced  1 
Take  AB  »  AT,  and  dniir  tbe  anKnate  BC.  wbtda 
«ai  give  C  the  pduof  coMaft  |  to  w-ludt  draw  the  tine 

TC  M  hefiirr. 

If.  If  D  be  Htiy  ol!it-r  point,  neither  in  t!i.:  curve  nor 
In  tfie  :)xi>  produ-cd,  throuj^h  which  the  tangent  ii  to 
nafs :  Di  uv  DliG  perpendicular  to  tlic  axi  ;,  and  ukc 
DH  a  mcun  pniportioBai  between  D£  and  DG,  and 
draw  Hp  parnllcl  to  the  axii*  fo  (haH.C  be  the  point  of 
oontafi,  through  tit'hieb  and  the  givanpoint  D  the  tan*- 
gwit  DCT«  to  be  drawn.' 

ib.  WliL-i:  tliL  tan^.-nt  i*  to  mike  a gIvL-n  211^]^  with 
the  ordiiiac  -it  the  of  contaift  :  Take  jbicil* 

A I  equal  to  h  liUi:  pi  rioter,  or  to  double  the  focal 
<]i(lancc,  and  d;.iw  the  onjin.ite  It :  alfo  drnw  AH  lo 
make  with  AI  the  angle  HA[  equal  to  ihegiven  angle; 
then  HC  parallel  to  the  axis*  and  it  will  cut- the 
ciirre  in  C  the  point  of  contafi,  wbeic  a  Itne  drawn  to 
make  the  given  aagk  with  CB  wiU  be  tUe  tangent  te- 

quired. 

17.  To  ^tJ  the  Ana  a  /*  jm'  ';.  Multiply  the 
bafe  EG  by  the  perpendicular  heigiit  Al,  aud  )  of  the 
produA  will  be  the  area  of  the  fpacc  AEGA  ;  becaufc 
the  Parabolic  fpace  is  j  of  its  ciix-umicribing  paraUelo« 
gnm. 

t8.  ToJiadtheLn^h^tbt  Cttrv*  AC,  commenang 
tt  (fieveitez.— Let;r=£  the  ordinate  BC,  /  =  the  pa- 

•  lameter,  j  =  —  ,  and  /  =  V  1  +     j  then   AiaII  {p 

X  (f»  4-  hyp.  log.  of  7  4i  «)  be  the  length  of  the 
curve  AC. 

See  various  other  niles  for  the  areas,  and  lengths  of 
tlwr  curve,  Slc,  in  mv  Treatifc  On  Menfutation,-fcc.  6, 
S^-  ISSt^'h  edition. 

pAaAVOLAt  {/*       Jfi^tr  Aia^f  arc  nigdiratc 

cnrrc^ defined  by  tlie general  «qiiatioA«°~''«  ™  i 


that  II,  either  «•*  o«««jr  b      or  «•«  =  t», 

Ac. 

Some  call  thcfe  bv  the  nsme  of  Parabo!oi'?5 ;  ind  In 
panicular,  if  it*x  =y,  il.ejr  call  it  a  Cubical  i'ar*b<iloid; 
if  ,.J<  —  tht  y  cail  It  a  Biqoadratical  Paraboloid,  or 
ii  ;  II :  i<  -1  i  I'araboloi  d.  1 11  rcfpcct  of  ihefc,  the  Paraitok 
o-  :-.ic  I''irll  Kind,  abovr  explained,  they  caOtbe  Apolp 
Ionian,  or  Quadratic  Par^iola. 

Thofe  curves  are  aUb  to  be  referred  to  rbraholaa,  that 

are  exprclFed  by  the  general  ec^aatioa  ox*  '  « ^' ^ 
where  the  indices  of  the  quantitiea  on  each  lide  n« 
equal,  aa  before ;  and  thefe  are  called  Semi  flnabolas  1 
aa  ss  r*  the  Semi-Cubical  Parabola  ;  Of  Mflssj*- 
the  Scmi.Biquadratical  I'atabok ;  Sic. 
Tbeyareair  comprehended  under  the  aMmgenenleqn^ 

'  ,  m  n  m  -f-  u 
tirn  J  A-  =  jr  ,  whire  the  two  indicts  on  one 
fide  aic  ilill  equal  to  the  itidci  on  the  oliier  fide  of 
the  equation  ;  w  h!ch  include  both  the  formpr  ItJada 
of  equations,  as  wcU  as  fuch  as  thefc  following  onet^ 
«».v»  =  jr«,  or  ifltt*  » J*,  or  <rtc»  =  y,  &c. 

Carujim  Pakaboia,  ■»  a  eum  of  the  2d  ocdec 

cxpreded  by  the  eqtutioD 

xy  =.  ax'  +  hx*  +  f X  +  d, 

containing  fimr  infinite  1^,  viz  two  hypobolic  ciaes» 


MM  andBm,  to  tlie  rommon  afymptote  AE,  tending:' 
contrary  ways,  and  two  Parabolic  k-gs  MN  and  DK 
joining  them,  being  Newton's  6^th  fpecies  of  hnes  ^ 
the  3d  order,  and  called  by  him  a  Tridest.  It  is  made 
ufe  of  by  Dcs  Cartes  in  the  3d  book  of  his  Geomc 
try,  for  finding  the  roots  of  e^  .afions  of  6  dimenfioni, 
by  means  ofiu  micrfcdious  w.;!.  a  circle.  ItM  molt 
fimple  equation  1,  xy  =  xi  +  ^\  Anil  ,'><.ints  through 
which  It  IS  to  pafs  majr  be  eaJily  found  by  means  of  a 
common  Ftoabola.  whole  aUdft  ia  ««>  4.     H>  r,  and 

an  hypetboln  whofe  abfctfli »  ^  ;  for  j  will  be  equal 

to  the  ftim  or  difference  of  the  corn^pooding  Ordinate* 

of  this  P.irab;>la  and  hyperbola. 

Des  Cartes,  »n  the  place  abovcmentidned,  Aews  bow 
to  defcribe  tliis  CUryc  by  a  continurd  motion.  And 
Mr.  Mackunn  doca  the  feme  tliin,;  mi  a  different  way, 
in  his  Orgaiiica  Gcornet  ria. 

Dh^erging  Parabola^,  i»  a  name  given  by  Neirton 
to  a  fpecies  of  five  diifcrent  lioet  of  the  3d  onl«r,  <xw 
^fled  by  the  equation 

-j.  tX  +(f. 

The 
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The  fitil  is  a  btil-form  Parahnlj,  w'nh  an  oval  at  Its 
lieiid  (jfff.  I.) ;  vliich  U  the  cafe  whin  the  equation 
o  ~-  .tv»  +  Ax'  +  cv  +  //,  lias  three  real  and  unequal 

roojR ;  f-.  tliit  otii'  of  the  nif>)\  fnnpic  cqiiatioiii  of  a 
curve  of  ihi*  ki«d  is       =s  *3  +  + 


Figi. 


/ 


'A 


Fig. 


y«t  by  producing  bo^  Indcfiiutety,  their  dtihoee  Sam 
each  oUter  become*  ku  than  any  ipvcn  line. 

There  majr  be  aa  many  dim-rcni  kinds  of  thcfe 
AfmglIMm  as  there  ate  panbolaa  of  diifcrent  ordens. 
When  a  curve  has  a  comraod  paraboU  for  its  Af}  mp. 
tote,  the  ratio  of  the  fobtan^jcnt  to  the  abfclls  af>- 
proachts  contiiuially  to  the  ratio  of  2  to  i,  when  tlic 
•d\\s  of  the  paraVmla  coincides  with  the-  li.iU  ;  Ini-  thiii 
ratio  of  the  fubtangtnt  to  the  abfcifs  appmachcs  to 
tliai  of  I  to  2,  when  the  axil  is  pcrpeml'cular  10  the 
baft.  And  by  obfin^iog  the  limit  to  which  the  ratio 
oT  the  fubtangent  and  abfcUii  approaches  ParaboUc 
Afymptotc*  ot  ^-arioiis  kind*  may  be  dtfcQvered*  'Sce . 
Maclaurin's  lliixion*,  art.  113". 

1' A  R  \  E  0  L 1  c  Cortcul,  h  a  Tolid  geoeisted  by  the  rota- 

tion  of  a  pai-alwla  about  its  iixi*. 

This  lulid  is  equal  to  half  its  tircumfcrihcd  cyliiidi  r ; 
and  therefore  if  the  bafe  be  multiplied  by  the  Ijcigbt, 
half  tlie  product  will  be  the  folid  content. 


The  sd  is  alfi)  a  i>t  ;!-:'urin  I^AisbuIa,  wnh  4  con- 
V  ;r<ite  point,  or  infinitely  Imall  oval,  at  the  head 
{A\-       !  being  the  cafe  when  the  equation  o  = 

4-  bx^  +  fA.-  +       hus  its  t.vri  !<f-,  VI  iut    .       tl  ;  the 

irsoit  riinple  equation  of  which  ii/  y-       <. '  +  .1..  . 

"I'hc  ihln]  in  a  l-'arabola,  with  iwo  diverging  legs, 
crolhng  oik;  another  like  a  knot  (Ji^.  2.)  j  which 
happens  when  the  equation  o  =  tix''  +  ix*  +  cx  +  d 
haa.ita  two  greater  roots  equal ;  the  more  liniple  equa- 
tron  bring  /Jr*  «  arJ  +  axK 

Tlx:  fourth  a  |fUtc  bcU-form  Pantbola  f/^.  j.) ; 
being  the  cafe  when  O  Mt>  +  ix^  +  cx  -j-  J  omm 
two  imaginary  root» ;  and  its  moA  fimpk  eqtiatioa  ia 
fy*  =.  .r'  -f  a»,  or  py*  =  x'  +  a*.v. 

The  t'lftli  a  I'iirafjola  with  two  divergii..',  ^f/r,  form- 
ing at  liieir  meeting  a  cufp  or  double  point  (Ji^.  4) ; 
being  the  cafe  when  the  equation  o  =  ax*  +  Aa'  +  cx 
^-  Aas  three  feqnal  root* }  fo  that  s  is  the  mail 
fimple  e(puttioB  of  diit  cntre,  which  iiuked  i*  the  Semi- 
cubical,  or  NrtUao  Fkmbohu 

If  a  folid  generated  by  fhc  rotation  of  a  fcmi<(ilH- 
cal  r.iratwla,  about  itii  axis,  be  cut  by  a  pbne,  each 
of  iJiele  live  Parabolas  will  be  exhibited  by  rts  fe^Hons. 
For,  when  the  cutting  plane  i«  oblique  to  the  axis,  but 
falli  below  it,  the  fc<^ion  i«  a  divn^ing  Parabola,  with 
an  oval  at  its  head.  When  oblique  to  the  axis,  but 
mfiea  thiou^  the  vertex^  the  ftdion  ia  a  diverging 
iWabola,  harin)^  an  infinitely  fmall  oval  at  its  lwa£ 
When  tiic  [■■:tt;nij  i»  oblique  to  the  axis,  falls  below  it, 
aiul  at  liie  lame  time  touches  the  curve  furface  of  the 
folid,  as  well  a»  ^i::  •  it,  the  fcCtion  is  a  diverging  Pa- 
rabola, with  a  nodus  or  knot.  When  the  cutting 
plane  fdll«  above  the  vertex,  cither  parallel  or  oblique 
to  the  axii,  the  fcAion  is  a  pure  diverging  Parabola. 
And  laftly  when  the  cutting  plant  psilts  through  the 
uis,  the  feAion  is  the  IcmMubical  Panboht  ftoiB 
which  the  folid  was  genenttedr 

PARAP'>:,  =  C  ./m  w.'^'',  'i:  ufed  for  n  P.imboHc 
line  approachui^  to  a  curve,  io  that  Uicy  never  mcti ; 


To  /lid  tbt  Curve  Surfxt  vf «  Parab^tii. 
:  BAD  be  the  geiierating  pat«bola»  AC  s: 


Let 

AT,  and  BT  a  tangent  at  B. 
Put  /»  =  3-i4i6,.»  =  BC,  J-  =AC 
=  AT,  and  /  =  DT  =  */4A»+^» ; 
tlten  is  the  curve  fur£ux  8  {49  X 

(.V  +   ). 

See  various  other  rules  and  geo- 
metrical conftriiiUons  for  the  fur- 
fnciTs  and  foiuiitirs  of  ParahiJic  Conoid^ 
i:ir.itien»  part  3,  fed.  (■>,  2d  edition. 


L 

ii 


\ 


in  rr.y  Mca* 

PaaABOLic'l^MvniHdaM/,  is  a  fdid  %uk  thm  aamad 
by  Dr.  WalKs,  froni  it*  gencfis,  or  tormatioD,  whScli 

iii  tht;s  :  \,;X  j!1  tiic  fquares  of  the  (>r(Iin,\li.  -.  of  a  para- 
bola be  eonttived  to  be  fo  plac<  J,  tiial  liie  axi*  fliiU 
pafs  perpendicularly  tli-cn];;li  all  ihtii  centres;  then  the 
aggregate  of  all  thck  pkncs  will  form  tiic  Parabolic 
Pyramidoid. 

This  figtire  is  equal  to  half  its  circumfcribed  parallc- 
lopipcdon.  And  therefore  the  folid  content  is  found 
by  multiplying  the  bafe  by  the  altitudci  and  tahii^ 
half  the  produ£i ;  or  the  oite  of  thefe  by  half  the 

other. 

PAR.\Bni,tc  Spact,  is  the  fpacc  or  area  included  by 
the  curve  line  and  bafc  or  double  ordinate  of  the  para* 
"bob.  The  area  of  this  fpace,  it  ban  been  (hewn  under 
the  article  Parabola,  is  •  of  its  circumfcribed  parallclo- 
grnm ;  w  hich  is  its  quadrature,  and  which  was  itrll  found 
oi)t  by  Archimedes,  though  Anne  fay  by  Pythagoras. 

PAaASOtiC  Sp'mJIr,  is  a  foGd  iigtire  conceived  to  bc' 
formed  by  the  rotation  of  a  parabola  about  its  bafe  or 
double  ordinate. 

This  fiilid  is  cQual  to  y,-  of  its  cixcutnTcribcd  cylin- 
der. S'.e  my  Menfimtioa»  pnb.  I5»  pa.  i^g/Ot'tiCf 
2d  (dilioii. 

PARanOLic  ifirvl.   See  Hcucoio  PanAoia. 
pAKABOLiroRN  Cmtwi,  a  name  foBCtimca  given  to 

the  par  ibolasof  the  higher  orders. 

PARABOLOIDES,   Parabolas  of  the  higher 

Older?.  The   c<juaUon    for   all   curves  of  this 

ai**a  a  m 
kindheuig  a       x    s  y  ,  the  jirujiortion  of  the 

iif  ■■T:y  onc  t)  the  complement  of  it  to  the  jCil^ 

cumicnbing  parailelogram,  will  bc  as  m  to  n. 

PARA* 
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PARACENTRIC  MotUn,  denotes  tbe  fpact  hj 
%)udt  a  rcToIvtng  planet  approachea  nnnvr  to,  or  rc- 
Ctdn  farther  from,  the  fun,  ur  ciMitrc  of  attra^ion. 

Thiu,  if  a  pbnct  ih  A  movo  ton-ai-d>  B  j  tlica  is 
SB  —  SA  =  the  Paracentric  mutioi)  of  that  fit* 
act :  where  S  i»  tlw  place  ot  the  fun. 


Paracfhtric  Soruitaticn  of  Gravity,  is  f^mc  ai 
tlie  Vis  CcDtripcta  ;  ard  is  exprcfliil  hy  tin*  line 
AL  drawo  from  the  point  A>  parallel  to  the  ray  SB 
(infioitelj  near  SA ),  till  h  interfeA  the  tangent  6L. 

PARALLACTIC  /fr,gfi,  calkil  alfo  limply  Paral- 
lax, 11  the  angle  EST  Ji^-  rA-orc)  made  at  tlic 
CLVitic  uf  a  it  jr,  by  two  lines,  drawn,  the  one  from 
the  centre  ui  tlif  earth  at  T,  and  the  other  fiom  its 
furfacj  at  E. — Or,  which  amounts  to  tlie  fame  thing, 
the  Parallactic  angle,  is  the  difference  of  the  two  angles 
CEA  and  BTA,  under  %«hich  the  real  au)4  appanat 
diftancca  from  the  zenith  are  feen. 

The  fines  of  the  PanJhAic  angles  ELT,  EST,  at 
the  fame  or  equal  diflances  DS  from  the  ^-Aii'tli,  nre 
in  the  reciprocal  ratio  of  the  dillances,  I'l.,  and  TS, 
Irom  the  centre  of  the  earth. 

PARALLAX,  is  an  arch  of  the  htavens  intercepted 
between  tiie  true  place  of  «  ftar,  and  fta  aj^acent 
place. 

Tlic  true  place  of  a  (lar  S,  is  that  point  of  the 
heaveoaBt  in  which  it  would  be  feen  bjr  an  eye  placed 
in  the  centre  of  the  earth  «  T.   And  the  apparent 

place,  is  ;!n'.t  point  of  the  heavens  C,  where  a  liar  ap> 
piars  tu  iiii  tye  tipoti  the  furfacc  of  the  earth  at  E. 

Tl  is  dilTcrcncr  of  placrr,  is  what  is  called  al)folut<.-Iy 
the  Parallax,  or  the  Parallax  of  Altitude  ;  \rliich  Cn. 
Mrniclla  calls  the  Commutation;  and  which  i!  i- 
KMK  n  an  angle  formed  by  tn-o  vifual  tays,  drawnn 
the  one  from  the  centre,  the  other  from  the  circiim* 
fcrcrcc  of  tlit".  ranh,  nnd  tniTetfitlff  the  body  of  the 
ftar;  bcii;;^  men  fared -fej"  an  arch  of  a  great  circle  in- 
tercepted between  th«  two  politti  of  truc  and  appa- 
rent place,  B  and  C. 

Tl-f  Pa  RAUL  AT  of  Aliihitif  CB  is  properly  the  dif- 
ference between  the  true  dillai:cc  from  the  zenith  A  B, 
and  the  apparent  diftante  AC.  Hence  the  P.irallax 
diminiAics  the  altitude  of  a  ftar,  or  increafes  its  dif- 
tance  from  tite  semtti ;  and  it  has  therefoit  a  con> 
trary  effect  to  the  refraction. 

The  Parallax  u  grcatel  in  thc  liort/.on,  called  the 
H<jri7.oatal  Parallax  EIT.    From  hence  it  dccrcafes 
all  tlic  way  to  the  zenith  X)  or  A,  where  it  ie  nothing; 
■•he  real  and  appareitt  places  there  eotneidinff. 
.  VouU. 


The  Horizontal  Pnallax  is  the  fame,  wliethiff  thft 

ftar  be  in  the  true  or  apparent  hori/on. 

T'lf  fixed  n^.rs  h;".f  lui  IVnfi'i!.'  Panillax,  bv  rcrifon 
of  their  itiuneofc  dilt.i  lec,  wiuclj  ilit  iiLi.^iAiuc\.tx 
of  the  earth  is  h'li  a  wxr^  |nvint. 

Hence  alfo,  live  nearer  a  liar  is  to  die  earth,  the 
greater  is  its  Parallax  ;  and  on  the  eoatnrjr,  tiic  far'.her 
U  i*  aSt  the  Ids  is  the  Parallaa,  at  an  equal  elevattoo 
above  the  hoRSoa.  So  the  ftar  at  S  has  aiefs  Paral- 
lax than  the  ftar  at  I.  Saturn  i^  fu  high,  that  it  u 
difficult  to  obfcnre  in  him  any  Parallax  at  all. 

r.irallax  iiiv-icaffs  ;1k-  l  ii;lu  .i;iJ  i.l:l:qL.c  .if  •■:rfi..n,  nnd 
dimiliilhc.i  the  d<-U(.-iJi<;;i  ;  It  (lirr.iiullics  iioitlicrii 
dcclinaiiuu  a^id  l.'.tllvKio  in  the  c-idern  ]>.irt,  nnd  in- 
creafes them  in  the  u  lIU'111  ;  but  it  lucreafes  the  fouthcrn. 
declination  in  the  eailcrn  and  weftcta  part ;  it  dimi- 
nidics  the  loi^iuU  in  the  weftcm  part,  and  incrcarea 
it  in  the  caftcm.  FmUas.  therefore  has  juft  oppofit* 
cffrits  to  refraction. 

The  do^riue  of  Parullaxes  is  of  the  grcateft  import- 
ance, in  attronomy,  for  determining  the  d;lLii;ce^  of 
the  planets,  comets,  and  otlier ,  phcoomena  of  the 

heavens ;  for  the  cakuhtioD  «f  cdipfe**  and  for  findii^g 
thcgbi^itudc. 


Pa  HALL  A  <c  of  Right  /fcenlion  onA  Dffctnfton,  is  an 
arch  of  the  Eoiiinoftid  IM,  ly  which  the  Parallax  of 
altitude  iacrcafes  the  afeenfion,  and  diminilhes  the  de- 
fccnfion. 

Par  ALtAX  of  Dffliwit:'):,  ;■,  an  arch  of  a  circle  of 
declination  .fl,l>v  v  hichilir  ]';xrallax  of  altitude  m> 
creafes  or  d^  iinii  ir  a  the  dech'nation  of  a  liar. 

Paiiail«\  <.f  Laliiude,  is  an  arch  of  a  circle  of 
latitude  SI,  by  which  the  Patallax  of  altitude  iocitafea 
or  diminifhe«  the  latitude. 

.  Men/lniaf  Parallax  ^ Mr  Sun,  is  an  angle  fornud 
by  two  right  lines ;  one  drawn  from  the  earth  to  the 
fun,  and  another  from  the  ftm  to  the  moon^  at  eithee 
of  their  quadratures. 

^Parallax  rf  ihf  /fitrmal  Orbit  of  the  Earth,  is  the 
difference  between  the-  heliocentric  and  geocentric  plate 
of  a  planet,  or  the  angle  at  any  planet,  fubtended  hf 
the  diftaace  between  the  earth  and  fun. 

There  we  vRrtoiit  metbodtfar  finding  the  Parall3.<cea 
of  the  cdcfUal  bodies :  Tome  of  the  prine^al  and  eafter 
of  which  are  as  follow  : 

Tti  Ohffrw  thr  Par  A  I.I,  AX  c/' Cr^flial  RoSj,  Ob- 

fcrve  when  the  bod^  is  ia  the  fame  vertical  with  a  fixed 
fbr  wbtdtimeur     tod  in  thatpofition  nadweita 
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mpntnt  diftance  from  the  Har.  ObCcrwr  again  when 
Oe  body  and  flar  are  at  oiual  a!ciiudc&  front  the  lio> 
ricM  j  and  tkm  oiiaifim:  tnor  4iltmce  agwo.  Ulten 
tile  diferencb  of  tiicfe  diftaoctt  will  be  the  FarallBX 

very  ne;irly. 

To  Obftfxe  t})f  M'oti't  Pahai.i.ax. — Ohfcrvc  vfiy 
accuratfly  the  nvoon's  incri'li;iii  altituilt,  and  note  f!ie 
cro  iiciit  of  time.  To  this  time,  eqiuted,  iNnnpuli  her 
trU'  latitude  and  kitigititde,  aitd  from  tlieic  iiucl  licr 
(fedinatioDj  alfo  from  tier  dcMinatinn,  and  tin-  elev?- 
tioB  of  the  eqiutor,  find  her  tiue  meridian  itittiudc. 
6tiUnift  the  ttfrmClioii  from  the  obTcrvcd  ahitudc : 
then  the  differeiicf  berween  the  rnnundrr  wid  the  true 

allit.idr,  \\'u\  liL'  'Jic  ?.ii,.lLi'.  I'.iielit.  If  tlit  L'!]U:vcd 
■Ititiuk  be  not  run  iij.  rcuucv  il  It/  xlic  true  uhi- 
tnde  for  the  time  u\  oblcrvation. 

By  thttmeanf<,  m  1583,  OQi.  12  day  5  h.  19m.  froa» 
the  moon's  meridiau  altitude  obfcrvcd  at  IJ*  j8*» 
Tycho  found  her  Paiallax  to  be  54  nuBOtea. 

To  Oi;ervt  fie  JAwVPARALLAS  m  an  £r%?v-»Iii 
Ml  edipfc  of  the  tnooa  oblcrvc  whea  both  bonis  ue 
in  the  lame  vertical  circle,  and  at  that  momeht  take 
the  altitude!!  of  h  jth  liurns}  thcu  half  tlicir  fum  u  ill 
be  nearly  the  app.irr  .t  attitude  of  tlsr  rrioou'^  uTitjt  i 
from  uhith  fiiLttict  lii :  ulractioii,  \v)iii.;j  j^y-xi  the 
pareat  altitude  freed  fruoJ  refradtion.  But  the  true 
altitude  is  nearly  equal  to  tbe  altitude  of  tbe  centre  of 
the  (hadow  at  that  time :  now  tbe  altitude  of  the  centre 
of  the  lhadow  n  known,  bccaofe  wc  know  the  fuii'»  place 
in  the  ccb'ptic,  and  hu  dcpfd&on  bdow  tbe  bomoo* 
w-hfdt  is  equal  to  the  aTtitnde  of  the  oppofite  pomt  of 
the  ecliptic.  In  whiiK  tl.r  eti:t^L-  of  the  fliadow  it. 
Having  thii»  the  triu-  .uid  ap[).tre:it  altitudes,  their  dif- 
fcrtncf  IS  f!iF  P.irallas  fougiit. 

De  la  Hire  makes  the  greateil  hoiizont<tl  Parp.IIax 
!•  i'  25",  and  the  leaft  M.  le  Moiinier  deter- 

mined the  ncan  PaiaUaz  of  tbe  Mooo  to  be  57'  12". 
Others  have  oode  it  57'  18*. 

From  tbe  Afoon'i  KaALtAX  ESTf  miJ  idlitttde  SF 
(lafl  fig.  but  one)  j  /«/W  htr  Ji/)aiut  from  tht  Earth. 
—From  her  apparcn*  aliiiiidc  f,iKi),  tix-rr  given 
her  apparent  zenith  diftaii-e,  i.  e.  tl.e  an;;lc  AES  ; 
or  bv  h'- r  true  allitur'.i,  the  tLiniple'Tient  an^'lc-  ATS. 
Wherefore,  fitice  at  the  f;ime  timt,  tnc  Tariltattic 
angle  S  is  known,  the  3d  or  fupplemeutal  angle  TES 
la  alio  known.  Then,  confident  the  cartb'a  fenudm- 
neter  TE  as  i,  m  tbe  traogle  T£S  aic  given  all  tbe 
angles  and  tbe  fide  TE.  to  find  ES  the  moon's  dif- 
tance  from  the  furface  of  the  earth,  or  TS  her  diRancc 
irom  the  centre. 

Thus  Tycho,  by  the  obkrvation  ahcive  mentioned, 
found  the  moon'i  difta.ice  at  thai  Un  i  iioMi  the  earth, 
U39  (ti  of  the  earth's  ri-inkliameiers. .  Aecivrdiag  to 
De  la  Hire's  detenni^.itioo,  her  diAancc  when  io  the 
per^ee  ii  near  56  femiditinctaa,  but  in  her  ajMfce 
near  63I ;  and  therefore  the  mean  nearly  59|«  or  in 
round  numbers  60  fcmidiametert. 

Hence  alfo,  fince,  from  the  moon*«  theory,  there  ia 
givtn  the  r.itio  of  her  didances  from  the  earth  in  the 
leveriii  depTes  of  her  anom-^ily  ;  tiiofe  dlAances  being 
fouud,^by  the  rule  of  three,  in  f?it:idlamctcr»  of  the 
earth,  the  Parallax  is  thence  determined  to  ilie  fcvcral 
de^ros  of  the  true  anomaly. 

TV  Oifirvi  $U  Paaallax  af  Marit^u  SupfoCe 


Man  in  tbe  meridian  and  equator  at  H  t  and  tliat  tRe 
obloWi  nnder  the  equator  in  A,  obfervei  bim  col' 
minating  with  fume  tmed  (lar.  2.  If  now  the  ob- 
ferver  were  in  the  centre  of  the  earth,  he  would  fee 
Mari  conftat.iiy  i:,  ilie  fame  point  of  the  heavent  with 
the  liar  :  a;nj  il'.^i  .-tori-,  tog<  tKcr  with  it,  in  the  nUuc 
of  thi:  hori?  K,,  or  <>t  tlie6tli  horary  :  but  lincc  Mara 
here  has  fome  fenlihle  Parallax,  and  the  I^xm)  flir  has- 
none,  Mars  will  he  feen  in  the  hoii/.  m,  u  lien  in  P,  the 
plane  of  the  feafibie  horiaon, ;  and  the  iUr,  when  ta^ 
R,  thr  plane  of  the  trae  hotteon :  tberdbre  fd>fervc 
tbe  time  hrt'^.f  .  the  tranfit  of  M^rj  and  of  the 
liar  thu  it^r', -r,.-  [  l.uieof  the  6th  hour. — 3,  Conwt 
thiitiji',.  i.iiV  I'li  lit  t!ie  eqn.itur,  at  the  rate  of  15 
degrees  ;o  the  h.»ur;  by  wiiich  roeaas  there  will  he  ob- 
tained the  arch  PM,  to  which  the  angle  PA M,  and' 
confequcjul)-  ilie  angle  AMD*  lasearif  equal  i  wbidv 
i»  the  MnoBtal  PbiillaKflf  Mark- 


If  the  obfenrer  be  not  under  the  equator,  but  in  a  par> 
allel  IQ,  that  diflercnce  will  be  a  lefs  arch  Q_M  ;  wncreo 
fiaiCi  finoe  the  fmatt  arche»OM  and  PM  are  nearly  as. 
their  fioM  AD  and  ID ;  and'fince  ADG  is  equal  to  the 

dlllancc  of  tlie  p!iee  fruin  tl:e  equator,  i.e.  to  the  ele- 
vation uf  ilie  }3i)lf,  or  ths  latitude;  therefore  AD  to 
ID,  as  radltis  to  the  L-afine  th:  latitude  ;  fay,  asthe 
coiiiic  of  the  latitude  ID  iii  to  radius,  fo  is  the  Paral-' 
lax  obfervedin  I,  to  the  ParaUax  miderthe  equator. 

Since  Mars  and  the  fixed  liar  cannot  be  commodi*' 
ouily  obferved  in  the  horizon  ;  let  them  be  obfrrved  in 
the  cinde  of  tbe  jd  hour  £  and  fince  the  P;;ral!ax  obfet 
«d  there  TO,  u  to  the  hortsontal  one  PM,  as  IS  to 

IT):  fav,  as  t'le  I'lae  tf  ;lie  a:'.gle  IDS,  "i  45'^  (i'iiice 
the  plane  1)0  is  in  tiic  n\iddle  between  (he  meridian*' 
DH  niu!  the  inic  hori/on  DM),  is  to  radius,  ib  ittlie 
Parallax  TO  10  the  horizontal  Parallax  PiVf. 

If  Mars  be  likewife  out  of  the  plane  of  the  equator, 
the  PaniLix  found  will  be  an  arch  of  a  parallel}  wbiclt 
mnft  therefore  be  redumd,  as  above,  to  an  arch  of  the 
equator. 

LafUy,  if  Mars  he  tiot  ftationary,  but  cither  dircft  or 

retio|;r:nt,  h\  uLfcrvr.l  ■'.>:  »  fur  ievrral  (l.iyi  mil 
\v!iat  his  n.otK,L.  i_,  e*cty  Lout,  ihal  Uiic  ^jiUCc  Irum 
the  centre  may  bc  iiHigned  for  any  given  time. 

By  this  method  C.iiriiu,  who  was  the  author  of  it, 
obfcrvcd  the  creat  e  )  }.   1.  t.ud  Parallax  of  Mars  to  be 
but  Mr.  Flamllccd  found  it  near  3a".  Caffini 
mftmd  alfo  the  F^iallax  of  Venus  by  the  laoM  ne> 
tbod. 

To  Find  the  Sim* t  PaaAtLAX. — The  great  di'flancr  of 
tlus  fun  renders  his  Pui-ailax  too  fmall  to  fall  under  e\xn 
the  uieeft  immediate  obfervau'on.  Many  attempts  have 
indeed  been  made,  both  by  the  aiie.eit;j  and  moderns, 
and  many  metfi'ids  invcnU'l  fot  ihatpurpofe.  The  firft 
was  that  of  Hi]iji:iri  hu~,  v.  h:i;i  was  followed  by  Pto« 

kan J,  SiCf  and  W4S  founded  on  tbe  obfcrvation  of  lunar 

ecHpfta.  * 
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tcUpfes.  The  fccond  ^as  th.it  of  Aiiftarchu*,  m 
which  the  angle  fubtcndtd  by  the  foniidia meter  ot'  the 
I'sorbitf  from  the  lun,  was  fought  from  the 
phifin.  But  thcfc  both  proving  dificicnt,  af- 
tranoaiert  wc  mcrtr^fatetd  to  hwe  recourfe  to  the  Par- 
•IhRi  «f  the  neurcr  pluwti.  Mar*  and  Venua.  Now 
from  the  theory  of  the  motions  of  the  eartli  anJ  pla- 
net*, there  is  known  at  any  lime  the  p>i>p><rtion  of  the 
diltaiirr'i  i>{  tht  fun  and  piatuti  troni  i  i  ;  ami  tin  Imri- 
7.ontaI  Foiallaxts  Itrin^  rti  ijjrocjlly  proporlionnl  to 
thofc  dillancts  ;  by  kiinwin^  the  pArajlaz  <jf  ■  ptaaety 
that  of  tiie  fun  may  be  cheiice  foiuxi. 

Thus  Mari,  vhen  oppoUte  to  th«  fun,  is  twice  ai 
near  a&  the  fur.  is,  and  tneieforc  his  Panttlax  will  be 
tvice  as  jjrcut  as  that  of  the  fun.  And  Vtnus,  when 
in  her  Inltrior  conjunftion  wi'li  tl>i  lun,  ib  fou  tt  n.ts 
Dearer  m  than  he  i«  ;  and  lhcr«^i'r<;  iicr  Par4li.ix  is 

Eater  in  the  fame  pri>portion.  Tim*,  from  the  Paral- 
(sof  Mart  and  Vcniw,  Cafllni  found  the  fun*»  Fatal- 
Itz  to  he  to";  from  whence  hit  dHtance  coowtottt 
Ziccn  ftniiiiianirtois  of  tin:  earth. 

but  the  moil  .iLCuratc  trxtjiod  of  i<  tcrminin;,'  tlip 
PiniUaxci  of  tiulc  plaiitt.s,  aiid  tliciicc  the  Parall  ix  i  t 
the  fun>  ii  that  uf  ubk-t  viug  il.cir  tntnlit.  However, 
Mercury,  though  frequently  to  be  fren  on  the  fun,  is 
Bot  fit /or  thi$  purpofe  ;  becaiife  he  it  fo  near  the  fun, 
&at  thediflerence  of  their  Parallaxet  is  al»av8  lef»  than 
(be  fotar  Paralln  required*  But  the  ParaUax  of  Ve^ 
aua,  being  almoll  4  times  as  great  as  the  folar  ParaU 
bx,  will  caufe  Tery  feiif.l  cii'rirni  cs  Intuccn  the 
times  in  which  £hc  will  fccm  to  pafTmij  over  the  fun 
at  dificicct  parts  of  the  earth.  \N  iili  the  view  of  m- 
raging  the  attcntiun  of  aftronomcrs  to  this  method  of 
detenniiung  tic  fun's  Parallax,  Dr.  HaHejrconminU 

'  cated  to  the  Royal  Societv,  in  1691*  m  W«t,  con- 
taining an  account  1^  the  ttvend  years  in  which  fuch  a 
tnilfitiiBjr.lMppeB,  computed  from  the  taUes-wbkh 

'  ■were  then  tn  ufc:  tbofe  at  the  afcending  node  occur  n 
the  month  of  N<ncm1;ii-r  O.  S.  in  tlio  years  91S,  1  if^r, 
15(76,  1^31,  1^1,9,  if<74,  iioQ,  an;;  and  at  the 
d(  I .  '  :-;'.i;:g  ntnlc  in  May  O.  ^  -  mi  tlic  )-i-avs  IO481 
1251,  1518,  »526,  1761,  1769,  1996,  toOfi 

'inulot  Tknnt  Abr.vol.  I,  p.  435  tie. 

Dr.  ITarcy  t  vi'n  tJirn  concluded,  that  if  t!ic  intirval 
of  liute  bituctn  i)k-  tuu  interior  cunta^<i  of  Wnus 
with  the  fun,  rouKl  lie  nuafurtd  to  the  cx^ifiiK-fs  of  a 
fccend,  in  two  places  properly  fituated,  the  fun't  Par- 
allax might  "he  determined  within  its  jcodth  pait. 
And  this  conciudon  was  more  (\il1y  e\pUuied  in  a  lub- 
fequcnt  paper,  concerning  the  traufit  uf  Vcous  in  the 
year  1761,  in  the  PbaofT  IVanf.  mmb.  348t  orAbr. 

*ol.  4,  p.  213. 

It  docs  not  appear  that  any  uf  the  preceding  tranfits 
-had  been  obfervcd ;  ejcee^t  that  of  i^'JQi  br  our  inge* 
nious  countryman  Mr.  Horro.x,  and  hi<>  friend  Mr. 
Ctabtre«,  of  Mahchcller.  But  Mr.  IK;  l  a-  died  on 
the  5d  of  January,  1641,  at  the  age  of  2^,  juSt  after 
he  had  finilhed  his  trcatife,  f  'rnuj  in  S«ie  vriti,  in  which 
iie  difcovcrs  a  murcaccunae  knonledgeof  the  dimen- 
iions  (  f  the  fblarfyftcin,  thanibic  learned  commentator 

lieveltus. 

To  give  a  general  idea  of  this  mtihod  of  dct-em\in- 
ing  the  horizootal  PlraUax  of  Vcniisi  and  from  thence, 


bv  ana'oprr,   thf  PsmHax  and  di'Aanrr  of  tVif 

und  ft  M  thf  plat\--  s  t,n:i'.   :jiiti;  let  DbA  hr 

earili,  V  \Vnii=,  an<!  TSR  the  eaftcrn  luni)  of 

fun.     Td  an  Mbtrrvrr  at  B»the 

point  /  ofl  that  limb  will  be  oa 

the  mendian,  iri  olaee  reftncd   ^_ 

to  the  he»\ ens  will  be  at  E.  and         -  | 
Venus  will  ap|>ear  juft  within 
it  at  S.     But  to  an  obfcrver  at 

A,  at  the  iamc  inilant,  Veimt 
is  eail  of  the  fun,  in  the  right 
line  AV  F  ;  the  point  /  of  the 
fun'a  limb  appears  at  e  ia  the 
haTCBBt  ana  if  Venus  were 
then  ttfihlc  (be  would  appear  at 
F.  The  angle  CVA  is  the 
horizontid  Parallax  of  Venns  ; 
which  is  equal  t>>  thr  opp^il'ite 
angle  F^E,  nuafured  by  the 
art  FE.  ASC  is  tlie  fun'j  ho- 
nVontal  Parallax,  equal  to  the 
iippofitc  angle  rS£,  mcafured 
by  ilic  arc  rE(  and  FAe  or 
VAe  n  Vma^a  bonxwital  Pafw 
aliaz  from  the  fun,  which  may 
be  found  by  ubfervin^  how 
much  later  in  ahfohite  time  her 
total  iugref*  ua  the  fun  ia,  as  j  { 
feen  from  A,  than  as  fccn  from  >  i 

B,  which  is  the  time  Ibc  lakes  [  1 
to  move  Iratt  V 10     in  ber 
otbHOVfh 

If  VemiB  were  nearer  the 
eaitti,  Ai  at  T',  licr  hort/ontal 
Paralljix  fronitlic  fun  wovild  he 
the  arch  />,  wliich  nicafnn-sthe 
angle  /Ae;  and  thii  angle  is 
greater  than  the  angle  FAe,  by 
the  difFtTcnce  of  tlieir  meafmrcs 
F^.  Su  thatas  thediftanceof 
the  celdtiai  oUeft  die 
earth  it  left,  itt  ranlhi  is  Ae 


fun, 

tho 

the 


4 


V 


greater. 

Nuw  it  lias  been  alrcacfy  ob- 
fervcd, that  tlic  hcri/ontal  Par- 
aIUii«:»  uf  the  itlmcti  ai'e  in> 
verfely  at  their  tiiflaiicet  front 
the  earth's  centre,  therefore  as 
the  fun'»  diftancc  at  the  time  of 
the  tianfit  ia  to  Venua'a  dif- 
tance,  fo  h  the  Pkralbx  of  Ve- 
nxi%  to  tliat  of  the  fitii  :  and  at 
tl.e  iua's  moiii  diihtncc  fn.iu 
the  earth's  centre,  is  to  In's  I'uf- 
tanceon  the  day  of  the  tr«njit, 
fu  is  his  lujt'i/ijntal  Parallax  on 
that  day,tohis  honxontalPaial- 
hi  at  the  time  of  his  mean  dtftaitce  from  the  earth's 
oentR.'  Hence  fats  true  dlllaneein  reinidiarr.etcrs  of  the 
earth  maybe  obtained  by  the  following  anaUigy,  vir, 
as  thr  fir.;-  >,t  the  fun's  P.trallax  i»  to  radius,  fo'is  uni- 
ty or  the  uu  ili's  ft.nidianicter,  to  the  number  of  femi- 
d:  i:nrtLr=  of  the  earth  in  the  fiiii'*  diftancc  from  the 

centre  ;  which  number  multiplied  bj  the  ntuidier  of 
Co  miio 
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*iI«lWlf«!  earth^lfciiudwiiettr.  wffl  give  the  mmhel' 
of  mHti  in  t'le  fun's  diftancc.  I'hen  from  the  propor- 
Onnal  (liAaiicca  of  the  planets,  determined  by  the  thwry 

of  gr;i  .-''y,  their  true  diftancM  m.\y  h<-  ton  id.  And 
frntn  thtn  apparent  diameters  at  Uu  ic  kiv  nvi;  Jul '.ncc», 
their  real  dimnvtcrs  and  bulks  may  be  tci:  vJ. 

Mr.  Short,  with  gicat  labour,  dcducc<l  tl»e  qusiiiutf 
«f  the  fun'i  ^rallax  from  the  bell  obfcrvatiotis  that 
■^m  ma  ie  of  the  tramfit  of  Venni,  «>i»  the  6ih  of 
June,  1761,  (forwTiicli  fee  PhiloC  TnuiC.  vol.51  and 
52)  hoih  ill  d  in  fwreii^n  parts,  and  found  it 

to  l.a\cbcony--52  011  Uic  dii}  "t  the  traiilii,  when  tlw 

:e  Irorn  the  earth.    Sc«  Philoi  Tmit  wL  gard 


fieafon  to  cooclude  that  thvf»n's  horisoHUd  FKnlks 
m»j  be  Anted  at  and  lu«  diftaiure  near  9;  flnl'- 
loom  of  miliei.  Heoce,  die  bBMrng  horhontiil  Par- 
allaxes : 

MeiHi  Forallax  of  the  fan      -  o' 
Moon't  ffTrttefl        •       -      61  ja 

Moon's  kaa         .        .  54       +  , 

Moon's  mean  »  -  -  57  4-^ 
Mars*^  .  -         -    ■     O  25 

0/  if.  f  P.-  f  A  t  I  A^t  o/ihe  Fix/il  Start.  As  to  tJkc  fixed 
(lari,  til  ii  ( J  I  lucc  it  fo  great,  ".hat  it  has  never  bcoa 
found  tlut  they  have  mj  fenlibk  Parallax,  neither 


man  diilanee 
53,  p.  61 1  Sic. 

•65 


Whence, 


As  fin.  8' 
to  radius 

Soi*  t  lemidiaineter 

to  33'8ea-84  rcaudnuiwlfin 


log, 


5-6ii9i40 

lO'OOCOOCO 
O'OCOCOCO 

4*)78ott6o 


that  i«,  aj88a  ,Ve  »  the  number  of  the  earth's  fcml- 
oiumeters  contained  in  iU  difUucc  from  the  fun  ;  and 


d.umeters                   ™J™»^«!  IrfSjI^  W  IZ  f'«bt'nd  an  angle  of  a  llnde  fccond  ;  or, 

,h,s  number  of  fom,dian«tC«  bang  IW^^  ^^^S             ^^^^  ^^^^  . 

the  nimiber  of  Engl.lh  miles  contained  lo  Ae  «Uth  •  ^            ^    a,  a  p<»int  ■ 

fmidiametcT,    though  later  obfcnrat.oi.»  inake  th..fe-  .                  „  Levelling. 


to  the  diameter  of  the  earth's  amrj:il  oihit  rottod 
the  fun,  although  this  diameter  be  about  igomiBwo* 
of  miles.  For,  any  of  thofe  ftars  being  oblerved  (.om 
oppotite  en4*  of  this  diameter,  or  at  the  i!)tcr\il  jf 
liau  a  year  between  the  obfcrvaiiii.i^,  ^^'kii  i  uth  is 
in  oppofite  ndnts  of  her  orbit,  yet  lliil  the  liar  ap- 
pears ui  the  Ume  place  and  (it nation  in  the  beav«^n9, 
wklwutany  change  that  ia  fen(ible,or  meafurablc  witb 
the  verybefl  ^  Itrumenta,  not  amottntiDg  to  a  fingk  k- 
cond  of  .1  Th  ;t  is,  the  diameter  of  the  earth'* 

annual  oibit,  at  tlu-  ncarcft  of  the  fixid  ftars,  docs  not 
fubtend  an  angle  of  a  linple  fccond  ;  or,  i;i  coirpunTon 

,     .         ....  f  .1       1  1    A...     .1...   ^xlCTlt.   Ol'  KJO 


f  though  la 

95,i;3,t2;  miict  for 
n 


.l::irr,;-t.T  onl 


)c6l  miles),  there   is  ohtnirivtl 

^   the  earth's  mean  ditbncc  irvm  the 

„,»  ''^mihenee,  fiomthe  an-ilogiefl  under  tli'-Mtick- 
DitTAWCK,  the  mean  diftance*  of  all  the  reft  of  the 
planeu  from  the  fun»  in  nllei,  are  found  »  foUow, 
riz. 


Mercury's  diilanoe 
Venni't  diftance 

Mars'*  diftance 
Jupiter's  didance 
iSotum't  diftance 


46,841  yi6d 
i4j,Di4,i4S 

907,1/56,130. 

( Phllot  Traof.  «oL  «,  p,  r^p) 
"  ~  rail 


In  arothcr  fir-.per  ^    ^  '•u  •    e  L 

Mr.  Short  ilat.i  tiit  mean  hotwontaJ  PaVallax  of  the 
fun  ai  S'-6(\  And  Mr.  l  lornfby,  froi-.  '-vcral  obfer- 
vations  of  "the  IriU.V.  of  June  31!,  I?''''  'J^'f  which  fcC 
till-  P.hslof.  Tra:.l".  vol.  S'j)  dc-.'uc  s  tiio  )-.n's  r:ir;i! lix 
for  tJiat  d.4y  equal  to  8-65,  :i:ul  the-  mc.n  P..railax 
1"*78;  whence  he  makes  the  mtar  diflar.cc  of 
earth  frorothe  fun  to  be  94,726.900  Englilb  njdcB,  and 
the  diftancct  of  the  other  f^sett  thu» : 


Mercury's  diilance. 
Veniw'a  dillance 
MarsV  diftance 

Jupi"  '  ii''lancc 
Satui:i's  iliilance 


144,6  i8«ooo 

48747a»ooo 
894,162,000 


PAHAtLAX  »  alfo  ufed,  in  Levelling,  for  the  angle 
contained  between  the  line  of  true  level,  and  tliat  of 
apparent  level.  And,  in  other  branches  of  foieoce,  for 
tltt  difference  between  the  true  and  apparent  placet. 

PARAX,LEI^  in  Geometry,  ia  applied  to  linci, 
figUM«»  and  bodica,  which  a«  etenr  where  equidiftant 
fmn  each  other  t  orwhich.tli«ishSifi«iiteIy  produced, 

would  never  cither  appVOKb  nearer,  01  recede  fartttcr 
from,  each  other;  their  diftwiee  bring  every  where 
mealured  by  a  perpem'ioin  ir  line  between  them.  Hen«ei, 

I'ARALttt  ri^lit  huis  ihofe  phich,  though  infi- 
nitely produced  ever  I'o  far,  vroidd  never  BWet  S  whidl 
h  Euciid's  definition  of  them.  _  _ 

Newton,  in  Lemma  22,  book  1  of  his  Principia, 
defines  Parallcla  to  be  fncli  lines  aa  tend  to  a  poiut  mh-. 
niteiy  di^ant.  .  , 

r.  r;.'kl  Line(  fiand  oppofcd  to  bncs  cottverging,.aiKl 

diviTKfl'g. 

.'^..me  define  an  inclining  or  cot..-.i  Inu-,  to  be 
tliat  which  will  meet  ainHher  at  a  Unite  dniaiwe,  and_  a 
FaraJlel  line,  that  which  wffl  only  meet  at  an  infinite 

*  A^:' p  P' ^idlcidarlabyfotne  faid  to  lliortcll 
of  all  lines  that  can  be  drawn  tO  aiiotbcri  foa  raiiOkl 


18  fai-I  to  b;-  the  longell. 


Seethf  Pl.ilof.  Tranf.  vol.  61,  p.  y?^-  ,  ^  . 

iia:  ot:.ers,  by  tiiking  t!:e  refa.ls  of  thole  oblenn- 
tiotis  thai  arc  moll  to  be  d-  pended  on,  have  made  the 
fun's  Parallax  at  his  mean  liulnnce  from  the  c.tith  to  be 
8-6045  ;  and  fome  m^ke  it  o  -Iy  8-54-  According  to 
the  former  of  tbefc,  the  fua'^  neun  <:.ftance  from  the 
ca  tl.  1.  rf,io9,7j6  fade* }  and  accorojag  to  ibc  latter 
it  ^  "P*"*  the  wlwkthefu  fceiM 


It  is  d^mo'.drated  by  ge<imctricians,  that  two  linei, 
AB  Hi  ll  CD,  thr.t  arc  both  Parallel  to  one  and  the  fame 
rieht  I'lie  Er,  arc  .alfo  Pavallcl  to  ca.  h  other.  And 
that  if  two  Parallel  lines  AR  and  EI' be  cut  by  any 
other  line  GH  \  then  1  !l,  the  alternate  angles  are  eqral ; 
til  the  ancle  a  =  *,  and  c  =  ^  d.  2d,  1  l>e 
external  angle  is  equal  to  the  internal  one  on  the  lame 
fide  c,f  the  cutting  Une;  via  the  f  *  «  ^-  ^ 
the  Z./  =  ^t.  3d,  That  tbe  two  internal  one«  00 
the  (sine  £<le        *^  together,  equal  to  Iwo 
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A. 


70iAww«pAt  AlLtt  IAk^—H  the  lineto  be  PsuaHel 
toAB  mull  pafs  throug;h  a  given  por  t  P  :  T.ik  •  the 
Bcareft  diftance  between  the  point  P  and  tht  };ivc:i  liiic 
AB,  by  fctting  one  foot  of  the  compafTes  in  P,  and 
with  the  other  defcribe  an  arc  juft  to  touch  th?  line  in 
A  ;  then  with  that  diftancc  as  a  radiui,  and  a  centre 
li  taken  any  where  in  the  L'tie,  defcribe  mother  arc  C  ) 
biUjr,  througii  F  draw  a  h'nc  PC  Jult  to  toudl'die 
C,  and  that  will  be  the  Panliellbagbt.  ^ 


Oriw^jl^.— With  the  centre  P,  and  any  radjii-.,  de- 
fcribe an  arc  BC,  catting  the  given  line  in  B.  Ntr-t, 
wiUi  the  fame  ladiua,  aod  centre  B,  ddcribe  another 
are  PA»  entting  alfo  the  gfvni  linefi^  A.  Laftlj,  take 

AP  between  tlie  i-ompaflcs,  and  apply  it  from  B  to  C  ; 
and  through  P  and  C  draw  the  Parallel  PC  re- 
quired. 

Or,  draw  the  line  with  the  Parallel  Ruler,  dcfcribcd 
below,  by  laying;  one  edge  of  the  ruler  along  AB, 
and  extending  the  other  to  the  given  point  or  dif- 
taocc. 

When  the  oncliiie  it  to  be  at  a  given  diftance  from 
the  other ;  take  that  dtftatice  between  the  compaJTc*  a* 

a  radiu  :,  p.nd  with  twti  cciitrti  takiii  any  uticrc  in  the 
given  lirir,  ;iclcnbe  t  wj  arcs  ;  tlaii  Idy  a  niltr  ju'l  to 
touch  the  arcs,  and  by  !•  Jraw  the  I'anilK-l. 

^AKALLKL  PLtites,  oic  every  where  equidillant,  or 
hm  an  the  Mrpendieulars  that  ace  drawn  between 
them,  e«er7«iiere  equal. 

PARabt>SI>  Ray:,  in  Optics,  arc  thofe  which  keep 
dwqrt  at  ao  diftanoe  in  re^icft  ti^  eacb  other, 
fitm  the  trifnal  o^eft  to  the  eye,  from  which  the  obJeA 

il&9polcd  to  be  uihiiitcly  dillar.t. 

Parallel  Ruler,  i^a  ^nathcir.ntii.:.;]  iullrunicut,  i;on- 
C!ling  of  t'.vo  <.q'jal  rulers,  AB  fiiul  CD,  eiiher  nf 
wood  or  metal,  conneftcd  together  by  two  flender  crofs 
bars  or  blade*  AC  ;\t.  J  BD,  movcabte  abont  the  points 
or  jmnts  A,  S.  C,  D. 

'There  are  other  forms  of  this  iutlrun>eat,  a  little 
niied  lirom  tlie  above ;  Ibnc  ha*ine  the  two  bbuieB 
croffing  m  the  middlct  and  fiud  oiuy  at  one  end  of 
thcttr  tlx  ^^^^^  two  cBdi  ilidtng  n  gfoovea  along  the 
two  rulers ;  &c. 

The  ule  of  this  inflrument  is  obvious.  Por  the 
•dgeof  one  of  the  rulers  bcins;  applied  to  anrline^the. 


■  fotmer)  and  confequently  any  PantUcIs  to  this  may  be 
drawn  by  the  edge  of  the  ruler,  opened  to  any  czteat* 
Pakall)!  (.  Sailing,  in  Navigation,  i«  the  fading  onor 

ander  a  Parallel  of  latitude,  or  PaiaUd  to  the  equator. 
—Of  tlllf  there  a»  threeeafei. 

1.  Given  the  Diftance  and  Difference  of  Lonj^'itudc ; 
to  find  the  Latitude. — Rule.  As  the  difference  of  lon- 
;n't  (1 1-  in  to  the  diftanee,  fo  it  radina  to  the  coline  of  the 

latitude. 

2.  Given  the  Latitude  and  Difference  of  Longi> 
tudc ;  to  find  the  Dillance.— -Rule.  Ac  radius  it  to 
theccMine  of  the  Uthode^  it  the  dliiaaice  of  longi- 
tude to  the  diftane&- 

j.  Given  the  Latitnde  and  Diftance ;  to  find  the 
difference  of  longitude. — Ruli.  As  the  cofinc  of  la- 
titude is  to  radius,  fo  is  the  diilance  to  the  difference  of 
longitude. 

Parallel  Spbtre,  is  that  fituation  of  the  iphcre 
where  the  equator  coincides  with  theborixon,  and  the 
poles  with  the  zenith  and  nadir. 

In  tlu'5  fphei  c  all  t]ie  IWallds  of  the  equator  become 
Pandlcli  of  the  horizon  f  coafequeBtbr<  no  ftara  ever  rife 
or  fety  but  all  turn  round  in  circka  ninUel  to  the  ho- 
rizon, as  well  asfche  fuu  himfdC  which  v.Iun  in  tlic 
ecjuiuociial  wheels  round  the  horizon  the  vvbuic  day. 
.'Vlfo,  .After  the  fun  lifes  to  tiiL- ikvatcJ  polo,  he  never 
fcts  for  lix  months ;  aad  after  bis  entering  again  oa 
the  other  iide  of  thit  Ini^  he  never  forfixnuntha 

l.inr^cr. 

L'\v.  .  puhiiun  cjf  ti..  fpliere  is  theirs  only  who  live  at 
the  polca  of  the  earth,  if  anjr  iiich  there  be.  The 
greateft  height  the  fun  can  rile  to  them,  is  23I  de- 
grees.   They  have  but  one  day  and  ooe  night,  each 

being  half  a  yearlong.    Sec  Spiieac. 

pAKALLf.Ls,  or  Phuct  if  /Irifu,  iii  a  Si  ■ arc- 
deep  trenches,  15  or  18  feet  wide,  joining  ilu-  ievcral 
attacks  together }  and  ferviiig  to  place  tiic  guard  of 
the  trendies  In,  to  be  at  hand  to  lupport  the  wurlunca 
when  attacked. 

There  are  nfually  three  in  an  at'.aek :  the  firft  is 
about  600  yards  from  the  covert-way,  the  fecond  be- 
tween 3  a;u'  ?a:\  tin-  tliii  .l  i. or  on  t!u:  glaci;. 
—It  is  fitid  they  wc;c  !ir:l  ii..  t:itid  or  ufcd  by  \'iiul)ari. 

pAitALLi  Ls  f;/ >•//.';/;.■ /;•,  Or  .^Inncaotar;,  are  circles 
Parallel  to  the  lioi  i/.oi!,  conceL^d  lu  p;;fi  through  every 
degree  and  minute  of  the  meridian  betwceik  the  hun>  - 
zon  and  zenith  ;  li  ui.'^^  th  .  ir  poles  in  the  aenith. 

Paralllls,  or  Pakallil  c.i\-Us,  called. dfoRir- 
aUeb  of  Latiiuilc,  and  Circles  of  Latitude,  are  leffer 
circles  of  the  fphcrc,  Parallel  to  the  equinoctial  or 
eqiiator. 

PARALi  r  i-s  of  DcJ'uiatti,!!,  are  It  iler  ciicles  Parallel  to 
tlic  t'<j.i;ri,!Ct:al. 

Pakallkls  of  LtttiiutU,  in  Getiigraphy,  arc  lelFcr 
circles  Parallel  to  tiie  et^uator.  ovt  is  AilroRom/ 
they  are  Parallel  to  the  ecliptic. 

PARALLELISM,  the  quality  of  a  parallel,  or 
that  which  denominates  it  fuclk  Or  it  is  that  by  wliicli 
two  things,  as  lines,  rays,  or  the  like,  become  cquidif- 
tant  from  one  anotht:-. 

Parai.i.!-:!  ISM  of  :ht  t  yi'.xij,  is  iliat  invnriabli; 

fituation  ot  the  axif,  in  the  progrt fsof  the  e.i.-th  through 
the  aanual  uibit«  by  which  it  always  keeps  parallel  to 


•l£er«paied  toiny  extent  wiUbedwayspaiaflel  to  the   ttfdf ;  fo  that  if  a  line  be  drawn  parallel  to  its 


while 
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tvS.lr  anv  nnr  potnlun  ;  aM«,  in  all  other  pofi. 
tion<  or  pan;  o(  ihc  <-iibit,  « ill  .i!\»:iyi  he  penile]  to  the 
famo  \\r\r. 

I  n  confoqnrnvT  of  this  r;tn>llclir:n,  the  ax^i  <if  tli<* 
rarlh  p'jinis  a!uu\  as  lo  fonir,  to  tin-  fainr  phcu  or 
point  in  the  hrawiUi  vix  to  the  puk«.  Bccaufc,  though 
rraltr  thr  axis      the  annual  tnottQii,  deferibo*  tlic 

furfat-c  of  a  cylinder,  whrifr  bafc  !>;  tllC  Circk  of  the 
earth's  annual  orbit,  y<-t  thi^  \\lio!c  circle  is  bwt  at  a 
point  In  c<^>tTipbrifon  with  the  «li(lrr,.'e  rf  rlv  fixed  ifnti; 
:<t»d  there},  ire  all  the  fidfi  of  the  cvli^idt-i  turn  to  ti-ud  to 
the  famt  point,  which  i<  thco  lcrtial  p>ile. — To  this  I'at- 
allflifm  is  owinr  the  >-har;^t  an:l  v.iiicty  vi  fculotn, 
with  the  incmiality  of  d;iys  and  nijihty. 

This  ParaUeh'fm  ■«  tltc  ne«:cflar)'  coitftqucnce  of  the 
emh't  donMc  rnotibn ;  the  one  ntoni  the  lun,  the  other 
■ound  its  o\m  axis.    Nor  it  there  any  ncrtfiiiy  to  ima- 

S'ne  a  thiril  mution,  as  fotne  hsvc  done,  to  arcoviiit  fur 
is  ''aialWifm. 

'  F.'.RAI  LF  l.i:  M  df  R't-'t  »f  T'tts.  The  ryr  pliiccj 
at  t!ic  nul  of  ati  ;  llev  Lt  iiiu!  li  by  iwo  rti«^  of  Iriis, 
pl.inted  in  paiallii  linr^  luver  fees,  th^m  parallel,  but 
always  iriL-lining  to  inch  other,  to«-ards  the  farther  enda 

Hence  mathenuticians  have  takfli  occalioa  to  en- 
^itire,  in  what  h'Km  the  free*  umiA-be  diTpolcidt  to  cor- 
rcft  this  cffcrt  of  the  perfpef'tive,  r.nd  make  the  rows 
fiillajiptiir  paratlcl.  And,  to  pitviuce  this  cfTed,  it  t» 
evident  that  the  unequal  iiiter\'aH  «)f  at  fw"  oppofite  or 
comfponding  trees  may  befcen  nndertcjual  vifu  J|  angles. 

For  thi*  purpofe,  M.  Fidiry,  T.;>  quet,  and  Varigiion 
obferre*  that  tlic  rows  muA  be  oppofite  femi-hypcr- 
Iwlaa.    See  the  Mem.  Acad.  Scif iiii.  1717. 

But  notwithftaoding  the  ingcnuit/  of  their  fpecu)a« 
tiont,  it  has  been  pvoved  by  D'Aleffibeit,  and  Bon. 
guer,  thai  to  produce  the  cflefl  pT-opofttl,  the  tree*  ait 
to  be  ranged  menly  in  two  dlverj;ing  tij^ht  line*. 

PARALLELOGRAM,  in  ( ;i<  .nctrj-,  is  a  qin- 
drilateral  right-lined  lijairt,  whofc  oppofite  fide*  arc 
parallel  to  each  oihi  r. 

A  ParaUclogniin  may  be  eoi>ceiT«d  a*  generated  br 
the  motion  •falwhtlxne*  alone  a  plane,  dvayi  paiu> 
leltoitfelf. 

Paralklograms  have  Ceveral  pntiaAardenamnwtiomi 
nnd  are  of  feveral  fpecin,  aceoidiny  to  certain  paiti* 

■xtilar  circtimllanees,  as  follow  : 

When*  the  angles  of  tin-  Par  Jltln^r.ir.i  iirc  right 
ones.  It  is  called  a  ReAanglt.— -Vv  lien  the  angles  arc 
right,  and  all  its  fides  equal,  it  is  a  ftjiiare. — When  the 
fides  are  equal,  but  the  anglcii  obli<iue  ones,  the  figure 
in  a  Rhombus  -or  Lo/enpc.  Arid  whenlioth  fheiides 
and  anglciaic  nncqnai,  it  is  a  Rhoniboides. 

Every  other  quadnlateRii  whofe  oppofite  fide*  are 
titither  parallrl  nor  equal,  is  called  a  Tiape/ium. 

'Prtprrtiri  of  ttr  Pah al le iouram.. — ^I.  -In  every 
■Tarallilognini  ABDC,  the 
diagonal  divid^■^  the  figure 
•into  two  eqn.il  triiingle*, 
ABD,  ACD.  Alfo  the 
oppofite  angles  and  fides  arc 
eqial,  via,  the  fide  AB  «s 
<*!),  aod  AC  BD,  clfo 
tlie  angkA  ^.  D,  and  the 
A  B  ss  it  C.    And  tiic  fum  of  any  two  fuccccdh>g 


angles,  nr  next  the  fiime  fide,  is  eqtul  to  two  right  in- 
gle h  or  1  {it;  decrees,  a»  A -f  £.C=i  ■i'  ^.Ds 
^D4>  Z.B9^B4>^A=:two  ngkt^n- 

All  Pimilelograms,  as  ABDC  and  a^DC,  are 
equal,  thk  are  on  me  &me  bafe  CD,  and  between  the 
faim-  parallctt  A^r  CD ;  or  that  ha«e  other  the  fiwK  or 
equal  bafe*  and  altitudes ;  and  each  i^ double  ■  triaagk 

of  the  fame  or  equal  bafe  and  altitude. 

%.  I'lic  areas  of  Parallelognimi  are  to  one  another  in 
the  ir-'nipoiind  ratio  of  their  bafes  and  altitude;.  It 
their  h;iles  be  equal,  the  areas  are  as  their  altitudes  ; 
and  if  the  altitudes  b<?  equal,  the  area*  areas  the  hafrx 
And  whtn  the  angles  of  the  one  Parallelogram  arc 

3ual  to  thoCe  of  amtber,  the  area*  are  t»  the  mdao* 
^  Mt>f  the  lidci  about  the  equal  anglea. 

4.  In  every  rarallelogram,  the  fmn  o(  the  fquarcs  of 
the  two  diagoni.':-,  is  equal  lo  the  fum  of  the  fquarei.  of 

all  the  f  >ni  hI*  t!u  ii^mc,  :]■/, 

AD'  +  BC»  =  AB»  +  lU)'  +  DC»  +  CA*. 
AIu>  the  tu-o  diagoiials  biff£l  each  other {  fo  that 
Ai:  <=  ED,  andBfi  =  EC. 

5.  To  finJtie  Arm  «^  a  pAaALtFincaaM.— Mnlti- 

piv  anv  ur.e  fide,  as  a  bafe,  by  the  height,  or  jicr|>eiidi- 
cular  let  fall  iipi>n  it  from  the  oppofite  tide.  Or,  iiuilti- 
ply  ai<\  two  adjacent  fnki,  together,  and  the  prodiiet 
by  the  fine  of  their  ci  iit-iiiud  angle,  the  radius  being 
I  :  viz, 

The  area  is  =  CD  X  AP  =  AC  X  CD  X  fin.  C  C. 

f:r,mf>:i-n>frrt  bf  a  PARAti-Ft  ocram.    See  CoMfte- 

TKS  ^ Gratiijt  and  CcaTaoaAaic  MttM. 

PatALttlOCRAM,   or  PAKALtEtt»M,  OT  PCXTA- 

otAPK,       denotes  a  marhinc  tifed  for  the  ready  and 

c\  irl  fcduclion  or  cojiying  of  defigiis,  fchcmvu,  pl.iiis, 
piiiit-;,  &c,  in  any  pTopr.rti!>n.    See  Pf  vTAOXArM. 

I' '.  R  "  i,HLOC5RAM //r/er/'o/ff,  is  the  Pandlelo- 
grain  formed  by  the  two  jifymptiues  of  an  bvpttbiila, 
and  the  pai-alleh  to  them,  drawn  from  any  point  of  the 
ctirre.  This  term  was  firft  ufed  b^  Huy|rrn«,  at  the 
end  of  his  Diflertatin  de  Canfa  Grantatia.  This  Paral< 
lelogram,  fo  forrrcd,  is  of  an  invariable  m:!|fnitudc  in 
the  fame  fuperholi  ;  and  the  reftangli  of  Us  fitlrs  tf 
equal  to  the  power  iif  the  hvj  -rbtda. 

This  Parallelogi-.im  \i  a'i'o  the  modulus  of  the  logi- 
rithmic  f}"lUm  ;  and  if  it  he  taken  annuity  or  1,  (he 
hvptrbidrc  fcif^ors  and  fegments  will  corie^pond  to  Na- 
pstt's  or  the  natural  log.irithms  ;  for  which  ixafon  thefc 
hare  been  caPed  tlie  hyperbolic  logarithm*.  If  tl>e 
Tlnallcki^tn  be  taken  ss  •^  vfi944Ki90  Sec,  thrfe 
fiftors  and  ftgirr iTts  will  reprcA  ut  Briggs's  logarithms  } 
in  whieli  cafe  the  two  afyrr-.ptotes  of^the  hypei'bola 
make  l^clween  ti  ein  an  angle  of  2J°  44  Jj"}. 

Nfti'ion'tim  or  .■tuitlytic  Par  A  lur  look  AM,  aterm  ufid 
for  an  invention  »>f  Sir  Ifaac  Newton,  to  tind  tht-  titlk 
term  of  an  intinite  ci>;ivergiMg  krie-s.    It  is  tbtnctimet 
•called  the  Method  of  the  P.irallf  ■  igram  and  Ruler  }  bc< 
caitfe  a  ruler  or  ririit  line  is  aUi»  ttlcd  in  it. 

This  Analytieu  Faranelofrram  » Isirmed  brdtvidiog 
anv  gciimetricn!  P-irHllffegram  into  tipi.-il  firudl  fquarcf 
or  Parallelograir.j,  bj  lines  drawn  horixontally  and  par" 
3  pcndkulailf 
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ffrdlciJi'T-.'  •^.ron^1l  the  cqiuil  dirlfions  of  the  fiiet  of 
the  Par  ill  l.j^j  arn.    Tlic  fmall  ccll«,  thus  formed,  are 
filled  with  the  (L'meii<ioiit  W  poWlft  of  the  fpcdc** 
.  iikdjr,  and  their  produdn. 

Fornilancc,  the  powert  ofjr,  a«  jp"  or  i,y,y^,y*,  y*, 
IcCt  being  placed  in  the  luvrdl  horizontal  range  of  ceU»: 
and  the  powers  of  x,  m  a"  =      *,  **»  x*,  &c,  in 
-V    the  vertical  coluinii  to  the  kft;  or  vice  voia }  theiis 
femtn  mti  liietr  pcoduAt  wOl  ibad  m  m  tiu  fi*  * 
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Now  when  aof  Utcnl  cqitttioii  iipn^ftd»  mvolir* 
hg  various  powen  of  the  two  nnknown  qtHiothies 

AT  and  J*,  to  find  the  vnliiftjf  one  of  ihcfc  in  an  infinite 
fcric*  of  the  powers  of  ttie  oihtr;  ir.rrrk  fuch  of  the 
ctUi  a*  corrcl'pond  to  all  its  tennJ,  or  thut  cimtuit)  the 
bmc  powm  and  produ£ia  of  x  andjr  ;  the:,  kt  a  ruler 
be  tpplied  to  two,  or  perhaps  luorc,  of  the  Par* 
dMomnw  fo  marked,  of  which  kt  one  be  the 
bwcR  in  the  left  hand  column  at  AD»  the  other 
Ibvching  the  ruler  towards  the  right  hand)  and  let  aA. 
fhe  rcA,  not  touching  the  lulcr,  Iw  above  tt.  Then  fe» 
kft  thofe  trims  of  th;-  ctjuation  which  r.rc  n  pr.-fentrd 
by  the  cells  iliat  touch  the  ruler,  and  iruni  Uicin 
find  the  &ft  torn  or  quutkf'  to  be  put  "ta  the  quo- 
tirnt. 

Of  the  application  of  thin  rule,  Newton  has  pvm 
Semal  examtplea  in  his  Method  of  Fluxiona  and  Infinite 
Seriea,  p.  9  and'  10,  but  without  demnnfttatfen ;  which 
has  hern  fupplscdby.Othen.  SceCulfon's  Comment  on 
Shat  treatt(«,  p.  192  &  feq.  Alfo  Newton's  Letter 
lo  Oidcnbuig,  Oft.  14,  \(i~f>.  Mp.d.Tiirin's  AliiTibra, 
p.  351.  AndrfpecfaHy  Cranur's  Aaalyfes  dcj  l^i;;ncs 
Courbca,  p.  t4S. — Tluit  autiior  obfcr\cs,  that  this  in- 
vention, whivh  IS  the  true  fmisnhtion  of  the  method 
of  feries,  was  but  imperfectly  unJtriload,  and  not  vu- 
loed  as  it  ddcr«ed»  for  a  lonK  tuacr  He  thioka  it  boww 
ever  moR  convenient  in  praeUoe  t»  nfe  the  Analytical 
Triangle  of  the  abbe  dc  Giia,  vrhieh  takes  in  no  more 
than  the  diagonal  cells  lying  betwxen  A  an  J  C,  and 
thofc  which  lie  between  tKcm  and  B. 

PARALLELOcaAM  fr^roSoT,  a  mathematical  inAru- 

mat,  cwilHMiif  rf  >  fanicgdc rf  braft,  whlifbiirn^ 


ten  in  form  of  a  ParJlelogram,  mar'c  fa  move  to  atty 
angle.  One  of  thcfe  rukrs  is  an  index,  which  fticvrs 
on  the  fcmicirde  the  quantity  of  any  inward  and  oisi> 

u  urd  angle. 

PARALLELOPIPED  ,or  PAKALLElOPirKDORgia 
a  fulid  figure  contained  under  lix  paralielogtama,  the  op> 
pofitcs  of  wliich  arc  equal  and  paraUd.  OTi  it  it  • 
yrilm  whofc  hafc  iaa  paralklogtraua. 

Prtfrrlitt  of  the  PAaALLCtOriPl(t>Oll.-— Alt  TWiL 

lelopipedons,  whctht  r  right  or  -  lliq  le,  that  ha»c  their 
bafcs  and  altitudes cuual,  azx  c^unl  ;  niul  each  equal  to 
triple  a  pyramid  of  an  eqiis!  Ii  lIu  .ukI  altinuie. — A  dia- 
gonal plane  divides  the  ^araliclupipedon  into  two  equal 
tiiacgal.ir  prifmt. — See  other  piupcities  under  the  ge- 
ncial  term  I'xisM,  of  whush  thia  is  only  a  particular 
fyecics. 

7>  Meafure  lie  SHefiMnmd  SMkf  «f  «  pAftat,i.tto- 
virtBON^'FInd  the  areat  of  the  thive  paiallelograan 

AD,  BE,  an  !  BO,  wliicli  add  into  oi»e  funi|  atid 
double  that  iuni  be  tlvc  whole  furfaoe  of  \itc  FaiaU 
ItloeipedMi,. 


For  the  Solidity ;  nultiplj  the  baCs  by  the  altitude  t 
that  is,'  any  one  nee  or  ode-  by  iu  difuaoe  from  the 
oppofite  fide  t  at  AD  X  D£»  or  AB  x  BE»  or 

BG  X  BD.      -  • 

PARAMETER,  a  certain  cof.a.ii  -  light  lire  in 
each  of  the  three  Conic  Seclionn  j  other, viit  called  alio 
Latus  Rectum. 

This  line  is  called  Parameter,  or  equal  meafurer,  be- 
caidr  it  nieafures  the  COI^ttgalc  axis  by  the  fame  ratio 
which  i>  between  the  two  axes  thcmfdvci  j  being  indeed 
a  third  proportional  to  them}  na^  a  third  propor- 
tiiinal  to  the  tntnfvcrfe  and  conjujgate  axes,  in  the  eU 
lipfe  and  hyperbola ;  aud^  which  is  the  fame  thing,  a 
t'urd  proportional  to  any  ahlcifs  and  its  orjinale  in  ilir 
par^ibuia.  So  if  /  ar.d^  be  tiic  two  axes  in  the  clliplc 
aud  hyperbola,  aodscaiidj*  anablola  andiuoKUnate  in 
the  jMnb-'ia } 

then  <sr;:f:/s  <~  thePkiaauiatbc  former^ 
aad'4rt^  tijip  B  ^>  t]ieIte«B.iatheJaft. 

The  Parameter  is  equal  to  the  double  ordinate  drawn 
tluou'^h  the  focus  of  any  of  the  three  conic  feCHona. 

I'.ARAPET,  or i;rra/fmnl» in Fortiiication,  iiade* 
fence  or  fcrcen,  on  the  extreatee^  of  a  lanpartt  or 
odwr  woric,  fervinff  to  cover  the  fbUim  and'tbc  cannon 
from  the  enemy's  fire. 

The  thickncfs  of  the  Parapet  is  18  or  so  feet,  com- 
monly lined  with  mafonry  ;  and  7  or  3  feet  high,  when 
the  enemy  has  no  command  above  the  battery ;  other- 
w^itilMKddlMiaiicdMgtostocofer  thenea  while 

.  they 
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they  loid  thc^M.  T1i«re  are  certaiii  opening**  caikd 
Bmbrafum,  cut  in  the  Parapet,  from  the  top  down- 

viiiih,  til  within  about  2  !  "r  3  fi-ct  of  the  bottom 
of-t,  fnr  the  caiiiicii  to  Jifc  through;  the  folid  piece* 
o'    bi  ix^cv-n  one  embrafure  «id  another,  being  called 

Merlons. 

Parapet  is  elfo  a  little  brcall-wall,  nifni  <in  the 
brinl;s  of  h:  idjjej,  <]i)«y«,  or  Iiigh  buildings  ;  to  ferre 
IK  a  lUy,  .^i.fl  piicvcnt  people  fnim  falling  o\xi, 

PAli-JPlEi)  (InxiiTius  Gastc<s),  .in  inecaioua 
French  mtitl*  nrati'cfan  an«l  philofujihir,  vmt  brm  at 
ill  li:'- [  M  v'iKc  1)1' Gafcrny,  in  id^/i ;  bi>  lather 
l>jii  .1  c.i;;ul.!I«ir  uf  liie  j>ai'i;in.ciil  uf  th:lt  titv. — 
/\;  tbc  .i;  >•  of  i^i  Ik-  <;]ittrfil  into  the  order  i)t  Jcliiit', 
and  madt:  fu  ;.'r?;it  a  iirvlicicncy  i;i  his  iUidic*.  that  he 
taught  pi/h'- "  litiiiiturCf  and.c<>ir.[iori.<l  many  pitccs  in 
piofeand  vcife  with  adiAinguithcd  dcUcaq^  of  thought 
and  llrlc,  before  he  wa*  well  ani^rd  at  th^  ajre  of  nian« 
hoodi  Prmiictv  and  clcjjance  of  lanptiap^  uppear  to 
hare  been  -hfs  firft  purlr.it*;  for  which  ptrp  ufc  lie 
ftuditd  the  l'c^.L^  l.t'liiv  ,  (  liiiT  IcaTiiid  ];r«idt:c- 
tiotii.  {lilt  nftcnvarik  hf  di'vutt  ■'.  hMi  frlf  tci  niathi,'ir.Tti- 
c;:l  aiii".  jil.ihifi.pl  ical  lludli--:,  nud  it.nd,  with  due  iittiii- 
tii^ti,  tliL'  tnoil  vsltiablc  antilors,  aiicKiit  and  inodfrn, 
in  th'ilc  Itii-ncis  :  fn  tli  it,  i.i  a  (hort  time  lie  nijidc 
himfclf  mailer  of  the  Peripatetic  and  Carlefiaii  philo« 
fophy,  and  taught  them  both  with  great  rrputaiion. 
Notv.it  h  (I  and  I  r.^  Iir  (.'mhracrd  Cartcfianifm,  ytl  ht 
afftftcd  to  bi-  rather  ati  invctror  in  philofophy  Iiimfflf. 
Ill  this  fpint  be  funittinies  ndvaiictd  very  btdd  (^pinions 
in  natural  plnlofopby,  wbieb  met  with  oppofcrs,  who 
cf^irgcd  hi:ii  with  ilartiii^  abfurditics:  but  he  wae  in- 
gciitoua  enough  to  give  his  notions  a  pianliMc  tuni,  I'o 
as  to  dear  them  weningly  From  contrndit^tioiu.  Hia 
I  reputation  procured  him  a  call  to  Paria,  aa  Profeffor 
of  -Rhetoric  in  the  College  of  Lewis- the  Great.  He 
alfo  tauj;ht  the  malhein;itics  in  th^t  city,  as  he  had  be- 
fore done  in  otlu-r  places.  He  liad  from  his  youth  a 
hsppy  gcniirs  for  that  fciencc,  and  made  a  givat  pn>. 
grctj  in  it  ;  and  the  glory  v.  liich  his  wntings  acquired 
him,  raited  the  bightrt  expttiations  from  Ills  future 
Libours  ;  but  tla'fc  were  vW  blafU-d  by  hi;;  early  death, 
in  1673,  at  37  years  of  age  ;  falb'n^  a  viciim  to  his 
zcal»  he  having  caught  a  contagioti*  ddorder  by  preach* 
inr  to  the  prifonera  in  the  Btcetre. 

rardlc&  wrote  with  great  neatncfs  and  elegance. 
His  principal  works  are  as  fcdlow ; 

1.  Hriroiogium  Thaumaticum  duplex;  1662,  in  41^. 

2.  DifTertaliu  do  Motu  el  Katurri  Comet.irum } 
1665,  Svo. 

3.  Difcours  di;  Mouvcmctit  Local  j  1^70,  iimo. 

4.  EltracnB  de  C'.;oinct«ie  ;  1670*  ISmo.' — Thi-i  lias 
been  tnmflatcd  into  fcvctal  bAgiMget  t  in  Eng^iAi  by 
Dr.  Harris,  in  171 1. 

■  5.  DifcouTS  de  la  OMiooiflancc  dea  Bete*  j  1673, 

1 2  mo. 

6.  Lett  re-  d' tin  PhUofinphe  k  ttn  Cartefien  de  fc^ 
ami* 5  1672,  laroo. 

7.  La  Statique  on  la  Science dcs  F(HnceaMou«attte«; 

1673,  tamo. 

g.  Dereii|)tion  ct  Explicatioii  dfi  dciut  Muchines 
proprea  i  faire  dct  Cadrana  avec  tide  grande  &cilit«  ; 

9.  Rcmar^ucs  dv'  MoareaMat  de  la  Lonucre. 


ic.  Clobi  CockAia  in  tabuhi  plana  rcda^U  TJtdofpt-' 
tio  J  irt75,  folio. 

1'.  It  (if  hit  works  were  printed  together,  at  the 
II^^UL,  if'Cjif  I;i  i:ino;  and  a^ain  at  Ljons  1725. — 
Pardie.i  had  a  difpule  alfo  with  Sir  liaac  Kewtou, 
about  bi:>  New  Theory  of  Light  aod  Coluura,  in  1672. 
His  U-tteis  are  tufertcd  tn  the  Ph■Io{■•phical'TIaa(ac>• 
tions  fur  that  y..-ar. 

PARKI- T  {.-\.NTnosy ),  a  refpeaahlc  French  m»- 
thcmatician,  was  horu  at  PariR  in  1666.  He  (hewed 
an  early  propcnfily  lo  the  matl'.irnntie^  caj^erly  peru* 

liug  iueh  l:.it  kl  in  that  ftieiivc  a.,  f.-ll  in  (■i-,  w?.  -. 
eiiiluin  to  write  icmaiki  in  tiie  of  the 

books  he  lead  ;  and  in  thia  way  be  had  Itlied  a  iiuniber 
of  IvN'k^  with  u  kind  oi  couMiMTia ar}'  by  tite  linic  he 
was  I  ^  yearn  oi  a^e. 

i^ooni  after  this  he  ma  put  under  a  mafler,  who 
taught  rhctoiic  at  Cbtitrea.  Here  lie  happened  ta- 
ke a  dodecacdron,  upon  every  face  of  which  was  deli> 
lu  afed  a  fun. dial,  exeept  the  lowed  on  whfch  it  rtood. 
fiti'iik  .-s  it  vere  iiiitaiit.ononny  with  the  eurioiity 
of  thile  liuils.  be  attempt ..'d  diawiiig  one  hiinlclf  ;  but 
having  only  a  book  w  liich  tauglit  the  praCticil  part, 
\\iih>ji;t  the  th(on-,it  was  not  till  after  iui  mailer  came 
to  exp!uii>  the  dciMnre  o^tbc  fphere  tO  him,  tliat  he 
began  to  uoderAand  how  the  pmneAibn  of  tke  drclei 
of  the  fphere  formed  fun-'diala.  He  then  undertook 
to  u  utc  H  treallfc  upon  gnomoiiics.  To  he  furc  the 
piece  was  rude  and  unpoUthcd  cncugli  ;  lTOW«-er,  it 
was  tiitire'ly  Life  Lv,  :i,  and  not  borrowe-d.  About  the 
fame  time  he  wrote  a  l)o«k  of  gtfomeliy,  in  the  famo 
ta(\c,  at  Bcauvai: . 

Hi»  friends  then  ietit  for  him  to  P-iris  to  ftudy  the 
law;  and  in  obcdiciice  to  thrm  he  \«cr.t  through  a 
cburfe  in  tliat  facidty  :  which  was  00  Iboner.finiflied 
than,  urgrd  by  hi}  paflton  for  matJiematica,  be  fliiA 
himftlf  up  in  the  college  of  Dorman«,  that  no  avoca- 
tion might  take  him  from  his  beloved  lliidy  :  and,  with 
an  allowance  cf  iefs  than  2co  liwes  a-ycar,  he  lived- 
content  in  tliis  retreat,  from  which  he  never  ftirrid  but 
to  the  Royal  College,  to  hear  the  k^turcs  of  M.  de  la 
Hire  or  M.  de  tiauvtiir.  When  he  thought  himfclf 
capable  of  teaching  others,  he-  took  pupils :  ar.d  f«rti> 
ficntion  being  a  branch  of  ftudy  which  the  war  had 
brought  into  particular  notice,  he  had  oocalion 
to  teaeh  il :  b^.t  a'lt  r  fori.e  t'r-c  he  brfjnn  to  cntertaiu 
fcriiplis  about  t^viehiiij^  a  fiit>ject  he  had  never  fccn, 
knowing  it  only  by  imagination.  He  imparted  tliii 
ftmplt  to  M.  Sauveur,  who  recommended  him  to  the 
Marquis  d'Aligre,  who  luckily  at  that  time  wanted  to 
have  a  mathematician  wit!i  )\':r..  M.  Parent  rjadctWtt 
caiiipjlgns  with  the  maii  '^Is  !iy  which  he  inflrufted 
hiiofelffufficitRtly  in-vicwiug  fortified  places ;  of  whidi 
be  drew  a  number  of  plans,  though  he  had  never 
learned  the  art  of  df"-.».  In  •. 

Froni  this  period  he  ipciit  his  time  In  a  continual  ap- 
pl:ralio;i  to  tlic  ftudy  of  natural  philofophy,  ar.d  ma- 
thematics in  all  its  branches,  both  fpe-cDlaii\c  and  prac* 
tical }  to  which  be  jdncd  anatomy,  botany,  and  ch^ 
miflry  ;>«4ii8  genioa  joined  wi!!i  hh  indefatigable  ap« 
plication  oteroomiag  every  thing. 

M.  de  BiDettea  ming  admitted  into  -tlie  Academy 
of  Seiencet  atlteia  in  iC'm,  with  the  titk  of  their 
mechanidMH  be  named  ^  Pnent  far  hit  cle«e  or  dif- 

ciplc, 
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tiple,  a  branch  of  .madmatici  in  xAutM  tie  chleRy 
excelled.  It  was  foon  difcoveicd  in  this  focicty,  tfat 
he  cn";aj,'ed  in  all  the  liifFireut  fuhi'.-^t^  whicli  were 
fcrotiglit  hoforc  them  ;  and  indctd  tliat  he  had  a  hand 
iti  t  vciy  thing.  But  thi»  cxttiit  of  knimled,'^c,  joined 
to  a  II  'virul  warmth  and  impeluolity  of  tcmjier,  raifcd 
a  fpirit  o{  coDtradi&ion  ia  hiin,  whii  h  he  inditl^td  on 
alt  occafioos ;  fometiuin  to  a  dci^rcc  of  pa-cipitancy 
that  was  highly  culpable,  and  onea  with  but  little 
tegard  to  dcctflcy.  Indeed  the  fatne  bi-liaviour  WM 
returned  to  hiin,  and  the  papers  whicli  he  brought  to 
the  academy  were  often  trt:stcd  with  much  fiverity. 
In  his  prfxi  iitlviuj,  lie  w;;s  cliui'gcd  with  ohfcurity  ;  a 
htuh  forwlilch  he  was  indicdl'o  notr.rioin.  tJ  Tit  he  per- 

-Ctncd'it  hir.-.ftlf,  and  could  nt.t  avi.id  Ct ;  r  .  ■ ;;  11. 
Br  a  T^ulMtion  of  the  acndcmy  ill  17  46,  ibc  chfc 

'«f  CKTCt  was  fuppreled,  aa  that  diAinAion  feemed  to 

¥iit  too  great  an  1  lequality  between  the  membert.  M. 
arent  wat  made  sn  adjunA  or  afTiftant  member  for 
the  clafs  of  j^eomctty  ;  lI.o;:gh  he  enjoyed  this  promo- 
tion but  a  very  fiiort  tinie  ;  heing  cut  cfF  by  the  (mail* 
pox  flic  fame  year,  at  50  years  of  age. 
,  M.  Parent,  Ix lidcs  leaving  inatiy  pieces  in  manufcript, 
publiOud  the  fulluwing  W'wks  : 

1.  Eletncn*  de  Mccaniquc  &.  dc  Phyfique  { I'n  l2mo, 
1700. 

2.  Rechcrches  de  MatHcnuitiqiMt  &  da  Phjrfiquc} 
3  ToI«.  4to,  1714- 

3.  Arilhnietiqne  theorico-pratiquc  ;  In  8vo,  17 14. 

4.  A  great  multitude  of  papers  in  tlie  volume*  of  the 
Monoirs  of  the  Academy  of  Sciences,  from  tlie  yur 
1700  tr>  I"  14,  feveral  papers  in  almoll  every  volume, 
upuii    v:in'rtv  of  liianches  in  the  mathematics. 

PA&GHtlNG.  id  Building.  »  ufod  for  the  flaiC 
'ttenag  walb ;  foimtimca  for  fJaifter  itfdf. 
'  PARHELION,  or  Parhelium,  drnotes  a  mock 
fim,  or  meteor,  appearing  as  a  »ery  bright  light  by 
th:  ii  le  of  the  fun  ;  being  formed  by  the  rdkaioii  of 
his  beams  in  a  cloud  properly  fituated. 

Parhelia  ufuallv  accompany  the  coronx,  or  Iiirrinou? 
Circles,  and  are  placed  in  the  fame  circumference,  and 
at  the  (amc  height.  Their  coloun  refemhie  thofe  of 
■the  lainbow ;  the  red  and  ycHow  aie  no  that  fide  to>, 
wardt  the  fon,  mA  the  Ktoe  and  «iokt  «b  the  otker. 
Though  coron*  arc  fometirr.ts  feen  entire,  without 'any 
Parhelia  ;  and  fomctinus  Parhelia  without  coronae. 

The  auparrnt  fi7.c  of  Parhelia  is  the  fivii't  as  tluit  of 
the  true  fur.  ;  but  lliey  are  not  always  roHaJ,  no;  idway* 
fo bright  as  iLl-  fun;  and  when  feveral  appear,  fome  are 
brighter  than  others.  They  arc  tinged  cxicrn.illy  with 
•coMttrc  like  the  rainbow,  and  many  of  them  have  a 
loog  fiery  tail  oppofitc  to  the  fun,  but  paler  towards 
.the  extitmtt^.  Some  Parlidia  haie  heen  criifin^ed 
with  two  tails  and  others  with  three.  Thefc  tails 
moiUy  appear  in  a  white  liorivonta!  circle,  commonly 
pafling  through  all  tiie  Parhelia,  and  woulJ  n  t!ia<iigh 
the  centre  of  the  fim  if  it  were  eotire.  isaujCtiiiics 
there  are  arcs  'of  lefTer  circles,  concentric  to  thin,  touch- 
ing thofc  coloured  cirdci  which  fuiround  the  fun: 
thefe  are  alfo  tin'ged  with  colouri,  and  contain  other 
Ptohdi». 

Fkihdia  are  generally  fituated  in  the  InteileAioni  of 

circles;  but  Caffini  Hivs,  thofe  which  he  faw  In  1683, 
were  oa  the  outUdc  of  the  coloured  cirde,  though  the 
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talbwere  tn  the  circle  that  was  pjiand  to  the  hori/on. 
M.  Acpiniis  apprehends,  that  Parhelia  with  ell'pficaf 
coronx  are  more  frequent  in  the  northern  re[;ions,  and 
t!i.  le  with  circular  ones  in  the  iov^.^  :  1.    They  have"^ 
been  vifiblc  for  one,  two,  three,  or  tV  ur  hours  to- 
gether {  and  it  is  faid  that  in  North  America  they 
continue  feveral  days,  and  are  vifible  from  fttB>-rtie  to 
fun-feU   When  the  Parhelia  dlfappear,  it  fometimca  • 
HUM*  or  there  fails  fnow  in  the  form  of  oUong  fpiculx. 
And  Mariotte  accounts  for  the  appearance  of  Parhelia 
'  from  an  infinity  of  fmal!  parliclfs  of  ice  float  n.;  m 
the  aTr,  w'l'.ch  n:ii!tit>ly  the  image  of  the  fun,  cither 
bj'  rcfiMCtriig  or  breaking  his  rtiys.  and  t'';''is  makiag 
him  appear  wlic.c  he  is  not ;  or  by  reflecting  them, 
and  ferviiig  .u  i:.ir;-ors. 

Moft  philufuphcra  have  writtea  imoa  Fkthdia ;  a* 
Ariilotie,  Pliny,  Scheiner, Gaflendi,  IHaCartcf,  Huy. 

fens,  Hevclius  De  la  Hire,  Caffini,  Grey,  Halley, 
laraldi,  MuiTthenbrock,  Sec.  S<«  f5mfrh's  Optics, 
book  I,  chap.  I  J.  Alio  Pr  cilley's  HiP..  of  I.f-ht  ."cc, 
p.  613.  A:idMufrch^rih:ojx''i  Introduction  &c,  voL  2, 
P-  i=>iS  quarto. 

PARODICAL  Dfjreer,  in  an  equation,  a  term 
tlial  ha*  heen  fomctimcs  ufed  to  denote  the  fcveriil  re- 
^lar^tetBU  ia  a  quadratic  ctd>ic>  bitjoadratic,  ftcp 
eqintioa,  when  the  isifieeB  of  the  powen  afoend  or 
defoend  orderly  tn  an  anthmetica]  progrdEon.  Thui, 
#»  +  i«u*  -f-  (ur  =  ^  is  a  cubic  equation  where  no 
t»rra  h  wanting,  but  having  a'l  iti  P;:n)J;c  Drgreci  ; 
the  indices  of  the  terms  regularly  dcfccndiug  thus, 

PART,  yirtquant,  jIFiquot,  Cireular  Proportional^ 
Simi/ar,  &c.    See  the  rcfpc&ivc  adjcftivei. 

Pakt  ^  FortuMt  in  Jodictal  AftmkgTf » the  lunar 
Iwrofcope  ;  or  the  point  n  vhieb  the  raban  ^  it  die 
time  wfaini  the  foil  ta  u  tlie  afccnding  point  of  the  eaft. 

The  fon  in  the  afcemlant  is  fuppofed,  accoiding  to 
this  fcsencc-,  to  r,Ive  life;  and  the  moon  difpcnfes  the 
radical  iroii^urr,  and  is  one  of  the  caufcs  of  fortune* 
In  horofcopes  the  Part  of  Fwtiuie  h  repreleiited .by 
circle  divided  bv  a  crofs. 

PARTICLfe,  the  minute  part  of  a  body,  or  ao 
afiembUge  of  icveral  of  the  atoma  of  which  natural 
bodies  are  compofed.  Particle  la  fomethnet  confideiw 
cd'  as  fynonymous  Tinth  atom,  and  ctnpulble)  and 
fometiines  they  are  diAinguifhed. 

Partic!:<  .is  it  were,  the  elements  of  bodies ; 
by  the  lariouii  arrmagcment  and  texture  of  which,  with 
the  difference  of  the  cohefion,  Stc,  are  couftitutcd  the 
feveral  kinds  of  bodies,  hard,  fv/ft,  liquid,  dry,  hi-a^y, 
light,  5:c.  The  f:nalleft  P.irtides  or  corpnfcirs  cohere 
\\ith  tlic  iln^iigeft  attn£tieria,  and  always  compofe 
larger  Partidca  of  weafciT  ediefoms  and  many  of 
thvfc,  coheriag,  ooBftpofe  ftill  larger  Fjrttde;,  wliofc 
vigour  is  lUU  weaker;  and  fo  on  Tor  dive:s  fucceffions, 
lill  the  progrcflion  end  in  the  hir^cil  Partic'.',  up  jd 
whiciv  the  operations  in  chemillry,  and  the  colour*  of 
nutur.il  hiJiiiL  i.  (l._  pL-Tiil ;  ard  w  inch,  by  coIietjiig'»vailll- ' 
pofc  bodies  of  fcufiblc  magnitude. 

PARTILE  Jl^t  w  Aftrology,  ia-  when  the 
pbaeta  are  jo  ttic  exaA  degree  of  anj  particular  afped. ' 
In  contiwUftiiiidUoa  to  FHadc  Afpca,  or  whea  they  da 
not  regard  cadi  odicr  wH:h  thow  fciy  dcgicica.  Sec 
Aavser. 

D  d  PARTY 
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PARTIC  Athh  &i  Arcbitefluir,  are  arches  bttit 
Icumea  fepuite  teniiie^  where  tbe  property  it  in- 
tenukedf  aadapavtmeiita  over  eiich  other  <b  not  bebsg 

to  the  fame  cflate. 

Party  ft'a:7r,  are  partitions  of  brick  madelvrtwetn 
buildings  in  fLpuratc  occiipr.iion*,  for  pr''v.tit!ii;j  ti.c 
^reail  of  firf.  Thtfo  ait  lu  it!/  tliickcr  ll.jni  tlu"  fxtcr- 
cal  walls :  and  ilicir  thirknn'j  i:i  Loudon  ia  ttsriil.r'id 
by  aftof  parli.-i7nc.1t  of  the  i  it'u  <)fG«?orgf  tl.t  U"iii:<l. 

PASCAL  (BtAisf  ),  a  rtfi/LCt.sh';(.  iTcii.  ii  inailic- 
natician  mod  phtlofophctr  wad  one  of  ti  c  pvo-..t((l 

fentufetand  bcft  writm  that  country-  hu^  produ'  cJ. 
Ic  v.-as  bom  at  Clermoat  i;i  Auvcrjjnc,  in  the  )  i;iir 
1623.  HiJ  father,  Stephen  Paftal,  wns  prcfidcnt  i>f 
the  Court  of  Aids  in  his  province:  he  w;«  alfu  a  very 
K'arucd  man,  aii  able  maih<v!ir«tic:ao,  aad  a  friend  of 
I3c9  Cartes.  Having  an  i:).t;..oid;nary  tcndciiu  t-  '  r 
this  child,  his  only  fon,  he  quitted  his  office  lu  his 
province,  and  fettled  at  Parisiu  1631,  thst  he  might  be 

Zllite  at  Idfwc  to  attCiHi  to  hin  fon't  education,  which 
e  candnAed  himfdirt  and  young  Fafdi  never  had' 
•BT  Other  mafter. 

i  r/im  hib  infancy  Blaife  gave  proofs  of  a  very  ex- 
ttaorditiary  cap.icitv.  Hi  ua^  extremely  inijiiiiii.;vc  ; 
dcJinng  to  know  the  rcalua  ui  evtry  tiling ;  aud  vvbca 

food  rcafoiu  were  not  given  him,  he  would  feek  for 
etter ;  nor  would  he  ever  yield  liis  alFent  but  upon 
f^ich  as  appeared  to  him  well  grounded.  What  is  told 
of  his  mauoer  of  Icarniag  the  tM»l.<m>»»iV«,  aa  wcU  a* 
the  progrefs  he  quickly  made  in  that  fcience,  feema 
ri^i-i  !1  1:  ir  sculous.  His  fithfr,  p'jrcciving  in  hiiu  SQ 
e&Li.ioi<iiuary  iocliaation  tu  reaK>uiug,  wa*  afraid  Ictl  the 
knowledge  of  the  mathcmaiic;  might  hinder  his  Irani- 
iBg  the  JaDsuagea,  fb  nccc^^ry  aa  afoundation  to  all  found 
lcanuo||*  He  thercforekept  uimasroiichashe  could  from 
alt. notions  of  geometry,  locked  up  all  bis  books  of  that 
Vmiit  and  icfruincd  c  vcs  from  ^Mlung  of  it  n  hit  pM- 
fvce,  tie  cowtd  juK  hoiiw  pcevcot  his  Too  vom 
naAug  oadnt  fc!ciK«)  aad  oae  day  in  particular  he 

fiujmcd  hf:n  at  work  with  ch,iiL^,iI  i.poa  h',.'-  rH.^inbLr 
Ajor»  and  iu  the  mid.i  o;  I'lgurcs.  Tiic  uttittr  ;ilktd 
Iwn  what  he  was  doing:  J  am  feariliing,  iny^  Puic^l, 
for  f«ch  a  thing;  which  wasjull  the  Um<  >u>  tlic  a2d 
proportion  of  the  lil  book  of  ll'uch'd.  He  aikcd  him 
then  how  he  came  to  think  of  this  :  It  was,  furs  Blaifi:, 
becaufe  I  found  out  fuch  another  thiiig ;  jind  fo,  go- 
iog  badtward,  and  nfing  the  aatnea  of  2«;  and  ruault 
he  came  at'length  to  the  definttittm  and  axtoma  he  had 

formed  to  himlclf.  Does  it  not  i'crni  n.irai  .,  tli  .t 
a  boy  ihould  work  his  way  into  thi  h:  jui  uf  .1  iiijtht  - 
raalical  book,  without  e>er  having  ktn  ttvii  i,r  ;i:,y 
otlKr  book  upon  the  fubjedl,  or  knowuig  any  ttutig  %>( 
the  terms  ?  Yet  we  arc  alfured  of  the  truth  of  this  by 
his  fifter.  Madam  Fcrier,  and  fcvoal  other  pcrfoos,  the 
credit  of  ii^Mfie  tcfttoMOf  caiioot  mfonablj  be  qiicf> 
tioncd. 

From  thtt  t!me  he  had  fiill  liberty  to  indid^  hie 

genius  in  mathematical  purfuit*.  He  uruler.lot^d  Eu- 
clid's Elements  at  foon  as  hr  cail  his  eyes  upon  them. 
At  16  years  of  aE;c  he  wrote  a  trcatifc  on  Conu-  t^rclioos, 
whirls  vvj5  atcuuiitcJ  a  j;ceat  effort  of  genius;  and 
thcrtfiire  it  is  no  wtudcr  that  Di.i  Cartes,  who  h;',d 
heea  in  HoUaad  a  lone  time,  upon  reading  it,  ihould 
s^wofc  to  bdieve  that  M.  lUcal  the  father  waa  the 
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real  atithor  of  it.    At      he  contri\-ed  an 
fcrithmcti«;ad  machine,  which  was  efteencd  a  wjr  wop* 
detfnl' thing,  aud  woold  h»e  done  wnUt  aa  an  mveiu 
twa  to  aaj  oaa  veifed  in  foieoce»-aod  tandi  more  t»* 
fuch  a  youth.  % 

About  thi.'i  time  his  h-Muh  hccnmc  ini[i:iireJ,  fo 
that  he  \v  n:.  obliged  to  fufpci^d  liin  LLuui  >>  fur  the  ipace 
Of  four  yean.  Aftir  this,  having  feen  Torricelli's  ex- 
periment relpettir.g  a  vacuum  and  the  weight  of  the 
air,  he  turned  his  thoughts  towards  thcfe  objects,  and* 
uudertook  fc^-cral  new  experiments,  om-  of  which  was  > 
a  foUowt :  Having  piovided  a  glafs  tube,  46  feet  in 
length,  open  at  one  end,  and  hetmetically  Icakd  at 
the  other,  !w  filled  it  with  red  wine,  that  he  miglitr 

di.'' i:ig'.ini  the  ';\j  ,jnr   fi\):;i  ;hc  tuht',  iird  flopped  Up 

the  utiijcc;  tiicn  im\iiig  imerted  it,  a:.d  p!aced  it  in 
a  vertical  pofitiun,  wlllj  the  lower  iiu]  iir.nici  III!  ijUo 
a  vcflel  of  watc)-  tnc  foot  deep,  he  opened  the  lower 
end,  and  the  wine  defcended  to  the  diflance  of  about 
as.  feet  from  tlte  furfacc  of  the  tcAcI,  Icsriqga 
oeiable  vacuum  at  the  upper  part  of  the  tnoe* 
next  inclined  the  tube  gradually,  till  the  upper  end 
became  only  of  32  feet  perpendicular  height  above  the 
bottom,  an<l  h:  obfci. cJ  ihe  liquor  jjiroportianally 
afcend  up  to  the  top  uf  tht-  tube.  He  made  alio  a 
great  m.-iny  exj'criinent.<  with,  liptivins,  fyilD'^'c*,  bel- 
lows, and  all  kinds  of  tubes,  making  ufe  of  di^rent- 
Uquors,  fuch  as  quick/Uver,  water,  wmc,  oil,  &c ;  and, 
having  publiibsd  them  in  i<Sf7«  he  difpet£Ml  his  work- , 
through  all  countries. 

AU  thefc  experiments  however  only  afcertained- 
cffcAs,  without  deinoullraiing  the  caufes,  Pafcal 
k;iev/   that   Tornctlli  conjiAurcd  that  thok-  phcnt>-. 
mt-ua  which  he  had  obfer>'cd  were  occ^iioucd  by  the 
weight  of  the  air,  thougli  they  had  formerly  beeOk* 
attributed  to  Nature's  abhorrence  of  a  vacuum  ;  bnt' 
if  TorriccUi't  theory  were  true,  he  reafuncd  tiiat-A«-' 
Uqaor  in  the  barometer  tube  ought  to  ibnd  higher  at,', 
the  bottom  of  a  hiHi-than  at  the  top  of' it.   la  order- 
therefore  to  dlfcover  the  truth  of  this  theory,  he  made 
an  experiment  at  the  top  and  bottom  of  a  mountain  in 
Auvergne,called/r  Pur  tie  Domr,  thcrefultofvx  hich^avc  • 
him  reufon  to  coiicliiuc  that  the  air  was  indeed  heavy. 
Of  this  experiment  he  publilhed  an  .iccount,  and  fent 
copies  of  it  t>>  moil  of  the  learned  men  in  Europe.  Ue< 
ano  renewed  it  at  the  top  ami  bottom  of  feveral  high* 
towers,  at  thole  of  Notre  Dame  at  Paris,  St..Jaquet- 
de  la  Boucherie,  &c  ;  and  alwayi  remarked  the  btnc. 
difference  In  the  wt;g!it  of  iho  air,  at  difTirt  -.t  cKva- 
tions.    Tiiii  fully  convicccd  hi.n  uf  the  j.;rri,  .  .1  puf- 
fiirc  cif  the  aimofphere ;  .wd  fior.i  this  ilfri  ,)VLr\-  he 
drew  ir.auy  uftlul  and  import:uit   inferences.  He 
compoffd  alfo  a  l.irgc  treatffo,  in  which  lie  fdly  ex- 
pl.iir.td  this  fub't  f^,  .Tnd  replied  to  all  the  objections 
that  had  btcn  i!  ir;<  i!  ugaiuft  it.    As  he  afterward* 
thought  this  work  rather  too  prolia,  ^nd  bci^g  fimd. 
of  brevity  and  precifton,  be  divided  it  into  two  fimdl 
treatifcs,  one  of  which  he  intitled,  A  DiTrilanou  on 
the  EqutHbrium  of  Fluids  ;  and  the  othtr,  Aa  Ellay 
on  the  \Vei;;jht  of  the  Atmofj)hcre.    Thefe  labours 
procured  Pafcal  fo  much  reputation,  that  the  grcatell 
'mathematicians  and  philufophcrs  of  the  age  propofcd 
wirious  qucftions  to  h|ro,  and  confultcd  him  rdpccting 
iiich  difiieiihies  u  the  j  could  not  rebhct  Upon 
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ftf  t!iLTe  f  ecadons  ]\e  difcowrtd  tlw  folution  of  a  pra> 
He;;-.  Jilt  jioftd  by  Mtrfiiinc,  vrhich  had  Tiaffied  the 
pi  ' ttration  ot'r.ll  that  had  .!'.!■  r-;ipt>  il  It.  'I'lii^  pmUlcin 
W.I*  to  dtlciniinc  the  cunt  lirf^iibitl  i  -  ilic  air  tiy  tbc 
mil  of  a  corch-whccl,  while  tlir  mavhiu'-  1 .  in  nn  rion  ; 
vl-.ich  curve  was  thtnce  called  a  njuUcttr,  but  now 
Commonly  kncv.n  hy  the  name  of  Cfclotd.  Pulcul 
offered  a  rewsird  of  40  piitolca  Co  aaj  one  nrlio  fhould 
one  >  &(nfnAoiT  anfwn-  to  it.  No  perfon  havng 
lueoecdecl,  pu'biinitd  hit  mvn  at  Fun'*;  but  m  lie 
brgm  now  to  tx;  dJf^^iiitt  j  with  the  /ctencr*,  he  would 
not  fet  liis  riiJ  nair.«r  to  it,  but  ftiit  it  abtoad  under 
tliatof  A.  d'F.tti)nvI!!f..— I'liiswasthclnd  wi  rk  which 
In:  p;>bliiln'd  ill  the  mathcnialic*  ;  bit  iiifijiriitii  s,  fnim 
a  delicate  confliiutioii,  thcuijh  ftill  younsj,  innv  in- 
Cmfinj^  (0  nnicb,  tb:it  he  wdi  under  the  flcccnity  of 
YCQonnetne  Arvrn:  fiiic^^-,  !  of  lining  fo  Tcclufc»  that 
be  fcarcely  admitted  a  .y  pufouto  fee  him— Another 
fubjeft  on  which  Pafcal  wrote  very  tngeni'oully,  and 
Jh  which  he  has  heen  fpokcn  of  a*  an  Infentorj  wag 
^^^l:^t  lui-  l)-.cti  t:.t!!i7l  l  it  .-^n'-fimetical  Triangle,  being 
a  let  oi  figuratc  numbers  dil])urcd  in  that  form.  But 
fuch  a  tabic  of  numbers,  and  many  properties  of 
thctn,  had  hce»  treated  of  more  than  a  century  before, 
by  Cardan,  Stifdiiis,  and  other  aritfiinetical  writci  a. 

After  havipe  thvt  laboured  abundantlf  in  mathe- 
matiGal  and  pmlalophical  difquiiitioot,  he  fcrfook 
thcfc  (Indies  and  all  iiiinian  learning  at  once,  to  dtvotc 
liimfdf  to  afls  of  dtvutiun  and  penance.  He  was  uol 
24  yean  of  age,  w  licn  the  t  rndinf^  fome  piou?;  books  had 
put  him  upon  taking  this  rcfoliition  ;  and  he  became  as 
great  a  dcrotrc  as  any  age  has  produced.  He  now 
iptvc  himfelf  up  entirely  to  a  lialc  of  prayer  and  mor- 
tduMSoD;  and  he  had  always  in  bit  thoughts  thefe 
gxtA  naainnof  rcT.oiindngaK^eafureanaallfnper- 
.  miitj;  and  this  ht  pr.adifcd  with  riiiaar  even  In  hit 
fflDeflct,  to  which  he  was  frcijueatly  fMtjcCky  bdng  of  a 
very  invalid  habit  of  body. 

Though  Pafcal  had  thus  abflraAcd  lumfelffrom  th? 
vrorld,  yet  he  could  not  forbear  paying  fomc  attention 
to  what  was  doing  in  it ;  and  he  even  intercllcd  him> 
fcif  in  the  contcll  between  the  Jcfuits  and  (bcjanfe-, 
*  nilli.  Taking  the  fide  of  the  latter,  he-  wrote 
Lumt  PrpiMiiialttt  publiibed  in  1 656*  under  the  bAm 
of  Loidt  A  htotiiahe,  raakmg  the  former  the  ftdijed  of 
ridicule-.  "  Tht  ff  letters,  fays  Voti.siu-,  n-ay  be  con- 
fidercd  .ii  a  moJcl  of  eloquence  and  i>uniour.  The 
btrt  comediLS  ot  Molicre  Iravc  tu  t  irnit;  wit  than  the 
firil  part  ot  t'ueic  ktters;  and  the  fnblimity  of  the 
Utter  part  of  them,  is  equal  to  any  thing  in  Boffuet. 
It  it  true  itideed  that  the  whole  book  was  l^uilt  upon  a 
fatfe  foundation  ;  far  the  extravagant  notions  of  a  fc-vv 
Spnilh  and  Flemifli  Jefuite  «rere  artfwllf  afcribed  to 
IM  whole  fociety.  Many  abfurditiei  m.{jht  lilewifc 
have  bei  11  tUlcovi  ikI  among  the  Dominicrji  .i:;J  Yvi-.n- 
cifcan  cafuill:.  j  but  this  would  not  have  iurwotd  tlic 
purpofc  ;'for  the  whole  raillery  was  to  be  levelled  only 
at  the  Jcfuits.  Thcfc  letters  were  intended  to  prove, 
that  the  Jefuits  had  formed  a  delign  to  corrupt  man- 
kind ;  a  defifcn  which  no  (cfk  or  (ociety  ever  had.  or 
can  have."  Voltaire  calls  Pafcal  the  fitft  of  their  la- 
t)rifl»{  for  Defprauix,  liija  he*  ^noJl  be  confidercd 
MM  only  the  lemnd.  Ii  notlkcr  f>!acc,  fpcakiu^  of 
tUi  track  trf  Ptfcalflie  fafi,  that  H£xai»plc«  of  al! 


the  «ai  ions  fpccics  of  eloquence  are  to  t>e  found  in 

it.   Though  it  has  wow  been  written  almeft  j,eo 

yesr?,  yil  Mil  a  finglc  woid  oceiuj  in  it,  lavourin^  of 
\\\Ai  vik.iirilii«ic  10  which  livinjT  l  anguages  aicfo  (nbj  ;^^. 
Here  ll:<:i!  wc  a:c  to  fix  the  epoeli  when  our  laiiqu'agc  ♦ 
in;iy  be  inid  to  h:ivc  .liruiiied  a  fettled  fonn.  The 
biftiop  ot  Luton.  Ion       ttie-  .debrsted  BufTy,  lold 
mc,  that  alkine  one  day  the  bilhop  of  Meaua  what 
work  he  would  cnret  nioft  to  be  the  author  of,  fu)>> 
pafioe  bia  own  pitibrtiiances  fet  afide,  Bolfu  replied, 
Tlie  ProWncIal  Letters,"    IVfe  letten,  have  been 
ti:  :  r:'.r}  into  all  1-  ,    i.  c  ,  and  pnr.ttd  over  and 
ovtr  aj;4;ii.    Smrc  h.s-.i.  laid  that  there  were  decrees 
of  foni.al  concAiniiution  nj,'Aitirt  thcin,  and  alfo  that 
Pafcal  binrt-IF,  in  his  l.ifl  iilners,  detdkd  them,  und  re- 
pented      1  .1  mg  been  a  Jjr.l^  lut  :  but  both  thefit, 
particukirs  are  falle  and  without  fuuudation.    It  wat' 
fuppofcd  that  Father  Daniel  was  the  anonymotii  an- 
thor  of  a  piece  aninft  then,  intj|lcd>  Tie  JDuAj^ 
of  Chancer  oaJ  JEmvxw. 

Pafcal  was  but  about  30  years  <  f  ngr  when  thefe  let- 
ters were  pullinK-d  ;  yet  he  w  .-m  extremely  iiUirm,  and  his 
diforders  iiicrcafing  foon  after  fo  much,  that  he  con- 
reivrd  his  end  f.-.ft  -.tpprcaching,  he  g-nve  up  all  farther 
tlL>iu;;hts  of  IjLcraiy  cotripoijti<,n.  He  refolved  to 
fpend  thr  remainder  of  liis  day*  in  retirement  and 
ptous  meditation  j  and  with  this  view  he  broke  off  all 
his  fufiner  conntflions,  changed  his  habitation,  ajid 
fpokc  to  no  one,  not  even  to  hiit  own  fcrvants,  and 
h.-irdly  cer  cvlu  admitted  them  irto  his  room.  He 
made  isis  own  bed,  fetched  his  dinner  from  the  kitchen, 
and  carried  b.ick  the  plates  and  dirties  in  the  evening;  fo' 
that  he  employed  his  fcrvants  only  to  cook  for  him,  tO 
go  to  town,  and  to  do  fuch  other  things  at  be  could  not 
aUolutely  do  himfelf.  In  his  chamber  aMbug  was ' 
to  be  feot-bot  two  or  three  chaiia,  a  table,  a  bed, 
and  a  few  books.  It  had  no  kind  of  oni^ment  what- 
ever; he  liad  neither  a  carpet  on  the  floor,  r.or  cur- 
Jains  to  his  bet!.  But  this  did  not  prevent  him  fioin 
fomctimes  receiving  vifits;  and  when  his  friends  ap-  ■ 
peared  furprifed  to  fee  him  thus  without  furniture,  he 
replied,  that  he  hr.d  what  was  neceffary,  and  that  any 
thlaigclfe  tvuiikl  he  a  fuperfiiiity,  unworthy  of  a  wife 
man.  He  employed  his  time  in  prayer,  and  in  leadit^ 
the  Scriptures;  writing tlown  luch  thoughts  at  this 
tiireifr  itifjiirc-d.  ThDU^h  liib  cuntfiuiiil  i;snr:iii- 
ties  ublij^ed  lilm  to  ufc  very  delkato  fuod,  aiiJ  [lnu^gli 
\in  fervji^a  employed  the  utmod  care  to  prctvii!;-  iinly 
what  was  excellent,  be  never  rrliflicd  what  he  ate,  and  ' 
fccmed  quite  indifferent  whether  they  bi-ought  him 
good  or  bad.  His  indifference  in  this  rcfpecl  wa.i  fo 
great,  that  tbough  Uttafte  was  nut  vitiated,  he  forbad  ' 
any  (met  or  n^at  to  be  made  for  him  which  ought 
excite  his  appetite. 

Tlimij^ii  i'r.fcrH  had  n<iw  giVcn  up  'Mtufi-  fi  r.nJ 
ihoagh  he  ijv'.u  ill  the  moll  ti'injjLiaie  ii.iuw.r, 
licilth  continued  to  decline  nipi<l!y  ;  and  his  diforders 
had  fo  enfeebled  his  oijfiuj,  that  his  rcafon  became 
in  fomemeafure  iffcileJ.    He  .•il-.v.iys  im.igincd  tUathe  ' 
faw  a  deep  abyfs  on  one  fide  of  hint,  and  be  never  ■ 
would  fit  down  till  .1  cbnir  w:>s  placed  tbere,  to  ftcure 
bbi  iri»n  the  dai^er  which  he  appndicnilt'd.  ^  At 
another  tnnc  be  pretended  that  he  had  a  kuid  of  vifion 
or  ecftafy  ;  a  meitltwanduni  of  which  he  prefe;  ved 

JU  d  2  during 
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during  the  reniaititlcr  of  Lis  life  on  >  hit  of  paper, 
put  between  the  clotli  and  t!ie  luinij;  of  his  coit,  and 
which  he  iiUvay*  carrird  sbo'.U  tiim.  After  lan- 
guiihing  fcr  icvcral  ycais  in  thik  iirfhcciit  flitc  of  bcdy 
and  oiinct,  M>  I'aTcal  ditd  at  Paris  t!ic  ;9;h  ofAugoft 
#4r062t  at  39  y^an  of  age. 

In  company,  Fafcal  wat  diflinguiflicd  hj  the  ani- 
•Weneft  af  W  behaviour  ;  hy  great  nodeftjr ;  and  hf 
his  crfy,  :^-TCf..l  If,  H  t  ■  A':ivr  <  (  i.vrrf;.!  ior;.     l  !c 

pofTciTci'  ,.  r.;:iiir..l  ii.';;  i  t  f  »!-  ^ucf.vC,  \<  i.ich  was  in  a 
11  an-.tt  I. .".u  u'.  'j'iir  ar^  iiiitntj  lit  fdiploycd  for 
the  moft  part  prodi.tid  ihc  dfc/t  whitii  lit  propoud; 
and  though  his  abiiitic*  iittitled  him  to  .-ifTumi:  an  air 
offuperionty,  be  ntver  difpiaj-fd  tliat  haughty  and 
imprrioiu  tone  which  may  oftL-n  he  obfcrvrd  in  mm 
•f  Ihining  talcntf.  Thephllt  pi<y  »f  tin  rxtraordi- 
nary  man  corfifted  in  rttiomiring  all  j  lt^iuie,  and 
f  .fiv  f'.ijurfluily.  He  nit  rr.iy  i^<iiicd  himfclf  the 
Bioft  commoo  gratifica'.ioui ;  !.c  i^ok  alfo  with- 
out reluAancr,  and  <\rn  with  plcafure,  either  ai 
'  nouriflimcnt  or  u  mediciuc,  whatever  was  diugrceable 
to  the  fenfci ;  and  Lt  every  day  retrenched  fonie  part 
of  hia  drefa,  food,  or  other  things,  which  he  confidered 
at  not  abfolutely  necelTar)-.  Towards  the  clofc  of  hi» 
life,  he  employed  bimfdf  wboUy^  is  devout  and  moral 
refleAtottt,  wnting  down  thofe  which  he  deemed  worthy 
of  being  ]i:<.ri-;vri.'.  The  Uilt  I't  of  pnpcr  ],c  cou!d  find 
was  tn,p.o^cd  tcr  this  purpuff  ;  ami  Im  tijnimouiy  fet 
down  only  a  few  words  of  c.ich  fenfeucc,  as  he  wr.ite 
tbetn  merely  for  his  own  ulc.  Tiic  fcrapi  of  paper 
upon  which  he  had  written  thefc  thoughts,  were  found 
after  his  death,  filed  opon  ditfcrent  pieces  of  firing, 
withont  WBj  order  or  conncflion ;  and  bang  copied 
exaAIy  as  t)icy  were  writt«ii»  tbiey  were  uterward 
arranged  and  pubh'fhed,  under  the  title  of  Penfets,  tifr, 

f.r  Ihrui;}.'!!  u/rn  Rri-yi^n  i".!  -:l.-r  A'.v/yVi'Jr  ;  being 
parts  of  a  work  be  l.:ul  ir-.lr:. dc(!  a^;sihl*  .itli'jribi  aiu! 
infidelt,  which  has  been  n'.iich  adirircd.  After  his 
death  appeared  alfo  two  other  little  trails ;  the  one 
ir.titlcd,  Tbt  Equililrium  of  Fhudi i  and  tbe  Other, 
7U  IVdskt  of  the  Ma  ft  of  Air. 

The  works  of  Pakal  were  coIIeAcd  in  5  Tolumea 
Sto,  and  pnUiihedat  the  Hague,  and  at  Faria,  in  1 779. 
Thia  edition  of  Fafeal'c  woRu  may  be  confidered 'u 
the  fir;*!  piiblifhed  ;  at  Irall  the  j-;nater  part  of  tht  ni 
were  iiul  before  tutlcflcd  i.itu  one  b.:i!y,  and  ffiti.^r  of 
thcni  h:al  remained  only  in  rariifcrijt.  Ifr  t!i:t  t  r,]. 
lcd\ion,  the  pul  'ie  were  intI«Ll(d  ;o  the  Abbe  liolFu, 
aud  Paltal  \va:i  deftrving  of  fuch  an  editor.  "  This 
extraordinary  man,  fays  he,  inbcritid  from  nature  all 
the  powers  of  genius.  He  was  a  mathematician  of 
the  nril  lank,  a  profound  reafoncr,  and  a  fubliine  and 
elegant  wnter.'   If  we  refli^ft,  that  in  a  verjr  fliort 

life,  o}'iireir.i!  by  lorilinun!  itifiimitjci^  hc  irvcrited  a 
cuiiuus  arithf.rtii  al  m.ulit;:',  the  elements  of  t'le  caJ- 
CL'l  ilion  of  eliaHkej,  ;ii.d  a  ii  ctliodof  refi:'.v:.i^' variuus 
problem),  refpcfting  the  tvcli)id  ;  tliat  he  llxed  in  an 
irrevocable  manner  the  w;i\eiiiig  opinions  <(f  the 
learned  concenung  the  weight  of  the  air;  that  he 
wrote  one  of  the  coniplcte/l  works  exilling  in  tbe 
French  language  ;  and  toat  in  hia  T^iaifU  were  are 
paffagcs  the  denth  and  beauty  of  which  are  incompa- 
rable— wc  can  hardly  believe  that  a  greater  genius  ever 
exitled  in  any  age  or  nation.    All  thofe  who  had  oc- 


rafion  to  frequent  his  company  in  the  ordinary  com- 
mertc  ot  the  vv.irld,  acknowledged  hi»  fupcriority  ;  b  it 
it  excited  no  envy  againft  him,  as  he  was  never  fund 
of  (hewing  it.  His  ci^verfation  inllrutled,  widiout- 
making  thofe  tvlio  hearJ  liim  fciifible  of  ihefr  oven  in» 
Itrioiity  ;  and  he  was  remarkably  indulgent  toward* 
the  fiuilta  of  others.  It  may  be  cafUy  £eea  by  hia- 
ProWncial.  Letters,  and  by  fome'of  his  other  worlu, 
that  he  was  bom  with  a  great  fund  of  humjur,  v/I«ch- 
his  infirmities  couM  never  entirely  dellruy.  la  com- 
pany, he  readily  indulged  in  that  liarmijfs  and  dc- 
hcate  raillery  which  never  gives  ofi'encr,  and  which 
gTL-ally  tend*  to  enliven  c:>nverfation  ;  but  i;,  princi« 
pal  object  was  gc^xrally  of  a  mural  nature.  For  cx> 
ample,  ridiCttltng  tluiie  authors  who  fay,  Afj  Beoi,  mf 
Comaai/Mjt  Mjr  hj^ory,  ttiey  would  do  better  (added 
he)  to  fay,  Omr  fett,  aar  Cummematj,  our  Jfjfluyt 
fince  there  is  in  them  imach  OMMV  Of  Other  pcojw'a 
than  their  own." 

The  celebrated  Baley  too,fpeaking  of  thii  great  llttMI» 
fays,  a  hundred  volumes  of  fcrmons  are  notof  fo  much 
avail  as  a  Hmple  account  of  the  life  of  Pafcal.  Hit 
humanity  and  his  devotion  mortiticd  the  libertiim^ 
more  than  if  the)'  had  been  attacked  by  a  dozen  of 
miflionaries.  In  fliort,  Bayle  had  fo  htgh  gn  idea  of 
this  philofupher,  that  he  calls  hfm  a  faradtx  in  the 
hum.ui  /'y-.i  !.  "  When  we  confidcr  hi.*  clnrai\cr,  fays 
he,  we-  aic  alnisft  inclined  to  doubt  whether  he  was 
born  of  *  womn,  Uke  the  man  nentioiicd  by  Lucc^ 
tius ; 

Ut  v'tx  humana  viJeatar ^irfe  creatM." 
PATE,  in  Fortification,  a  kind  of  platform,  like 
what  is  called  a  Horfe4hoc ;  not  always  regular,  but 
commonly  oval,  encompafled  Oidy  with  a  parapet,  and 
having  nothing  to  flaiSk  tt.  It  »  ttfnali^  cfcAcd  in 
mr.ifhy  gnniiid%  to  eorcr  a  gate  of  a  (own,  or  the 
like. 

PATH  of  the  FtrtrxA  term  frequently  ufed  by  Mr. 
I'lamflecd,  m  his  Do^rine  of  the  tiphtrc,  denoting  a 
circle,  drfcribedby  any  point  of  the  cttth'f  fur&cc^ 
at  tbe  earth  turns  round  its  axis. 

Thil  point  is  coniidered  as  vertical  to  the  earth'* 
centre;  and  ia  the  fame  with  what  is  called  the  vertex 
or  xutntth  hi  the  Ftolomatc  projeftioo. 

The  femidiametcr  of  this  Path  of  the  vt  rt  rx,  is  al- 
wa^s  equal  to  the  complement  of  the  latitude  of  tlie 
pomt  or  place  defeiibes  it  ;  that  is,  tO  the  placc'a 
diftance  from  the  pule  of  the  world. 

PAVILION,  in  Architefture,  is  a  kind  <,i  tnrret, 
or  building-  ufuall\  infulated,  and  contuiued  under  a 
fingle  root ;  fotnetimes  fquare  a;id  fometimet  in  iotm 
of  a  dome :  thus  called  fiom  the  refeaiblance  «f  ita 
roof  to  a  tent. 

P.-WO,  Pecuccl,  a  new  cor.ftellation,  in  the  fouth- 
eni  hemii'phcu,  added  by  the  modern  allror.f.inert.  It 
contains  14  fiars. 

PAl'Sl-,  'ir  KrsT,  in  Miflic,  a  character  of  fdcr.ce 
and  reft  ;  catbd  alfu  by  fomc  a  Mute  Figure  ;  btcaufe 
it  Ihcws  tliat  feme  pait  or  perfon  is  to  be  lileut,  while 
the  others  continue  the  fong. 

PECK,  a  meafure  or  veUel  utcd  in  mcafuring  grain, 
pulfe,  and  the  b'ke  dry  fnbftanon. 

The  ftandard,  or  Wirdirt'.  r  Peck,  COIItaUia  tWO 
gallons,  or  tbe  4tb  part  oi  a  Luliicl. 

PEDESTAL, 
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PEDESTAL,  in  Arctiitci^rc,  tkc  lowcft  part  of 
•n  order  of  columi.;;  btmsr  tli  it  wMcli  fi.il.iius  ilic 
colunui,  and  fcrvc»  it  ««  a'foot  to  ft.uui  upon.  It  is 
S  Iquaxebodjr  or  dyc«  with  a  ct^uict-  snd  b: Jc. 
.  The  jnoppnioos  and  oma^nta  of  the  Pcdellal  are 
AEerent  in-tbc  dilftmt  orders.  Vi'gnola  indeed,  and 
aioft  of  the  modem t,  make  the  Pedcftal,  and  iu  or- 
naaiente,  in  all  tlie  onim,  one  third  of  the  height  'of 
the  olumn,  irtchiding  the  bile  and  capitaL  But  feme 
deviate  trom  this  rule 

Perrault  makes  the  proportions  of  the  three  confti- 
tOCAt  parts  of  Pcdcftals,  the  fame  in  all  the  urdcr» ; 
^n,  toe  bafe  one  fimith  of  the  Pcdellal ;  the  cumice 
an  eighth  part  j  and  the  fucle  or  plinth  uf  Uic  bafc, 
two  Uorda  of  die  bale  itfclf.  The  height  of  the  dje 
»  what  rcmama  of  the  whole  height  of  tlie  PedeAaL 

The  Tufiett  PeoESTAt  i?  the  fimpleft  and  loweft  of 
a!l  ;  fron   j  to  5  ni' ulu!.- .  Mii ' 
£e.'  it-.  Ikias  .iiiJ  dsjiiilii 

The  y,  ;;i  PtDLSTAL  is  made  4  er  5  ir.i)dulcs  in 
height,  by  the  modcrus;  for  no  ancient  colutnntt  of 
this  order,  «K  feu^d  With  wf  PedcAal,  or  even  with 
any  hafe. 

The  imtc  PansaTAii  ■  u  from  5  to  7  nodulea 


1!. .  It  has  oil!)'  a  plinth 

ligal  cruu  ucd  i«r  its  eornice- 
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Cerinthum  Pcdeitai.  i*  the  richeft  and  moll 
deiicatc  of  WX,  -.vA  i  .  fi  am  4  to  7  moduli.*  hi^h. 

The  Coir.^ojiK  PLDi  srAL  is  of  6  or  7  njodulea  in 
height. 

Square  Pedestal,  is  one  whufc  breadth  and  height 
are  equal. 

DaaHe  PaoziTAt,  w  that  \*liich  fupportt  two  co* 
lunins,  bciw  broader  than  it  is  high. 

^m^Awn/ Ptb£«TAL,  ta  that  which  fupjMMt*  «  row 
of  columns  without  any  break  or  intcmipuoD. 

Pldf-stals  0/  Sttttur,  uctbole  ferviag  to  fiipport 
fignrcs  r.r  ilatues. 

PEDIMENT,  in  Architi-c'iurc,  a  '-.Inii  of  low  pi'n- 
Mcte.;  ferving  to  crown  porticot,  or  uuith  .1  liuiiia. 
piece  {  'and  placed  as  an  ornameiit  over  <^utc%  duors, 
windowl,  niches,  altan^  4cc  |  bcine  ufu^iUy  of  a  trian« 
gular  fanOf  but  fomelunei  an  arch  of  a  circh;.  Itt 
height  h  variuut,  but  it  Is  tliuuglit  nioR  beautiful  when 
the  height  is  one  fifth  of  the  leiiptii  of  its  bile. 

Fj  .DOMF.Tr.R,  Lr  I'oDoMtifR,  foot-intafiirrr, 
or  way-uilcr  ;  a  tc>ecii.iiiicai  inllrumetit,  in  foini  of  a 
watch,  and  coufiiting  uf  vaiioi»  uhcils  nnd  teeth  ; 
vliich,  by  means  of  a  thatii,  orftrin^,  fjflcned  to  a 
man's  foo^,  or  to  the  wheel  cf  a  ch:iriot,  ndvaiice  a 
notch  each  ilep^  or  each  reruluu'on  of  the  wheel :  bjr 
which  it  BDmbers  the  pecet  or  revolutions,  and  fo  the 
diilaoL-c  from  one  pkce  to  Eiiothi-r. 

■PsDOMETfR  is  slfo  fonieiinics  iiftd  for  the  com- 
mon fiirveying  wliecl,  an  iiillitimtnt  i!  !'  \]v  ufcd  iti 
meafuring  roads  ;  popuJaily  ci '.led  the  way-wilcr.  Sec 

PtlAMBULA  roR.. 

PEER,  in  Buildinr.    .See  Pikr. 

PEGASUS,  the  Hoife,  a  conftcHatian  of  the  r.orth- 
era  baai^phete,  figured  in  the  form  of  «  flying  horfe; 
boDf*  oBe4>f  tb«  4I  ancient  conildfatlons. 

It  is  fabled,  by  the  Greeks,  to  have  been  the  off- 

fptin^^  of  an  amour  hetweil  Neptune  and  the  Gordon 
hicdafa  ;  and  to  I-jm.  1  ;  fu  thnt  >>ii  v.  Inllfi up(. :jn 

rode  when  he  ovciCamc  the  Chimera  {  and  that  flying 


fioai  mount  Ilclicaii  to  heaven,  he  there  becarnf  a 
conftellation  ;  ha\in>j  tliruwn  his  ridiT  ir,  the  ilifjht  ; 
and  that  the  ilroke  of  hii  hoof  mi  tho  nioinit  opened  the 
facral  fountain  Hippocrcne. 

The  Wan  in  this  conilcUatiuo,  in  PlolciryN  rata- 
log«v,  arc  20,  in  Tycho's  19,  in  Hc»eliut  '>  3  J  ,  and 
in  the  Britannic  catalogue  89. 
,  PELECOIDES,  or  I/auk-.'-firm,  in  GeomeU),  a 
d.-'.ir^  i  i  fdi  ni  of  a  hatchet. 
A»  t.'K  tigiiif  ADCDA,  ct-ii- 
taincd   under  the        i  c  icle 
BCD  aud  the  two  quadrantal 
arcs  Al>  and  AD. 

The  area  of  the  Fclecoidei 
ii  equal  to  the  iqiure  AC, 
and  this  again  is  et^ual  to  the 
reftanglc  BE.  It  js  eqtial  to 
tf.f  fiMuin,  bcc.iufc  ihe  two 
kgii..  :U  AB  anil  AD,  which 
it  wai.ts.  u[  the  iqi::i;r  :m  llic 

lower  pari,  aie  compcniaied  by  the  two  equal  fegments 
BC  and  CD,  b^  which  it  exceeds  on  the  'ipper  part. 
And  the  fquare  » equal, to  the  ret^angk  B£,  bccaufe 
the  triangle  ABO*  which  is  half  the  fquarct  it  aUb 
half  the  rcdangle  BE  of  the  fame  bafc  and  hdgbt  with 

PEI.T.  (Dr.  J'M'S;,  fill  cTi'nent  Enjjiift  mathema* 
tiejan,  dciccuded  iroiit  an  aiii:ient  family  in  Lincoln* 
fhisc,  was  born  at  Soutjiwick  in  SuflVx,  March  i, 
1610,  where  his  father  was  niiniiler.  He  received  hit 
gramffiur  education  at  the  fice-febool  at  Stcuning  in 
that  county.  At  the  age  of  1  j  he  was  fentto  Trinity 
College  in  Caihbridg|^,  being  then  as  good  a  Icbohr  M 
mutt  mailers  of  art:,  in  that  unirerlity :  but  though  he 
was  eminently  {killed  in  t1ie  Girek  and'  Hebrew  lan- 
lu'ur  oIIckhI  Iilnfrlf  a  c.nHidate  at  the 
iijii  of  CchoLii  1  01  fillows  ut'  l:is  c:,ll(.ge.    His  pcr- 

fiiii  Nsjt  'i.iinlfijuic  ;  a::i  loiii^^- i^f  a  (hong  conftitution, 
uling  little  or  no  recreations,  he  prolecuted  his  Itudies 
with  the  more  application  and  intenfcnefs. 

In  1629  he  drew  up  the  "  Dejcrlption  and  UJii  oi 
thf  Sl^aJntnt,  wrillen  for  the  VJe  vf  a  Friend"  mt 
ic'Ai ;  tiic  original  maauHcript  ot  which  is flill  e»taot 
among  l.li  |>apcrs  in  the  Royal  Sodcty.  And  the 
faikc  year  lie  held  a  coiTcrpoadCHCe  with  Mr<  Biigga 
on  the  fubjed  of  logarithn>s. 

In  1630  he  wrote,  Hlotlut  fupputanirt  Ephemendes 
jijIrLnomicau  ti'f,  ad  m>.  1630  aicotr.mcdnUu ;  and,  A 
K:y  to  ui.iod  the  vimninr  of  Jo}>unms  Trilhtmvtt  m  tit 
Dijiourft  9f  Sttgmwrapby which  Key  he  in.parted  to 
Mr.  Samuel  Harlitib  and  Mr.  Jacob  Homedx.  The 
fame  year  he  took  the  degree  of  Matter  #f  Arts  at 
Cambrid^fc.  And  the  year  following  he  was  incorpo- 
rated in  lltc  Uiiiverfity  of  Oxfcrd.  Jum  the  7th,  he 
wrote  jILtUtrtoMr.EdmindWingatem  Logarithm  t 
atid  Oct.  5,  1631,  CMmMMliiRM«t  «  C^mp-^tim 

jlljleJit. 

In  1632  he  married  Itharoarl.t,  fecond  daughter  of 
,Mr.  Henry  RegboUes  of  London,  by  whom  he  had 
Ibur  fons  and  four  daughtm.*— March  6,  1654,  he  ft. 

nifhed  liis  j^tromHueaT Ni^ory  of  Olferxalians  of  HtO' 
ficn.'v  Mu'icrt  end  yl'piunnuit ;  arid  April  the  loih, 

\  ■•   L  '  _     ,.'  i"'  1..,  :r  it  rclnowr  of  thi  Eelipfit, 

(ji. — U  <6j4  he"tranllatcd  7U  £v€rkjing  TMtt  */ 
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HfitK'tniy  /iic,fi«ns,  pouiidcii  upon  tlic  Olifcrvatiom  of 
all  Times,  .ir.il  aj;ritinp  with  thrm  all,  by  PliiUp  I.anf- 
lirrfj,  of  (JhcHt  in  Fliittd<?r».  And  Jam- the  i2tli,  the 
fnmo  ytar,  he  committed  to  writing,  Tf-.-  Ah.iwr  of 

Htdiuiitg  hii  Jjlro!irn:'f  i!  Ttliks  MM  tf  thf  Tabl'i  and 

Axwrni  of  p/.';.'ip  /.,i,i/!y(rg.-~-MarA  ihcx)t]\,  I'i^j,  hi? 

wrote  y1  l.titfr  tf  Btmai-lt  or.  0  liiiraniJ'j  v1/ ..'.•.  ■1/ 
Difimurje  ■)»  tht  yanatien  «/ tit  iMngnrs'u'  Nte^le.  And 
the  3d  of  Jtuie  foQinrinfft  mother  «b  the  &iBe  fub- 
jcd. 

His  eminence  in  mathcmaticaJ  knowlrjg?  now 
fo  ^f^ati  that  hetras  thought  wortJiy  of  *  proftfTor's 
chair  in  that  fcience  \  an<i,  iinon  the  vacancy  of  one  at 
Amfterdam  in  1639,  Sir  William  Bofwcll,  the£ngli(b 
Refidcot  vitli  the  Siam  General,  ufed  bn  inlerrft,  that 
he  niijjht  futt-citi  i  :  iliai  j  1  i)f<  Tnrftiip  :  it -was  n  ^t  filkt! 
up  however  tili  1643,  wtinv  i't  il  '..•as  chnfen  to  it  ;  aiu! 
he  read  with  great  applnofc  piibh'c  lectures  u|><in  Di- 
opiiautns. — In  i^i44  he  printed  at  AmAcidam,  in  two 
pagtii  410,  /f  RrfiitiitioH  of  iMignntitana^t  D'^omft, 
Dt  ytra  Cirtuli  Mtnjlr.t, 

In  [(46,  on  the  invitation  i;f  thePnoceof  Orange, 
hi  rcnoredio  tbe  new  college  Bmlap  m  Pro&Abr  of 
Mathernatic*,  with  a  filaiy  of  lOOO  gilders  a  year. — 
11:,  f.L:  M:l>'^,i,  which  he  had  ar'drrn-':.!  t.i  Mr. 
H.ii'.lil),  wli.)  in  l6^9  hrvd  fcnt  it  to  Dc*  Cirtti  .i;<d 
MulVnnr,  ua*  pi iiit ^-J.  i6joat  Loudon,  I'.x  l2ino,  ia 
Englilh,  witii  ihc  title  of  yln  Itha  of  ALsthc'vn'l--, 
at  the  efid  of  Mr.  John  Durit's  Rcfonard  L  l  r  u  y- 
kecper.  It  is  alfo  prii  tcd  hj  Mr.  Noolt*  in  htk  Pliilo- 
fopbical  Collediuij^,  Nu.  $,  p.  ivj  ;  a»d  iiefteemeit 
onr  autbor'a  principal  work. 

Tn  tfi$t  Fell  Rtvmed  to  Enj^Tt'.td :  and  in  16^4  he 

was  fell',  by  (!.c  prutti\i.i  Ciuir:\M:'il  at;eiit  to  the  Pii>- 
teliant  Cant'jn',  in  Suil/trlaua  ;  ulu  ie  hc  COfltinuid 
till  June  i  3,  165^^,  when  lie  k-t  0,1;  for  I'-ngluiuJ,  wliric 
he  arnvedi  about  the  time  of  Cromwc!]'«  dvatii.  His 
Ajq^KntMHia  abroad  gare  aftcrvrards  a  general  fatitfac- 
■tbn,  as  h  appeared  he  bad  done  no  iinaU  fennce  to  the 
ioterea  of  king  Ciiarie*  the  Second,  «nd  of  the  chnxvh  of 
EngUadt  fo  that  be  wu  cneounged  to  nttr  into 
hoty  orders  j  and  m  the  year  t(Ki  he  was  !nfkftnted 
trt  tliC  rix'^ory  of  Fobbing  in  EiTfit,  Iiim  by  tlic 

king.  Iii  December  that  yctr,  lu-  brouglit  into  the 
upper  hfufc  of  convocation  t);c  c.\li.ni'.ii  r<  K  i  ;iitd  V'V 
bim,  aflitled  by  Bancroft,  aficrwar«k  archbtOiup  of 
Canterbury. — In  1673  hc  wa»  prcfcntcd  by  Shohl-jo, 
bifhop  of  London,  to  the  redUnv  of  Laingdua  iu  hi- 
fcx  ;  and,  upon  the  promotiWI  of  that  bifliop  to  the  fee 
of  Canterburrfoon  if^cri  bncaine  one  of  bis  donieftic 
chaplains.  He  was  then  doftor  of  d!v!nity,  and  <%• 
p;f:t(!  t>>  bf  ni.ulc  a  iiniii  ;  V  u;  ]r.\  'inpixivnricnt  iu  the 
pi .iliiUiphicd  ai;J  rr.  iili-:ii.',t;<:.il  luiincrs  was  fo  much 
thfljcut  t)i  li:i  gCjinn,  tli.it  lir  di',':  iiul  ir; lu  !i  ]>urli;c 

bis  prjvait  ativsntagc.  The  truth  is,  hc  wa»  a  belpUrfs 
man,  to  tvoildly  afikiis,  and  his  tenants  and  relations 
ta(ipof«l  upon  him,  eoxened  lum  of  the  profit*  of  his 
parlbna^y  and  kept  Um  lb  indigent,  tltat  he  wanted 
wspe&neii  even  ink  and  paper,  to  bis  dying  day.  I  le 
was  fiiir  fome  time  eunfined  to  the  King  it-bf  nch  prifon 
fur  ;  VjoI,  III  Mairh  i68i,  was  iiivitfd  1>y  Y)t. 
Wiiitler  to  live  in  the  college  of  phyficians.  Here  hc 
coDtioiied  till  Jnne  foUowinir  y  when  he  via  ohliged» 


by  his  ill  ftate  of  l'.<^lfh,  to  remove  to  the  hmift  of  a 
grandchild  of  his  in  S:.  Margaret's  Church-yard,  Weft- 
minftcr.  But  he  died  at  the  boufeof  Mr.  Cotbomc^ 
reader  of  the  church  oi^t.  Giks'i  in  the  VvAAt,  De- 
cember  the  iltht  in  the  74th  year  of  hisn^ 

and  wasiftterred  at  the  ocpencc  of  Dr.  Bufby,  niaffer 
of  \Yeftminfter  fchool,  and  Mr.  Sliarp,  rcdor  of  Su 

Giles's,  in  the  rei'tor's  vault  under  that  church.  

Dr.  Pell  publiAied  fome  other  tilings  not  yetmentkM- 
cd|  a  lift  of  which  is  as  follows  I  vtz, 

1.  An.  ExcfcitatioD  £«fter ;  I&I4,  la 
410. 

2.  A  Table  of  voiOaofquave  numbm*  *c  \  )67s* 
folio. 

J.  An  Inaugural  Oration  at  hit  entering  npon  the 

PiofclTorflup  at  lircda. 

4.  lie  made  great  allerationii  and  addition*  to  Rho- 
i:ii:>':>  Aljp'bra,  printed  at  London  i^iftK,  410,  under 
the  title  of,  An  Introduction  to  Aljr'bra;  tranflaicd 
out  of  the  High  Dutcl)  into  Eti|;h'fl»  by  Thomaa 
Bmnkcr,  much  altered  and  augmented  by  !)•  P.  (Dr. 
Pell).  Alfo  a  Table  of  o£l  Nnmhcm,  left  than- 
100,000,  (hewing  thu(^  that  are  ineompolitCt  &r>  ftip- 
putattd  by  the  fame  Thomns"  Branfcer. 

5.  I  lii  Corjtrw,  ci  fy  v.itli  I  .nil  n  .ill' nl  .jip.i^  i- <nccrn- 
ii.-^  the  (>_ua,hi.tut c  u!'  l!ie  t  ii  eL'  ;  Ani!ti.-i  iLini,  1646, 

Ho  likcwjfc  wrote  a      niniif^i.uion  of  the  jd  and 
icUi  bo:)ks  of  Eucliil ;  v.l.ieli  Wuxc  wa»iu  MS.  in  the 
Ulmiry  of  lord  Brctcton  ia  Cnrfltirc :  as  alfo  Archi* 
mcdcra  Arcnarius,  and  the  grtrateil  part  of  DiophaU' 
lus's 6  hnok;  of  Arithmetic;  of  wWh author  he wai 


preparing,  Aug.  i6<4,  a  new  edition,  in  which  be  fo-' 
tended  to  have con'edcd  the  tranflation,  ri.idc  new 
illuilraiiujis.  He  defigncd  likcwife  to  ]>;iblifh  mi  edi- 
tion trf  Apollonius,  but  laid  it  afidc,  in  M.iv,  164  5,  at 
tlicdeiireof  Golius,  who  was  engaged  in  an  edition  of 
that  autlior  fmm  an  Arabic  manulcript  given  him  at 
AJcppo  18  years  before.  Letters  of  Dr.  PcU  to  Sir 
Charles  CaTcndift,  in  the  Royal  Society. 

Some  of  his  mannfcripts  l^e  left  at  Brereton  tn 
Chcfhire,  where  berefKled  fonie  yiais,  being  the  fe.^t  of 
William  lord  Brcrcton,  who  \uA  been  his  pupil  at  Hre- 
da.  A  gffat  many  others  came"  iiitothc  hondk  of  Dr. 
Bufliy  ;  whieh  Mr.  Hook  wabdcfired  to  iifc  his  endea- 
vours to  obtain  for  the  Sticietv.  But  they  contioacd 
buriod  under  duU,  and  miiced  with  the  papers  niid  pom- 
phlets  of  Dr.  Bulby,  in  four  large  boxes,  (ill  iT^^f 
wlieii  Dr.  3wdiy  ftcretarytothe  Royal  Soa<ety,  pro- 
cured thrm  for  tlurt  hcdyt  fium  the  tnilU-rs  of  Dr. 
BMfl>y.  ThecoBedion  contains  not  only  iVII's  matlie- 
matical  Papers,  letters  to  him,  and  enpien  of  thofe  from 
bim,  &r,  but  alfo  fcveral  mauvifcripts  i>f  Walter  War- 
ner, the  mathematician  and  philofophcr,  who  lived  in 
the  reigns  of  Jimieiihe  Firll  and  Cliarlcsthc  Firil. 

Dr.  I'ell  invcnt(-d  llie  method  of  nngrngthc  fevcral 
Heps  of  an  nlgrluaical  cakiilus,  in  a  proper  order,  in  ■ 
lb  manydtfttnA  lines,  with  the  mmibcrsilliiced  to  each - 
ftg>,  and  a  (liort  defcription  of  tlie  operation  or  pro. 
eels  in  the  b'ne.    He  alfii  invented  the  tliaraclcr  ~r  for 
divilion,  ^  for  involution,  and  lu  for  evnhilion. 

PENCIL  if  Rajif  ill  Optic»,  is  a  double  cone,  <>r 

pmoid,  «f  nys,  joined  togvtlRT  M  tbe  bsfe ;  »* 
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■fi€flCr  die  one  «me  W/ng  kt  »ert«  in  fomc  point 

of  the  objei^  at  R,  and  ihc  cr^-lbUiDc  hurnnur,  or  the 
gi»f»  GLS  for  its  ba^e  ;  and  the  other  having  its  bale 
•n  thc  I'amc  plaf.:,  or  cr^  ftalKn^  fctt  ill  VtrtCX  id  the 
jpoint  of  ooartrgcncc,  as  at  C 


TENDULUM,  in  Mechanics,  any  heavy  body,  Co 
ftifpcndetl  at  that  it  may  fwinj?  backwards  and  forwards, 
fboiit  kinM-  lixtf)  pi.iiit,  by  llii-  iiirtc  of  j^iavity. 

'I'iicfc  aluTiM'.f  iicctits  and  deferents  of  the  rtiidulum. 
Ire  called  it*  Ofeill  irions,  or  Vibration! ;  each  com- 
plete oliciUatitJn  britig  the  dcfccnt  from  the  higheft 
point  OS  one  fide,  down  to  the  lowed  point  of  the  arch, 
wd  fi>  00  «p  to  the  higbeft  Boinc  m  the  other  itde. 
Hie  pmnt  nnind  whidi'  Pendttlott  awve^  or  n> 
bratcs,  is  called  it»  Centre  of  Motion,  or  Point  of  Suf- 
p«uIion ;  and  a  right  line  drawn  through  the  centre  of 
motion,  paraUd  to  thr  horizon,  and  pcipcivliciilar  to 
ibe  plane  in  wtiich  the  Pendulum  moves,  is  called  the 
Axi»  of  OfciUatioru  There  is  alfo  a  certain  point 
WtChlk  evert  Pendulum,  into  which,  if  all  the  matter 
that  eompMSi  the  Pettdulum  were  coileded,  or  con* 
denied  a»&lo  »potat>  dtetioice  in  wbicfa  die  nbntions 
«ouM  be  perfbnncd,  would  not  be  altered  hf  ImA  coii* 
(Itnfation  ;  and  this  point  is  tNiIIid  Centre  of  Ofirilla- 
tion.  The  length  of  the  Pendulum  is  always  cHimaied 
by  lliediftancc  of  this  point  l>clow  the  centre  of  mo- 
tion ;  being  ufuaily  near  the  bottom  of  the  Pendulum  ; 
kit  in  a  cylinder,  or  any  other  uniform  piifni  or  rod,  it 
w  at  the  dtitance  of  one  third  from  the  bottom,  or  two- 
tlkirdt  from  and  below  the  CCMSOOf  motion. 

Tlwln^ltb  of  a  Pienduhsk  to  Biafuml  to  itaeentfc 
of  orcfliation,  that  it  will  perfimn 

ri;  .(I    uf  tin  c', 
h»S,  Ul  the  i.itl''.:<Jc  0 

39-n!  or  39,'  incbrs 
accurate  experiments,  the  late  celebrated  Mr.  George 
Graham  found  iht  true  fcagtb  to  be  |9i\^V  ncbee*  or 
|9{  inches  very  nearly. 

The  lergth  of  the  Prndulum  n'brating  feconds  at 
Parn,  was  found  by  Varin,  Drs  Hays,  De  Clos,  aod 
Godio,  to  be  440*  lints  ;  by  Picard  440I  lines  ;  and 
by  44oi;j  lines. 

G  J.Jiu  .va5  the  6ril  who  made  «fi"t)f  a  iu-avy  body 
4nii<::ktd  to  A  thread,  and  fulpendrd  by  it,  for  mea- 
iuring  time,  in  his  experiments  and  ublcrr:i;ior.$.  But 
according  to  Sturmi us,  it  was  Riecio]!  ul.a  fiii\  ob- 
iamd  the  ifochronifm  of  rendiihims,  and  made  ufe  of 
them  in  mcafuring  time.  After  him,  Tjrcho,  Lan- 
greaCt  Wcaddme^  Mcfiieone,  Kircber,  miaiiim,  ob- 
ferrcd  the  lane  thing  |  though,'  it  C«  faid,  withoot  any 
intimation  of  what  bad  been  done  by  Ricciuh*.  But  it 
uas  the  celebrated  Huygeni.  who  ink  drmonihated  tlic 
principles  and  prop<rtii«  of  IVriduhim!!,  and  prcL.^hiy 
the  ^it  who  applied  them  to  clocks.   He  dtmuo- 


each  vibratioii  in  a  fe- 

tlid.cc  .'.'i!.-il  t!u  fecond's  Pn.i'i.lum, 
L<,:idon,  bciT»  generally  tAkcn  at 
hut  by  lotnc  vtry  itij,<-!riiioiu:  and 
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ft  rated,  that  if  the  centre  of  mottoo  were  pcrfcftlr 
fixed  .Tiid  iii.moveable,  and  all  manner  of  fricUon,  and 
refiAntce  of  the  air,  &c,  removed,  then  a  PeBsUma* 
once  fit  in  motion,  would  for  ever  continue  to  vibrato 
without  aiqr  dedcaTe  of  notion*  and  that  all  its  vibra. 
tiopt  would  be  pcrfcAty  Hbchronal,  or  performed  iil 
rite  fame  time.  Hence  the  Pcndulom  has  imivcrfally 
been  confidered  as  the  heft  chronometer  or  mcafurer 
of  tiir.e.  And  as  all  I'l-Jidulunu  of  the  furnc  length 
pcrior.T.  their  vibrjlioas  iu  thu  iujuc  tune,  v.itlitiut  re- 
gard to  their  diffcrtiit  weights,  it  has  been  fuggcAed,  by 
means  of  them,  to  eiUbliih  an  univcrfal  Uandard  for  all 
countries.  On  this  principle  M'outr^n,  caftoo  of  Ly- 
oae,  ha$  a  tnati£r,  DeJ^lenlurapotteria  tnafmittenda ; 
and  levciri  othcn  fioce,  a*  Whitehurft,  ftc.   See  L/ni- 

VirftJ  fiflAiUKi.. 

rcnduluQu  at  e  cither  ilmpk  or  compound ,  and  each 
of  thefc  may  lie  confidered  cither  in  theoijy  Ortt  W' 
pniftical  mechanics  among  artifans. 

SitH/>ie  Pem  DU  Li;  M,  in  Theory, 
coufifts  of  a  Angle  weight,  as  A, 
Confidered  as  a  point,  and  an  in- 
iexibie  right  hue  AC,  fuppoled 
TOid  of  gravity  or  weight,  and  faS-' 
pendcd  from  n  fined  point  or  cen- 
tre C,  about  wLich  it  awves. 

.,4  Ci.i'i/>minJ  Pkkdulum,  iri' 
Theory,  is  a  Pendulum  confifting 
of  fcvcral  weights  moveable  about' 
one  common  centre  of  motion,  btst 
conneAed  tofcther  fo  as  to  retain  the  fiuio  diSanet 
both  iron  one  another*  and  ixom  ^  oentie  sbonit 
wbch  thef  vibratcv 

Tie  Dotlr'me  and  Lavvt  of  PcNOVLUMr  1.  A 

Pendulum  raifcd  to  B,  tlirouyL  the  arc  of  the  circle 
AB,  u  ili  f.ill,  ;ind  rile  ztt^i'iV.,  thrt.u^h  jri  ecjiial  arc,  tt» 
B  point  equally  hitrh,  asD  ;  and  tiience  will  fall  to  A, 
aud  again  rife  rt>  D  ;  and  thus  continue  rifing  and  fall- 
ing perpetually.  For  it  is  the  fame  thing,  whether  the 
body  fall  down  the  infidc  of  the  curie  BAD,  by  the 
force  of  ffvoKf,  or  be  ntatncd  in  it  by  the  adion  of 
the  ftring  x  fer  they  will  both  hawf  thie  fame  effca  ; 
and  it  is  i  thtnvjftr  known,  from  the  oblique  dcfccnts  of 
bodies,  that  the  fiody  will  difcend  and  afcend  along  tlic 
c  rvc  in  the  iii:  u;jtr  .Jmh  e  defcribed. 

Exptricr.cc  a)lo  coittirms  this  theory,  in  any  finite 
nun  '  of  ofcillations.  But  if  they  be  fmipufi  d  infi- 
niltly  c -iiti  i.d,  a  difference  will  arife.  for  the  re- 
finance of  il.c  .'AT,  and  the  fridion  and  rigidity  of  the 
firing  about  the  centre^  C,  wiD  take  off  part  of  the 
force  acquired  io  fiiUiag «  whttoc  it  happen*  that  it 
will  not  rifepvedftly  to  the  fimie  point  mm  whence  it 
fcif. 

Thus,  the  afcei.t  contuiuaUy  d:n-.ir!i'!iini^  the  of- 
ciUation,  this  will  be  ai  kA  il<»)pcd,  and  the  Pendulum 
will  hang  at  reft  in  its  natnnil  diioAionf  wUch  it  perw 
pendicular  to  the  horizon. 

Now  as  to  the  real  time  of  ofciUation  in  a  circular 
arc  BAD :  it  is  deaionftrated  hj  natbenaticiaai^  that 
if />  =  ri4i6,  denote  the  chvumfireoce  of  a  cuvie 
vh(  fe  diameter  ia  1  ;  =  ifi,',  feet  or  193  inches, 
tlie  fpacc  a  heavy  body  faili  :n  the  firft  fecond  of 
time;  and  r  =  CA  thclrn^t;i  oftht?  IVndulutn  ;  alio 
a  :=  A£  tlK  height  of  the  arch  of  Tibrauon  ;  then  the 
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to  pJ —  X 


into  the  infinite  ferlct 


^  i'«    .    _____ 

where  </  =  2r  is  tli  j  dlsmctcrof  theaie  ddcAcdp  Of 

twice  »h?leiv;:h  nf '.he- Pendulum. 

And  !i  rt,  ulu  n  thi-  arg  it  a  fmali  one,  a«  in  the 
cafe  of  the  vibrating  Penduhitn  of  a  clock,  all  the 
terms  of  this  feries  after  the  nl  may  be  omitted,  on 

account  nfth'-!"  f.ni,il!rrfs  ;  and  then  thf  time  of  a  whok 

vibration  wiii  be  nearly  eq:iul  to  p\/ —  X  (l  -f  ir-)« 

So  ibai  ihr  umcs  .if  vihiitl,!!  >f  n  Pendulum  indif- 
ferent fmall  airs  oi  U::ir  <  ii  c  l--,  are  as  8r  +  a,  or 
8  times  tht  ladius,  added  to  the  vcrfed  f.ne  of  the  fe- 
ir.iarc. 

And  farther,  if  D  denote  the  number  of  degree*  in 
thefcniirc  AB|  whofe  verfed fine  is  a,  llien  tlic  cjuan- 
tity  iaft  mentioned^  for  th?  time  of  a  whole  vibr;;iion. 


(i  + 


).  And  therefore 


tl»e  times  of  vibration  in  different  foiall  arc*,  are  at 
C2524  +  DS  ur  a«  the  number  ^2524  added  to  the 
^mre  of  the  nugiber  of  Aaatn  m  the  femiarc  AB. 
Sec  ny  C«ue  Seaioai  wd  < 


p.  190. 


2.  Let  CBJ>ea  fcmicycloid,  having  Its  Vafc  EC  par- 
allel to  the  horiaon,  and  its  vertex  V>  dowiiwart's ;  and 
let  CD  be  tlic  other  half  of  the  cycloid,  !n  a  fimftar 
pofition  to  the  fonner.  Suppofc  a  Pendulum  ftrin;,',  nf 
the  fame  leo^h  with  the  curve  of  each  fcmicycl  nd  UC, 
or  CD,  haTtBj^  iti  cod  fixed  in  C,  and  the  thread  ap* 
piled  aO  the  way  dofe  to  the  eydoidal  curve  BC,  and 
cotifcouentlv  the  body  or  Tt  ;  u.lurn  weight  ct/intiding 
>vith  the  piunt  B.  If  n.  vv  t.'u  b(-dy  be  Irt  go  from  11, 
it  will  defccnd  by  iti  own  j«»avity,  and  in  djfcrnd- 
'  i.-i^  it  Vi-ill  unwir.d  the  ftring  from  ofT  the  arch  BC, 
at  at  the  pofition  CGH  ;  and  the  ball  G  wil!  de- 
frribc  a  icinicycloid  BHA,  cqu:il  and  fjmilar  to  liGC, 
when  itha^i  iirttvcdat  the iowcil  paint  A  ;  after  which, 
it  will  eoottnue  iu^iBQCion,  and  afcead»  by  aiio:her 
cqud  and  lioiilar  feiriicTcIoTd  AKD,  to  the  wne  height 
D,  as  it  fell  fr,i'-.i  :.t  13,  tl:  •  ff  rn  ii  nv  -.vrapping  itlclf 
upon  the  other  ,.i.-Ju  CID.  F.  jai  D  it  will  dtfccnd 
a^'ain,  and  paf*  along  the  whole  cycloid  DAB,  to  tUs 
point  B;  and  thus  perform  continual  fuccefltve  ofcilla- 
lions  between  B  awl  D,  in  the  curve  of  a  cycKj'd  }  at 
it  befotc  oUciUatcd  in  the  curve  of  a  circle,  in  the  iFor> 
nercalc. 

1 


Thti  coatrifanee  to  mice  th«  Pcftdnham  ofeilkte  ni 

tliL-  ouivc  of  acycloid,  is  the  invention  of  the  cdAnted' 
Kuygcns,  to  make  the  Pendulum  perform  alliWvsbt*- 
tiont  in  equal  times,  whether  ths  ircli,  cxtr  nr.  «f  the 
vibration  be  gicat  cir  fmall  ;  wh-'tu  is  i.ut  the  calc  in 
a  circle,  where  the  larger  arc*  take  a  longer  time  to  nia 
tinough  them,  than  the  fmalicr  ones  do,  as  is  wcU 
known  both  from  tlwory  and  prudico. 

The  chief  properties  of  the  cycloidal  Pendulum 
then,  as  demonftrited  by  Hiiy^cns,  arc  the  following, 
ill,  That  the  time  of  an  ofcillation  in  all  arcs,  whe- 
ther larger  or  fnufltr,  is  always  the  fame  <]uantity,  viz, 
vfhether  the  iKidy  btgin  to  dffcend  from  the  point  B, 
and  dcfctibe  the  fcmiarch  BA  ;  ortV.ai  Ii  bcginf.  at  H, 
and  defcribea  the  arch  H  A  ;  01  that  it  ftts  out  frcm 
any  other  point  ;  a«  it  will  ftill  dtkend  t<»  theloweft 
point  A  in  exactly  the  fame  {inic.  And  iS  ia  larthef 
proved,  that  the  time  of  a  whole  vibration  tiitou^h  any 
double  arc  BAD,  or  HAK.  &c.  It  !n  pronortion  to 
tlielimci;i  a  heavy  body  will  freely  r-ll,  by  the 

force  of  Kr;iyi;),  throuph  a  fpacc  ctiunl  to  ^AC,  half 
the  length  of  the  Peudulum,  as  the  cii  cu  nfercnce  of  • 
circle  is  to  its  diameter.  So  that,  if  ^  ^  iG  .\  f^:ct 
denote  the  fpace  a  heavy  body  falls  in  tht  {irit  feconii  i  f 
time,  /  =  3'i4irt  the  circun>ferciicc  of  a  circle  whofc 
diameter  is  1,  and  /•  =  AC  the  lcng:h  of  the  I'tiidu- 
llUB)  thc/i,  becaufc,   by  the  ikiMi^  ofil-tci  'ti  ^y 

gravity,  ^/g  :  ^/^  :  :  1'  :         that  is  the  time  in 

which  a  body  williall  through  Ir,  or  italf  the  leii^h  of 
the  Pendulum  $  therefore,  by  the  ibove  proportwiii  at 

Mpti  v*--  : PtJ^*  wliidi  V thetimc  of  on  entire 

ofcillation  in  the  cycloid. 

'  "'V  cx- 

o{  a 


And  this  concluGan  is  alundanlly  comli  mrd  ' 
periencc.    For  example,  if  we  coi>:ider  the  t^n 
'vibration  at  i  fecond,  to  iind  the  length  of  the  Pcadu- 
km  tint  wffl  to  ofi^bte  in  i  fecond  {  this  will  give 


the  equation  P*/~  — 


I  )  vhieh  reiuced,  .ghea 


386 


_    inches  =  ^OMi  or  ^r>i  mchet, 

3Mi).H)* 

for  the  lenj^th  of  the  fecoml'a  rcndul  :m  ;  v,\i.c\\  the 
beft  experiments  fliew  to  be  about  ^oj  inches. 

3.  Hence  alfo,  we  have  h  method  of  dctrjiniiun^,  from 
the  exprrimentedk■.l^t)l  <  i.il'enduli(ir.,thcrp.Tee  alicavy 
body  will  fall  perpendicularly  through  in  a  given  time: 

for,  fiuce^/— •  —  1,  therefore,  by  ivducl-'on,  o  =  ^/'r 

is  the  fpace  a  body  wMl  fall  t!>r(iiirh  in  the  fi;;!  f  cond  of 
time,  when  r  denote*  the  lriis(;li  <  f  the  f  coT'Vj  Perv- 
duluin;  and  asconilant  exncrif.ce  Jhews  tiir.t  this  length 
is  nearly  Jfjkt  inches,  in  tiie  latitude  of  London,  tnthil 
cafe^  or  {/V  become^  i  x  3'i4i6»  X  39^  =s  lOJ"©? 
inches  =  fcet,  very  nearly,  lor  the  fpace  a  body 
will  fJ!  In  the  fii^l  fecond  of  time,  in  the  latitude  cT 
l.oudtui  :  a  f»f\  wliich  \m  bren  iw^irdr "ntly  contTrrr.-rd 
bv  experiments  nwi?c  there.  And  ;n  tVi'_-  fnr>ie'  ina-  nor, 
^^r.  Huygens  found  the  fiiir.e  f^uec  fallen  thio  i^h  at 
Paris,  to  he  15  IVci.ih  feet. 

The  whole  doctrine  of  Pendnlumt,  ofciilating  be. 
twecn  two  fentcydoidii  both  in  theory  and  prsftwe. 
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|MlintelI>»»>>il  Wflui  awlLhQr,  Jn  his  Horolodum  Ofcflla- 
ItafftoH  6vc  I>eainifttatMMies  dc  Motu '  Pcndulorum. 
•Avd  earn  Uiinc  thitnq^nl*  the  BWtioD of  Penduluow 
.'-lisii  fince  Wn  aemonftntcd  in  diflVrent  mys,  and  par* 

■  lictilaH^  V'V  Ncw-toii,  wlio  111'' j^tvcn  an  admirable  theo- 
,  ry  on  tiit  lubjtct,  in  his  I'nncipia,  where  he  hat  ex-' 
>«ro(ie(i  (o  cpic^xloids  the  propcittct  ikidooftrated  bjr 

"llaygrinDf  the  crcloiUn. 

,1   4.  A»  the  tycluiu  may  be  confidcrcd  as  coiiKkJinj^, 
A,  with  any  fmaU  avc  u(  a  circle  tit.iier>bediroinUie 
.HMKfe  C»  paffiog  through  A,  wht^re  !t  it  known  the 
.  two  cunct  have  th«  fium  ndiiu  andcunitutci  tlme- 
fere  t&e  time  ia  die  fmall  »rc  of  fuch  a  circk*  will  be 
in.ar?i'  f  qual  to  tlic  turn-  in  f!ic' t  \  il<;i<!  ;  fu  thnt  the  limts 
iu  Very  li.-.all  circuiar  area  aic  cs^uJ,  LM-c:<uie  ihcff  lm«U 
arc*  may  be  coiifiJcred  at  portions  of  t'nc  cyt.!uiJ, 
veil  a«  o(  tiie  circle.    And  thit  it  one  guiii  cciiUtu 
why  the  Pendulums  of  cU>ckt  are  made  to  ofcilhtc  in 
W  [RiaQ  area  as  pofiible,  viz,  thnt  their  ofciUations  may 
be  tl*e  nearer  to  a  conftant  equality. 

ThiaiBw  lUb  be  deduced  from  •  cemparifen  of  the 
tifiMi  of  vibntioB  in  the  circle,  and  in  the  crdoidt  u 
laid  down  in  the  fore^'uin^  nrticlet.  It  hat  there 
been  fiicwn,  that  the  tioMi  «i  vibratioo  ia  the  circle 
Mdcjwloidaicthnik  nsf 


Umein  Uie  chde  t 


C' 


time  >a  the  cycluidalmc/v'—  I 


where  it  ia  evident,  that  the  fonBcr  dwayt  exceeds  the 

UlUt  ia  tlx  ratio  cS  I  +  f  -  tO  I  )  but  this  ratio  aU 

'^iwft  nfiprandicc  nmra  t»  na  a|ntlit7i  <•  (he  m,  or 
«i  its  veiled  fine 4^  isfiiMlkr}  tin  at  leogtli,  wlkem  it 

■toy  fwO,  the  term  ^  mxf  he  «i^tcd»  and  chta 

ibe  times  ^  vibntiof  becauM  both  ite  fame  ^uantttfi 

Farther,  by  tfie  fame  companTon,  it  appear*,  that 
the  time  lo^l  in  each  fccuiul,  or  in  each  vibratioa  of  the 
feomd'e  Pendiduait  b^  vibtating  ia  1  cardef  iaftcad  of  ■ 

•  cjooid,  u  or 

01* 


I  andetefisfMBtlj  AetlM 


loft  in  a  whok  dSfofSiL  hour*,  is  |D*  dari^.  In  Vkn 
manner,  the  feconda  loft  per  day  by  inbtatmp  in  the 


arc  of 
Ittm  t'  L  j 

Or  ^>-aiiii  d 
|(D^  -  A 


l  -  .Tf-et,  ia  iA*.  Therfi 
r  I   time  in  one  of  thefc  iK*, 
";  r  day,  by  vibraliiiy  ;ii  tlic 
^,    Bo,  ior  eniijnjjk-,  i:  a 


f  the  Pernla. 


,i-  f<.-fond»  loft 
otlifr,  will  be 
I'enduluni  niea- 

fure  true  thne  tnan  arc  of  3  dcj^rcis,  on  each  fide  of 
thc  lowcft  point,  It  win  lufe  i  (|  feconda  »  day  by  vi> 
lintang  4  degrees  t  and  26|  fecoMt  tAtfhf  nbiatins 

5  degrees  }  and  fo  on.  / 

5.  The  aftion  of  gravity  it  left  tn  dwfe  pwte  of  the 

«  :i  :1;  whcrc  tlic  ofcillatioiia  f)f  tlic-  r.iiiK-  Piiidulum  arc 
ll^vicT,  and  jrrcatcr  where  tlicft"  a:c  i.vill't  ;  inr  tlie 
time  of  ofi.'illatioii  !$  rcciproci'.llv  [irnpotLiina!  ti)  y/^-. 
And  »t  bciuc  found  by  expcriimnt .  tl  at  thr  aJciiljiliont 
•f  theisms  Pendulum  are  flo\»er  nt.it  tlic  ciiuator,  than 

inftlkccs  farther  fron  iti  iillBliow*  th4i  thie  fiacccof 
'Vm.II. 


gravity  ia  le!a  there ;  and  confequently  the  putt  aboai 
the  equator  are  higher  orDuther  from  thecentie^'thafc 
the  other  parut  and  the  Aim  of  the  earth  '»  not  n 
true  iphcre,  bttt  fomewhat  bke  an  obhte  fphooid* 

flatted  at  the  poles,  and  raifed  gradually  towards  the 
ecjttator.  And  hence  alfo  the  times  of  the  vibratioa  of 
the  fame  Pendulum,  in  differcct  latitudes,  afford  a 
method  of  dctcnniuang  the  tiuc  figuie  of  the  earth, 
and  the  ptoportioa  between  ita«xi*  and  the  cqotforail 

diameter. 

Thus  I^I>  Richer  found  by  an  expernnent  made  in  < 
the  iiland  Cavcuu,  about  4  degrees  from  tlie  eq,oatar, 
where  a  Fendtdtna  3  feet  lines  long,  which  at  Paris 
vibrated  fcconds,  re<|uircd  to  be  (hortened  a  line  and  a 
quarter  to  make  it  vibrate  fecondt.  And  many  other 
i,bicrwiti(j:.i  Ikivl'  cunl'irmed  the  fame  principle.  tJue 
Nc\s  toll's  I'liucipia,  lib.  3,  prop.  20.  By  cenip.ii  ing 
tlic  dirTi-rent  obfer\'ati<>nt  of  the  Fmicli  a.lrotiomer*, 
Newton  apprehenda  that  «  line*  may  be  coaiidercd  aa 
the  length  a  feooada  Pcodnhifla  ou^t  to  be  decnenfM 
at  the  equator.  * 

From  fimie  obftmtioai  made  bjr  Mr,  Caa&pbeQ,  is 
1751,  ia  Bhck.river,  in  Jamaica,  18"  north  btittide^  it 
it  coUe^ked,  that  if  the  Icn^h  of  a  (impte  Pendulum 
that  fwings  fccondi  in  Lxjiition,  be  ^•)'\2f)  F.uglifh 
inches,  the  length  of  oue  at  ihc  equator  vrould  be 
39*00,  and  at  the  p<  1  ;  :  -  rt.  ThiluL  TnoC  aOaAb 
4ja  ;  or  Abr.  vol.  8,  p^.ii  i,  pa.  23P. 

And  hence  Mr.  Emerfon  hat  c»mput«d  the  follow* 
in^  Table,  ftiewing  tiie  length  of  a  Pendulum  thalT 
fwmgs  fecondtat  every  5tfa  deme  of  latitude,  aaalfit  the 
Iciiguiof  thedcgieeot  httitadetboe)  in  £nj^  nflci; 


1  l->c-pi<ci  ot 

i  L>i. 

1      l-rr  ri  h  t->f  The 

..1  :  ,,-1 

IV.fh.tt. 

ri:i'l. 

0 

39-027 

s  • 

6S730 

to 

39-033 

68750 

39x136 

ao 

3yo+4 

*5 

$9'°57 

6i-9»t 

30 

39-070 

68-950 

3J 

69*020 

40 

39097 

69*097 

45 

69-176 

50 

.  39*1  a6 

69*a56 

55 

39"'4» 

$9*330 

60 

39' '58 

69*^1 

65 

39-168 

69*4«7  . 

70 

39*' 77 

69'5»» 

39* '85 

80 

39* '9 » 

«5 

.'?9*'9S 

90 

39197 

69'Oaii  • 

f.  If  two  Pcndulurst  vibiate  ia  fimilar  arct,  tlrr. 
tiuKS  of  vibration  arc  in  the  fub-dupUcatf  ratio  of 
tlvcir  length*.  And  the  Icn^tln  of  Pendulums  vibnting 
ia  fimiiat  irci^  are  i»tkc  (tiiphcstc  ntio  of  the  tinea 
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mio  of  the  ini^r  ofeahtiom  made^in  any  <»e  Md 
the  lame  nine.    For,  the  time  of  vibration  t  being  aj 

,  vbov/  and  -  arc  conftant  or  Rutn,  thcrefortr 
/  i4.a»  ^/r,  and  r  as 


Hence  tlictcfore  the  length  of 


a  liulC  r,-C3r.d  Pendulum  will  be  ',r  or 


L  =  9-781 


nu  lir? ;  ;?nu  the  length  of  the  quarter- ftcond  Pendu- 
lum wiii  be        =  -^'^J'  =  1-445  J  ^ 
iO 


-.  Tin-  fotcfjoir.^  Inws,  &c,  of  the  molioa  of  P«l^ 
(  ul  cmniJt  llrictly  hold  i^ood,  unlef*  the  thrM.d 
thai  fuftains  the  hall  bt  soid  of  weight,  and  the  gravity 
of  the  wlvolc  ball  be  collected  into  a  p  iint.  In  praclirc 
therefore,  a  very  fine  thread,  and  a  ir'iUbV.I.  i'.t'fa 
wry  hcarv  matter,  are  to  be  ufed.  But  a  thick  ihttaJ, 
and  a  balky  ball,  dt!\.!b  the  motion  verymeht  for 
in  that  cafe,  Uie  iinple  f  ettdtilum  becomes  a  compomd  - 
one ;  it  bcitig  mnA  the  fame  thing,  ai  if  fcvenl  weights 
vrcrc  applied  to  the  iamc  bfloiibk  rod  in  fcrenl 
plsccs. 

8.  M.  Krafft  in  the  new  Peterfliurph  Memoirs,  to1» 
6  and  7,  has  given  the  refuU  of  mnjsv  rxperimcirts  iipou 
Pendulums,  n-.ade  in  different  j  r^its  . ;  KuiTn,  wuli  de- 
ductions frum  them,  from  whence  he  derive*  this  theo- 
rem :  If  X  be  the  length  of  a  fcndtiltim  that  fwings  fc- 
conds  in  amr  given  butttde  /,  and  ia  i  tcmpefature  of  1  o 
degimof  Renaniii'stKcmometcrtihniwill  the  length 
of  thatPcbdnlom,  for  that  btttode,  be  thns  «pidted» 
viz, 

M  =  (439*178  +  t'SSi  X  fin.*0  lincaofaFModifoot. 

And  tills  rxjirefTion  ?.i;twi  wy  nearly,  not  only  with 
»11  tl»e  experiuscnt*  made  on  the  Pcnduhim  in  RufTm, 
butalfo,  with  ihoCr  of  Mr.  CraliAin,  and  thole  of  Mr. 
Xyons  in  79"  jo'  north  latitude,  where  he  found  it» 
•length  tobe  44l-}81iiia.    Sec  OsLATKatit. 

Sm^  PaMDVi.vM,  in  ^  Mechanics,  an  expreflion 
««nmon1f  nfed  among  artifti,  to  diltinguith  fuch  Pen- 
dulumi  a«  have  no  provifionfor  concfiiivtbecffe&iof 
l(eat  and  cold,  from  ihofe  that  haw  loch  proviGon. 
JK\\o  Simj;le  Pendd'-rri,  Diu.^lad  Pcmiuliin-,  are 
ttrm>  fomctime*  ui'eJ  ;o  dvnoic  iu«li  ?eituulut«»  m  arc 
BOt  conneded  with  any  clock,  or  clock-work. 

Can^eanJ  Pendvlvm,  in  Mechanics,  is  a  Pendulum 
Dhafeiod  i*  conipofcd  of  two  or  more  wires  or 'bar*  of 
StftsL  Tbefe,  by  undergoing  diScrent  degrees  of  ex- 
IMmfoii  aad  oontradion,  when  cxpofed  to  the  fame  heat 
or  cold,  have  the  diiTeNace  of  CKpanfion  orcontraAioa 
made  to  ait  in  fuch  manaerat  to  prefcrTeconflantlytbe 
fame  dilLuice  brtwtcn  t'le  j:oial  of  fufpr ii.loti,  and 
centre  of  ofcsLhtion,  although  txpofcd  to  vt  ry  d.IFfrciit 
Siiid  vari*m?  drgri^^tf  cf  hrst  or  cold.  Ther'j  arc  a  greut 
variety  of  conltrudiont  for  tbia  puq>oiie  ^  but  they  may 
be  all  reduced  to  the  Gridtran,ttlM  Mcfcwitt  ladtlic 
JjtKt  Pcadolum. 

It  nay  bejuft  ohferved  by  the  way,  that  tke  vulgar  me- 
tbod  of  reandying  tbe  JiBMnwnieBoe arifiag  from  the  ez' 
tenfion  asdcOntraAient^dieTodtef  common  Pendulums, 
iaby  applying  th<  hob.  or  fmall  ball,  w;th  a  fcrcw,  nt 

tbc  lower  csd ;  bj  whkli  mcui  the  ^eadulum  t«at  any 


lime  made  lotjgcr  or  fhorter,  at  the  ball  i»  fcrrwed 
downA^ds  or  upward*,  and  thus  tbc  tURC  of  ita  Tibet- 
tion  i»  kepi  continually  the  fame. 

The  Grit/irpn  PtMDt^LOM  wai  the  intention  of  Mr. 
John  Harrifon,  a  TCry  ingcnioini  artift,  and  celebrated 
fur  fail  invwtioa  of  the  iratch  for  lindttig  the  differeocc 
of  longitude  at  fea,  about  the  year  179  j  1  aad  of  fct©» 
ral  other  time  keepers  and  wat«!hc«  fince  That  time;  for 
all  which  he  received  the  parliamentary  n  .r;i:d  of  be- 
tween 10  and  thouf.iiid  pounds,  it  c- l  UHs  of  5 
rods  of  flccl,  and  4  of  braf .,  [jhi  jul  if  a!tcni^ti.  crcliir, 
the  middle  rod  being  of  fteiJ,  by  which  the  Pendulum 
ball  is  fiifpended  ;  thefc  rods  of  braU  and  Aetrl,  thus 
placed  in  an  altcmate  otder,  and  fo  conne^cd  with  each 
other  at  their  cods,  that  while  the  expanfion  of  the  fted 
rods  hai  a  tendeacj  to  lengthen  the  Fcadolnm,  the  ex- 
panfion of  the  brafs  rod»,  aAIng  upwards,  tends  lo 
fhortcn  it.  An  !  1!"'=,,  v.l.ir.  tl.'  lu  ,  i  f  ;1 1  brafs 
and  <«cil  rods  ;ii  •  i)i:ly  [:> ;jj,»;it.i.;.vJ.,  lluii  t).paiuion» 
and  contractiosis  ui  !  t-xatily  hahncc  and  ciirrctt  each 
other,  and  fo  prelcrvr  the  Pendulum  inrariably  of  the 
fame  length.  The  limplicitjrof  this  ingeniotis  contri- 
vance is  much  in  its  favour ;  and  the  difficulty  of  ad- 
jidinient  fcems  the  onl^  obj«Stioo  to  iU 

Mr.  Hariifon  !n  his  mt  nuwbiBe  fiw  meafurim 
time  at  fca,  applied  thSi  comblffatt'on  of  wires  of  braft 

itiy  Lil:t;.:l:(iiis  l.y  !ii-;tt  i.v  C'lti' ; 
<     cli:.:l:.  Ip-  !u»  made  for  this 
purjxilc,  a  iik>J  irc  t:,od  oi  )_  .:.i;->ljii-  againJl  the  irre« 
gularitics  arifmg  irgm  thmcanfc  is  uled. 

The  AJirctirial  Pendulum  wai  the  invention  of  the 
ingenious  Mr.  Giaham,  in  coofequence  of  icvcral  ex- 
petimcBts  relating  to  the  materials  of  which  Pendiduma 
might  be  formed*  in  I^IK*  Its  rod  is  made  of  bra&a 
and  branched  towards  its  lower  end,  fo  as  as  to  on* 
br.mc  a  c\li:idric  ghi;'^  v;fft]  1  ^  or  14  inches  luwg,  rwd 
alri'.it  2  iiichc's  dumctti  ;  v. !i ;i.h  heirg  filled  r.honi  12 


;uid,  iL  J,  t  J  VI 

and  in  the  11  .niiu  i-;. 
ixifc,  a  like  irctiK 


hcs  dc<p  vvilh  mercury,  fornii  ;!  r  wri; 


of 


the  Pendulum.  If  upon  trial  the  c xpaulion  of  llic  lod 
be  found  too  great  fortliat  i  f  t!ir  i:;t-rcunr,  more  mer- 
cury muil  be  poured  into  the  vefiel  :  if  the  expanfioi>of 
tiie  mescury  exceeds  that  of  the  rod,  fo  aa  to  occafion 
the  dock  to  go  lad  with  heat,  foiiie  mercury  mod  be 
taken  out  of  the  veflel,  fo  at  to  fLortcn  the  cohtmn. 
And  tl.us  may  the  cxjianrron  a:nt  i  in^;raciion  <tf  the 
ijuii  kliKiT  in  thr  glafi.  be  made  i  :\.iC:l}  to  balance  ibc 
eapanfiori  and  tdiitract ion  nt  tlic  I'cniluluni  rot],  fo  as 
to  prcU  rvf  the  diJlauceof  the  centre  of  ofcillation  froni 
the  iHiiut  ot  fufpeuGon  invariably  the  fame. 

Air.  Graliam  made  a  clock  of  this  fort,  and  corapami 


it  with  one  of  the  bell  of  the  comawn  fort,  for  3  T«ni* 
together;  when  kc  fouad  the  error*  of  his  bet  about 
one-tig!i:l>  part  of  thofe  of  the  latter-  Fhilof.  TraaL. 
nun'.b.  591. 

The  /.<~ivr  PBSDUtttM.    From  all  that  appears  con- 
cerning tin's   Lonrirtittitm   uf  a  Pendulum,  we  are  fr.- 
chned  to  bciieve  that  the  idea  of  making  the  difference 
of  the  expanlion  of  different  Bsct:il!i  operate  by  meant  ' 
of  a  lever,  origioaied  with  Mr.  Graham,  who  in  the 
year  I7]t7  COOtlfroAed  a  Pendidum,  bavine  its  rodcom^- 
pofed  of  one  bar  of  iUel  between  two  of  brais,  wbidK 
^d<d  upon  the  Ihurt  end  of  a  lever,  to  the  otbor  cad  «f 
whicii,  the  ImM  or  weight  «f  the  Fcaddsm  «w  bf* 
{cuded. 
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•  T'ttii  Pendulum  Imwevcr  was,  upon  ti:.i!,  to.md  t'l 
Move  by  jerks  ;  a  ■.d  th'rtfore  laid  alide  by  the  inventor, 
to  make  way  fur  ilkc  mercurial  Pendulum,  Juft  men- 
tioned. 

.  Mr.  Short  informius  !»  the  Pliilof.  Tranf.  to!.  4-, 
•rt.  88»  tint  a  Mr.  Frothtn.i^ham,  n  qink^-r  '.n  l.iii- 

tioliiflure*  caufeda  fenduluoi  «f  tbiakind  to  be  made : 
it  confiftet)  of  two  bais,  one  of  brafii,  and  the  other  of 

Reel,  failencd  together  by  Tcrew*,  wi'.li  levers  to  niif>: 
er  let  down  the  bulb  ;  above  which  thcfe  levers  it  ere 
phced.  M.  C>liiiii  too,  in  the  Hillory  of  vie 
Academy  of  Sctcticeii  at  i'atis,  for  1741.  dcfciiLi^»  ina 
forts  of  Pendulumi  for  clocks  compounded  of  bars  of 
braCi  and' ilccl,  ami  in  which  he  applies  a  krcr  to  raife 
•r  letdown  the  bulb  of  the  Pendulum,  bjr  tbe  cxpan- 
lioB  or  f»ntn£lioB  of  the  bar  of  brafs. 

Mr.  John  EOiGOlt  dfiv  io  tbc  year  I conftrdAed 
aPendahimoathefanepffincipkf  but  diffenng  from 
Mr.  Graham't  in  many  particulars.  Th»  rod  of  Mr. 
EUtcott's  Pe;iJuiani  uai  cotripofcd  of  two  bars  only  , 
the  one  of  brafi,  nuJ  the  othw.r  of  ftcel.  It  h.ni  tu-n 
It-vcrs,  ra.:li  lullajnin^;  its  half  of  t!ic  ball  or  wcit^lil  ; 
with  a  fpting  under  the  lower  part  of  the  ball  to  re- 
lieve the  levers  from  a  confiderable  part  of  its  weighty 
'and'£i>  to  render  tbcir  motion  more  fmooth  and  cafjr. 
The  one  lever  ia  Mr.  Gnham'a  eonifaiiAioB  laat  above 
the  ball :  whereas  both  the  levers  in  Mr.  Ellicott's  were 
within  the  ball ;  and  each  lever  had  an  adjuding  fcren', 
to  lengili'^ii  or  fiioitcii  tlit  lever,  fo  as  ta  render  the  ad- 
juflmcnt  thr  nrnit;  jrcrfcii.  Sic  tlic  Philof.  Trailt  voL 
47,  p.  479  ;  w!i,-rr  Mr.  KUioott's  nicthods  of  COIlftniC* 
tion  are  deicribed,  and  iliulbrated  Wy  ti^urc*. 

Nutwithftandtng  the  great  ingenuity  difplayed  by 
thcfc  vcr7  cimneat  artifts  on  this  conftni&ioo,  it  turn. 
laither  be  abfeived»  in  the  biftory  erf  unprovcnfenU  of 
thitsature,  that  Mr.  Cumnuagt  another  eminent  artlft, 
hat  given,  in  his  EiTays  on  the  Principle*  of  Clock 
and  Watch- work.  Lend.  1766,  an  aniplk.-  dcfcription, 
with  plates,  ot"  a  conllrudtion  of"  a  PenJuJum  wall  le- 
vers, in  whlcli  it  Icrms  lie  lias  united  the  properties  of 
Mr.  Graham's  and  Mr.  Ellicott's,  without  being  liable 
to  any  of  the  defecls  of  either.  The  rod  of  thi*  Pen- 
dulum is  coDipofedof  one  flat  bar  of  bmfs,  and  two 
«f  fted  I  he  nfei  three  fever*  within  the  boll  of  the 
pendulum;  and,  among  many  other  ingeniov* feootri* 
vances,  for  the  more  accurate  adjultiug  of  thii  Pmdu- 
l::ni  to  iiic.iri  timv,  It  is  pitividcd  svith  a  l'm;ill  tiull  a-id 
iVrew  below  the  principal  ballot  \vfi\dit,  one  Ciiiixe 
rtvolftion  of  which  on  its  fcrew.will  only  alter  the 
rate  of  the  clock's  going  one  fecund  per  day  ;  and  its 
circumference  ii  divided  into  30»one<M  which  divififloi 
will  therefore  alter  iu  rate  of  going  one  fecond  ta  • 


PtKDULUH  C/wi,  ii  a  clock  having itamotioorcgn' 

lated  by  the  vibration  of  a  Pendulum. 

It  is  coritiovrrtcd  between  Cfalll-.v  and  Huygern, 
which  of  tin  two  firil  applied  tin  Pendulum  ta  adukk. 
for  the  prctrndjilj  of  each,  fet  Cl  oCK. 

After  Huygros  had  difcoverrd,  that  the  vibration 
made  in  arcs  of  a  cycloid,  however  unequal  they  might 
be  in  extent,  were  all  equal  in  time  ;  he  foon  perceived, 
that  a  Pendulum  ap^cd  to  a  clock,  fo  as  to  make  it 
ddbrifacarcs  of  a>ey)ehR4{  wo  old  te&ify  the  otherwife 
«Mvokbd)k  irr^gnlMitiM  of  th«  motion  of  \ht  clock  i 


firtcc,  though  the  fevcral  ciufw  of  thi»fc  irrcgul;u  iiies 
lliould  uccalion  the  Pcndidimi  to  make  greater  or  fm,-il. 
ler  vibrations,  yet,  by  virtue  of  the  cycloid,  it  would 
lU!l  make  them  pirfcclly  eqtialin  point  oftiir.c  ;  and 
the  motion  ofthci  iock  jjovcnicdby  it,  would  therefore 
be  prefcrvcd  perfectly  cijuabk-.  hot  ihedifficuhy  wa«, 
how  to  make  the  Paidulum  dcfcribe.arcs  of  a  cycloid  ; 
for  natnnliy  the  Pendufum,  being  tied  to  a  fixed  point, 
cai:oiily  dcfciibc  circular  arcs  about  it. 

Here  M.  Huygcns  contrived  to  fix  the  iron  rud  or 
wire,  wiiich  bears  tlu  tiaJ  en  v  i  "jTlit,  rit  the  top  to  a 
fdkcn  thread,  placed  Iwjlwtcn  two  cycloids!  chvcks,  or 
tuolit'.ic  nr.  »  ot  a  cycloid,  madcofinci.il.  Hcncethc 
motion  of  vibration,  applying  fiicccflivcly  from  one  of 
thofc  arcs  to  the  other,  the  thread,  which  is  e.itK-mely 
fleaible»  eafily  affumothe  figure  of  them*  and  by  that 
meant  cnufca  the  baO  or  weight  at  the  bottom  to  <re> 
fcribc  a  juft  eycloidal  arc. 

This  ts  doubtlefj  one  of  the  mofl  ingenious  and  ufe- 
ful  inventions  many  ;ir;' 3  have  produced  :  i>y  :r.e,Tni.  of 
ivhich  it  lias  been  ailc-iit  d  there  hnve  been  clocks  that 
would  not  \-ary  a  finglr  (croud  in  I'evtr  J  days:  and  the 
fame  invention  alfo  gave  rife  to  the  n  hole  doC^rioc  of  in- 
volute  and  evolnte  curv«i»  whh  tbe  ndiut  and  dc|rree  of 
curvature  &e. 

It'  it  lnie«  the  Pendulnm  it  flill  liabk  to  bt  irrMwia. 
ritie'S,  how  minute  foever  they  may  be.  The  Clken 
thread  by  which  it  was  fufpendcd,  (hortens  in  moift 
weather,  and  lengthens  in  dry  ;  hy  which  meani  the 
length  of  the  whole  Pcaduluir^,  and  confcqnently  the 
times  of  the  vibrations,  are  fon-,c%vh*t  v.ii  icd. 

To  obviate  this  inconvcnictjce,  M.  Di:  la  Hire,  in« 
(leadof  a  filken  thread,  ufed  a  little  tine  fp:i"g;  wliieb 
was  not  indeed  fubjcd  to  ilioncn  and  .Icn^eii,  from 
thdie  cawfct  i  yet  he_  found  it  grew  HiflTer  m  cold  wca> 
t]ier>  and  then  made  its  vibmtiona  iaficr  than  in  wnrm  ; 
to  which  alfo  we  may  add  its  cxpanfion  and  contraction 
by  heat  am!  ct  !d.  He  thrrrlorc  had  rccourfe  to  a  iUff 
wire  or  rod,  liini  fruni  one  end  to  the  other.  Indeed 
bvil.i:.  lULuni.  he  renounced  the  adv;iutagi*s  of  the  cy- 
cloid ;  but  he  found,  as  he  fay?,  by  experience,  that 
the  vibrations  ii  circuhir  arcs  are  penormed  in  timet  aa 
equal,  provided  tliey  be  not  of  too  gnent  extent,  a* 
thole  10  cycloidt.  Sat  the  eaperiments  of  Sir  Jonaa 
MootTf  andothcn,  have  demoiifti-ated  the  runt  r.jry. 

The  ordtntiry  eatifes  of  the  trrfgularities  of  Pmuulums 


in  the  ^ravity 
'iminiffi 


Dr.  I)i.7h.uTi  af^iilxilo  V.n.:  .liicmtions 
Had  Ji;ir.pi.f»:urc  uf  ilir  \v  l;icli  incrcaR- and d 
the  weight  of  the  b.i.l,  Lir.,1  l.v  that  t:ieans  mnkc  I'Uc 
vibrations  greater  and  loin  ;  an  acceflion  of  weight  ii> 
the  ball  bcmg  found  by  exjicriiucnt  to  aceelcrate  the 
Diotitiu  of  the  Peudulum }  .for  a  weight  <^  6  jtoondt 
added  to  the  ball,  Dr.  Derl^  fottM  made  bis  clock 
gain .13  Seconds  every  day. 

A  general  remedy  a^jainft  thelnconvenjencesof  Pen- 
duli;ic  ,  U  to  mnk-j  t'liiru  lo;iv,  I'l.'  l).il!h.'i\ \',  and  to 
vibrati-  luit  in  Inrd;  iw/^.  1  juT--  arc  the  uiu^  me<uia 
employed  i::  l,i:^-urnl  ;  t'K  i  yeluidil  checks  being  go. 
ncr.illy  neglcited.    Ste  tlic  foregoing  article. 

Pendulum  clacks  refting  agnind  the  fame  rail  haTe 
been  found  to  iniluence  e-.ich  other's  motion.  See  tjie 
Philof.  Tranf.  numb.  4^3,  feci.  5  and  6»  where, Mr. 
EOicott  hat  given  a  cttnout  and  exaft  accotwt  tbii 


FtKBtfLVK 
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Pevoulum  Royatt  a  natue  ufed  among  us  for  a 
<ladkp  whofe  Pendulum  fwings  feconds,  and  ^oe§  8 
day*  witliattt  winding  up  j.  Ihewing  the  boar»  mumtc^ 
«iid  fecond*  Tbc  nnmbcn  in  fueh  ■  piece  are  thm 
calcdated.  Firft  call  ap  the  feconds  in  12  hottn, 
Mihieh  arc  the  beats  in  one  ttirn  of  the  great  wheel ;  and 
tfuy  will  be  found  to  be  4^103  =  12  x  60  X  60.  The 
fwitig  u'hftl  inuil  he  30,  to  Iwing  60  fccondii  in  one  of 
its  revulutioiis ;  now  let  the  lialf  of  45200,  viz  2iF>C'C, 
be  divided  by  30,  and  tin:  qiioticiit  w  ill  be  720,  which 
niuft  be  feparated  iiito  quoiicnts.  The  firft  of  tb^fc 
muit  be  12,  for  the  ercut  wheel,  wliich  moves  round 
once  in  12  houn.  Kow  720  divided  b}-  I2|  giw*  fiO* 
which  nay  alb  be  eoDveniently  broken  into  two  qucH 
tients,  as  10  and  6,  or  is  and  ft  or  8  and 7^  ;  which 
L      .•     oiinciiivi.t  :  :'t id  if  tlicpioloM  M  adl  taken 

8  )  96  (  12 
8  )  64  .(  8 
«  )  60  (  7i 


30 

According  to  this  computation,  the  great  wheel  will 
go  ronndomcc  in  12  kunnit  to  ikew  tiie  howr;  the 
next  wbnl  once  in  an  hoar,  to  Aear  dsenhuteai  mmI 
the  (v.  iiig.w   J  cnce  ina  ailntitef  to  Aew  the : 

8ee  Clih  K--.'.  i  r  k. 

.    JJj/i^»C  Vfsnt'LUM.  SecBALLISTtC 

X<«Pf/PENni.'i-UM.    See  Lcvel. 
PuNDLLLiM  lVct::/j.    Sec  Watch. 
FENETRAfilLITY,  capabaity  of  being  peae. 
Ifftted.  8«eIitrewaTRaaii,iTr. 

PENETRATION,  xhc'^^  hy  •.v?,M,  o:h-  tTiIn-  en- 
t«r»  anothcf,  oi'  uk(.i  lijc  plate  already  poficilt  Jby 
^otlier. 

The  ichoolmen  define  Penetration  the  co-exiftence  of 
tv^o  or  more  bodies,  fo  that  one  is  prcfcnt,  nr  has  Its 
Mtenfiuu  in  the  fame  pbee  as  the  other. 

Moft  philofophers  hold  the  penetration  of  betdies  ab- 
fntd,  L  e.  that  two  bodies  fltould  be  at  the  &nie  time 
in  die  iiune  plaee  )  and  acenrdingly  impenctiabiOity 
in  kid  dawn  aa  one  of  the  cflential  pnpeitks  of  mat* 
ter. 

What  is  popularly  calkd  Pc:!c-tint*an,  only  amot:r!» 
to  the  matter  of  one  bt  dy's  hi  ing  admitted  into  the 
Tacuity  of  anbthtr.  i>  ah  is  the  PenetnRioir.of  water 
tbrpujrh  the  fubllanc!;  of  gold. 

PENINSULA,  is  a  portion  or  extent  of  land  which 
il  abnoft  funrounded  wtth  water*  bang  joined  to  the 
oontuent  only  by  an  ifthmus,  or  naiTOW  nceit.  Sncb  is 
Africa,  thegreateft  Ptninfnla  in  the  world,  which  in 
loinedto  Afia,  bv  the  neck  at  the  end  of  the  Red  Sea; 
fuch  alfo  i>  Peloponiiefus,  vr  tin  Mrrca,  joined  to 
Greece:  and  Jutland,  Stc.  Feijiiifula  is  the  fame  with 
what  is  o'herwife  called  Clicrfonefng. 

PENNYt  formerly  a  oiece  of  filter  coin,  bnt  now 
am  iowginaif  finti  efoal  to  two  ecffcr  coins  called  « 
It^enmr. 

Themoj  MsAe  fifftfihereon  ftmcklaEnriand 
li;  eir  SaioaiMeieii^       tke  «4odt  ^  ofudr 


poLind,  and  its  true  wcigLt  waa  abuut  grains 

Troy. 

in  Etheldred's  time,  the  Peony  was  the  aoth  part 
of  the  Troy  ounce,  and  eijual  in  weight  to  our  three 
pence  1  which  tralue  itictaiacJ  all  the  tine  oC£d«nrd 
the  Third. 

TiD  the  time  of  Kinp  Edward  the  Ftrft,  the  Pcnay 
•*as  ftruck  with  a  croU  f«  deeply  funk  in  it,  llwt  it 
irii^lit,  o;i  occ.nion,  be  l-hIiIv  luokcn,  and  parted  into 
two  halves.,  tiu-iKc  c.ulcj  iLaii'pennies;  or  into  fuur» 
thence  called  l  oiirtiungs,  or  Fanhiug*.  But  that 
Prince  coined  it  without  the  crofs  ;  infUad  of  which  be 
Aruelw  round  Halfpence  and  Farthings.  Though  there 
are  faid  to  be  ipHaaces  of  fuch  rc  u  i  j  Halfpence -batinc 
been  made  in  the  icwn  Hai  y  the  Fixft,  if  aotaU^ 
in  that  of  the  two  Wuliams. 

Ed«-ard  the  Ftrft  alfo  reduced  the  weight  of  the 
Penny  tj  a  ll.infViiJ  ;  ordLiiii^'  ll'.ii;   il  ilioiiij  weigh 
72  gr.iiiis  (jt  ^lifi't,  t.ik'jii  OLit  u!  ll'.t  iiiiililL*  wt 
r.ii.  I'l-nnv  v-istMlkd  tli'.-  IV  iiiy  8K'rlii>^; ;  ,  ::d 

3  0  ijf  tliem  were  to  weigh  ait  uuiice  ;  whence  ihc  Ptu* 
It)'  became  a  weight  as  well  as  a  coin. 

By  tbc  9di  of  Edward  the  Third,  it  waa  diroiailhni 
to  tne  26th part  of  the  Troy  ooncetbythe  id  of 
Henry  the  Sixth' it  wat  the  jid  part ;  by  the  cth  of 
Edward  the  Fourth,  it  became  the  ^cih,  and  auio  by 
the  36th  ('f  Henry  llie  Eighth,  and  :iftr.-w;uds,  :i»c 
45th  ;  bnt  by  the  :d  of  F.Hjabctli,  60  reuee  weic 
Ci)ii;e(l  out  of  tlie  ouiiee,  and  during  her  reigi;  6tp 
which  laii  pruportion  is  lliU  obfervcd  in  our  times. 

I'he  Penny  Sterling  is  new  difufcd  as  a  COIBJ^  and 
fcarce  fubfifts,  but  as  a  bboocj  of  account  eontaMUng 
two  copper  Halfpence,  or  the  tatbp«rtoftlUUiD|^or 
the  240tB  part  of  apoond. 

The  French  Pernir.  or  Deaier,  b  of  twofcinds  t  tht 
Pari^  Fenny,  railed  Denier  PBrifi«|«wl  the  PcMlf  of 
Tours,  called  Denier  Tournois. 

,  The  Dutch  Penny,  caDed  I'ciuiluk,  or  Peiiin;;,  i*  a 
real  money,  worth  about  une-fifth  inur«  tiiaa  itic  I'murh 
Penny  Townois.^  The  Feoniiiii  k  alfo  uicd  as  a  tno- 
neyof  account,  in  keeping  books  by  pounds,  fiorin^ 
andpatards ;  IS  ftniuoks  make  tbs  pntard^  aod  to 
paurdsthe  florin.' 

At  Hamburg,  Nuremberg,  Sec,  the  Penny  .or 
Pfennig  of  acee.-.int  is  eq>i.il  to  tiie  ranch  Penny 
Tournuit.  Of  tiiele,  H  make  the  krieuk  |  and  60  tltc 
florin  of  thofe  dtlCS  }  slfo  90  ll^C  FftDCh  CIOWD,  «r 
4»  6d  fteriing. 

TtHn^-IVeight,  a  Troy  weight,  being  tha  ?oth  part 
of  an  ounce,  containing  ^4  gr4in»  ;  each  grain  weigh- 
ing a  grain  of  wheat  gathered  out  <./f  tite  middle  of  tlie> 
ear,  tral diiedt  Theimne  took  its riie from  its  bcit^, 
aftually  the  weight  of  one  of  our  ancient  fitver  Beo*' 

nirs,  Sre  tli-  forf^-inn''  nrt'elf. 

PENTAGON,  iu  (Jcuiuciry,  n  plane  figure  coofift* 
Ir.^  of  five  angles,  and  confe<jiuu".ly  li\e  fides  alio*. 
If  the  angles  be  all  equal,  it  is  a  reguUr  Pentagon. 

It  is  a  remarkable  property  of  the  Pentagon,  that  its. 
fide  is  ei^ual  in  power  to  the  Tides  of  a  hexagon  and  & 
decagon  mfctibed  in  the  fame  circle  ;  that  is,  the  fquare 
of  the  fide  of  the  Pentiq^on,  is  equal  to  both  the  fqusres 
takeb  togetheir  of  the-  fides  of  the  other  two  H- 
gira J  .0(1  conleqiintfy' thofe  three  fidesvillc.  .!U- 
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tatc  a  Aght-uigkd  triangle.  Etuliit  book  jj. 
■MOk  le. 


-  The  dodecAecbiwt  Wludk  ii  Cht  IobmIi 

or  foUd,  it 


WMfer  11  <(iial  aad  nqpihr 


fiMufarl 


7i» ^/k/     .^^nid  «/*  0  Repilar  Pini'aoom.  Muhi- 
•pl/  the  fqusre  of  it*  fide  by  i'7?o|774,  or  by  4  ibe 
Uogcntof  J/^^  orby  4       +  'v'^;    Hence  if/ ifc 
Bote  tlic  fijt   cf  the  Pentagon,  its  area  will  be 

I7«H77^'  =,4/Vr+1^5  ==  4**  X  tang.  54'. 
PENTAGRAPH,  ottKrwife  caOcd  a  Aialldb* 

gram,  a  matlKin.itlcal  inilruniciit  fur  oOpflBg  dcGgll^ 
^riau,  pkiM,  <ic,  in  any  proportiiyn. 

The  common  Pcntagr.ipli  (I'latc  xix,  fi|j.  confilli 
of  four  miert  or  bar»,  ot  metai  or  wood,  two  ot  them 
frbtB  15  to  18  inches  lon^,  tbc  other  two  half  that 
Icf^h.  At  the  ends,  and  in  the  middle,  of  the  long 
nden,  aa  alfo  at  the  ends  of  the  fliorter  ones,  arc  bules 
.■pea  tke  eaad  fixiop;  of  iHucb  tlie  pcilaiAiaB  of  the 
lafcrameiit  chiefly  depend*.  Thofe  in  the  middle  of 
ihelong  rulers  arc  to  b<-  at  the  fatnc  JiflaiiLe  from  thofe 
at  the  ciid  uf  tiie  loag  ones,  and  tlioir  ot  th<  fbort  oncs} 
(b  that,  wliea  p«t  t«gathtr»  tbaj  mvf  atwqra  bmU  a 
paraQclo^am. 

The  inftnimirnt  is  fitted  together  for  ufe,  by  fcvenil 
Ikde  pieces,  particularly  a  Uttic  pillar,  number  r,  having 
at  CBMS  end  a  nut  and  fctew,  joininr  the  two  long  rulers 
t«^etliflr;  aadat  the  otiwr  cod  alndl  kaot  for  the  in. 
fbmwat  to  fliie  oii.  The  piece  atnibi.  3  is  a  nvet  with 
a  fcrew  and  nui  by  which  each  (hort  ru!  :  Fi  1  l  m  1  : 
the  middle  of  t-acfi  lo:ii;^  one.    The  piece  numb.  ^  n. 

Eillar,  one  end  of  which,  bcin;^  hoUowcJ  into  a  fcriw, 
as  a  nut  titled  to  it  %  ajui  at  the  other  end  is  a  worm 
to  fcrcw  into  the  table ;  when  the  inftrument  is  to  be 
11  fed,  it  joins  the  ends  of  the  two  SMMt  rokn.  Tbc 
piece  numb.  4  is  a  pen,  or  pmcil,  or  portcrajroa,  icrew* 
ed  into  a  little  pillar.  Laftly,  the  pjccc  numb.  ^  is  a 
l>raf«  point,  moderately  blunt,  fcrewed  Hkewifc  into  a 
little  pillar. 

Ufr  cf  //vPENTArKAFH.— ?.  To  copy  a  dtljgn  la 
th-:  Un-.'.'  fi/.e  or  fjHic  U's  the  ori^iii^l.  Screw  the 
worm  Bumb.  3  into  the  table  ;  lay  a  paper  under  the 
pencil  numb.  4,  andthcdcGgn  under  the  point  numb. 
5.  This  done,  conducting  the  poiat  over  the  licvpal 
tmei  and  parts  of  the  dcfign,  the  ptadlwin  diaw  or  f» 
peat  the  lame  oa  the  paper. 

2.  When  the  defign  is  to  be  reduced  —  ex.  gr.  to 
half  the  fcalc  ;  the  worn  mnll  he  placed  at  ihu  end  of 
the  long  ruler  numb.  4,  and  the  jinprr  a:id  pencil  in  the 
middle.  In  this  fituatiu:!  i-'judt:<'t  the  brals  point  over 
tlie  feveraUines  of  the  dctign,  as  before;  aiui  the  ptncfl 

-  at  the  fame  time  will  draw  its  copy  in  the  proportion 
leqaired  1  the  peoesi  hen  only  nuiwig  iMlf  thcicagiiia 
Aat  ^  iiontaMaca» 

3.  On  the  contrary,  when  the  defign  is  to  be  en. 
larged  to  a  dotiMe  fiae ;  the  hrafs  point,  with  the  duflgn^ 
muft  be  placed  in  the  middle  at  tiumh.  5,  the  pencil 
and  paper  at  the  end  of  the  long  ruler,  and'  the Avorm. 
•t  the  other  cnrj. 

'  ^  To  seduce  oc  cal3i{;c  ia  other  £ra(ortioaiy.  tfiaa 


arc  hokt  drilled  iX  equal  <iifiaoces  on  each  rukr  ;  ttx» 
all  alon^  the  fhort  ones,  and  half  waj  of  the  onc*( 
for  placmg  the  brafs  point,  pencil,  aod  wonn,  in  ■  ijdit 


Bne  in  them  ;  i.  e.  if  the  piece  carrying 
pat  in  the  third  bole,  the  other  tarepketaimftbc  pat 
each  in  it»  dtird  trak  |  ftc. 

rr.NTA NGLE,  a  plane  ligttC of  fiic aa^H or 

famp  ,is  the  I'estacoc. 

PENUMBRA,  in  Anronomy,  a  faint  or  partial' 
ihauie,  in  an  edipfe,  obferred  between  the  perfect  lha- 
dow,  and  the  fuU  light. 

The  Penumbra  arifci  from  the  magnitude  of  the  fun's 
body:  were  he  only  a  lominou*  point,  the  lhadow 
woiud  be  all  perfccl:  but  by  reafoo  of  the  dtameter  of 
thefuait  hajijKns,  tlut  a  ptoce which  it  oat  iDumfautcd 
by  the  wholw  bod  v  of  the  'fna,  doca  jet  r«oei«C  raja 
from  fume  p.irt  of  it. 

I't;u4,  fu;:yM.'ic  S  '.]:■:  fu-^  :irid  T  the  moon,  and  the 
iliaduw  ot  the  la  tcr  {Jiojictcd  on  a  plane,  at  GH  ^Plate 
xix,  6g.  3).  The  true  proper  lhaduw  of  T,  viz  GH, 
will  be  cncotapaiTid  wiiii  an  imperfect  fhadow,  or  Po> 
numbra,  HL,  and  GE,  encli  portion  df  which  it  inunu. 
Bated  by  an  entire  hcmifphcce  of  the  fiuk 

The  degrx'e  of  light  or  fhade  of  the  Penumbra,  will 
bi-r.ior  cu,  i  f:,  ii;  dillcreiit  parts,  tli.  if;  part* lie  open 
to  the  lav:,  .>t  H  LjTcattr  or  led  pari  ot  UiC  fun's  body  ; 
ll.Li?  iii.::.  l.t.iH,  and  frfjiii  K  to  G,  the  light  coati- 
Dually  dtuuiuihcs  ;  aiwl  in  the  confiiK's  uf  G  attd  if,  the 
Penumbra  is  darkell,  and  becot»e:t  lufl  and  conftiuod- 
ed  with  the  tutai  fh.idc  :  a<i  near  E  u.'id  L  it  is  ihio  and. 
confounded  with  tiie  total  light. 

A  Peatnabfa  mail  be  U>mi  in  all  eclip&s,  whether 
of  the  fun,  the  moon,  or  the  other  planets,  primary  ur 
fccomlurv  ;  bill  i".  I'.i  riioll  confid-:  .iM  ■  v\.'th  u»  in  fcHfftt- 
ol  the  fun;  uhii  h  a  the  C4ic  !u.!r  rcferieJ  to, 

I'he  Pciuitiitjia  extends  infinitely  m  Icn^^tli,  snd 
gruwi  ilili  wider  and  wider  ;  two  rays  drawn  troin  the 
two  extremities  of  the  earth's  diameter,  and  which  pro' 
cccd  always  diverging,  form  its  twoc^^^;  all  th  t  in. 
finite  diverging  Ijiacc,  included  b«tw«ea  lines  palFiug 
through  £  and  Lf  it  tbc  PcnuB)lMaiiexae9t  tJie  sautOi 
the  fliadow  in  the  middle  of  it..  ' 

To  dcte:;iiirjt  how  inticli  cf         "  »  j  ' 

thr  furfjccot  ihc  c.utli  i  i.i  in- 
iiiviilv^d  in  the  Penuitifcrj,  I  t 
the  apparent  fcuiidiatr.cter  of 


the  fun  be  fuppofcd  the  j^reat* 
elt,  or  about  16'  20",  which  is 


wtien  tbc  earth  is  in  her  perihe- 
lioa;  alfo  let  the  bmob  ba  iai 
her  apogee,  and  therefore  at 
her  greatcft  iiin.iv.c-:  f. um  the 
eni-th,  or  abitui  64  ui  the  cirth's 
fciiiidiamcters.   Let  KKC  he 
tbc  earth,  T  the  moon,  and 
MKN  tlie  Penumbra,  involving; 
the  part  of  the  earth  from  K  to. .  ' 
N,  which  it  is  r«iuircd  to  find:   Here  tliea  are  iriVen 
the  angle  KMC  =  16'  ao",  TC  =  64,  KC  =  I,  and: 
OT  =      of  KC.    Hence,  in  the  right-angled  triaiS.. 
glc  OTM,  a*  fin.  OMT  :  r;idiiw  :  :   OT  :  TM':±- 
2io;OT  =    fSKC   nearly.     Therefore   MC  si: 
MT  +  TC  =  58  +  64  =  122  fcmidi^tmctCTt  of'tlHe- 
caah.  ThcB^ia  tbatciai^  $>IC;^^tbeiiiiaiaj^i«|u 
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ss  r,  ami  MC  ==  iiz,  vlfo  the  angle  lOifC  = 

If)'  io",  to  [i:^^  'I  V  C  ;   tliu-,  39 

KC:MC         z.  JlMCain. /.MKl'ssjj"  2}' 
f;uin  ihifi  take  the  /.  KMC     -       •       O    i6  20, 
lt4»C»  illC      C        -  -        -      3J     9  "» 

th€  double  of  wli:ch  is  the  arc  KN        70  18  22, 
or  iif.ii  Iv  a  fpacc  of  4Sf<6  milts  in  diameter. 

I'i:  RAMBULA  I'OK,  an  inflrumcnt  for  mcafiir- 
itig  tlirtances;  called        Pedometer*  Wajwifer,  and 

I  'Vlih  4>  1;  il  is  coiurivt-J  to  mcsfurc  out  a  pole,  or  l6i 
feet,  in  liukiti^;  l\K>  ixvolutiuns ;  cunlirijucntlv  its  tir- 
•«UK.firc:wc  >'i  flit,  Jiut  i;5  dianicttr  l-(>2fi  k-ct,  or  2 
feel  5i  iuchis  and  ,  i^a  parts,  very  ncaily.  It  is  ri- 
llterarivcn  iuiwjtJ  Ly  i«o  handles,  by  u  |  r  rli  n  sy.'.U:- 
itig  ;  or  Is  drawn  n  ciwch  wheel,  iic,  to  whi<:li  it  is 
attached  Ity  a  pox.  !•  contains  various  nioNemcnts, 
hf  wbecbyor  cludc-wi>rk,  witli  indices  an  I'ttfatr,  which 
n  like  that  of  11  rW!:,  to  puiut  out  thediftano  jxiilal 
over,  i.i  iiiiii    f'iil.  :\'  ,  p..!!  ■:,  )  :i!  J'", 

Its  adi'sntagCf.  at.  rtadiii'-l*  j.u<1  t-xpciiition ;  being 
vfiy  ufcful  for  nic.i!'i;riiirj  lo.uls,  and  j;reat  dilUncci  an 
icvc!  ^ound.  Set"  llic  Cig.  Plate  xvm',  t\fi.  6. 

PLRCH,  ill  biiivcyijijj,  a  fnuarc  incafurc,  being  the 
40tb  part  of  a  rood,  or  the  i6oti)  part  of  an  acrci  t^t  ia^ 
kbe  Iquare  of  apde  or  rod*  of  Ute  kngtb  4rf 5f  yard*, 
c»ri61.feet. 

pFitCH  is  hy  fome  alfo  made  to  mean  a  neafsre  of 

length  ;  being  the  fame  as  the  rod  or  pole  of  yards 
t»r  J  6'^  feet  lunjj.  IJut  it  tibtttcr,  for  prcveiauif;  con- 
fufi'in,  ti)  dilliiiguiftj  thcin. 

PERCLlb5lON,  in  Phyf:cj,  the  iraprcflior  n  hmly 
jnakts  in  falling  or  Ibikiflg  upon  aitoclier ;  or  tl',r  f!>t.:ck 
W  coOilion  of  two  bodicH  which  neetihg  alter  each 
oth«r^  notion. 

Pcrcunion  is  cither  Dircft  or  OUique.  It  is  alfo  ei'- 
tlicr  of  ElaAic  or  Nonclallic  bodies,  which  have  each 
their  different  laws.  It  is  true,  v»'e  know  of  no  bodies 
In  nature  that  src  cither  perfcdtly  cl.-llicor  the  eonira- 
ry;  but  all  )>artaking that  property  ::;  iJ:ffcrtnt  <ir_'rc':i; 
even  tlic  h.-irdcR  md  the  loftcR  Wing  not  enlirtiy  di- 
wilcd  of  it.  Hut,  far  the  fake  oi  pcrfpicmty,  it 
ii  ubuit  and  proper,  to  treat  of  thde  tiro  fcparatdy 
■fld  a]iait> 

/)/i-<-5  Pe»cu!sioj«  ib  that  in  which  the  Jmpulfc  is 
made  in  tl.c  diredion  of  a  lint  perpendicular  at  the 
place  of  inipa>^,  and  which  alfo  palTes  through  the 
coinmOQ  centre  of  gravity  of  the  two  linking  bodies. 
As  is  the  caic  in  iv.o  fphcrc?,  when  the  h'ne  of  the  di- 
itdion  of  the  ftrokc  puflcs  through  the  ccntrtrs  of  both 
{fjigreti  fcrthen  the  fame  line,  joining  their  centres, 
pain  s  pef  pendictdailfthriDnshthie  point  of  impa^  And 

OUique  i'mcvttton,  ikthat  in  which  the  nnpnlfe  !• 
toadein  the  din  ""ti  ..1  of  s  line  that  does  not  pafs  through 
the  trommon  ccutrc  i  f  ^r<iv)ty  of  the  ftriking  bodies; 
whether  that  dirv£tk>nia  peipcndkuliir  to  the 

jilace  of  iinpa<^t,  or  not. 

The  fotce  of  PerouUion  is  the  fatr.e  as  the  motnentum, 
'or  qtian^it)*  of  motion,  and  is  reprefentcd  bjr  the  pro- 
diift  ariling  from  the  inafs  or  quantity  of  nUt^movcd, 
'multiplied  by  lite  velocity  of  its  motion;  and  tint  with- 
out any  rtj^rd  to  the  time  Or  duration  of  afiion  }  for 

;t>  iLi:  '!.   ,.;  rr.:i:'i,L'i ril  1 1 1' ,.1t V  i?^:i-p(-iul:-nt  rtt  ti:nc,  Or 

but  vs  fur  m  inilatit,  or  an  infinitely  tmalitimc. 
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This  eoniidcmien  will  ernAle  «s  to  rcfolvc^  qneftion 

that  has  been  greatly  ca  ivifTi.  j  air.un^  pliilorDpiu-rs  aad 
mathemaucians,  vi/,  what  is  the  rcialion  between  the 
force  of  Percuflion  and  mere  preffure  or  weight  ?  Tor 
wc  hence  infer,  that  tlic  former  force  is  iniinitek,  or. 
incomparably,  greater  than  the  latter.  For,  let  M  de* 
note  any  mafs,  body,  or  weight,  baTing  no  motion  Of. 
velocity,  but  hmply  its  prcAuiT ;  then  wjO  that  pret- 
fim  or  force  be  denoted  hj  M  itfdf,  if  it  be  confidered 
M  afting  fi»r  fome  certain  finite  aflignablc  time  ;  but,^ 
Colli"  le;cd  as  a  furce  of  Pcrcunion,  that  is,  as  acting 
but  iiit  an  i.iliiiii  ly  f:n,Jl  time,  its  velocity  being  c, 
or  liutln'iii;,  its  ])LT(:ij|ir.\j  K>rcc  will  he  o  X  M,  that 
!!«  o,  or  i.othing;  ami  is  therefore  Icfs  than  any  the 
I  IT.  i!!rlt  percufDvc  force  whatever.  Again,  let  cunfidcr 
ilic  two  fo(«c«,  vix,  of  Pcrcttffiop  and  prclTure,  with 
refpeA  to  the  cfEeAsthey  produce  i  Mow  the  intcnfitf 
of  any  force  is  very  Well  meafvred  aad  eftimated  hf  the 
elEfft  it  prodiifcs  in  a  given  time Btit  the  eHeft  of  the 
pn  (Tki  i-  M,  1:1  o  time,  tu  nn  in*" niti'lv  fniall  time,  is 
nolltitijr  at  Al;  llal  is,  it  vril!  i;  jt,  in  rut  i.-ifiui'.ily  ^uuill 
time,  produce,  for  examj  anv  ni  it-.u-:,  titlitr  in  it- 
felf,  nr  in  any  other  body :  itg  intcnUty  therefore,  a» 
its  rffe£(,  is  intiiittely  lefs  than  any  the  fmalleft  force  of 
PercuiQon.  It  it  tme,  indeed,  that  we  tee  motion  iuid 
other  confidenUe  effcfts  produced  by  mere  preflnre, 
and  to  cotrateraft  which  it  irill  reqidve  the  oppofitioa 
of  fome  conndcrabic  percunive  force:  biitthen  it  mud 
be  obferrcd,  that  tfic  former  has  been  an  iiifinitcly 
loncrertime  than  t!ic  htlci  in  prodiiLuig  iti  (.tli^t;  and 
it  is  no  won.'li/r  i;i  inathcmatici  that  an  inliiiite  iiurijl  ':: 
of  infinitely  fmaUquantitie«  makes  up  a  iiiutc  one.  It 
has  therefore  only  been  fur  want  of  cunCdering  the 
drcnaiftanoe  of  limt,  that  any  queftion  could  have  arifea 
onthbhctd.  Hence  the  two  forces  irrrdatcd  to  each 
otfher,  only  as  a  fnrfiKe  is  to  a  folid  or  body:  by  the 
motion  <^  the  furface  through  an  iuiinite  number  of 
p'  ir.tj,  or  through  a  finttt-  right  li.ie,  a  folid  or 
body  is  {generated :  and  by  the  action  of  the  pref- 
fure  f'j  r  ,1:1  infinite  number  cf  moments,  or  for  fome  fi- 
nite time,  a  quantity  equal  to  a  given  percuQire  force 
jigenemted  :  but  the  ftu-facc  itfcffis  infinitely  k6  than 
any  foiid,  and  thcpnelTure  infinitely  Icfs  than  any  pci^ 
comre  force.  This  point  nay  be  ofiiy  iQitftrated  by 
fome  familiar  inftances,  which  prOTC  at  leaft  the  enos« 
moiis  difproportion  between  the  two  forces,  if  not 
alfo  their  ahfolute  incomparabilily.  A;il  firft,  the 
biawofafmallhainrocr,upon  the  hradofa  n.iil,  i\  ill  drive 
the  nail  into  aboard  ;  wiiLti  if  is  hard  to  concive  any 
weight  fo  great  as  will  produce  a  like  e-Ti-e't,  1.  e.  that 
will  fink  the  nail  aa  6r  into  the  board,  at  leaf!  unlefs  it 
iakfttoaAfora  colifiderable  time :  and  cTen  afi> 
ter  the  grtateft  weight  haa  been  laid  as  a  prclTure  fw 
the  head  of  the  nail,  and  has  funk  it  as  fara*  it  can  an 
to  fcnfc,  by  rcmaininij  for  a  long  time  there  withoisl 
producing  ar.y  farihtr  tt  nTiblr  effect  ;  let  the  weight  be 
removed  from  ilic  lir.id  of  the  ns'l,  and  ioftcad  of  it, 
let  it  be  ftruck  a  fnudi  Llu  iv  w  :th  a  Kammer,  and  the 
nail  will  immediately  link  faitherinto  the  n-pod.  Again,  . 
it  is  alfo  well  knuvrn,  that  a  (hip-carpenter,  with  a 
blow  of  his  malfet,  will  drive  i  wedge  in  below  the 
fjRateft  (hip  whstercr,  ly  ntr  r^rround,  and  fo e«cecoa)e 

her  wriL;lit,  and  lift  '.nr  up.  'rt  US  COofidb^n 

man  with  a  ciub  to  iUikc  »  fnuiii  ImU,  upwards  or  m 
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>«Bf  Other  dirciEiion ;  tt  is  eridrot  tU»t  the  ball  will 
-  acquire  a  certain  detcnnitiate  velocity  by  the  UoiTf 
fuupofe  that  of  lO  feet  per  fccond,  or  minatc,  or  any 
MAcr  time  wllktmr:  now  it  i«  a  law,  univcrfally 
•Uowcdin  the  caamnBttkm  of  motiorit  that  when 
different  bodies  are  flmck  with  e<)in!  foncn,  the  ve- 

Jrritits  irm  iinicdtCil  :ir*c  rrc'pror.TlIy  as  tin:  r.-tigrits 
it[  the  Lt;di<.g  liwi  arc  tUucii  ;  that  'a,  ihiX  %  coublc 
body,  or  weight,  will  acuuiic  half  the  »tloc:ty  from 

«*an  rqu:il  btuw ;  a  b«dy  lo  times  as  grrati  one  lOth 
of  the  velocity  ;  a  body  too  thnes  as  great,  the  lOOth 
part  of  the  vclorit J ;  a  bu^y  a  miliion  ttioea  U  ptat, 
the  millionth  init  of  the  velocity;  and  To  onwrtbottt 
c  )d  :  trum  v  hence  it  follows,  tiutt  there  ia  no  Ot 
*iight,  liow  frrcat  focver,  but  will  acqwre  Vme 
finite  (ic^-rfc  i>t'  v.luci'y,  :}rA  be  overcOmCf  by  JM»y 
gii'cn  fniiiil  r.i.'jr  lilov,,  or  Pcrcufliun. 

It  ;jipL.i]j  I'Kt  Dci  Cartes,  firft  of  any,  liad  foinc 
ideas  ot  the  k-As  of  i-'ercufitrjn  ;  though  it  mult  be 
acknow'lirdgco,  in  fomc  cafes  perhaps  wide  of  the  truth. 
The  iirft  who  ^ave  the  true  lawa  of  motion  ia  »»> 
dafik  bodiet,  uas  Dodor  Wallii,  h  the  PbiloC  Teaall 
Bttnb.  <i|^»  wllGic  he  alio  diewt  the  true  caufe  of  n> 
Itediofls  in  other  botfies,  and  proves  that  they  proeeed 
frcjir.  tluir  <.!i/lit  !ty.  ^l.^l  r,j;  .-ftcr,  tlic  i:t!(.!jrntcd 
Sir  LLiiiitJiil.tT  \Vii.n  iiwJ  M:.  llnyj^ciis  iRiiatCrd  to 
the  Royal  ^■'i  •  k'.y  the  laws  art  obfcpfcd  by  per- 

ftdtly  elaflic  bodies,  and  gave  exactly  t!ic  faint  con- 
itiudiion,  though  each  waa  ^oorant  of  what  the  other 
had  doite.  And  all  thofe  kwa,  thu*  publiflied  in  the 
Philof.  Tranf.  without  dtmonftratioo,  were  aftervarda 
dcmonflntcd  by  Dr.  Keill,  in  his  PhUoH  JLe£l.  in 
1700  i  and  they  have  Knee  been  followed  by  a  roulti- 

•  tude  of  other  authors. 

In  Ptrniflion,  we  dilllnguifh  at  lead  three  fcvtnJ 
forto  i.f  bod'Ci  }  tlie  perfcc-tiy  hstd,  thr  pcrftftly  <'oft, 
arid  the  periedly  elauic.  The  two  former  arc  conii- 
dircd  as  utterly  void  of  elafticity  ;  having  no  force  to 

'  leparate  ihem,  or  tlijrow  them  off  from  each  other 

'  agaiil,  after  coUiiion ;  and  therefon  cither  tenainiqgtt 
i^,  or  dfepcoeeeding  luiifbfnlf  fofWHtd  together  aa 
one  bodv  or  naf*  of  matter. 

Tl'.c  laws  of  Pen:ii(Tii)ii  tln'ri-fore  to  I;e  confidercd, 
are  (!!'tv.-<>  kinds:  thuft  lor  claflic,  and  tliofr  for  nou> 
claflic  Lcdi'.  -. 

The  cue  only  general  principle,  for  dctcrmininfj  the 
notions  of  bodies  from  rcrciinion,  and  which  belongs 
Muallj  to  both  the  fort*  «f  bodies,  t.  c.  both  the 
Aftic  and  ■onehfilc,  i«  thia:  Wa,  that  there  eiitta 
b  the  bodies  the  fame  momentum,  or  quantity  of 
•lotioii,  enimated  in  any  one  and  the  fame  rlirf<?tion, 
hoth  lK.ri.rt  tfic  llroLe  iuid  after  it.  And  this  I'lirci- 
ple  is  thv  iii.nKdiate  reiult  of  the  third  law  oi  juiture 
or  motion,  tlat  resi^lion  is  equal  to  adtoti,  and  in  a 
CoDtraiy  diridltoti ;  frtm  whence  it  happens,  that 
whatever  motion  is  (ommuiucatcd  to  one  body  by  the 
aOioo  of  another,  cxadlv  the  £une  motion  doth  thia 
htter  bfe  in  the  hmt  dire£tiaa,  or  cxaAfy  the  fane 
does  the  former  confnwicMc  t0  the  litter  m  tlieciin- 
tiarv  dircAion.  '  , 

From  this  gcnrr:»l  principle  too  it  rcfults,  that  no 
alteration  taken  pl.ice  m  the  common  cemre  of  grarity. 
of  bodies  by  tliLir  Liftitos  upon  one  another ;  but  that 
Iheiiud  coBiaoa  ccsUe  of  grvrity  petfcrcia  ia  the 


fiMnc  ilate,  whether  of  reft  or  ot  uniform  motion,  bctb 
before  and  after  the  fhock  of  the  bo<!ies. 

Now,  from  cither  of  thefc  two  laws,  vii,  that  of 
the  prcfervalion  of  the  fame  quantity  of  tnolion,  in 
ope  aod  the  fame  dindioA.  and  that  of  the  preferva> 
tion  of  the  fame  ftatrof  oie  centre  of  j;iavity,  both 
before  and  :'.fti  r  thi  1  cl}.,  al!  tfi  cin  un.itances  of  the 
motions  of  bulii  liit  kiiidj  t,i  bi  di^s  altt  v  colUfion  may 
be  made  out;  iti  tonj«nd\ion  with  tlieit  o'.vn  p  i  u'ivsr 
and  fcpiratc  cfrnllitutiotis,  namely,  that  of  the  one  iort 
being  tiallic,  and  the  oilier  noneladic. 

The  effecls  of  llirfc  diiTercut  conditutions,  here 
alluded  to,  are  tbcfe  ;  that  nor.claftic  bodies,  on  their 
ihock,  will  adhere  together,  and  cither  ranam  at  rc&», 
or  eHe  move  toother  as  one  mafa  with  a  common 
velocity;  rr  ii"  tLi:1;  ,  iluy  v.iH  fcparatc  after  the 
fliock  with  iLc  very  uunt  uUtivc  velocity  with  which 
they  met  and  (hocked.  The  funner  of  thtfe  cu'J<:- 
qiieiices  is  evident,  viz,  ihut  ncrclsftic  bodies  keep 
Iv'fjciher  as  one  trafs  after  they  meet  ;  lecaufc  there 
exifti  no  power  to  fepa.-ale  than;  and  without  a  caufb 
there  can  be  no  Lfftct.  And  the  latter  confeqitence  • 
rcfulta  immediatdf  from  the  very  definition  and 
elTenec  of  elafticity  itfelf,  bcitig  a  povocr  always  equal 

to  the  liiirc  (if  coinprLfT' 'r,  or  ;  anu  wtiifh  rc- 

flMrliij;  fi/rut  tl,,  rcfcJi  c,  actiuf;  tlio  co:itrarv  v.-ay, 

cT.L-r.it (■  it. I-  l.^.r.-.c  rrlntiv-:  VLk>i:::y  h-Jt\vcL';i  t'.,c  bodies, 
or  the  lame  quantity  of  matter,  as  before  thc~IhocIt^ 
and  the  lane  aotioa  alio  of  tbcir  coaambA  cittitcv  dC* 
gravity. 
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To  apply  now  the  genenj  principle  to  the  JiJer- 
mlnatioii  tjl  tlic  motions  t'f  bodies  uftfr  thrlr  rtiockj 
let  B  .iiid  be  a;-.y  two  bodies,  and  V  and  v  their 
rcfpcdtive  Mlociticf,  tiliniatetl  in  the  diivdion  AD  j. 
which  quantities  V  and  v  will  be  both  polltive  if  the 
bodies  both  move  towards  D,  but  one  of  them  ^s  v 
will  be  Qcgalure  if  the  bodv  i  mine  towaidt  A,  n4 
V  win  be  SB  o  if  the  body  i  be  at  reft.  Hcose  thev 
BV  is  the  momentum  of  B  towards  D,  and 
hv  is  the  momentum  of  i  toWards  D,  whofc  fitm  1* 
BV  +  I'v,  which  is  the  V  iio'r  quantity  of  motir  n  in 
tlic  djrei-tuju  AD,  iiiui  w  Ii.'lIi  utuu.cutum  mull  alio  be 
prct'tr^CLi  r.ltiT  tf'.<-  ;hock. 

Now  if  the  bodies  li^vc  no  elafticity,  they  wilh 
move  together  aa  one  nidi  ,  u  +  i  after  they  mcet». 
with  fiim«  eamana  Tclocitjr,  which  call  t,  in  the  di- 
re qgpa  AD  %  therefere  the  momentum  ia  that  direftioifc 
ajicr  thc  ihock,  being  the  pi\jc!iu'^  of  the  mafs  and 
Telocity,  will  be  {B  +  x  v.  I'lii  the  momenta,  in 
tLi:  !amc  djrt.i;)i  11,  before  ai.ti  aficr  the  impact,  are 
c<|ual,  that  is  BV  +  iv  =  {V>  +  l>)  y  ;  from,  which 
equation  any  one  of  the  qiiaatitiis,  may  be  determined 
when  the  reft  are  given.,  bo,  if  we  woald'  find  ^thc- 
commou  vdoctlj  tutcr  tbc  ftrofce*.  it  will  be  t  s 

 ~ » ^  f*""  ^      noMMBta dividedi 

li  ->  -  i>  ' 

by  the  Turn  of  the  bodies  ;  which  is  ;i[fo  cquil  to  the 
vclooty  ot  thv  common  centre  of  ifrawty  tf  the  two. 
bodies,  both  before  and  after  the  collihou.  The  ligna. 
loftiMMnii^  w  thtimfacaf  jr»  will  be  all  f«6uM,  aa 
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ihovr,  wKen  the  boJici  move  both  O.c  fame  way  AD  ; 

one  trrm  tv  muft  bfi  nude  nvgutiv:  wlicn  t):r  mo- 
tioD  uf  i  is  the-  coatrary  Wftjr  j  and  that  term  will  be  ab- 
tuil  or  notliinc,  whoi  i  a  at  reft,  before  the  Hiock. 

Again,  £ar  tEe  cafe  of  daAic  bodlet,  winch  tviTl  ft.-. 
jnntc  after  the  llruke,  with  certain  velucitie*,  4r  and  z, 
v:/.,  .\-  tf.i-  viljcity  ct  B,  and  «  tlie  vilufity  of  i  alter 
the  foliijioii,  both  ellimaieJ  in  tlx  dircctioti  AD, 
Avhich  quantities  will  be  citlicr  p<jfi;ive,  or  iifj^ntivi-,  tir 
w.Jthing,  according;  to  the  circ;ir;ifU)ice«  of  tiic  ntaiTo 
B  iiidi,  with  t!iuic  uf  their  ctkrltie*  before  the  Itrolur. 
iieocc  then  fix  and  i»  are  the  fepartte  flnMnenta  afi<  r' 
the  flioclc»  and  Bjt  +  htlhartwo,  which  mail  be  ct;  i.l 
to  the  Aldn  BV  -I-  hr  tn  the  lame  dlre£liun  before  tlic 
llroke  :  alfo  %  —k  h  the  relative  velocity  with 
till.-  ill  Jili,  r^jjiratc  after  the  blow,  and  which  mull  be 
t(;iiul  ;o  \'  —  V  tl;t  fame  with  which  they  iiicft  ;  or, 
is  the  fame  thin^r,  that  V  +  .v  =  d  +  ^  ;  tluil 
18,  the  fi.m  of  the  two  vilocitiii  of  the  one  buii}-,  is 
^qual  to  llic  fuiii  of  the  velocities  uf  the  utljt-r,  tiikcn 
Jbdorc  a»d  after  tltc  Aroke  (  whivb  is  anuther  notable 
theorcBW  Hencethen,  fer  determining  the  two  unknown 
^niDitiliet X  and  z,  thcic  atf  tFiefe  two  etjuatiwnii 

vh,  BV  +  Lv  =  lix  +  Iz, 
^  .  auJ    V  —  V  =    s  —  X  ; 

or    V  +  *:=    V  %\ 
the  rtfoliition  of  which  equatuina  givct  thofe  two 
..ydt^ci^es  ,a«  below-. 


li  -i  b 


^mm  Htud^  aoKaiL  yt^ax*  of  the  vdiqcitie%.ifhjch 
sMtobtruriScdIoMi »  tlie  ^VtdlbnJ  AD;  mj  jtariicU' 

■  1  ir  cMi  i  may  cafily  be  drawn.  At,  if  the  two  bodtet  U 
and  b  be  tsjual,  then  B  —  *  =r  o,  and  B  +  *  =  «U, 

'  and  the  two  velocities  in  t'l.it  cv.fc  hecoti!;-,  after  im- 
pulfe,  X  =  artd  e  =  V,  the  »cry  lame  as  tbcy  were 
peh>re,  but  changed  to  the  contrary  bodies,  i.  e.  the 

*^lpd:e«  Lave  taken  kach  other'*  velocity  t^iat  it  had 

**bcfore,  and  with  the  fartie  ficn  alfo.  So  that,  if  the 
.cqial  bodicii  were  bcfoic  bolA  moving  the  fame  way* 
'«r  towards  X>,  they  wiB  do  the  ftme  titer,  but  with  . 

'  fntrrc!i,in;;fd  vdiicitic.  But  if  they  before  moved 
contrary  ways,  B  to.virds  D,  and  b  towards  A,  they 
will  rtbonnd  contrary  ways,  B  bark  lounrdsA,  and 
h  tfl%vards  D,  each  with  the  other's  velocity.  And, 
kUly,  if  one  b<*dy,  as  b,  were  at  rctt  bcfotc  the 

,  ftroke,  then  the  other  B  will  be  at  reft  after  it,  and  A 
win  go  oo  with  the  motion  that  B  had  bcfur€9^And 
thu&  may  any  odicr  particular  caCec  be  deduced  fraatbc 
firft  general  values  of  »  and*. 

Wr  iiu>y  now  conclude  iMn  art'clr  v^':t\  fotrc  ir- 
marki)  on  thefe  motion?,  rii  d  tht  n-.iiUkc«  of  fomc 
author";  cortn mlr.j;  \\:cm.  And  I'lHl,  we  obfervi  tliiit 
ftiiking  diifcrcDcc  between  the  motiuns  that  are  conr.< 
snnkated  by  elaftic  and  br  notiltltflic  bodies,  viz,  that 
A  aoadaftic  bot^i  bjr  ftaUK*  connuiokatix  to  -the 
feody  it  ftriket,.  cpiffly  fts  whole  momeMani^  as  is 
evident.  But  the  ftroke  of  *n  dliAic  body  ftStf  «idwr 
communicate  its  whole  motion  to  the  body  {t  ftltket, 
cr  it  may  communicittc  only  a  i  -i't  uf  it,  or  it  may 
*'   CTtn  commonicate  more-than  u  k.i«i.  J!biV"if>Ahc. 

'at  Rft  i6«  tbe  ftrakci  j»  Im 


jti".  IjII  all  !ti  niottoD,  and  therefore  bis  eomfttmiteital 
2II  it  had  \  but  if  it  Aill  move  forward  in  ttte  boie 
direaivH,  it  h,i»  Hill  fonie  motton  left  in  that  di> 
refifon,  and  tbcrcftire  baa  only  communicaled  a  part 

of  wh;:t  motion  it  iiad ;  and  .if  the  ll  .ih'm;  b"dy  re- 
bound  back,  and  move  in  the  contrary  dtrcc^i'.-ii,  the 
otfur  body  h..»  received  not  only  the  wlioK-  of  tiic 
motioti  thftt  the  Jiril  had,  but  alfo  as  nr.-ch  more  as 
the  liril  has  acquired  in  the  contrary  diredir-n. 

It  Iiu>  been  denied  by  feme  authors,  and  in  the  En? 
cycl< die,  il.at  the  fame  quantity  of  motion  remaina 
alt^;r  the  fluKk,  as  bt-forc  it  ;  and  Iiti  r'li  y  fcj/e 
•111  «-j)Tijrtiii.i:y  to  rcprihtiid'tlif  C.u1c!;u:n  .'  1  i  .akiiijj 
th  il  anirti  >ii,  whlL-h  they  du,  v..A  c:ily  i.:-,U  r  fpCvt  to 
t!(c  CtJ"c  of  twtj  btjdiijs,  b  It  alf.i  tit'  all  tlie  bot'.icj  in  t!»e 
vhok  uii:vci.''i'.  A'.'d  ycl  fioi';"  in  matt  true,  if  tbe 
mt  i  j  :  1  c  eonfidertd  as  cftir.- .t  <i  alivays  tn  one  and 
ti  l.,:;  f  dire^iont  .eflccjiii.n;  lU.  t  as  nc^asi«,  which 
ii  ill  the  contrary  or  oppu£te  difcilioji.  Tor  it  is  a 
KL-iicral  law  ofnatnre,  that 'no  nioff<»i,  nor  lorci?,  can 
Lc  gfiicratcd,  nor  duilioycd,  tiur  rh.mjji.d,  b;it  by 
fvme  taufc  w!>ii!i  iiv.id  jir  idiicc  an  <,r|ii,i)  qi;a:!tity  i  t 
the  oppofitc  dirt^lion.  And  liiis  being  the  c.ife  in 
one  body,  or  two  bodies,  it  imill  iKceiTiirily  be  tbe 
ciifi:  in  nil  bodies,  and  in  the  wludc  f<!!;ir  fvilini,  fince 
_  all  bodies  a<t  upon  o:ie  ai'i>thcr.  And  hence  alfo  it 
is  matiifill,  that  tlie  commi-n  centre  of  grtvity  of  the 
whole  folar  fyftetn  muft  always  prefenre  iuorirainl 
condition,  whether  it  be  of  reft  or  of  nrnform  motiofi'j 
finee  tht  ftatc  of  that  ce:.t;  c  li  m  ;  L}Kin^rt;  Ij.  1!;:  r-.ti- 
lual  actitiiis  of  bodies  upon  one  aiii,if;tT,  any  luare  lUaa 
their  quantity  of  motion,  iti  i>:v.  ,11. J  rlic  Tjir -e  direction. 

"What  may  have  led  authors  into  tiic  ntiflake  above 
alluded  to,  whiwh  they  bring  no  proof  of,  fernis  to  be 
the  difcovery  of  M.  Huygens,  that  the  fums  of  the  t^o 
p.oduifts  are  eniial,  botu  before  and  after  the  ftiock*' 
tbataic  BUde  by  multiplyins  each  body  by  the  fquare 
of  ttt  vtlecity,  vir,  that  bV«  +  tv*  =  B**  + 
\v!u:re  V  ii'^J  f  are  the  vtlpcilif^  !)cforc  the  fhnck, 
aud  A-  a:ij  ;t  thc  vclorilies  after  it.  Such  an 
expreflion,  lumtly  the  product  of  the  mafi  by  the 
(quare  of  tlie  velocity,  is  called  tiie  vis  viva,  or  lining 
M(te{  and  hence  it  has  been  inferred  that  the  whoW 
vis  viva  before  the  fliock,  01  BV*  ivK  is  eauai  to 
that  after  tbe  ftroke,  or  B«*  +  fa* }  wbieb  n  indeed 
very  tniei  as  will  ^  Ibewn  prefentlr.  But  when  they 
hence  In^r,  both  that  thenrfore  tnc  forces  of  bodies 
jr.  i:u  :iou  are  as  the  fquares  of  tin  veloci'.it!;,  and  that 
there  not  the  fame  quantity  of  ir.otiou  between  thc 
two  Arikiug  bodies,  both  bcKirc  after  the  (hock, 
they  are  grofsly  miftaken,  and  thereby  fhew  tliat  they 
arc  igoomnt  of  the  true  derivation  of  the  equatioA 
BV*  +  bn*  —  B«*  -i-  kit*'  For  this  equation  wonlr 
a  confeijuence  of  the  very  principle  above  hid  down, 
and  which  is  not  acceded  to  by  thofe  amhorR,  vi?., 
that  the  quantity  of  motion  is  the  fame  before  at>^ 
after  the  fliock,  or  that  BV  +  =  B*  +  l^-t 
the  truth  of  which  lall  equation  they  deny,  beraufe 
they  think  the  foimcr  one  i&  true,  never  dreaniiiig  that 
they,  may  be  bovh  true,  and  much  lcfi>  that  thc  out  is 
a  coufequcacc  of  the  otiier,  ai»d  derived  ftom  it  ; 
which  however  ia  now  found  to  be  ihc  cafe>  as  ts  proved 

tt  bai  ten  Ihnmdiattlie  fan  of  tbe  two  moiuc  r  t.i, 
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19  tlie  fime  dire^lion,  bdbre  and  after  the  ftnoke,  are 
cquid,  or  that  T>\  +  Iv  ~  H.v  -f  li  ;  ami  hIi'i  that 
tbue  fum  of  the  tuo  Ydut.iuc»  of  the  one  body,  in 
tqftai  to  the  Ami  of  thofe  of  tlie  other,  or  that  V  +  x 
=:  V  +  s  i  &nd  it  i«  now  propofcd  to  (hew  that  from 
thcfe  two  equattont  there  rL-fultt  the  tlu'rd  equation 
BV*  4  itt>  s  Bji*  ii^,  or  tiic  equatku  of  Uw 
Vnnr  forctt. 

Nv.w  bccaofc  BV  -f  Ix  i=  T5.i-  +  iz,  by  iranfpofi- 
Uuu  :i  is  -  BV  —  15==  /i  —  }  which  flicwe 
tliat  thi  tVi  Tv  rciKi'  bttT^Lcii  thf  two  itiomcnta  of  the  one 
body*  before  aiid  afur  the  itmkc,  is  equal  to  the  dif> 
fmnoe  between  thiifc  uf  tlie  other  Iwdy  ;  which  <« 
uothcr  notable  theorem.  But  now,  to  derive  the 
eqaadba  of  the  vi«  viva,  fet  donn  the  two  R^reeotng 
cqoMMNUt  ud  maUnijr  then  tegaketf  So  fliaU  iIk 

GoiuStM  give  tlie  fiuo  eqmition  nqoired  |  tbu* 
iik.BV-B*=fc- 
tithy  V  +  *  = 
jniae.  B\  »  -  Bi*  -  ^i;*, 

or  BV»  +       =  B*»  +  iy*, 
the  vcf)-  cquatiM  of  die  Wf  vivm  iwpiirBi.  WMeb 
ma  to  be  proved. 

When  the  elatticitv  of  tli«  bodica  ia  not  perfe6^, 
but  only  partially  f",  at  i»  the  cafe  with  all  the  boditj 
we  know  of,  the  dcicrtnination  of  the  motions  aiter 
coUition  may  be  determined  in  a  fitnUar  manner.  See 
Kciil't  L(£t.  l*hilt>C  ka.  (4f  thcor.  49,  at  the  cod. 
And  for  the  geomcttkil  dcCcnainlwn  «lter  imfi&t 
fee  tlie  utick  C0L14S10H. 

Cntm  a^PitcvtiiON,  is  the  point  in  irlueh  tlie 
Ihock  or  impulfc  of  a  body  which  fttiket  MMtllcr  it 
the  LTcatid  that  it  can  be.    See  Ckiitre. 

The  Centre  of  IVrcullion  is  the  fame  as  the  centre 
of  ofcillatiuti,  when  tlie  iiniking  body  moves  round  a 
fixed  axii^  SecOsciLLAfioN. 

B«ttf«katbcf«fnof  tlie  ftiikiag  body  move  witfa  a 
paiaDel  ndtioo,  aod  with  die  fiooe  vdocity,  then  die 
Centre  of  PcrcufRrin  is  The  fame  as  tlie  centre  of  gravif  r. 

rERlKCr  Ki'Mi-nt,  is  one  that  is  cqiialto  the 
fum  of  all  its  ali<iii<)t  part?,  when  adilttl  tocethtr. 
EucL  lib.  7,  def.  21.  A*  the  number  6,  which  i»  = 
I  +  2  4-  3,  the  fum  of  all  its  aliquot  parts;  alfo  28, 
hr  anas  I  -f  2  -f  4  +  7  +  >4»  the  fum  of  all  its 
iKoaot  pan*. 

It  is  proved  bf  EucUd*  ia'  the  left  jhoik  of  book 
the  9th,  that  if  the  commoa  ge6m«trK»  feries  of 
numbers  i,  2,  16,  32,  &c,  he  Cijntinued  to  fuch 
a  number  of  terms,  a»  that  the  h\v.-,  <.,{'  the  Lid  fetics 
of  termi  lhall  he  n  pMiiu-  iiiimbi  r,  tl.c;.  tl  c  prodnrt  of 
thih  fum  by  the  lalt  term  of  the  lencs  wlii  be  a  perfect 
SumUr. 

TIaa  liunc  rule  may  be  otherwifc  txprelTed  thns  2 
If  •  denote  the  mmber  of  terms  in  t)ie  p'vcn  ferics 
1,  3,  4,  8,  ftc'}  then  it  i»  wdt  known  that  the  fun 
aif  all  the  tctan  of  the  ferict  it  a*  —  i,  and  k  k  efi> 

a**! 

dent  ifaat  die  laCk  teim  it  a  -    t  conft  qncutly  the 

ruk  becomes  thas*  m,  **   *  X  2"  —  i  =  a  per- 
fect number^  wbenever     —  1  is  a  prime  number. 
Now  the  fnms  of  o«,  two,  tbrw,  fiwr,  Ac,  ttmis 

of  the  fLn't-j  I,  2,  4,  ^,  &.C,  form  !^■>.■  f.-iici  >,  7, 
*J»       *c  J  fothat  the  uuaibci  wiU  be  found  perfect 


wlieaever-the  corrcfpondiiig  term  of  this  frries  i«  a 
prime,  .-is  1,  3,  7,  31,  ice.  Whence  the  t«hle  of  pcifctl" 
numbers  may  be  found  and  exhibited  a«  &>Uow«  {  where 
the  I  ft  column  fliewt  the  number  oftenm»  or  the  nine 
of  n ;  the  2d  column  ia  the  laft  term  of  the  fetie* 

Is  ii  4*  8,  &C,  and  ia  exprefled  hj  .  $  the  |d 
column  contains  the  cone^onding  foms  oiF  the  Cud 

feries,  or  the  values  of  the  qvantitr  2"—!  ;  which 
numbers  in  this  3d  column  are  cauly  conibnudicd  by 
.-iddiitfr  always  the  lad  number  in  dia  column  to  the 
next  foUowing  nnndicr  in  the  2d  column  :  and  h.f^.hr, 
the  4th  coihimn  Ihewilhewirrefpondcnt  Pcrfea  Num- 
bers, or  the  vahies  of  a  X  —  1  ,  the  prodoft 
fifthcoiunben  in  the  ad  and  3d  columns,  whc  1  . "  1 , 
or  the  number  in  the  3d  colunui,  16  a  prime  u  umber  ; 
(he  prf.<!iicl:>  in  the  ooMtr  eflca  bcoig  OBiltted*  a*  nvt. 

i'trltct  Number!. 


Values 
of  • 

Valtiea 
of  s 

Valtica 

off*-! 

IfaL  Ninnbcn« 
ori*""  X  (*•-!) 

I 

I 

1 

t 

2 

2 

3 

6 

i 

4 

7 

28 

4 

8 

>S 

5 

16 

3' 

49« 

6 

63 

8128 

,  7 

»7 

Hence  the  firft  four  Perfefl  Numbers  are  found  ccj 
be  £>a8,  4{^  81281  and  thus  the  table  might  be 
oaathiacd  to  iod  othen^  but  the  trouble  would  be 
lerffftttt  be  want  of  a  general  method  to  dilUqgnidi 
frhicfilinnbers  are  primes,  at  the  cafe  rtqiiiiet.  8e> 
vend  learned  niathcniaticlain  have  endeavoured  to  faci- 
liuiu-  this  bul'aicfs,  but  hitherto  with  only  a  fmall 
degree  of  pcrftdlioa.  Aiti-r  the  foregoiii;;  four 
Pei-fcdl  Numbeis,  there  ia  a  long  interval  before  any 
more  occur.  Ttie  fird  eight  are  as  follow,  widi  the 
h£tm  and  prednfta  which  produce  them  t 
Tlie  iifft  ¥aUt  Miaibcn.  Their  nluet. 

38  .  - 

496  •  * 

8l2ti 

430s845coSi}9952tl8 


)  2. 


r=  [2*  —  1)  2* 

=:  (2«    -  I)  2* 

ss  (2"  -  n  2" 


2«7  _  1 

2"  —  I 


2'» 

24» 


See  fevcml  confidcrabfc  traA*  OH  the  4QbjeA  of 
Peiftft  Numbers  in  the  MeiMoha  ofltie  reteriburgb 
yYe^deir  y,  voL  2  of  the  new  voli,  and  in  UftnA  other 
volumes. 

I'ERLf.CI.    Stc  i'rRuiFci. 

PERIGitUM,  or  ration,  is  tliat  point  trf  the 
orbit  of  the  fun  or  moon,  which  is  the  ncardl  to  diT 
earth.  In  whkh  fenfc  k  flaada  oppo&d  to  Apqgec* 
which  » the  awftdaiaat  point  fiondttontk. 

F  f  FiiM«u^ 
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/;ee,  in  the  Ancient  AftroDOfny,  denotct  t 

hi  plane'.'!,  uil'ii,  v^lure  t)c  centre  of  its  cpi' 
U  at  the  lealt  diiUiice  from  the  earth. 
/RIHELION,  Perihilium,  that  point  in  the 
^  of  a  planet  or  comet  which  i»  neareft  to  the  fun. 
*hich  fenfe  it  (Lands  oppofcd  to  Apheh'on,  or  Ap- 
/lUB,  which  it  the  highdil  or  noft  diiiant  point  froiD 
*  fan,  [ 
I  ifK  ac!  of  t'i;s  trrm,  the  Ancicnts  ufcd  PcrigCUIIi; 
.uifij  i\\cy  )il,v;-rJ  ihi'  earth  in  the  centre. 
/     I'r.R  l.'-IE  TKR,  in  G^oniotr)-,  tht  aniliil,  lirtiit,  or 
outer  bourtdi  of  a  ti|^uci  btnig  the  iam  os  all  tlic 
]iae«  hf  which  it  is  inclofed  or  Tonned. 

In  circular  figure*.  Sec,  inftctd  of  this  term,  the 
word  circumference  or  periphery  is  ufcd. 


flar  or  planrt  imlut  one  rewlntwn,  or  return* 

to  the  fame  po'.nl  in  the  hoTens. 


ag<uit 


The  fun'^,  oi  properly  tlic  wilJi'*  tropical  period, 
i*  365  d^iys  5  hours  ^8  minutes  4J  fecond*  jo  third*. 
That  of  the  moon  1*  27  days  7  hours  43  minute*. 
That  of  the  other  planets  as  below. 
,  There  it  a  wonderful  liarmony  between  the  diftance* 
of  )bc  pluiets  from  the  ftni,  and  their  Period*  rouad 
lu'm ;  the  mat  kw  of  which  is  tliat  the  faiuut*  of 
the  Periodic  timet  are  always  proportionu  to  tbe 
cubes  of  ttlf-'r  mrnn  diPi.^iiccs  from  tin*  fun. 

The  Period*,  both  tropical  and  fydcrcal,  with  the 
proportion*  of  tbe  SMU  wftincct  of  Utt  ffVVll  plucts 
«re  a*  fallow  t 


1':.,  11 

1-  il'. 

Mercury 
yenui 

lEarth 
Mars 
Jupiter 
Saturn 
Georgian  or 
Heifchel 

?7'23''i4' 
224  16  42 

.3^'?    5  49 

C:C    21  IS 

4330    «  5^ 
10749  7 

30456    1  41 

87*  23'-  16' 

:24  16  49 

365   6  9 

f^r,  31 

JiU    8  51 
1-61  14  57 

367IC 

7133.3 
lOOOOC 

152369 

510110 

953800 

(908180 

A*  to  the  comet  E,  tUe  Periods  of  very  fi  w  of  them 
are  known.  There  is  one  however  of  between  75  and 
76  year*,  which  appeared  for  the  hft  rime  in  1759 ; 
anutlicr  was  fuppofed  to  have  it*  Period  of  139  jean, 
which  VMM  ezpcAcd  to  appear  in  1789  or  17^0,  but 
ft  did  not;  and  the  comet  which  appeared  m  1680 
it  is  thought  has  its  Period  of  575  year*. 

Pr.aiOD,  in  Chronology,  denotes  an  epoch,  or  IB- 
tcrv;*  gf  lime,  by  v.liieli  the  ycjis  arc  rfekoiivd  ;  or  a 
furies  uf  ytmi-*  by  whivh  time  it  meafured,  in  different 
nations.  Such  are  the  CaJippicand  Mctonic  Periods, 
two  different  cont^oat  of  the  Greek  calendar,  the 
Julian  Period,  invCDtcd  hff  JjoScfk  8cal^(  the  Vie> 
torian  Period^ 

CalMe  PsMOBk  See  Cuirtic  Pertoi. 

CcnJumi'inopoTitan  pEtiOD,  is  th.it  ufcd  by  the 
Greeks,  and  is  the  lame  as  the  Jiduut  FeaiOO,  which 
fte. 

CiaUm  Puioo.  Sec  S.MOt.. 


Dmjfum  Psaioo.    See  J^ntorian  Pehob. 

ir.ff:ii\rui't  Pf  p  loi),  is  a  ftriei  or  eyci^  of  ^04  folir 
ywij,  rctiiriiin^  in  a  cosillaiii  round,  and  rciloring  the 
new  ;inLi  full  iroont  to  the  fame  day  of  the  fatar 
year  ;  as  liipparchus  thought. 

^  This  Period  arifes  by  multiplying  the  Calippic  Pb» 
Dod  bj  4.  HipparchuK  affumed  the  'qaantinr  of  the 
fohr  year  to  be  365d.  5h.  55m.  12  fe6  and  neoce  be 
ooncliided,  that  in  3;;4  years  Calippus's  Period  would 
err  a  whole  day.  He  theiefore  multiplied  the  Period 
by  4,  anj  Froni  the  privduft  call  away  an  entire  day. 
liut  e-.eii  tins  doc*  not  reftorc  the  new  and  full  nioons 
to  til.'  i.imc  day  throughout  the  whole  Period:  but 
they  are  fomcuuiet  anticipated  id.  8 h.  23  m.  29  fee. 
20  thirds. 

Jufifm  PcaioOy  fo  called  as  bein^  adapted  to  the 
Julian  year,  ia  a  ferie*  of  7^80  Juhan  yearaj  aiilhif 

from  the  muhipHcatiuns  ot  tlie  cycles  of  the  fun, 
moon,  and  indidiion  togftlur,  or  t!ic  numbeis  28,  19, 
15  ;  commencing  on  the  ill  day  of  January  in  the 
764th  Julian  year  i>cforc  the  creation,  and  therefore 
is  not  yet  completed.  This  comprehervds  all  other 
cycles.  Periods  and  epochs,  with  the  times  of  all  me- 
morable a£iion«  and  hiftories ;  and  therefore  it  is  uot 
mlr  the  noft  general*  but  the  meft  uisfol  of  tj^  P^ 
riooa  in  Chrooologr. 

As  every  year  of  the  Julian  Period  has  its  particular 
/olir,  kinir,  and  iiidiCt:otl  cycles,  mm\  i.o  two  ye.irii  in 
It  can  liave  all  tliele  three  cjclis  tlic  lame,  every  year 
of  this  Period  become*  accurately  diiliuguithed  from 
another. 

This  Period  was  invented  by  Jofeph  ScaL'ger,  aa 
contaiiitng  all  tlic  other  epoch*,  to  facilitate  the  rc- 
dudioa  »  the  years  of  one  gifen  epoch  to  tirafe  of 
another.   It  agreei  with  the  Conllantinopolitan  Pe- 

rio<l,  nfetJ^iythe  Greeks,  except  in  tlils,  that  the  cy- 
cles of  the  fun,  moon,  and  indiitiori,  arc  reckoned  dif- 
ferently j  and  alio  ill  th.it  the  firll  year  of  tlic  Con- 
llantinopoiitan  Period  dillcn  from  that  of  tbe  Juliaa 
Period.  ♦ 
To  6ad  the 

Mttme  PiKioo.  See  Crcti  •/  iht  Mrxm. 
Vfttorian  Ptaioo,  an  interval  of  532  Juliaa  yean 

at  the  end  of  which,  the  new  and  full  moon*  return, 
itgaiii  ou  the  fame  day  of  tbe  Julian  rear,  according 
to  the  opiin'on  of  the  iuveiitoi  Vittc  i  inu*,^  nr  ViAdw 
rius,  who  lived  in  the  time  of  pope  Hiiary. 

Some  afcribc  this  Period  tn  Dionyiiu*  Exiguua^ 
and  hence  tber  call  it  the  Dioaj^aa  Periodi  othcm 
again  call  h  the  Great  Pafdnl  Cycle,  beeaaft  it  wa» 
Invented  for  computing  the  time  of  Eailer. 

The  ViAorian  Period  it  produced  by  multiplying 
the  tolar  cycle  28  by  the  lun.ir  cycle  Ip,  tbe  pro- 
dud  bein^  53a.  But  neither  does  this  reiiorc  the 
new  and  full  moon*  to  the  bme  day  throughout,  itk 
whole  dui^Ma,  by_  id.  i6h.  c8m.  5^  third*. 

PfiurOD^  m  Arithmetic)  »t  dilliiidsoa  made  by  » 
fo!nt,  or  a  coounaf  afbnr  Cfcrf  (di  flnoc,  or  ligmc  %. 
and  la  xXet  m  nttmeration,  (or  tbe  readier  diftihgnifli- 
ing;  and  naming  tlio  f  venJ  fi^ji  rcs  or  places,  \ehich 
ate  thus  diftingnilhsd  into  Penivls  of  fi.x  tigtires  each. 

See  Ku  MIR  ATiON. 

r^Kioo  ^  alio  ufcd  in  AriUuBCtic«  in  the  cktnttifio 


'o  6ad  the  Tcar  ai^weriiw  to  am  gim  -jm.  ti 
JaUan  FeriaOf  and  wr  vem  i  fife  Evqcn. 
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•f  iMtIf  t»  fthi.  dr,  or  Tcpante  the  rigun*  of  the 
gnm  tainljer  into  Penods,  or  parcel*,  of  at  many 

fijjurcs  cath  as  are  r.vprifrtJ  by  the  Ji:_^ni.c  <if  ihc 
tout  to  be  cittradlcd,  viz,  of  two  phccn  each  for  the 
fquare  roM,  tbnc  pbocs  far  the  cube  nMt»  Md  lb 
on. 

PERIODIC*  or  pKRioDiCAi.,  appertaining  to  Pe- 
rindj  or  goisg  hj  poicMk.  Tluu>  the  Pcriodual 
modbti  m  th<  moon,  h  tlut  of  her  mntUf  period 

or  cijuifc  ahonl  tlic?  rnrth,  called  htr  PoMldkal  mMtbt 

ct)inai;iiii^^  27  d.iys  7  liourj  45  ouantea. 

PfRIODICAI.    Month.      6ce  MOMTH. 

F£RIC£CI«  or  PtuoiciAwt*  ia  Gcographr*  are 
foch  w  lire  in  oppofite  points  of  the  firnie  pandkl  of 

latitude.  Hence  thcv  'avc  t!ic  fam(.  fi-^fon*  at  the 
fame  time,  with  the  (ainc  phciionicna  of  the  hcjveiily 
bcMl.cs  ;  iiut  tlicir  times  ot  tlic  <!ay  arc  oppt^lltc,  or 
dificr  by  12  lio\in;,  bciiijj  noon  With  ihc  oiiv  v*bciJ  it 
It  juiJiiight  u  itli  the.  other. 

PERIPATETIC  Philofoph,,  the  fyftem  of  philo. 
fouhy  uugfat MideftablUhcdbr  AriOotle,  and awiMain- 
cd  by  hit  foBowcNb  the  Pcn|p«tctica.  See  AatsTo 

TLE. 

PERIPATETICS,'  the  ibllowen  of  Ariilotle. 
Though  fomp  derive  their  elbiblifhment  from  Plato 
liiuiri-li',  t)ic  inufter  of  both  Xeuocratci  and  Ariftotk. 

PERIPH  E  RY,  in  Geometry,  w  tlte  drcaafismice,* 
erbonnding  hne,  of  a  circle,  cliipfe,  or  otinr  regu- 
lar curvniMil  figure.    See  CtKcvKPUiiiicst  and 

ClRCLF. 

I'l^KI.SClI,  or  PimsriANs,  tliofe  inhabitaatu  of 
the  earth,  whofe  lhad;>w«  do,  in  one  and  tbc  iamc  day, 
turn  ^uite  rowod  to  ill  the  potnta  of  the  conpau, 
vithout  difappcaring'. 

Such  are  the  inluibitaota  of  the  two  frozen  sonMt 
«r-  vho  live  within  the  con^b  of  the  uiftic  and  an- 
todie  circle* ;  fur,  aa  the  fwii  aevcr  lieti  to  them,  after 
he  is  onctf  up,  butflMictqoiterouiidahoatfi^ do  their 

lhadowj  alio. 

PERISTYLE,  in  t!io  anritnt  Arcliitcclurc,  a 
place  or  building  cncompaiied  with  a  row  uf  co> 
ngtiM  oa  tlie  iniide  ;  by  which  it  is  dillitiguilhed 
firam  the  periptere,  where  the  coiumnaaredifpoiicd  on 
fhe  outfide. 

Pmisttlb  is  alfu  ufcd,  by  modem  vt-riters,  for  a 
lange  of  cohimna,  cither  within  or  witltaut  a  build- 
ing. 

PERITROCIIU  'M,  in  Mechanics,  is  a  wheel  or 
■circle^  conccnlrn;  %vjtli  the  bale  of  a  cylinder,  aad 
atoveable  together  with  it,  about  an  axis.  The  axis, 
with  the  wheel,  and  levers  Hxed  in  it  tu  move  it,  make 
that  mechanical  powcrt  caUcd  Axis  in  Ptruncb'tt^ 
which  fee. 

PERMUTATIONS  of  ^m/ities,  hi  A1;;cbra, 
the  ALTEaNATioNs,  CiiAMCEt,  or  different  Com- 
BiMATtoN<  of  any  Auniber  of  thiagi.  Sec  tlmfe 
tcmM. 

FERPEKDICl'i.AR.  ;:i  Geotretr^-.orNoRWJiL. 
One  Hue  i»  Perpendicular  n>  another,  w(jc:i  tliefurOKr 
TCccti  the  latter  fo  as  to  m.ikc  tlie  aii,i':1t.'«  on  both  fides 
4)f  :t  cqiiul  to  each  other.  And  tbufe  anj^  are  cidled 
fight  anglct.  And  faeoo^  to  be  Peipendiciilar  to,  or. 
<o  Makfi  i^hMuigki  wA,  moat  one  and  the  jame 


thing.  So,  when  the  angle 
ABC  is  et^ual  to  the  angle 
ABD,  the  hue  AU  i*  faidtobe 
Perpendicular,  or  norimd,  or  at 
right  angles  it.      line  CD. 

A  htie  i»  i'crj>i.i!uicular  to  a 
cur»-c,  when  it  is  perpendicular 
to  the  tangent  of  the  curve  at  - 
the  point  of  eootad.  ^ 

A  b'ne  it  Perpendicular  to  a  I 
plane,  when  it  it  Perpendicniar  :E 
to  ererr  line  drawn  in  the  pLme 
through  the  bottom  of  the  Perpendicular.    ,\nd  one 
plain-  m  Pir]KHc!iciilar  to  anotlicr,  when  a  line  in  the 
one  pknc  i»  Pcrpcudicidar  to  tlie  other  pLinc. 

From  the  Tcry  principle  and  motion  of  a  PcrpendicU' 
!ar,  it  follow*,  i.  That  the  Pcrper.ilfctdarity  is  matud, 
if  tlu,  lirft  AB  i«perpendk  iLai  tu  :!.c  iccond  CD,  then 
i*  the  fccond  Perpendicular  to  the  firA..— a.  Thnt  mif 
one  Perpendienho-  can  be  drawn  from  one  point  in  the 
lane  place. — 3,  That  if  a  Perpendicular  be  continued 
ibrmigh  tlie  line  it  wa»  drawn  PerpeudiciJar  to  ;  the 
(  J  ;  ;ii:atiuii  li E  willallo  be  PcrpcruiiclJartothe  fame, 
— 4.  That  if  iJitrc  be  two  point*,  A  artd  E,  of  a  right 
line,  each  of  which  is  at  an  equal  diilance  from  ttvo 
points,  C  and  D,  of  another  n'^ht  line ;  thole  linea 
are  Perpendiculars.— 5.  Tl^at  a  line  which  tsPerpeadK 
cnhr  to  another  line^  ia  ai£o  Pcipendkubr  to  dt  the 
paraBcb  of  the  othnv— 6.  That  a  PerpendM^nbr  it  the 
ihorteil  of  all  thuft  Uiies  wiifuh  can  be  dravi  ii  frnin  the 
fame  point  to  the  fame  liglii  liiie.  Hence  thcdiiljncc 
of  H  p<  iiit  frum  a  h*ne  or  plane,  is  a  line  dntwn  front 
the  puiiit  I'crpendicuhr  to  the  line  or  plane ;  and  hence 
alfo  tlic  altitude  of  a  figure  it «  Finpendicniar  let  ftll 
from  the  vertex  to  tl>c  bafe. 

Tu  £iiS  a  PerpmJuular  from  a  given  point  in  a  line. 
•--I.  When  the i^ivcD  point  B  is  near  the  aatddeof  the 
line  %  with  any  intcrvri  in  the  oompa^ee  take  the  two 
equal  part*  BC,  BI> :  anJ  fioin  tta-  I  ad  L-entret 
C  and  D,  with  .ir;y  r;id.u>  ^jicater  than  BC  or  BD, 
ftrike  two  Ma  uiiLtfrctiiig  in  F)  tbes  ditw  BFA 
the  PerpendK  iibr  rcqiiin  ti. 

2.  Whet!  the  j^i'-i  r.  ]>ui;it  G  is  at  or  near  the  end  of 
tlu  line  }  with  any  ct  ntn  1  itid  radius  IG  defcribe  an 
arc  HGK  through  G;  t;>v.i  a  ruler  laid  by  H  and  I 
w;i!  cut  the  arc  in  the  point  K,  throi^h  which  the 
Pe  1  jpcndidihur  GK  muft  he  drawn. 


tr 


To  ht ^tiH II  Ptrj^rniJitu/ar  upon  a  given  line  LMfioni  a 
given pomtN.  With  the  centre N,  andaconvcnicu;  radi- 
wtidelcribean  arc  cutting  thegiveu  line  iuLaud  M ;  with 
thefe  two  centici^andanj  ot£er«oniaiieat  ladint,  fiWke 

¥  f  J  two 
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and  fcience  derived  from  it :  its  operations  however  are 
mil  geometrical. 

nj/l^rj      PcKsrtcTtTi.   This  art  derives  iuori- 
paintiug,  and  particularly  from  that  branch  of 

II  which  \v;\h  cm]>!.iy<  ..  tip  (I-.iori'l  ■  ,i  '  jf  the  th«itre, 
where  landfcapts  ut:i  cli;.:;)  iatrotliii.Lu.  Viiruvn-.s, 
in  the  pruem  to  his  7th  book,  fays  that  Agatliarchui, 
at  Athens,  was  the  (irlt  autHt>i  whu  wrote  uijort  this  Tub. 
jccl,  on  occafion  of  a  play  cxbibited  by^fdwlusr  for 
which  be  prepared  «  tragic  fccoe  {  ami  that  aftcrvvardi 
diepriadjilcsorthcart  weM^nof«4ifti|»fiI;uu£lit  i.i  iii-j 
writiuj^  of  Deinocritus^  md  Amx^^onUt  the  .(ti&i' 
pies  of  AgatharchuB,  which  are  not  bow  extant. 

'I'fio  Ptrfpcflive  of  Euclu!  dn  l  of  H:!ii  f!(>n:i  I.".TiTctis 
conuiiii  only  fome general  CRmrut^of  optu  s  tl-  arc 
by  no  means  adapted  to  any  paiticular  prattin;  ;  thuiigh 
they  furaiih  fume  materials  that  mi^jht  be  of  ic  i  •.  ice  cvca 
in  the  Hoear  PcrfpcCiivt  of  painters. 

Geminus,  of  Rhi>des,  a  cckbrjtcd  mnthematiciafl* 
in  Cicero's  time,  alfo  wrote  upon  this  fcience^ 

It  ia  alfo  evident  that  the  Konaab  artiilt  were  ac 
ijnai'nted  with  the  niU-s  of  Perfpe^live,  from  the  ac- 
CDuiil  w'nVli  rtiny  (N.it.  Hill.  lib.  35,  cap.  4)  gives 
of  ibc  icp...l^iiiati;)n  on  thc  fccne  of  thofc  plays  ijiven 
by  Claudius  jklier  ;  by  thc  appearance  or  which  thc 
crows  were  fo  deceived,  that  they  endeavoured  to  fet- 
tle on  the  ft^kitious  roofs.  However,  oTthie  theory  of 
thia  Act  aoMK^  the  Ancient*  we  know  aothiags  ai 
noneof  dieir wnttng*  have  escaped  the  gcnetal  wreek 


of  aacknt  literature  in  the  dark  a^cs'of  EurO|)C. 
DooibtUrs  this  art  mud  have  been  lolf,  when  painting 

and  fcufj  tuiL  ni)  liJir^er  exiilcd.  However,  there  is 
realbn  to  btlicvcihat  ii  was  pradtifed  much  later  in  the 

£atic.  i.  Ci:ipi:0. 

John  Tzetzcs,  in  the  iiih  century,  f|icaksof  it  as 
t  acquainted  with  its  importance  in  pamtinT  and 
iatuary.  And  the  Greek  painten,  vrho  were  cmpiofcd 
by  the  Venetnns  and  Floientiaca,  In  the  i  ;;ch  century* 
it  iccms  brcu^!;'  fumf  optical  kuowUvu/-  ii.i'l'g  with 
them  iiito  h.ilv  ;  lus  the  dit:ip!cs  of  G:u;lo  „ic  com- 
ir.e'«!i-:i  .'lm  ol.fcrving  Pcrfpetiive  more  regularly  tlmn 
aiiy  ui  their  prcdrcciTois  in  thc  art  haJ  ducc  ;  aad  he 
bred  in  thc  beginning  of  llie  14th  ceuiury. 

Tlic  Arabiaac  were  not  ignorant  of  this  art ;  as  may 
be  pTiirtumcd  from  the^uctical  writings  of  Alhazcii^ 
about  the  yc^r  iioOb  And  Vitcliua,  a  Pwie,  about 
the  year  1170,  wrote  laii^y  and  learnedly  on  optics. 
And,  of  our  ow«  nation,  friar  Bacon,  r^^  wSil  .i  ,  Jol  -i 
Feckham,  archbilhopof  Couterbury,  treated  this  lub- 
jcrt  w.th  futprillng  accniacy^  fainfideriag  the  tiaica ia. 
uhich  they  lived. 

The  firft  authors  «  ho  profcffcdly  kid  down  rules  of 
Ptrfpeftivc,  \^tt:e  Bartolomeo  Branumtino,  of  Mibq» 
whme  boqk,  Rcgulc  di  Pcrfpofiiva*  e  Mifnr^  delle 
Antichita  di  Lombardia,  is  dated  1440  ;  and  Pietro 
dd  Borgo,  likcMife  an  Italian,  who  wa$  the  vno'X  an- 
cient author  met  with  by  Ij^ijalius  Danti,  ard  .vi  >  i-  i. 
fuppofisl  died  in  1443.  This  l;»{l  writiT  fn]jp<4wtl  aif 
jtiti  jilaicd  beyond  a  trabfparcnt  tablet,  and  lo  to. 
trace  thc  imagts,  which  rays  of  li;;l:t,  emitted  fn>m 
them,  W00I4  make  upon  it.  And  Albert  Durci  con. 
ftrud^  a  aiadiinc  uptm  thc  prmc^les  of  Borgo*  by. 
which  he  ctnild  tiace  the  Perfpcfiivc  appcarsaoe  «f  ' 


Leon  ^attlAa  Albcrti,  in  1450,  wrote  his  trcatiTe 
De  FiAun,  iu  which  he  tieata  chiefly  of  Pcrfpeo- 
tive. 

Balthazar  Peniau,  of  SieBa*  who  died  In  *et6,  had 
diligently  lludicd  the  writings  of  Borgo  ;  and  "his  me- 
thod of  Pcrfpt. Aire  was  publf (bed  by  Serliu  in  1540. 
Ti)  h!:a  It  is  faidwe  owe  the  difcovcT)'of  p<^;.i:s  >)f  dif- 
tiince,  to  whVh  arc  di^wn  all  lines  that  make  .ui  angle 
of  4)"  vvith  thc  ground  line. 

Ouitl'j  Ubaldt,  another  Italian,  foon  after  difcovercd, 
that  .-ill  lines  that  arc  pamllel  to  one  another.  If  they  be 
iodiaed  to  the  ground  Une,  cmver^c  to  foine  pdnt  in 
thc  horiEontat  une  $  and  that  through  this  point  alfo 
win  pafs  a  line  drawn  fi'om  the  eye  parallel  to  them. 
His  IVrfpeclive  was  printed  at  Pifaro  ui  1600,  and 
contained  the  firR  pniuipLj  i  if  the  method  afterwavda 
difrovtrtd  hy  Dr.  Brook  Taylor. 

lu  158  5  was  puhiilhed  thc  work  of  Giacomo  Baroz- 
y.i,  of  VigiA)!:;,  f<>mmonly  calK-d  Vignola,  intitlcdThe 
two  Rulcu  of  1';  Ip  relive,  with  a  learned  commentary 
by  Jgmuiua  Pnnti.  In  1615  Maralois'  work  w«a 
printed  at  the  Hague,  and  curved  and  pnMiflied  by 
Hondius.  And  iu  1625,  Sirigatti  publifti-il  t-c.i- 
tife  of  Ptifpcdive,  which  is  little  more  than  an  ablu  jct 
of  Vignola's. 

Since  that  time  the  art  of  Pcrfpcftivc  has  been  gra- 
dually improvvd  by  fubfcqtient  geometricians,  particu-'^ 
larly  by  pruftriTor  Cravelknde,  and  iliU  more  by  Dr<' 
Braok  Taylor«  whofe  principles  are  in  a  great  mcafure 
new,  and  for  more  general  than  tbofe  of  aay  of  hit  pre* 
deceinbrs.  He  did  not  confine  his  rules,  as  they  had 
done,  to  thc  horizoiit,,!  [ihmc  i  nly,  but  maJtthrni  ge- 
neral, fo  as  to  affect  c  .M  y  tp<:cu;i>  ut  hiu.i>  ^nJ  pUacs, 
whether  they  i  c  parallel  to  the  horizon  or  not  ;  and 
thus  hisptiucipies  were  made  univerfal.  Betides,  from 
the  iimpUcity  of  his  rules,  the  tedious  progreCi  of 
drawing  out  plana  and  clevatioos  for  any  objc^  is  ren- 
deired  deleb,  and  ihcrefMC  avoided;  for  by  this  inc> 
thod,  not  only  tlic  fewell  lines  imagioable  arercquiied 
to  pmducc  any  Ptrfpective  reprclentation,  but  every 
tigu:c  thus  drawn  will  Ik-ju;  tlu-  nii  til  r!':it!i(.niaticu!cx- 
aiiiinau'dii.  Farther,  iiis  fylleui  ii  the  uiily  oaccalcu- 
l,Ui.i1  :ur  ai  iVering  every  purpofe  of  thofe  who  arc 
practitioners  in  the  art  of  defign  j  for  by  it  they  may 
produce  citlier  the  whule,  or  only  fo  much  of  an  object 
as  is  wanted  ;  and  by  lixing  it  in  iu  pn^icr  place,  ita 
apparer.t  magnitude  may  he  determined  in  an  iailaat. 
It  c\;i!ji!is  alio  tlic  PcrfpeiH.t  nf  Hiadows,  the  reflex 
tiuii  uf  ulijecls  from  polilhed  j-iLiuti,  iiiid  tiic  invcrfc 
praclice  of  Perfpectivt. 

His  Linear  Perl'pcdivc  was  hiil  pubhibeti  in  1715  ) 
and  hi.  New  Pripciplcs  of  Linear  Perfpeitive  in  1719, 
which  he  intended  aa  an  explanation  of  hi*  itH  .ireatile. 
And  hM  method  hm  been  didly&lkiwed  by  all  otbcn 
Roce. 

In  1 73S  Mr.  Hamilton  puUIAicd  Iiu  Stereography, 
ill  2  vv^>  lulio,  after  the  ifiaiiner  of  Pr.  Tayior.  But 
sin.  iiLiied  fyftcm  of  Perfpec^ivi;,  both  as  to  theory 
aiiJ  prjtticc,  oil  the  fame  prin*-y>let,  is  that  of  Mr. 
ivithy,-  There  are  ulfo  good  tveatifct  on  the  ftibjrit, 
by  D^f&rgufto,  de  fioife,  Albertos,  Lnmy,  Nic<;nM^ 
Bozao  t^ve  Jeioiti^  Ware,  Cowky,  PrieiUey,  l  ergufon, 
£iae(fan},fthltonit ji^Icpry  Clailtt^  ftc,  &c. 

Uf  tti  Frlu^    jPatancTivfi.  To  give  an  idea 

of 
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^tlw  firll  principki  and  nature  oftlua  art ;  fuppofea 

tnnfuarcnt  plane,  as  of  glaf*  S:c,  HI  raifti!  [jcqviulr- 
dllariy  on  a  hori/.()nt;il  pl.'.nc  ;  unj  tlic  f^cct.itnr  S  di- 
rcfting  his  eye  O  ui  the  fiaii^;!c  AUG  :  ii  mn<.  wc  con- 
ceive the  ray«  AO,  BO,  CO,  Ac,  in  tlu  ir  j>ilTa^e 
through  the  plane,  to  leave  tlicir  traces  or  vcHigc*  in 
i,  e,  &c,  on  the  plane  ;  there  will  appear  the  tnan- 
glc  aic  i  which,  as  it  Arikes  the  ere  by  tlic  fame  rar« 
«0,  lO,  «0»  bjr  which  the  Kflcdied  wtrtidca  of  light 
frqm  the  triuj^are  tranrmitted  to  the  fame,  it  witl 
fxhjljit  t!ie  tnic  appctiraiice  uf  tlio  tnar.^'c  ABC, 
thoUL;h  the  olijiCl  fho'ild  In-  icir.nvci'.,  (lie  Uiiic  J-.lUucc 
and  Im'^bl  uf  llie  ly.  Ix'irj;  ])n.fcr'.  l' J. 

Tlic  buitncfs  of  IVrfpcctivc  then,  i»  to  ftiew  by 
vhat  certain  rules  the  puiius  a,  b,  e.  Sec,  nay  M 
found  geomelticaUy :  and  hetice  alfo 
cfaaoJcu  method  of  ddineatin^  any 
canCfiy. 
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wc  haw 
object  very 


Hence  it  appears  that  ale  is  the  fect!i)n  of  the  plane 
of  the  piAure  with  the  rays,  which  proceed  from  the 
original  ubjeA  to  the  eye:  and  therefore,  when  this  is 
JMrallel  to  the  pidlure,  its  reprcfcntation  will  be  both 
parallel  to  the  orisinal,  and  (Imilar  to  iu  though fmaUcr 
in  proportion  is  tne  on);irial  objeA  ft  ftrthcr  from  the 
p'fturc.  When  tht  (!rt.;itul  obieA  is  brought  to  coin- 
cide with  the  pirturc,  tiic  leprclcntation  !>  e<(iial  to  the 
Original  ;  but  as  th'.-  ohicct  h  remnvi  j  further  ;uicl  far- 
ther from  the  pitiarc,  its  image  «  ill  become  fmallcr  and 
fmalh-r,  and  alfo  rife  higher  and  higher  in  the  picture, 
till  at  lait,  when  the  objc&  ia  fuppofed  to  be  at  an  iaii> 
nite  diftance,  its  image  will  vaaiih  tn  an  imaginary 
point,  exaAlf  aa  Ujsb  aoore  the  bottom  of  tHe  y^me 
^  9f  the  eyeiaaboTC  the  ground  plane,  upon  which  the 
'"  rpeetatur,  the  pidurc,  aodthe  origiiial  objeA  aiefup* 

pofed  to  Hand. 

This  may  he  familiarly  illuflrated  in  the  following 
manner :  Suppofc  a  pcrfon  at  a  window  looks  through 
an  upright  paneof^gbf:i  at  any  eb|cd  beyond;  and, 
kerpnig  hit  bead  ftcadv,  drawa  the  mnire  ot  the  objcA 
anon  tCe  gfafa,  «ilhatdiefcJHidpeiiaJ»atif  thepont  of 
the  pencil  touched  the  objeA  itfcn  t  be  would  then  have 
a  truerepncfentation  of  tne  ob)c£t  in  PerlpeAive,  as  it 
nppcars  to  his  eye.  For  properly  dta\4  iiig  upon  the 
j;lafs,  it  is  neccfiary  to  lav  it  over  with  ih-oii^  K""^ 
ter,  v  hieh  will  be  fit  fii^  drawinc;  ii|>on  when  dry,  and 
will  then  retain  the  trices  of  the  penril.  The  pcrfon 
fliooldalfo  look  through  a  rniall  hole  in  a  thin  plate  of 

flwtal*  fixed  about  a  foot  from  the  between  it 
and  hircye ;  keeping  his  eye  dole  to  die  huAtf  otfacr- 


wife  he  mMit  Alft  the  poAtioQ^  of  hw  betd,  Md  ISi 

make  a  falfc  delineation  of  the  objed* 

Havinp  trai  cd  out  the  figure  of  the  objcifl,  he  may 
go  over  it  aj^.iiii,  with  jk-m  and  irik  ;  am!  when  tlu'.t  :» 
dry,  cover  it  witli  a  ilicit  of  pajur,  trarin;^  the  i  nage 
upon  this  with  a  pencil  ;  then  t  ilvin^^  av.  jy  the 
and  hiving  it  upon  a  table,  he  may  iniilh  the  picture, 
by  giving  it  the  coloui^,  li^jhts,  a:iJ  lliades,  asbefiKI 
tiicm  in  the  obka  bfdf;  aud  thus  be  viH  liave  »  true 
tcfemUanee  of  the  objcA  on  the  paper. 

Offtrtam  De/Mthmt  hi  pBaarcertTi. 

Tf.f  t'ln:  c/f  ;f!,  in  Piifiwdive,  i»  the  point  K, 
where  the  fpcctator'aeye  lUould  be  pUcvd  lo  view  the 


piSnrc.  And  the  />o'mt  of  f^ht,  in  the  piAure«  called 
alfo  the  ctntre  of  tht  p'tHurc,  is  the  point  C  dircftly  op- 
pofite  to  the  eye,  where  a  perpendicular  from  the  eye 
at  £  meets  the  piaure.  AUb  thia  perDendicnhur  £C 
ii  t\\e  tlijiance  ofihr  fiiflmf  and  if thf*  dithmcebetraiif- 

fcrrcd  to  the  hori/.onfrl  lire  (Ui  each  !'th:  of  the  point 
C,  as  is  fometimcs  dor.e,  the  extremes  are  called  the 
points  of  diRanee. 

The  original  plnnr,  or  ^nmetrual plane,  is  the  plane 
KL  upon  which  the  real  or  original  objcd  ABGD  ia 
fituated.  The  line  OI,  where  the  ground  plane  cut* 
the  bottom  of  the  pidure,  ia  callea  the  feaioH  of  the 
original  plane,  the  grmaMme,  the  Ziiar  ^  tie  kfit  we 
the fuiuhmental  /he. 

If  an  original  line  AB  he  continued,  fo  as  to  inttrfeft 
the  picture,  the  point  of  interfeftion  R  is  called  the  in- 
tcrfeftion  of  that  ori;;inal  line,  or  it.^  ;;,f.  ; /^."r. ri;r  p.:/t::. 
The  horiz-ontal  ^'ant  is  the  plane  ab;^d,  which  paiTcs 
through  the  eye,  p:irHllel  to  the  hotizon,  and  cuts  the 
Perfpeftivc  plitnc  or  pi^ore  at  right  aaglea  |  and  the 
itmtSui  me  if;  is  the  eommoD  MteifeAioaof  the  ho> 
rizontal  plane  r.-ith  the  piAutc. 

The  ffrt/r/f^  '  Vw.  is  that  which  ptffcs  through  the 
eye  ?,t  right  "  les  I: .  th  to  the  ground  plane  and  to  the 
pichire,  as  ECSN.  And  the  vertical  lint  is  the  com- 
mon feftion  of  the  vertical  phne  and  the  piftwre* 
a$CN. 

f;:Btt  SN  is  the  common  fcftion  of  the 


The  rmf  rf  " 
ntical  plane 
lar  to  we  ground  Ibt  0' 


mtical  plane  with  the^^ulldpliae^  and  perpendicu- 

The. 
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The  I'rr  rftr:e  height  of  the  eye  it  ■  pcTMndScular,  u    the  tntcifcAuw line {  ud  the  diflince  of  rfic  nvni 


ES,  let  fall  liom  the  eye  upon  the  ffroiin  d  pi  anc. 

Tile  Tanyliii';  fine  of  the  original  plaise,  i»  tliat  line 
where  a  plane  p-dfTniff  through  th-  eye,  parallel  to  the 
original  plane,  cuts  tlic  pifturc  :  il.us  ig  is  the  vantfli- 
ing  line  of  ABCD,  being  the  grcateil  height  to  which 
the  im^caBrIfe»  wbeotaeonginalolg^aiin&iiiulr 
diftant. 

The  K'ani/hlng  point  of  the  Original  Kne,  ii  tbtt  pdst 

where  a  line  drawn  from  the  eye,  parallel  to  that  ori- 
ginal Hue,  interA.cls  the  picture:  thus  C  and^  are  the 
vanifhing  points  of  tlu  lints  AH  and  ii.  Alliinctpi* 
rallel  to  each  other  have  the  fame  vanidiing  poic^. 

If  from  the  point  of  fight  a  line  be  drawn  pcrpendi- 
cular  to  any  vauifhing  lin^  the  point  where  that  line 
ioUifrds  the  vanifliiog  Hoe,  u  called  the  centre  of  that 
HffifKiw^Kn*  J  ud  the  S0mee  tf  a  vam&ing  luu  is  the 
length  or  the  fine  whidk  n  dnwn  from  tee  eje,  perpcn- 
diedir  to  the  faid  line. 

MeaJMng  pdni:  are  poiati  from  which  any  lines  in 
the  Ptrfpcaive  p!at:c  are  meafured,  by  laying  a  ruler 
from  them  to  the  divil'mns  laid  down  upon  the  eround 
Ynt,  The  mcafuting  point  of  alMines  parallelto  the 

EMind  line,  is  either  of  the  points  of  diftance  on  the 
rizontal  line,  or  point  of  light.  The  meafuring 
Mtnt  of  aiiT  line  peipcndicnlar  to  the  ground  line,  itia 
mt  Doint  or  dtftance  oii  the  hotnontu  fine;  and  the 
■ealnring  point  of  a  line  oblique  to  the  ground  line  !a 
found  by  extending  the  coinpafles  from  the  vaniihiog 
point  of  that  line  to  the  point  of  diAance  on  thcpci^ 
pcndicular,  and  fettiog;oB  oo  the  horizontal  line* 

Scm  gmni  Mumttthmm  m  Pt&srscTXfK. 
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I.  The  reprefentalion  ah,  of  a  line  AB,  is  part  of  a 
Cue  SC,  which  pafTca  through  the  interfe^ling  point  S, 
and  the  vaaiduog  point      of  the  original  line  A  B. 

a.  If  dKori^nd  plaaebe  paraUclto  the  piduiv,  it 
cw  bave  no  miflui^  line  upon  ttf  conlequcniljr  the 
icpiclieotatim  win  be  fuaSA  When  the  original  ii 
yerfwadtcnlar  to  the  gnNwd  liac^  as  A6>  then  its  va- 
niibing  point  it  in  C,  the  centre  of  the  pi^urc,  or  point 
of  Ggnt ;  becaufe  EC  is  pvrpendiolar  to  the  piciav^ 
and  tnereforc  parallel  to  AB. 

3.  The  imai'c  of  a  line  bears  a  certtia  proportion  to 
k«  original.  And  the  image  mKf  be  dMenuBcd  by 
taMfcningdie  length  «r  dahacc  of  the  giKo  tine  to- 


point  to  the  horizontafline  I  i.  t»  by  bringing  both  in- 
to llif  plaTc  of  tliep'chire. 

P  a  o  8 .  To  Jin!  the  rcprc/entdthll  *f  tm  Otjeiiive 

—Draw  Ai  ud  Ax  »  pkafim^  inl 

e 


bou 


tom  of  the  piflure  bi  1  and  2 ;  and  &om  the  eye  S 
di«w  £H  parallel  to  Ai,  and  £L  pwaOd  to  As  y 
then  draw  Hi  and  La,  which  will  Intcrfeft  cidi  other 
ina,  the  reprefeptation  of  tbejpoint  A. 
Othijiwisb.  Let  H  be  the  giTca.  objcfiiN  point* 


Tna  which  draw  HT  perpendicular  to  the  fandames^ 
tal  line  DE.  From  the  fundamental  line  DE  cut  off 
IK  =  IH  :  through  the  point  of  fight  F  draw  a  hori» 
aontal  line  FP,  and  make  FP  equal  to  the  diibncc  of 
the  eye  SK:  kftlr,  joM  Fl  and  PJC,  uidtbeir  inter. 
leAion  A  win  be  the  appenuce  of  the  givctt  objcaive 
point  H,  as  required. 

And  thus,  by  finding  the  reprefentations  of  the  two 
points,  which  are  the  extreme*  of  aline,  and  conncft- 
ing  them  togethe--,  there  will  be  formed  the  reprefen- 
tation  of  the  line  itfelf.  In  like  manner,  the  reprefenta- 
tioDs  of  all  the  lines  or  fides  of  any  figure  or  USip  de* 
terminc  thofe  of  the  Iblid  kfi]f|  w&eh  tberefece  ai« 
thna  put  into  fV»fpe£HfCA. 

Juitt  PeatracTira,  ii  the  art  of  giving  a  doe  di* 
adnntion'or  gradation  to  the  flrength  of  light,  (hade, 
and  colours  of  objeds,  according  to  their  ditlercnt  dilr 
tances,  the  qunnt'ty  of  li.i;ht  which  fall .  upon  thcin,, 
and  the  meiiuni  through  which  they  are  feen. 

PEKSpacTMK  ALtiline,  it  a  machine  for  rcadityaad 
raCly  making  the  PcrfpeAive  dimwing  and  appearance 
of  any  ubje£l,  with  little  or  no  (kill  in  the  art.  There 
have  been  invented  various  machine*  of  this  hind.  One 
of  fdudi  ai^  even  be  fees  in  the  wsrka  ef  Albeit 

I>wca» 
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Dinrr.  A  scry  cor.vcnlcji  one  wa»  ii-. vented  Ly  Dr. 
Be.  aril  iltf  ribulby  Mr.  Fergiil'on,  in  hi«  Ter- 
fpftbve,  pa.  1 13.  And  ai.othtr  h  dcrcnbcJ  in  Kir- 
bj*»  PcrfpeAive,  pa.  6$. 

PERsrKCTiTl  P/ati,  or  Plant,  is  a  i^laf*  or  otl  er 
traafliarefit  far&ce  fuppofed  to  be  j,Liccd  between  the 
cpre  aad  the  o^cA,  aiKl  uCually  per|wodi<nilar  to  the  hi>> 
nzoo, 

Sci  tiographic  Pf  R  $  p  E  ct  1  v  i; .    S  L-  c  5^  ;  n  r.  -  k  \  f  nr. 

PiRSPELTtTE  nf  i!hat}e~.v:.  Sm  adhi-. 

Specular  PtRSPECTivE,  i  •■\    (■  1  >  ri' ci n'- t!ic 

objci^»  in  cyiindrioilf  cunical,  fphcriLal,  or  other  tnirrurr * 
PliRTiCA,  ■  fint  of  comet,  bdtig  the  laaii;  with 

ViRU. 

PETARD*  «  mililaty  engine,  fomwhat  nr«ti.!;!it  g 
irifliiipe  a  Ingh-ciow nul  hat ;  fcning  forOicrly  la  bivak 
down  galoB,  barncaJes,  driiw.bri(];5ts,  cr  tbe Uke  worki 
inlcudt-d  to  I'l-  furpnfcd.  It  is  about  8  or  9  incbtrt 
wide,  and  weighs  fiom  55  to  "Jo  jwuiids.  Its  i:l"c  was 
ctiibfly  in  a  cUudtftim;  or  private  ai!;A  k,  '.  u  linakdou  11 
tJi«  gates  kc.  It  has  alfi)  been  ufrd  in  comiteji:unc», 
ID  bredk  through  the  enemies  g.'ill-.-rics,  and  giv„*  wnt 
to  their  nuDct:  bat  the  wfc  ofPtfiai-d*  Is  now  dircon*^ 
tiiwed.^— Their  bveinion  i«  xrcribed  to  the  French 
Hugonots  in  the  year  1579.  Their  moft  ficnal  exploit 
Vras  the  taking  tne  city  C^hon  by  tncfiit  of  thera,  at 
we  are  told  by  d'AiilijMie. 

PETIT  (Petiir),  a  confidcnible  mathematician 
and  pliilofopher  of  l-'rancc,  was  born  at  Mi  iiilu^on 
in  the  dioccfc  of  Botirges,  iu  the  vtar  ijSy  ac- 
cording to  fomt,  but  in  1600  accoroing  to  others. 
~He  firft  cultivated  the  ouuhematica  and  philo* 
fophy  in  the  place  of  hi*  natmty ;  but  in  1633  he  re« 
paint!  to  Paris,  to  which  place  hia  reputation  bad  pro- 
cured him  an  invitation.  Here  he  became  highly  cele- 
brated for  his  in.  i  i.ii'Ms  writingi;,  and  for  his  connec- 
tions with  Palcal,  Des  Cartes,  Meifenne,  and  the 
citlKr  great  men  of  that  time.  He  was  employed  on 
fcvcral  occaGons  by  cardinal  Richelieu  ;  hr  was  oom- 
milfioncd  by  thi?)  minillcr  to  villt  the  fei-porls,  with 
the  title  of  the  kin;;'a  engineer )  and  was  alfo  frnt  into 
Italy  upon  the  kiug*«  iMifiaeiii.  He  was  at  To  art  in 
1640,  \v!ici  e  he  married  ;  and  was  r.ftcvu  ,rtW  trade  in» 
tftiduiat  of  iht  iuii;t"n.atif>ns.  Bailkt,  ;»  iiisiLtfc  of 
Dca  Carte;,  fays,  th.ti  P.  tit  '  ad  a  great  gtnnis  foe 
mathematics;  that  h<  cxcill  l  particularly  in  attruiio- 
my  ;  and  had  a  fmgular  p  iium  for  cxperiment.il  philo* 
fophy.  About  1637  lie  rctiiriitd  to  Paris  from  Italy, 
frncH  the  Dioptrics  of  Des  Cartes  wae  much  fpokea 
•f.  He  read  tiiem,  and  contnuiaicaied  !>h  i  l'vttiow 
to  Mrrfeone,  with  whom  l»e  »•»  intims.c'y  iicqtiamt- 
ed.  And  yet  he  foon  after  lUibiai-td  ii?c  princ-iples  of 
Den  Cartel,  hecoming  iiot  only  hi*  friend,  but  hi»  par- 
iJfan  and  detindcr  fc'.lu.  He  was  iutim«tcly  conncttcd 
with  P.ifcr.l,  whum  hr  made  at  Rouen  the  fame 
ex'pcrime-its  cunccmitijr  the  vacuum,  which  Torrictlli 
bad  before  made  in  ital^  1  and  wui  aifuied  of  ineir 
tfUthbj  frequent  irpetitiona,  Thia  was  in  16 16  and 
1647 ;  and  theiigh  there  appcan  to  be  •  kng  intcral 
fron^  this  date  to  the  lime  oF  hi*  death,  wemeet  witli 
no  (ither  memoirs  of  Mi  I'T.-.  II<  I'in!  Auy;'.iil  the 
*oib  i6<>7  at  Liig'nv,  rii-^\-  Par:,,  w'.ii:!itr  he  had  re- 
timed f<ir  1         I'nit  Im-I.jp'  dcccafc. 

'StiXl  was  the  auUior  of  feteral  worlu  upon  pby* 


iical  and  a&ronomical  fubjtfts ;  the  priucipal  of  which 
are, 

1.  Chronological  Difcoitrte,  &c ,  163S,  ^to.  In 
defence  of  Scaligcr. 

2.  Treatife  on  the  Proportional  Compaflcs. 

•   }•  On  the  Weight  and  Magnitude  of  Metals, 
4.  Conftmdioaaad  Uiie  of  tbe  ArtOki/  Calipotii 
|,  On  a  Vacuum. 
o>  On  Eclipfcj. 

7.  On  Remc(!icj  ,-;g:iinll  the  lnuiiJat'or.5  of  the 
Sciiu-  at  P.K  i-. 

8.  On  the  JunQion  of  the  Ocean  with  the  Mcditcr- 
iwieMi  fca*  by  HMnna  of  tlie  rtvcra  Aude  and  Gie 
ronne. 

9.  On  Comets, 

10.  Oa  the  praper  Day  for  celebrating  Eafter. 

1 1.  On  the  Nature  of  Heat  and  G>Id,  &c. 

PETTY  (Sir  Wii.i.iam),  a  fingular  iniUnce  of  a 
univerfa!  feniii%  ihc  elder  fon  of  Anthony  Petty, 
a  tUuIiier  a'.  RiHiilev  ni  Hampfhirc,  "hi  re  lie  was  lK<ni 
May  the  i6th,  162^.  WhAc  a  hoy  he  took  gt^at  de« 
liglit  in  fpendiog  his  time  among  the  artifioert  there* 
whofc  tradea he  could  woiIk  at  when  but  it  jtmt^ 
aee.  He  then. went  to  the  gnuamar*&bool  m  that 
pTace,  where  at  j;  he  became  mailer  of  the  Latin, 
Greek,  and  French  languages,  with  arithmetic  and 
thofe  parts  of  pt;i£"t]ijl  ^jeonietry  8i»d  iiftfinomy  uufui 
in  navig-atioii.  .Suo;;  aftrr,  hc  went  to  the  uoivcillty 
of  Cjicii  in  NorniunJj  ;  ,ind  after  fome  flay  tlaie  l.e 
returned  to  England,  where  he  was  preferred  in  the 
king's  navy.  In  l6n,  when  the  clril  war  grew  hot, 
and  the  timea  traiibleiome»  he  wer.t  into  the  Nct1ier« 
hMxla  and  FViBce  for  thne  yeais;  and  havfi  g  Wgo* 
rouHy  prufccutcd  his  fludics,  efpecially  in  phyfic,  at 
Utrecht,  Leyden,  Amfterdam,  and  Paris,  hc  returned 
luin.c  u>  R-.imfey.  In  1647  he  ubtnlticJ  a  patent  to 
tc.ith  ttu'  art  of  double  writing  for  17  years.  In  1648 
lie  piiiili Tiled  at  L<indon,  "  Advice  to  Mr.  Samuel 
Haul. I  ,  iur  the  advancement  offome  particular  part*  of 
learain^."  At  this  time  he  adhered  to  the  prevailing 
paity  M  the  nation  ;  and  went  to  Uxbrd*  ivhcfc  he 
taught  anattHoy  and  ehemiilry,  and  waa  created  a  doe* 
tor  of  pliyfic,  and  grew  into  fuch  rt  j'iiti.  that  the  ph'ln- 
foplnMl  meetings,  whit  h  preceded  a;iJ  kid  iht  foanil.»- 
tion  of  tlie  Ruyal  iiocicty,  were  fit  (I  held  at  his  houfc. 
In  1650  he  was  made  profeffor  of  anatomy  there  ;  and 
ft»o:i  after  a  member  ol  the  college  of  pliyfieians  in  Lon- 
doPi  as  alio  profedbr  of  mufic  at  Grefliam  college 
Loflidun.  In  i6j2l.c  was  app<kintcd  pbjliciio  to  the 
army  in  Ireland }  as  alfo  tp  three  lord  Keiitenantafuecei^ 
lively,  Lambert,  Fleetwood,  and  Henry  Cromwrll.  In 
I IX laud  he  acquired  a  j^reat  fiiuunc,  bi:t  nvl  w  itf  i  ut 
fufptcions  and  charges  of  un*»iir  prsftice*  in  ius  uflites. 
Alter  the  tel>elHon  ovtr  m  Ireland,  he  was  ap- 
pointed one  of  the  crtirrri'TRoners  t'or  dividing  the  fbr» 
fcittd  Utnds  to  tbe  ?rmy  who  ftippreflird  it.  When 
Henry  Cromwell  bi rami-  lieutencnt  of  that  kingdotr,  in 
if)5^,  be  app)iiitei!  i">r.  Petty  hisfrrntary,  ;ird  clerk 
of  the  i-oQRcilt  he  hlcewife  prDCDKvd  him  to  he  eirdcd 
a  btjrgefs  for  Wedtoo  tn'Corinnill,  in  Richard  Orom- 
wcU'b  paHitKrcTt,  wt  'dimct  in  Janrai^  i6j>J.  13u», 
in  Vlarch  follouin^,  Sr.  llaruni  Sankvx-,  member  fV>r 

Woo;llU>tk  111  <  Ixfoi  dlTn'n  ,    i ir !  f ;.clieij  hiir  of  hi^;li 

chmn  and  mildemcauor*  in  the  execution  of  bit  uiiice* 
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nbgMf  tliedodor  a'great  deal  of  tronbIe»  u  he  w  as 

fammor.f<^  bcfTiC  tLf  Huufc  uf  Commons;  And  net- 
*ithllanii;i;;r  the  ihcnuoiis  cndcavouti  oi  his  (ilewh, 
inthn'i  rcL  :)r:itncniidi:ijiii  of  liiiii  to  fccrctary  Thuiloc, 
end  till'  (ktenttrhe  made  before  ihe  houfc,  hii  cnctntca 
f/'.ocurcd  hiidirmifljon  from  his  public  crnpluymenis,  in 

16:9.  He  then  retired  to  Irebind,  till  the  rcftontiun  Sir  Wiliiatn  Pcttr  dial  Mllcflcd  of  a  verf  larre  for. 
of  lungCbarles  the  Second  |  icon  after  which  he  came  tunc,  as  appears  by  lus  wHl ;  where  be  makes  hi*  real 
wtoEnglaod,  where  he«nwer|[  pmoufl^ received  by    cllaie  ab«Mt  fe.jooL  per  ammni,  hispeWonal  tibtcabout 


deternincd br  Uic  cfTcils  of  a  gangroc  in  bis  foot,  oc« 
cailoiicd  by  the  fwcilui-  of  the  gout,  which  put  a  pe- 
riod to  his  life,  a:  his  hoitfe  in  Piccadilly,  Weftmio. 
iter,  Dec.  16,  1687,  in  the  6;  thy  cjr  of  hi*  age.  £B» 
c  >rpfe  was  cam'id  to  Rutnfey,  atid  tbew  ntcficd*  1 
iJiofe  of  his  parents. 


the  king,  rifigncd  his  profcflbrflupat  Grcfluim  college, 

ail '  w  js  appointed  une  of  the  commiiiio^Hi  s  of  the 
Court  of  Cairns.  Likewife,  April  the  luli,  1661, 
he  received  the  honour  of  k[..^l.i'hi  i.d,  aud  the  ;;r.iiit 
of  a  new  jiateat,  conllituting  biui  futvcyor^eucral 
Ireland,  nad  WM  .cbo&n  a  aMmber  of  pariiamca^ 
there 

UpoB  the  incorporating  of  the  Royal  Society,  he 
wuone  of  the  fim  loeoiKcs,  and  of  its  fuil  cuuncU. 
And  tliougli  be  had  left  off  the  prattice  of  phyfic,  bit 
name  w^ji  coniiniud  as  an  hoaunwy  mcntberfu  thcGi4* 

luge  uf  pLyf.ciaas  in  tCb^, 

About  this  tiuie  he  invented  l.'n  Jonlile  bottomed 
Oiip,  to  fail  agaiod  wind  and  tikle,  and  afterwards  pre- 
fented  a  model  of  ihi^  (hip  to  the  Kuyal  Society ;  to 
whom  aUb,  in  1665,  he  conununicatcd  "A  Difcourfc 
about  the  i>uilding  of  Shifty*'  conuinitig  fomc  curi^iuj 
AkkU  ia  tliat  an<  But,  upon  iria!,  fiuding  his  fhip 
lailed  In  Ibiiie  refpefis,  he  at  Icn^tli  giito  up  that  pro* 
jca. 

Ill  i66fi  Sir  Willian;  drew  up  a  treatife,  called  Fer- 
lum  Sapitnti,  containing  an  acuoiiiil  of  the  wc.il'.h  and 
C^pencd  of  England,  iinJ  the  inctbodof  raiting  iaxc» 
in  the  rooft  equal  manner.— The  fame  year,  1666,  be 
fuflcred  a  confiderable  loJs  by  the  fire  of  London.— 
The  year  following  he  married  Elizabeth,  daughter  of 

&r  Uanlicffe  Wallert  and  afterwarda  fct  vp  iron  __    ^  

mwkt  snd  pilchard  firoing,  opened  lead  nide*  and  a.  perfons  and  things  tnTreland,  <Sec  ;  1660,  8 
timber  tradf  in  Kerry,  which  turned  to  very  good  ac-     ^  .  ,  . 

Count.  But  all  thefe  concerns  did  not  hinder  him  from 
the  purfuit  of  both  poIiticzU  and  phiiufophical  fpecula* 
tiocs,  which  he  thought  of  public  utihty,  publifhing 
tlicm  either  feparately  or  by  communication  to  the 
Roral  Society,  particularly  on  finances,  vmh,  political 
aiiwBCtics  lanid  carriage,  gun»,  pnmpi,  v\c. 

Upon  the  fiiA  awctiug  of  the  Philofuphical  Society 
It  DnbGn,  itpoa  the  plan  of  that  at  JLoadon,  every 
thing  was  fubmitted  to  bis  diredlioii ;  and  when  it  was 
formed  into  a  regular  focicty,  he  was  chofcn  president  in 
Nov.  ifB4.  1^x111  thisocc.iiion  he  drew  up  a  Cata< 
logue  of  mcin,  vulgar,  theap,  and  Cinjilc  lixptrlments," 
proper  for  the  infant  ftate  of  the  fi«.ictv,  a.id  preftntcd 
It  to  tiiem  ;  as  he  did  alfo  his  SuptHirx  rhilofaftjua,  ton- 
filling  of  45  inftruments  rcquiUtc  to  carry  on  the  de- 
JBga,{»£  tiieir  iaAitution.  In  16^5  he  Uiadchiawili  {  in 
tnfcfaliededam,  that  being  then  about  60,  bia  vlew-a 
were  fixed  upon  Improving  his  lands  in  Irekiad,  and  to 
promote  the  trade  of  irun,  lead,  naihlc,  fifli,  and 
timber,  v  Lich  !ii>  fiijtc  was  capabli:  of.  Aiii'i.i  f.>r 
iludici  anii  ixpcrimL-nti-,  "  I  tUir,lv  iiow,  fajs  lie, 
to  confine  ilic  fiimc  to  the  auator.iy  of  the  people, 
«nd  potiiicai  arithmetic  }  as  alfo  tiic  improvement 
of  fliips,  litnd-carriages,  guns,   and  pumps,   as  of 


45.000J.  hisbad  and  delpcrutc  debrs  jo.oool.  and  the 
dcmitiifliaLIc  ^improvetni-nts  uf  hn  Iri:h  ciiafr,  .^ojoL 
per  auuiiui ;  In  all,  at  6  per  cent,  intereit,  i$,oool. 
pir  nnuum.  This  eltate  came  to  his  family,  which  con> 
lirtcd  ot  hik  widow  and  three  chiM-sf!,  Charles,  VLgatJ^ 
and  Aaue  :  of  whom  Charl-i>  ivas  created  biraa  of 
Slieibouinc,  in  the  ooualjr  of  Waterfoid  ia  lteUnd,by 
king  Wiliiaratha Thirds  but  dying  without  tflue,  was 
fuBeeedodbjrhiajfuongcrbrotatTHrny,  vOio  was  treated 
vtlconnt  Duokercn,  m  the  county  of  K.cuy,  wd  «arl 
of  Shciboume  l  ib.  11,  i;!^.  He  married  the  Ud)^ 
Aiabelia  Boyle,  filler  of  Ckarlcs  ear!  of  Cork,  %'ho 
brought  him  leveral  children.  He  u  as  meuibtr  of  par- 
liament forCrcat  Marlow  in  Buckioghamlliire,  and  a 
fellow  of  the  Rojjal  Society:  he  died  April  17,  17  ji, 
Anne  was  mamed  10  Thomac  Ktamorrii,  bamn  of 
Ken  J  and  Lwnaw,  and  died  ia  Iidand  tn  the  year 
»717-  . 

The  variety  of  purfuits.  In  which  Sir  William  Pettr 
was  engaged,  fliews  him  to  hnvc  hjii  a  ■gvMxi^  capable  of 
anything  to  which  Lc  cliofc  to  apply  it :  ard  it  is  verf 
extraordmaiy,  t'liit  a  mm  of  fo  acUve  and  bufy  a  fpw 
rit  could  find  tiuw  to  write  fo  many  tblDgi,  at  itap> 
pears  he  did,  by  the  following  catalogue. 

I.  Advice  to  Mr.  S.Hartl9>&ct  1648,  4lii>— 2.  A 
Brief  of  Pruceedinga  between  SirHierom  Saakcy  and 
the  author  &CI  t€\^tfX\o — 3.  Rdlcaions  upc  n  foinc 

perfoiwand  things  tnTreland,  Ac  5  1660,  Svo  4.  A 

rif.itife  of  T.iXLS  and  Contribution,  kc  \  1662,  1667, 
1685,  4^'*»  «"'ioiii  tlie  ciithur'ii  name.  Tliis  iaft 
was  rc-publilhcd  in  1690,  with  two  other  anonymoua 
pieces,  '«  The  Pri»ikgcs  and  Practice  of  PaTlianicnts," 
and  '*  The  Politiciau  Difcovered  j"  with  a  new  tiik. 

Soge,  where  it  is  iaid  they  were  all  vrritteu  by  Sir 
an,  which,  as  to  the  firft,  it  a  miftake.— c.  Appara- 
tus to  the  HUlginr  of  the  Common  Pi  afticc  of  Dyeing 
printed  in  Spral'a  HIRory  of  the  Royal  Societv,  1 66-, 
4to,— 6.  A  Difrourfe  concerning  the  \lw  oi^  l)ii[,Ii. 
catc  Propoition,  ti  fr<.ii,cr  with  a  New  Ilvpotheli*"  of 
Springing  or  Llaiiic  .\!  tions;  1674,  iinio'.— 7.  Collo- 
quium Davidis  ium  Aninw  ftia,  ic;  1679,  iolio.-. 

8.  Ilie   Politician   Difcovered,   &:c ;   1681,  410.— 

9.  An  Hflay  in  Political  Aritlunetioi  i68j,  Svo.-^ 
Obfervationa  opon  the  DabSu  Bills  of  Mortality 


10. 

An  AfCi.rjnt  of  foiTic  ' 
Expcriaienta  rebting  to  Laodorria^c,  Philof.  Tranf. 
numb.  161. — 12.  Home  Qucriti  for  cxaminii.^  Mineral 
Waters, ibi  J.  iiuu.b.  i(^f>.~~.t  i.  A  Catalogue'of  Mean, 
Vulgar,  Cheap,  and  Sn.-.plc  K;<j>eriments,  &c  ;  ii)id. 
numb.  167. — 14.  Maps  of  Ireland,  being  an  Actual' 
Survey  of  the  whole  Kingdom,  &c ;  168,,  folio,— . 
K,  An  tflay  concerning  the  Miihiplicatioa  of  Man- 

.    I,  .  -  r  k"«J}»6>j6,  SYo.—if5.  A  further  Affertion  concern, 

moft  ufc  to  mankmd,  not  blaming  Um  lludy  of  other    jng  the  magnitude  of  London,  rindicatinif  it  &c 
— '»  But  a  few  jcara  after,  aS  bii  fuifnita  were    Philof.  Tnutt  -    '    "  -  *    i  * 


V«L.  n. 


.  awab,  l^i^ij.  Two  Lffay*  in  Poliii- 
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ral  Anil  met ic  ;  iriS;.  8vo.— 18.  Fi»e  EfiHj*  >n  Po- 
trical  Arithmetic  ;  1687,  8vo.— 19.  Obftcvtu^  11|pQn 
ifiodon  and  Rome;  "687,  8«c». 

Hm  pollhumolM  piece*  arc,  (1),  Folllical  An'thmt- 
Hc ;  1690,  Sto»  ami  1759,  with  hi»  life  prefixed. — 
(2),  The  PoUtkri  Aimiumj  of  Ireland,  »ith  Vcrbum 
Saplenti.  1691,  1 7 19. — {$),  A  Tmtifc  of  Nival 
?hilof(Nphy  ;  1691.  timo. — (4),  What  a  eomplete 
Trvatife  of  Nuvi;;at;on  fho'.iM  ronuin  ;  Philof-  Tranf. 
numb.  193, — (^),  A  Dikd-jrlV  of  makiiiK  Qotli  with 

Sheep's  Wool:  in  r.i'iK's  Hill.  oC  the  Rot.  Soci— 

1^),  8npellrx  Philofopbiea  ;  ibid. 

PILENOMENON.  Sec  Hhenomenon. 
'  FU  AftON,  the  Min«  Cif  a  game  of  chance.    Sec  De 
Molvre't  OoArine  of  Chance*,  pa.  77  and  10  ^ 

mASE9»  h  Aftronon^,  tM  turiona  iqppeahnicn, 
or  «|uantit!ea  of  Oumiiutioii  of  ihe  moon,  Venni, 
Mrr::ii-y,  iinJ  thc  Other  phnir'.s,  by  the  Ajn.  Thefc 
Fh:ilc3  arc  vi  i  v  obfrrvaSIc  In  the  moon  vvitii  the  naked 
tye;  bv  wLuh  ihe  ion-.ciiinc«  increafes,  fomttinic« 
trnnesi  it  now  bent  into  horiisi  and  again  appear*  a  half 
circle  ;  at  oilier  times  (lie  i&  pibbous,  nnJ  again  a  full 
circaiu  lice.  And  by  help  >  f  the  tclffcope,  the  like 
nrittf  of  Pbafin  Ts  obfcrvL J  ia  Vmu-,  Mars,  &c. 

Cbpetnicus,  a  little  befons  the  ufe  of  tddibopct,  fint- 
inW,  that  after  age*  trooM  fiod  that  VeiratwiieTwent 
all  tikc  changes  oT  the  rro' n  ;  which  prophecy  wa* 
firil  fulfilled  by  Galileo,  \v)  u,  iircch'ng  his  tclcfcone  10 
Vcnu«,  oMcTvrtl  lur  rhoffs  tn  cnr.il,;le  tlinfc  of  the 
moon  i  being  lomei]mi.i  full,  fonietuucs  horned,  and 
ftunctimet  gibbt)u>. 

FliAia<  •/  an  McRffi.  To  detcmiiw  thcfe  for  anr 
titne :  Find  t1ie  i^eon^*  place  ia  her  vUlble  way  for  ih^t 
qieaent :  and  from  tlMt  point  at  •  ccfltr^  viui  the  in- 
•enral  of  the  moon's  IfemidTaineter,  deftnlie  a  o'relex 
1b  Hke  tuuiincr  fir.  l  tiiL-  fun's  place  in  the  ecliptic,  from 
which,  with  the  fcTud'.meitr  of  the  fun,  dcfcribe  ano- 
ther  circle:  'I'hc  iti'.n  fc  •lion  of  the  two  circles  fhewt 
the  Phafcs  of  thi-  tL-hjjf,,  ihc  quantity  of  obfcuration, 
'Wfid  the  f  v'liMPii     tht^  »-'pfp»     horns.  ^ 

PHENOMENON,  orPH.CMOMii'OK.'an  appearance 
lb  pliTfics,  aa  extraordinary  appearance  in  the  hea- 
Tens,  or  on  caitH;  either  tlTcovcrfi  by  oVfemtkioof 
the  cdeftial  bo<!ief,  or  "by  phyfic  il  i.\pir)menTi,  the 
caufe  of  which  ia  not  obvious.  Such  arc  meteors,  co- 
mers, uncommon  appearance  of  ftars  ami  planets,  earth- 
quakes. &c.  Such  aUb  vc  the  iBcCtt  of  the  augaet, 
phofphonis.  Sec. 

PHILOI^AUS,  of  Crotona,  was  a  cekbrated  phi- 
lofopiter  of  ihe  Ancients.  He  was  of  the  fchool  ol^Fy- 
tiiagorat,  to  whom  that  philofuphcr'c  Golden  Vcrfet 
h%vr  been  afcribed.  He  made  the  heaven*  hit  chief  oh* 
jeft"  of  cojitcmpiitior. ;  atid  ha«  been  (aid  to  be  the 
author  of  that  tr.  r  1)  ;!f  Ti  of  the  world  which  Copcr- 
iiicui  afterwards  rrvivnl  ;  but  ernmcotifly,  bec.iufc 
there  is  un(louljti.d  evidence  that  Pythagona  Ic^-nml 
that  fydem  in  f  t^ypt.  On  that  crroncoas  fupp«>fuion 
however  it  v.  th  Bulliald  plated  tlte  name  of  Phi- 
loUua  at  the  head  of  two  works,  written  to  illuftratc 
andeonfira  thut  fy!U-m. 

He  was  <r.iys  Dr.  Enf.cld,  in  hi«  Hiaoiy  of  Fhi^ 
lofophy)  a  difciple  of  Archytas,  and  flottrilhed  in  the 
ttini  if  Plato.  It  v,,i3  fluin  him  that  Plato  purchafed 
ihc  wrktcikKC0r4s  of  the  Pjiiugorcas  fjllemi.  coaU''i' 


ry  to  an  erprcfn  cnth  taken  hj  the  fot-^ttv  of  Pvtlm^o- 
rt  nn«,  pli-(l[^in;;  thrrnfelve*  to  Vcvp  fi-i  ru  tlic  nv.  iL-::r» 
iif  tht-:v  fcct.  .  It  IS  probable  that  among  theie  booic« 
were  the  writings  of  Timaeu?,  npon  which  Plato  formed 
the  tlialogtic  wnich  bore  hi»  name.  Plutatch  rehtcst 
that  Phiiol.<iis  was  one  of  the  perfons  who  efcapedfironi 
the  houfe  which  waa  hunied  by  Cfim,  dttring  thelife 
of  Py-thagonu  t  but  thw  aeeownt  eannot  be  eorreft, 
Philolau*  waj  contempora'  v  M-Ith  PIvii.,  ati;l  tht-n T'lrt? 
certainly  not  with  Pvth-j^^uras.  Intn  fvri!v:T  in  atiii;r» 
of  flate,  he  fell  Ti  fucrririrt  i  i  ;nJit'c..l  j' 'ilva.fy. 

"  Philulaus  trc4tcii  the  doctrine  nf  nature  vrith  great 
fubtlety,  but  at  the  fame  time  with  great  obfcuritjrt 
referring  etrcry  thing  that  exifts  to  cnathcmaticai  priB* 
ciplcs.  He  taught,  that  ixafon,  improved  by  matbema» 
ti«al  learning  ia  abiie  capable  of  jtidgiiw  coneembr 
the  natnre  of  thitigt  i  that  the  whMe  wond  confiftg  of 
infiniu  .'til!  finite  ;  that  number  fiihfids  hy  itfclf,  and 
1*  tht  ch.iin  liy  which  its  power  fullains  the  eternal 
frame  of  thinir*;  that  the  i  is  no\  the  fole  prin> 

ciple  of  things,  but  that  the  Binruy  ii  ncrcfTury  tofar* 
ni(h  miterials  from  which' 1(11  fiibfequent  nambers  may 
he  produced;  that  the  world  is  one  whole,  which  has* 
fiery  centre,  about  which  the  ten  ccleftial  fphetxrs  re- 
volve, heaven,  the  fan,  the  plaaeta*  the  earth,  aad  the 
moon ;  that  the  fnn  has  a  vitrvmii  ftir&tv,  whence  the 
fire  diffufed  through  the  world  is  r.*flt i^r'l,  ri;iu!-.nng 
the  mirror  from  which  it  is  rcflcAtd  vifibSc  ;  thai  all 
things  arc  prefcrvtd  in  harmony  by  the  law  of  ncceffi- 
ty  ;  and  that  the  world  is  linbic  to  delHurtion  both  by 
fire  and  by  micr.  Fro.-n  this  fummi  ry  of  the  do^ln'ne 
of  Philoiaus  it  appears  probable  that,  following  Ti« 
mxus,  whofc  wntmg*  he  poflcfTcd,  he  lb  fkr  departed 
from  the  Pythagnreaii  fySem  att^coriMiie  two  hide- 
pendetit  principfesin  nattiie,  God  wni  p»tter,  and  Hat 
It  was  fW>in  the  fame  fouroe.thM  FlatO  derived  hit  dac> 
trine  upon  this  fubjeif^.** 

PHIIO.'iCPHt  R,  aperfonwen  mfcJ  in  philofo- 
phy  s  or  makci  a  profeilton  of,  or  applies  uimfelf 
to,  (he  liiiiiv  (if  nature  or  iif  motaliiy. 

PHILU.SOl'fllCAT,  TRAXsACTiovs.thjfc  of  the 

Rtiyal  .S>-i:tcty.     S-t  'Tr ANSACTIONS. 

PHlIiOSOPHiZlNG.  the  aa  of  confidering  fome 
oibjeA  of  oar  kttowledge,  examining  it»  properties,  and 
the  phenomena  it  exhibits,  and  enquiring  into  their 
caufcs  or  effcfts,  and  the  laws  of  them  ;  the  whole 
condu^tul  accoicSng  to  thr  nutijfe  and  rtafon  of  lllingt^ 
and  directed  to  the  improventciti  of  knowledge. 

7heRulri  of  PiiiLOtopKiziNO,  as  cltahlilhed  bf  Str 
li'aac  Newton,  are,  t.  That  no  mote  caufrs  of  a  iin- 
tbral  rffcd  be  admitted  ihau  m  c  true,  and  fuffice  to  ac- 
eojrnt  for  it!  phenomena.  Thia  agrees  with  thelieliti- 
mente  of  moft  phtlofopher^  who  bold  that  natoie  Ax* 
nothing  in  vain  ;  and  that  it  were  vain  to  do  that  hf 
many  things,  which  might  be  done  by  fvwer. 

2,  That  natural  cffcfts  of  the  fa.me  kind,  prrcec  J 
from  the  fame  caofei.  Thus,  for  inflancc,  the  caufe 
of  refpiration  is  orx  and  the  fame  in  man  and  brute; 
the  caufe  of  the  defcent  of  a  flene,  the  fame  in  Europe 
.ts  in  America  }  the  caufe  of  light,  the  fame  in  the  fun- 
and  in  culinary  flie  |  and  the  caufe  of  refledioo,  the 
fkme  in  the  planeta  at  the  earth. 

V  Thofe  qualities  of  bodies  which  arc  not  capable  nf 
being  hei^rhtencdf  and  remitted,  and  which  are  iaund 
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in  all  bodtfi  on  v.1iicl>  eatjicrimihtJ  cAn  \>e  made,  tnuft 
hie  coufidctvd  atuntverfiJ  qualities  of  all  bodies.  Th^S 
fte  extenriort  of  btidy  is  onlj-  perceived  by  our  f 'nfes, 
aoris  it  perceivable  in  all  bddic^ :  hut  fmce  iti»  found 
iu  all  llrtt  ti  e  haw  perceplioa  ui',  ii  may  b«  affirmed  of 
aO.  So  vt  find  that  tereral  bodie^  are  hard ;  and 
il^ethit  the  h«fdn«<t  of  tlie  «1)o1e  only  arifci  from 
the  hardnefs  of  the  p;i;ti  :  \v!ii  icc  iuTcr  ttiat  tlic 
j>articleii,  not  <.:iily  i?f  tlioU  hoi-ii  >  whiiL  iirt  fcniihlc, 
but  of  dloi'iL: aiv  lik':/ :ic  L.irtly,  iT  all  the- 

bodies  about  tlic  earth  gravitate  (owardi  the  earth,  and 
tilit  iKCordIng  to  the  qumtity  of  tnnttcr  in  vuch  ;  and 
if  the  0MOft  gravitate  towardt  the  eartii  alfo,  accord- 
ag  to  iti  qauititj  ol  iAatter  >  and  the  fea  again  gi-a- 
titate  towatda  tfae  mooiii  and  bU  the  planets  and  co- 
meta  gravitate  totrards  ea«A  other  :  It  may  bo  affiiiiied 
urjirciblty,  that  all  brnlioj  in  irr^t-.jii  v-uvitate  to- 
wards Mch  other.  Thi;.  rule  tia-  fouad.'iiion  of  all 
eatUT?.!  philofophy. 

PHILOSOPHY,  the  knowkdjje  of  ftuJy  of  na- 
ture or  (Tiortdky,  founded  on  rciion  and  cxpcritnco. 
Literally  and  originally,  the  Mrord  iignifigd  a  lov« 
df  wifdortt.  But  by  Piiilofophy  is  now  Inemt  the 
knowledge  of  tht  natUr«  and  reafonJ  of  things ;  as 
dlHinguillied  frdm  htftory,  which  is  the  bare  know. 
!tc!gc  of  faAs  ;  and  fruin  mathematics,  which  is  the 
knuvcledge  of  the  quantity  and  mc.ifurcs  of  things. 

Tl>efe  three  kindji  of  kno'.v  lcJ^c  ought  to  be  joined 
u  much  AS  pclChle.  HtHor}-  furniihca  matter,  princi* 
fka»  aiul  iJtaiflical  ^xamwatiiHia;-  and  niafbcnntktf 
completes  the  evidence. 

rtflofobhy  bci.ig  the  knowledge  of  the  realolit  of 
thiuffi,  all  arls  niifit  have  thvir  pccnii'.ir  rLnofupTiy 
^■hidi  con  flituttfS  their  theory;  not  only  Ijw  and  phy- 
(iC,  but  theloweft  and  moft  abject  art?  :\rc  not  w  ithout 
their  rcafons.  It  is  to  hcobfLi  vc:!  that  tin  bareintrilt- 
genceand  memory  of  pltiKifophka!  [Jiopfjiitlons,  wiih- 
4ut  aoT,al>nity  to  dcmonftratc  them,  u  uot  Fhilofoj^y, 
hit  I1UU17  only.  However,  where  fuch  prOfofitioiia 
ire  detemiuate  and  tmc.  tbcy  ma^  be  ufetulljr  ap^icd 
io  prad-ice,  even  by  thofe  who  are  ignorant  or  th«r  de- 
tni)!i{ln'.tIon  1.  Of  tliii  we  fee  daily  inilanet';  in  the 
rulti  ui  aiitjii-.K-tii',  pr^:.:'>ical  pcometry,  nnJ  naviga- 
tion j  the  rcafoti*  ut'  u-liich  ofLcn  u  /.t  iindt-i  iKkmI  by 
thofe  who  praftiic  them  with  uicccl's.  And  tins  fuc- 
c«f»  ill  the  application  produces  a  conviction  of  mind, 
which  h  »  Iciad  of  tncdiam  between  Philofophical 
or  lcK;iilifik>  knowledga,  and  that  wUch  Ii  hUlorical 

ooljr. 

If  we  confider  the  difference  there  is  between  nato* 
Pdl  phdofophers,  and  other  men,  with  regard  to  tliiir 
knowledge  of  phenomena,  we  Shall  find  it  coiifKls  not 
in  an  cx»t"U-r  kiio«  ltdj;i.'  vt  the  efficient  caufe  that 
pioduces  them,  fur  that  can  be  no  other  than  the  will, 
of  the  Deity  ;  but  only  in  a  greater  and  more  enlarged 
compKheQrion,bTwhidiai]alogiei«lMrnionici,aod  agree* 
fnento  are  defianbed  in  the  worlu  of  nature,-  and  the 
particular  effects  explained  ;  that  h,  ruJui  -tl  to^rcnend 
rules,  which  rules  grounded  0:1  tl.c  ,Tricilo;^\  ;i;id  uia- 
iiii-ft.  oblcrvrd  ;n  tJu- pi (j;'uK*t io;i  uf  iMtuial  effei'ls, 
arc  mure  ugrcciibk*,  ;iitd  iuughi  after  by  the  mind;  for 
that  they  extend  our  profpia  beysnd  what  il  prefcnt, 
and  near  to  ut,  aad  enabu  us  to  «ake  very  probable 
«oikjcAara»  touching  thingrthat  mtj  have  liappencd 


at  very  girit  diitr^iiitta  nf  t:ir.?  nnd  plure,  wi'll  ro 
preditl  things  to  come  i  which  fort  of  endeavour  towards 
omnif^ience  is  much  aifedled  by  the  tnind.  Beiilejr} 
Pr?ndp.  of  Htitn.  Knn?#!Hge,  M.  104,  lOJ. 

From  Lac  fu  ll  bf oachti  3  of  c.cx  optAioni,  and  the 
litft  fouitdeta  of  fehool^  Fhilofophy  isbeoonie  dividefl 
iato  fevera!  fcft*,  fome  aiHnent,  others  modem ;  fnoll 
are  the  Plator.ifts,  Ptnpntttic-s,  Epicureans,  Stoio, 
Pyrrhf»nfnr»,  and  Acndtmic:i  ;  alfo  the  CarteHant, 
Ncv.  tnni.1'1--,  &c.  ScL'  tlie  p.i.rticular  a-ticlci  for  i-v.-]]. 

Piiilofophn^  may  be  divided  into  two  broiichca,  or  it 
may  be  coimdeiCB  tinder  two  chcumAance^  theorvtical 
an^omftiea]. 

TMarvriea/or  SfffH^aTivf  PHtiosoritT,  »  employed 
in  mere  contemplation.  Such  i«  phyfics,  which  ia  k 
bare  contemplation  of  nature,  and  natural  thing*. 

Tlirotcticiil  Pfjtlofophy  Bg;i!n  h  ufunlly  fubdiviJe-i 
nito  three  kiii<!s,  viz,  piieumntici,  pliyfiLS  ur  luii.a'.icj, 
and  mct-iphyfici  or  antoli  in'. 

The  tirft  conlldor?  bcisig,  abllra^edly  from  all  mat- 
ter: its  obje6ts  arc  fpirits,  their  nanires,  properties 
and  effeAs.  The  ft-cond  cunliden  natter,  and  mate- 
rial  things :  iu  objeds  are  bodin,  their  properties 
hwra,  &c. 

The  third  extends  to  eadi  indifferently :  its  ohjeSt 
are  body  or  fpin't. 

In  the  order  of  our  difcovcr)-,  or  am\-al  nt  thck;'.ow. 
ledge  of  thcni,  phyfics  is  firll,  then  nu  taphy firs  j 
the  lift  arifes  from  the  two  firft  confidcrcd  toge- 
ther. 

But  in  teachii^,  or  hying  dowA  thde  {tveral  branches 
td  othtn,  ytt  roferve  a  contrary  aider ;  beginning 

witli  the  mofl  univerfal,  and  defcending  to  t.'ic  more 
p:ii-ticul.iT-.  And .  hence  wc  lee  why  the  Perijtatetic* 
call  mctaphyfics,  and  the  Caitefiana  pnearaatia^  the 
prima  pbiiofefhia. 

Others  prefer  the  diAribution  of  Piiilofophy  int^ 
ftrtir  parts,  via,  l.  Pneumatics,  which  confidcrs  and 
treata  pC  ^rits.  z.  Somatics  of  bodies,  a.  The 
thtrdoM9po(mdedAfbnth,anthropo!ofrj,  which  eonfi- 
den  man,  M''frhoill°bedk  body  and  fpint  artlbiai^  4, 
Oii^ofophy,  which 'tteafs  of  what  is  vgiamM  to  dl  the 

utlit^r  three. 

A  i:;.iin,  Plulofophy  nn.iy  divided  into  three  parts  ; 
incei)e£tual,  moral,  and  physical :  the  inieilcctuai  part 
comprifcs  logic  and  metaphyfics  ;  the  moral  part  con- 
tains the  laws  of  nature  and  nations,  ethics  and  poli- 
tics)  and  biUy  the  phyficaf  part  comprehends  the  doe- 
tnne  of  bodies^  animate  or  inanimate :  tfaefe,  withthdt 
various  fubdivilions,  will  comprize  the  whole  of  Fhi- 
lofophy. 

/*ra,?/.M/pHit03ort!V,  is  that  which  lay*  do\m  the 
rules  of  a  vir^l;'^u^  an  j  ImpjiT  !ifc-  ;  anJ,  cxcit'-j  m  to 
the  prt.dlicc  of  them.  Moll  authors  divide  it  into  tivO 
l;inds,  anfwerable  to  the  two  forts  of  httnum  a&iom  to 
be  dite^edbf  it  |  viz,  Logic,  which  goveint  the  ope- 
mions  df  the  onderftanding ;  and  Ethtca,  prapcily  fo 
called,  trhich  direA  thofe  of  the  wilL 

For  ihefevcral  particular  forts  of  Philofophy,  fee 
the  articles,  Arabian,  Ai-iilotelbin,  Atomical,  Carte- 
fian,  Corpufcular,  Epicurean,  Experimental,  Hcm^e- 
tical,  Liib'iit7.*an,'»  Mechanical,  Moral,  Natural,  New. 
touiau,  Oritolal,  Fiatoiiic,  Scholaftic,  .SnerstTL, 

Gga  IHO£N13^ 
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PHOENIX,  a  confccllaiion  of  ihe  fouthcm  hemi- 
fphcre.  This,  vr.c  of  ihr  lu  w-adiied  aftrnfms,  un- 
known to  the  Aucicutt,  and  iVnot  viiible  in  our  oortb* 
crii  pans  of  the  globd  Tbcfc  are  15  Aan  in  thit 
xosAcUation. 

PHONICS,  otkerwiTe  cdkd  Acovstics,  ii  the 
doflrinc  or  fikncc  of  fciiuds. 

Phonics  may  be  couf:ilcrcd  at  an  art  analogous  to 
Ojitits  ;  and  m.iy  l>c  divided,  like  that,  i.ito  Dlifft, 
RtfraitcU,  and  lUflcded.  'J'lieft  branches,  the  bifhop 
ot  FcMt^,  III  aJlu^ion  to  the  parts  of  Optics,  dcnoim- 
catc-s  J'hunio$,  Diaphonict,  aiid  Cataphouicb  Scc 

At.  OUSTICS. 

PHOSPHORUS,  a  matter  whkh  Oiiactt  or  even 
bums  fpoDtancoiitTy,  und  witholtit  the  appIicaUoa  of 

any  fculible  dtt. 

Phofphori  arc  cither  natural  or  arlillcial. 

Natural  PiiosfHOai,  arc  mutters  wiiidi  becQR.e 
luminous  at  ccitaiivtzmcs,  wiiliout  tiic  ulhllancc  of  any 
art  or  preparation.  Such  are  the  glo\v-\vonns,  fre- 
quent iu  our  colder  couninet ;  lantem-flicB,  and  other 
niining  iafc&s,  in  hot  countries  ;  rotten-wood  ;  the 
Cfca,  blood,  icaica,  fleOii  fwcHt,  icttbcta^  ttf,  of  levcial 
aniauiU ;  diamonds,  when  rubbed  af^rr  a  certain  man* 
iier,  or  .iftt  r  havin.j  Lv.n  cxpofedlu  '.'ijFu::  orli^r.t  ;  f  ;- 
gar  and  lulpbui,  micji  pounded  in  a  tUik  pLv.-  ;  ka 
water,  and  fomc mineral  waters,  when  brilltty  agitated; 
a  cat'«  or  horfc'ii  Lack,  duly  rubbed  with  the  hand, 
&c,  in  the  dark;  nay  Dr.  Croon  trils  us,  tliat  upon 
rubbing  his  own  body  brifldy  with  a  wcU-w-amicd 
Ihirt,  be  has  frei^uently  made- both  to  fliine  ;  and  Dr. 
Sloancadda,  tfaat  be  knew  a  gentkmaii  of  firiftol*  aii4 
fcia  fon,  both  wbofe  floekbga  would  fluac  much  after 
walking. 

All  natural  Phofphori  have  this  in  Gommaa,.  tbat 
t!u.y  do  not  AJoe  ahraya,  and  that  tliey  never  give,a4i}' 
iucjt.  •  •  ■ 

(M'aU  the  natunJ  Phofpbor^  that  wjbich  hsk»  o^Ok* 
ikmcd  the  neateft  Peculation*  M the  .  ■  ■  .  . 

M.Picard 

firft  obfcTTcd,  th^t  the  ir.crcun,-  of  his  barometer,  whtn 
iltakcn  iir  a  datk  {  lace,  eti.iited  li^ht.  And  inany 
i.  rc  iai '-iplanatJoua  liave  been  j;,-.veu  of  ihia  pheuonii.*- 
noij,  wiiich  howr\tr  is  now  fouud  lo  be  a  mtf  e  clectricul 

effcft. 

Mr.  Hawlcfhcc  has  fivcral  CTtpcrimctiis  on  this  ap- 
pearance. l'.Ji!ni;  air  forcibly  through  the  body  of 
qukkfilvtr,  oboed  is  an  eibauikcd  receiver)  the  parts 
were  wok-ntty  driven  iKainft  the  6de  of  the  rreeiver, 

and  gave  all  aroct.d  iTit  appearance  of  fire  ;  conti- 
nuing thus  ti!t  tilt  rcccivtr  was  luilf  full  again  of  air. 

I'rom  other  experiments  he  found,  that  thouj;h  the 
appcuraocc  of  fcht  was  not  producible  by  agitating  the 
mercury  lA  thcTacnt:  manner  in  the' c^nimon  :vr,  yet 
that  a  very  ftne  medium,  luarly  approaching  to  a  vor 
cuunif  wa&  nut  at  all  ntcetLry.  A|id  lallly,  from 
Other  experimenta  he  found  that  mercury  iudufcd  in 
water,  wn'tcb  communfeated  with  the  npcn  air,  bv  a 
fioUnt  fliakiiig  of  t'lf  vitTi-l  in  u'li^/i  it  v. ru*  incioicd, 
rnutted  panicles  uf  hglu.  \vi  gu.ii  j^irnty,  like  little 
fan. 

By  including  the  vcfTclcf  mercury,  5tc,  i:i  a  receiver, 
%aA  cithaullinj^  the  air,  the  pfkrnumcnon  w«  changed  ; 
And  ufun  fhaking  the  vcficU  iaiUad  of  f^arJu  o£  bgbt* 


the  'whole  mafs  appeared  one  continued  circle  of 
Ught. 

Farther,  if  mercury  be  inclofed  in  a  g^aia  tubc»  doCe 
ftoppedf  that  tube  is  found,  00  being  nibbed^  to  give 
much  more  Uffbt,  than  when  it  had  no  wemxf  ta  it» 
When_  thit  tube  has  been  nibbed,  after  rnfinf  fucccf^ 

fively  iu  extrcRiities,  that  the  nu-rnir)-  ir'ghi  i!  jw  front 
our  end  to  the  other,  a  li;:ht  is  f.v  .1  ci  !ri]):ng  rn  a  Ut- 
penunc  manner  all  along  tiu-  mbc,  lU-j  inc-i.  iiry  Ix'iin;  ,iil 
luiTiinoui.  liy  mak:r>c  ihc  intrrury  run  along  the  tube 
afterwards  wifhout  robbing  it, 'it  emitted  fomc  light, 
thougli  much  le£ft  than  before ;  this  prove*  that  th« 
frit^lion  of  the  mercury  aga-nil  the  glaf*,  in  runiuog 
alon^,  does  in  fome  meafurc  cle£lrify  the  glaft,  as  the 
rubbing  it  with  the  hand  does,  only  m  a  much  tcfs  de« 
groc.  Tins  iu  more  nlninA-  p'o.fi!  bv  iiyi':-^'-  fome 
very  tight  doiv.i  near  the  ti.li.,  i-jt  iL^j  \i  l>c  jtrra^fted 
by  the  tleilricity  raifcd  by  the  running  of  \.\v;  nicrLury, 
and  will  rife  to  that  part  of  the  glafs  along  which  the 
mircary  runs;  from  which  it  is  plain,  that  what  has 
b;.^  long  known  in  the  world  under  the  name  of  the 
Phofphorus  of  the  barometer,  is  not  a  Phofphoras* 
but  nicrety  a  light  railed  by  ckdricityt  the  mercurj 
deftnfying  the  tube.    Philor.  Tranf.  numb.  484. 

yJr/ipdiU  Pho:!  linp.i,  arc  fueh  ..i  iv.vc  their  luminous 
quality  to  fomc  ait  vt  prcpar.iuoti.  Some  of  theie  are 
made  by  the  maccratiuii  ol"  plants  alone,  and  wiihout 
any  lire  ;  fuch  as  thread,  linen  cloth,  but  above  all  pa- 
per :  the  luminous  appearance  uf  this  bill,  which  tt 
IS  now  known  in  an  cfeclrical  phenomenon,  is  greatly  iil» 
creafcd  by  heat.  AIn;otl  all  bodies,  by  a  proper  treat* 
mentybavetbatjpowerof  il  '  iin'^  In  ilu  (Lrk,  whkb  at 
fiffl^is^ii'fup'p^fratobe  the  jin  i  ciiv  of  ojie,  and  afterr 
ward.  'u  !y   r  a  few.  See  rhaofil Tn»f.  aimb. 4^tt,' 

in  .J,  44,  J..-..  R3. 

Of  Artificial  Phofphori  tlicie  are  three  principal 
kinds:  the  firft  /'i/nw'wj,  which  coniumes  every  combuf- 
liUe  it  touduS ;  the  other  two  have  no  fenlible  beat^ 
and  are  calk.'d  the  SanwiaH  and  Utmutie'V\w\^l^oivM  ^ 
to  whkb  ckTs  others  of  a  Smilar  kind  may  be  re*' 
fcrrcd.      •  ' 

Vhe  Bumiag  pHOsrHoavs,  is  a  combination  of  phlo» 
gi'ilon  with  a  peculiar  m  u1,  a;.  1  confequently  ^  fptLie'? 
of  fiilpliur,  ttifdiiig  to  decoiiip'ife  itfcif,  and  io  as  to 
t.ike  fire  on  the  accefs  of  air  oiny.  'I'liis  may  be  made 
of  iirfne,  blcod,  hairs,  ar.d  ,  i;iHy  of  a.-ivpart  of  ai» 
animal  that  yiehls  an  oil  1  y  Jiltillation,  andmnJl  cafdjf 
of  urine.  It  is  of  a  yeUowiib  col9ur,  and  of  the  confift* 
ence  of  bard  vrax«  in  the  oondifron  rt  ft  leh  6y  the  difiA* 
lation  ;  in  which, Hate  it  is  called  ph'.fphtriu  fu!^urttnt, 
from  its  corrufcationR  ;  and ph.fphonu  fm.^rj^i^nur,  bc- 
caufc  its  h'glit  is  often  green  or  blue,  efpecially  in  places 
that  are  not  very  dark ;  and  fiom  its  conliiU'nce  it  is 
calhd  folid  PhofphotMs.  ft  diffolves  iti  all  kinds  of 
dittuled  oili,  in  which  llnte  it  is  called  liquid  Pbofpho- 
nia.  And  it  may  Ik-  ground  in  all  kindlof  ftit  poma* 
tumst  in  which  way  k  makes  a  luminous  uaguent.*^— 
that  thefe  fort*  are  all  the  fame  prqiaration,  under  dif^ 
fcrcnt  circumflances. 

The  dffcovtry  of  ilits  I'hofphom*  was  made  in  167"', 
by  one  Br.inrft,  a  citizen  of  Hamburgh,  in  his  rc- 
fearches  for  the  phi'ofopher's  (lone.  And  them  thod 
was  afterwards  found  out  both  by  Kunckel,  ,-.n  l  Mr. 
]io;^le,  from  oaly  learning  that  urioc  was  the  chief  fub- 
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it }  fince  tliett  it  hu  been  called  Kunckell'* 
Pkofphorus.  It  is  prepau-J  by  flr(\  evaporating  ihc 
Urine  to  a  rob,  or  the  coiaiueiii.t'  of  lioncy,  anj  after' 
w.irds il.^Ullinjj  it  HI  a  very  ftruiig  heat,  at.  Set  Mfin. 
Acas).  Paris  I'liilof.  TraDl.  numb.  it^6,  or  Abr. 

v«L  3i  pa.  346 1  'Mem.  Acad.  Berlin  1743. 

Mill  J  curioui  and  am  uil  ng  expctimcnU  are  made  with 
Pbolflwrus  ;  as  by  writing  with  k,  when  thclcttera 
will  appear  I:kc  flame  in  the  dark,  thoughr  in  the  light 
nothing  appears  but  a  dim  fmoke ;  alfo  a  little  bit  of  it 


rubbed  between  two  paptr'i,  jirtrt.-ntiy  tnkts  fin-,  ami 
buroi  Tehemcniiy  ;  &c.  Ijy  H-iilurjg  ihc  iacc,  or  Iiai;ds, 
Icc,  witli  liquid  Phofphoru;,  I'.j^y  will  fliiili:  very  con- 
fiderably  in  the  dark,  anil  the  liulrc  wilt  be  communi- 
cated to  adjacent  objcds,  yet,  withoot  hurting  the 
&ia  :  on  bnoging  In  the  candle«  the  fiualng  diiappeata^ 
and  no  change  u  perceirablc. 

Jatjfiaw  or  Jwaaiaa  Fitoaf  mntt^s,  is  a  preparation 
of  a  troae  called  the  Bononian  ftonc,  from  Bologna,  a 
city  in  Italy,  nrar  !  i :'i  it  is  fouad.  This  I'holpho- 
rusbas  no  renfililc  ;ic4ii,  ai;d  only  becomes  lumiaoj>  af- 
ter being  cspofeiJ  to  th:;  Uri  or  da)  lijjlit.  For  the  mc' 
thod  of  prepariug  it,  fee  the  Mem.  Acad*  Berlin 
174^  and  I7S0. 

Ihe  Htrnutk  PHosraoat7s,  or  tbitd  kind,  isapre- 
paraliua  of  Englifli  chalk,  with  aqua  fortia,  or  fpirit  of 
nitref  by  the  lire.  It  makes  a  body  conildcrably  foftec 
than  the  Bologoiaii  ilonc,  but  liaving  otherwiA;  all  the 
fame  qLiiJitic-;.  It  ib  alfo  caHid  E;dJ\v:n'5  riiofphorus, 
from  iu  iiivi-utrir,  (.icrmaii  cl.cmiil,  cillcJ  allu  lie;  ['.u-s 
in  tliL-  lociity  uf  tlie  Natiiije  Curioforuin ,  whtnco  its 
other  name  iiermetic:  it  was  dtfc«vercd  %  little  before 
the  year  1677.  Sec  Acad.  f!ar.  1693,  f«.  S?!  {  and 
Grew'sMuf.  Keg.  Soc.  p>  3{3' 

^jMtcniord/ Phosphor  OS,  6rll  dlfcovercd  by  Hom« 
lofi  it  a  oofnUaatian  of  ^luickJiaie  with  the  ncid  of 
61  anunooiac^  Sgtm  which  it  nxelvei  its  pbL^jillon. 
Mcin.  Acad.  Par.  1693. 

Auii^ijmcd  PHCjrHoauat  i>>  a  kind  dikovercd  by 
Mr.  Geoffi'oy  in  his  cxperioienta  on  aatiaumy*  Mem. 
Aead.  Par.  1736. 

PHOSPHoaus  ^  th*  Lemt-Jlmt,  a  name  given  to  n 
Iloue  from  Berne,  in  Switzerland*  where  it  it  found, 
aad  *lkkh  becomca  a  kind  of  Phofphorus  when  heated. 
Mem.  Acad.  IVwis  1724. 

CaMoift  PHOfPRoaus,  a  very  gooj  kind,  prepared 
by  Mr.  Coiiltii,  ai.  iiiL'tuiuiis  pbilufupher,  from  caU 
unedcj)  li-i  iLi  J*.  I'Liiui.  Traaf.  vol.  58,  pa.  J37, 

Phoi  skokus  Fttal'Uf  a  very  good  kin<!,  i >.iiiI)iti,T(j 
Duiny  wonderful  phenomena,  aud  prepared,  by  Mr. 
Homberg,  from  hnmati  dung  nixed  wtiA  ahim.  Mem. 
Acad.  Pill.  17  tK 

Puosriiuava  MaJloruin,  a  name  given  by  forae 
chcmifta  to  a  prcpration  of  a  certitln  mineral  fpor, 
found  in  the  mines  of  Saxony,  and  otiicr  place*  where 
tliT.  i;  cupper.    Piiiluf.  Ti  auf.  ii^Miib.  244,  p.  365. 

I'iiwji^  tluu  us  <,f  Hvlphu!,  a  i;v  w-difcovcrcd  fpiciLS, 
which  readily  takes  liie  oa  being  cxpoled  tu  the  «>pco 
air,  and  invented  by        JLe  Tcwe.    Alem.  Acad. 

Phosihokus,  in  A(lronomy»  Is  the  morning  iiar, 
i>r  the  planet  Vmus,  when  (he  rifes  before  ihefiu.  The 
Latins  call  it  Li;cifcr,tLe  French  £toik  debetgiri  and 
tkc  Crccki  Pliuljjilionn, 

^  \ 


PHYSICAL,  fomething  belonging  to  nature,  or  ex« 
iftinp;^  'n  it.  Thus,  we  fay  a  Phylical  point,  in  oppofi- 
t.ur.  tn  a  mitlictiiaiict^l  one,  which  lall  only  exifts  in  the 
iniflgin^iti  in.  Or  a  Piiyfical  fubibnce  or  body,  i«  Of" 
position  to  t'pint,  ur  metaphynotl  fubiiance,  &c. 

Physical,  or  Sttifhl:  Herh.QJi.    Sec  Horizon. 

l^Htuco-MaiJiamfkt,  or  JUtMd  MailienuuUtt  in* 
dodea  thoJe  bvatiehea  of  Fhyfics  «-hich,  uniting  obfer- 
vation  aadespcrinent  to  mathematical  calculation,  cx- 
pbin  mathematically  the  phenomena  of  nature. 

Pm-.SICS,  called  alfo  P! xfol'-sj.  and  Natural  PAH 
!f,j'ijjy;,  is  the  d»«:tiir.c  of  natiir.J  budirs,  their  phtno- 
nicna,  caufcs,  and  eAcd^n,  wiili  tlicir  various  affeciiuus,. 
muiions,  operation*,  &c.  So  that  die  immediate  and 
proper  objedt  of  n^Gca*  m  body,  fpace^  aad  mo> 

tion. 

The  origin  of  Pliyficl  is  referred,  by  the  Grcekf,  to- 
the  liarbananf,  viz,  thebrachmani,  the  mag',  ant!  the 

Hebrew  and  Eg^'ptian  prieftt.  From  thtfe  u  pailcd  to- 
the  Gteek  r:i[;ej  cr  foplii,  parttciilii!y  to  Thafes,  who 
it  is  faid  firil  proitifed  tlte  iiuc\  of  uutuie  in  Greece. 
Hence  it  dtfccndcd  into  the  kiicuh  of  tlie  Pythago- 
re:ins,  tl>e  Plaionifts,  and  the  Peripatetics;  irom, 
whence  it  paflcd  into  Italy,  and  tliciiec  tLft>ugh  the 
rcll  of  Europe.  Though  the  druids,  bard**  StCf  had  • 
kind  of  fyltem  of  Phyllcs  of  their  owo» 

Ph^fica  may  b«  divided*  with  regaid  to  the  manner 
tn  which  itha«been  handled,  and  the  perfons  by  vrbom,. 
int'i 

SyTiil'-Jiia!  Puviiei,  ur  futii.  aj  was  coiicl.cd  iiiiijer 
fyn-.bol  i:  fuch  was  that  of  the  old  lig^  ;.iti,iii.-,  I'^tiia- 
gorean«,  and  Platonilts  ;  who  delivered  the  prof  cnira 
of  natural  bodies  under  ailthnetkal  wd  pNunetrical 
charadert,  mid  hieroglyphica.  ^ 

Perifattt'ual  Physics,  or  that  of  the.  AnftotcUan^ 
who  capJaJned  the  aatureof  tbtngt  by  matter,  foroi* 
and  privation,  demeatary  and  orcnit  qualities.  fympa» 
til';  J,  ..ntlpathies,  attraction;,,  5, <.. 

Exf'ttimthtdl  Physics,  v.'nch  eiit,u'rt.'<  iiUei  iherc:!- 
fo:.i  and  natwrcs  of  things  fr  ;,!  c^.;  eiimcnls  :  fuch  aa 
tLolc  in  dicmiilry,  liydicitiaii«;!i,  pacimiatics^  optke, 
fvc.  And 

Altchan'ual  or  CurpufcuLr  Physics,  wliicli  e.xpLina 
iIk  apptaiaiiccs  of  ii:.ture  fiom  the  matter,  u.utiou* 
Bru£lure,  and  figure  of  bodies  jaud  their  jparta;  ail  ac* 
carding  to  tlie-  leitled  law*  of  nature  and  mccbmics. 

iicc  each  cf  ihcfc  articfeb  undir  ito  o^r.  laarl. 

PIASTER,  a  Spanifli  money,  u.oic  uiuailji  called 
Piec-j  of  Eight,  about  the  »alue  t»f  ^t.  C<1. 

PIAZZA,  popularly  called  Piaclu-,  an  lt;.)i,'.n  iiauM 
for  a  portico,  or  covered  x^alk,  fupponcd  Ly  arches. 
FICAKD  (John),  an  able  matiieniaiielat)  of  I  rancc, 


and  one  of  the  mult  Icimed  aluoi.o:: 


of  tl 


century,  wa*  born  at  Flecbc,  and  became  prielt  and 
prior  of  RilKein  Anjou.   Comini;:  aftei\rard«to  Paris^ 

hisfuperior  talents  for  matliematics  and  aiiii.i.u:iiy  u/ua 
made  him  known  and  icfpcf  kd.  In  1666  \.>:  wp- 
■pointed  jiUrouomer  iu  the  Ac,;je:iiy  «:  -eierice^. 
live  years  after,  he  was  b-nt,  iiy  /iJer  of  the  /.it:;',  ti>- 
thccallie  of  I'ianiburgh,  built  by  Tycl  o  lii:  iic  iu  ihw- 
mark,  to  make  adroiiomieal  e'bfe:vaiiciiS  tiicrcj  ai.d 
from  thence  he  brought  theorigin:n  niBrkuTcripti,  wiitv 
tea  by  Tycho  Bralie  ;  which  arc  tic  nie^re  valL/ablc* 
|h(]f  differ  in  man ]r  ^laccijrcu  the  priuicd  C'  ;.ie«,  and 

cottiaiiii 
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iToiit:!!!!  a  book  more  than  h»s  yet  appcjicd.  Thcfc 
difcnvirin  vrerc  followed  by  many  6ther»,  partj'oilatly 
•in  alircmumy :  He  w:is  one  of  the  fitft  who  applied  tlic 
telefoopc  to  aflnTotnfcal  q«sdrAiit& :  lie  firft  exccjtcJ 
tlie  work  callcdi  CmtmfuiceJti  Trrn^i,  which  he 
ci&olttcd  from  t679  to  IW3  t««lufivc1y  :  he  firft  «ib* 
'fcTved  the  liglit  is  the  vacoum  «ftfac  lNtiumet«r,  or  the 
mercnrmi  phofphonw  s  he  alTo  6rftof  any  went  through 
fnreral  p^rt^  (^t  Fra  ire,  to  mti^rure  the  deBTCca  of  the 
I'-ri-nc  h  ir.r-icl:an,  anil  firll  give  a  chart  of  the  C0in;t.y, 
whioh  tlic  CiilTinrs  nftcrwar  '.:.  <-.;r;  'i:ti  to  n  [;rrat  Jr^rcc 
«r  pfifcdion.  He  r'.itJ  in  \t-',z  or  1633,  leating  a 
Jiar.-.e  iltarjD  hi;,  fiiriuls  niu!  re fpr^iablctohil  OMtem* 
porariit  anit  to  poAcrily.   Hif-worka  iret 

1.  A  treatile  on  LevetUng. 

3.  Pmikteal  DbUin]^  by  calcuUtioo. 

3.  Fragments  of  Dioptrici. 

^.  Rxpeiin  .     .Ml  RutiaingWiitier* 

5.  Of  Mi-nfiirt  nil.  i,f  <. 

i'.  Miii:i:i.uj  >-i  i-t  T1'nd«  and  SoL'J*. 

J.  Abridgment  of  the  M«tfurcof  the  Earth.  . 
.  JcHirney  to  Uraniburgh,  or  Aftronomictil  Obfer* 
vatfon*  made  tn  Denmark. 

9.  AflronomialObreratioiKiindeiDdiTCninimof 
France. 

10.  LaConnofflance  de*  Ttftnpji,  from  i67)to  1683. 
AT  ihcfi-,  and  fomf  dtlm   of  bij  works,  which  arc 

much  cilccincd,  die  f;i\tn  in  the  ^th  and  'jX\\  volumes 
of  the  Memoir*  of  th^  AcjJct-.iy  of  Sc ic.ic-i.-,, 

PlCCOLOMINl  (A1.EIAVDKK),  archbiftiop  of 
Patra»,  and  n  nativx  of  Sienna,  where  he  was  bonf 
about  the  year  t^oS.  He  was  of  an  illitftrioui  and  an- 
cient familv,  which  came  onjnnally  from  Rome,  but 
afterwardt  Kttlcdaft  Sieitnx*  necompofc !  witli  fuccrTt 
ftir  the  theatre  j  but  he  wa*  not  more  didiuguilhed  br 
his  1,'oiiMis,  tli.iti  by  tlic  pi;r:tj  of  bi»  manners,  and  his 
reg;itd  to  viriur.  His  chr.i  ity  was  jjrcat ;  and  was 
chiefly  exerted  in  rcUcv.'n  :;  tlic  lu  ci  ifr  i. ,  of  men  of 
letters.  He  was  the  I'uil  who  macic  iife  of  the  Italiao 
language  in  writing  upon  philofophical  fubjedt*  He 
died  atShnra  the  12th  of  Mareh  1578,  at  70  fCSTi 
of  agef  kBrin|r  behind  him  a  niiml>cr  of  works  !n  lta< 
tSsili  on  a  vartctv  of  fubjcAs.  A  particular  catalogue 
of  them  mar  he  teen  t'n  the  Typotrrapbical  OiQionarj  ; 
the  piincipal  of  wbiefi  ?.\  c  tlu  foilomng: 

1.  Vartoiis  Dramatical  Du  ces, 

2.  A  trcatife  on  the  .Sphere. 

3.  A  Tlieory  of  the  I'laoeti. 

4.  Tf«ii(btion  of  Ariflotle^s  Art  of  Rbekork  and 
Poetry. 

5»  ASyflem  of  Mor.ility,  publifhed  at  Veoicet  ti7>i 
jo  410 1  tnntlated  into  French  by  Peter  de  L«iivcy^ 
andprinted at  Piiriii,  1581,  m  410. 

Thefe,  with  a  variity  of  otlm-  woil--,  Ills  ex- 

tenlive  knowledge  in  ii;tti;r.il  j.:l,iI.Ji'v;  l.y,  ir.itiicmatics, 
and  thcii!ogy, 

FircoLOMisi  (Franclv),  of  the  fame  family  uiili 
the  foregoing,  was  born  in  1 5 20,  alnd  taught  philofo- 
phy  withfuccefs,  for  the  fpacc  of  3  2  ycar%  io  ihemuft 
oclcbnttd  univerfitics  of  Italy,  and  aflterwardf  mired 
jloSteanai  whete  he  died,  in  1604,  at  S4  years  ofafre. 
He  wat  fo  much  and  fo  generally  rcfptdtcd,  that  the 
city  went  into  mournin?  on  his  cK.r  li. 

riccolomiui  labourcdto  revive  the  do^rine  of  Plato, 
a 
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and  enQravniued  ilfo  to  imitate  the  manners  of  th»t 
philofophtT.  He  h»d  for  his  riva'  tlic  famous  j-iiret 
Zabar  Alia,  whom  he  eiccUed  in  facility  of  rxprefiioa 
nr.d  neat nc it  <■■(  diciiooi  but  to  whom  he  wa«  aMich 
inferior^ io  point  of  ai;piamiit,  bcoaufe  he  did  notexa* 
mine  tnattento  the  bottom  » the  other  did  \  but  paded 
too  rapldlr  from  one  propofition  to  another. 

PlCKEr,  Pl'^ct,  or  Piijnrt,  in  Fortificatioo  *c, 
a  ftake  (harp  at  or.L-  cml,  a:>d  ufually  (hod  'witb  iron  ; 
»'!<•<!  in  laviniy  out  ^.thkihI,  to  m^rk  the  fenrnil  hounda 
:.ni\  nj_j;li:s  of  it,    ThiTC  arc  r^lfo  Pickets,  drivrii 

into  the  earth,  to  hold  together  talciiics  or  fi^ggots,  in 
ivorka  that  are  thrown  up  in  hafle.  At  aifo  wilMM 
font  of  fmaller  Picketi  for  dima  other  nfea. 

HECESf  to  Amlierj,  iadude  all  foita  of  great 
'  gnm  and  taortiia  %  jncantng  Fieoca  of  ordMMcck  or 
of  artiUery. 

PIEDOT^CHE,  in  Anhiteaurc,  a  little  Hand,  or 
pcdeftal,  eithci  oljlong  ni  fqiiarf,  enriched  with  mould- 
in;;*;  ftrvini;  to  (Mpport  a  biil\,  or  Dthcr  hVlefiglB* | 
and  it  more  ufitaliy  calleti  a  bracket  pedettai. 

PIEDROIT,  in  Anrhiteaore,  a  kind  of  fquare 

Slhtr*  or  ner*  partly  hid  within  •  wall.  D^fferinr 
the  Pihfter  by  having  no  regular  bole  aor  nphiK 
PiroROTT  is  alfo  nfcd  rar  a  port  of  the  foWd  wall 
annexed  to  a  door  or  window ;  comprehending  the 
dottrpoft,  chambranlc,  tableau,  leaf,  Ac. 

PIFR,  in  Buihiinrr,  denotes  a  mafs  of  ftone,  ftc, 
opjiofcd  by  «ay  of  tortrefs,  ajjainil  the  force  of  thi* 
fca,  or  a  great  river,  for  the  f^ctnity  of  fhipi  lying  in 
any  harbour  or  haven.  Such  are  tljeFicta  atlDoferpOr 
Karofgate*  or  Yarmoath»  4cc. 

PiBR«  wR  alTo  afed  i«  Arehitcdare  for  a  kjrid  of  pi- 
Uftertt  or  buttrcfTet,  raified  for  fopport*  ttrciigtb>  and 
foffletimei  for  ornament. 

Cir:t.!,tr  PiEns  arc  called  Maflivc  CoTumin,  and  are 
cither  v. .th  or  withnut  cjps.  Tbefc  arc  often  fcen  io 
Saracenic     chit cv lure. 

Piers,  of  a  Bridge^  are  the  nails  built  to  fupport 
the  arelict,  uA  fiom  ivtuch  tbcf  fpriBg  m  bifea^  to 
itandii^oiu  * 

Pier*  ftooM  be  bnih  of  large  blodct^  of  flone,'  fiiiKd 
throughout*  and'  cramped  toflctber  with  iron,  which 
win  make  the  whole  as  one  foHd  ftone.  Their  cxtrrmi« 
tics,  or  finis,  ti  jni  :f;c  hnttor;!,  oi'  bjfc,  up  to  h'/^h- 
wattr  iiiaik,  (lUf^iit  to  jir  iiei't  ibarp  out  ^vith  2  laiiant 
angle,  to  divl  ir  t'ru  iMf.im.  Orptrhaps  t'.c  loMom 
part  oftbePterflioiiidbe  buiit  flat  or  fquare  up  to  about 
half  the  height  of  low-water  mark,  to  encourage  a 
bdgment  ^gain&  it  for  the  fand  and  mud,  to  co«er  the 
ftiiindationt  left*  being  left  bare,  the  water  fliaaM-in 
time  undermine  and  r  iin  it.  'Hie  heft  form  of  the 
ptujeiftion  for  dlvidinj^  the  (hea^n,  it  the  triangle  ;  and 
tl»c  L  ii;  :r  It  is,  ortlie  more  .ic  itc  the  faliart  angle,  the 
bc'Llcr  It  w  ill  (lividc  it,  ami  the  let's  will  the  force  of  the 
water  bi  aj^^ainft  the  I'lti  ;  bjt  It  may  he  I'ulTicii'nt  \9 
make  tiiat  angle  a  right  one,  as  it  wdl  render  the  ma- 
fonry  llron^'er,  and  in  that  cafe  the  perpendicular  pro- 
je£^ion  will  be  equal  to  half  the  brcaath  or  thlckoen  of 
the  Pin-.  Id  rivers  where  large  heavy  crafb  nangate* 
and  pad  the  arches,  it  may  perhaps  be  better  to  make 
the  eiidi  femicirciiIaT }  for  though  this  figure  doe»  not 
di-.:Je  the  watrr  Uj  w  ell  as  the  tlinnglc,  it  wiU  better 
turn  otf,  an4  bear  the  (hock  of  the  cratt. 

Ibe 
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Thi  ttmkaeft  4f  due  Pirn  ought  to  be  fuck  m  will 
•nkethent  of  weight,  or  ftrtrngih,  fufficient  to  fu^ 
pcwt  their  tnterpcrnt  atch,  ituitpcndrnt  of  the  affi.'wincc 
of  any  other  arches.  And  then,  if  ihc  middle  at  tiic 
Pier  faiie  run  up  to  ita  full  height,  the  ctn trills  mjy  be 
ibvck,  to  be  ufcd  in  another  arch,  before  the  hanciie* 
or  (ptndrek  are  fiHed  wp.  They  aught  olfo  to  be  made 
wkb  almMid  bottom  tm  the  ibimdiiiMt  «nd  gnduallj 
>liiiiwMi>a  in  tbkkadt  by  oAeU  tip  to  Witatcr 


To  fiu!  lie  th'ulntfs  FO  r/  ihe  P'uri,  nece<rai7  to 
fupciurt  an  arch  ABM,  this  is  a  fjrneral  rule.  Let  K 
be  tbe  centre  of  gravity  of  the  half  arch  ADCB,  A  = 
ita  area ;  KL  perpendicular  to  AM  the  fpaa  of  tbe 
trch,  OB  iu  beigbt,  aod  BC  ht  thiekncft  at  the 
■  then  IB  the  thickn€fc  "4>f  tbe  pier 


TO  =V. 


aGA  X  AL 


X  A. 


£F  X  KL 

Smne  aothon  pretend  to  gl«e  nvmben,  in  tables,  for 
ftttporpoTe}  hut  they  arc  very  erroneooft.   See  my 
tieatife  on  the  I'lincipl 
PLK£,  an  offenrivc 
woud,  12  or  1^  feet  long, 
ficcl,  called  the  fpear. 

Plixry  fays  the  Lacedemonians  were  tin  inventors  of 
the  Pike.   The  MandsaiaB  phntaz  «w  cmdem(|r  » 


»  cif  Bri(!,,'ej,  fcft.  3. 
wcapf>n,  coniitting  of  a  (haft  of 
'-^  iNtb  « iM^pointcd 


The  Pike  wna  kang  thein&ttrr,  t*  enrfik 

tbem  to  fuflain  the  attack  of  the  cavalry ;  but  it  is  now 

t^krn  frnir.  th«m,  and  theb;iyonct,  fixed  ti)  the  rni://!? 
of  ti.e  firelock,  is  given  inftead  of  it. —  It  is  iliU 
ufed  by  fome  flfieitt  flf  iDfioilij^  vodor  the  name  of 
pontoon. 

Na1f?\ti  is  the  weapon  ranrM  hf  n  afieer  of 
fcot;  bdiya^y  8  or  9  feet  long.  ' 

PILASTER,  hi  ArehiteanR,  a  A|inae  eahmm, 
faaiMiawa  infulated,  but  more  frequently  bt  witliin  a 
wan,  aod  only  projcc\ing  by  a  4th  or  5tb  part  of  its 
tkieknefs. 

The  Pilaflrr  Ir  different  in  the  difTtrciu  orders;  bor- 
sowinp  the  name  of  each  order,  and  havinjr  the  fame 
froportiunn,  and  the  fame  cnpitnU,  membei  s  and  cirn.i- 
nsuts,  with  tbe  columns  thetnfelvct. 

i>«ni-PlLA(TSnt  called  alfo  liltr^tretta,  ili  a  PiUftrr 
dittfiipperta  an  Brcfa<i  ml  it  generally  ilands  agvaft  a 
jper  coliimiK 


PILES,  In  Buil3i^g,  are  large  (lakes,  or  beams*, 
(barpened  at  the  end,  and  (hod  with  iron,  to  be  driven 
intu  tlie  ground.  Sat  a  feaadatko  to  baild  npoa-  ioi 
marfliy  placei. 

Amrterdain,  and  fome  other  cities,  are  wliolly  built 
upon  Piles.  The  (loppage  of  Dagcntuir-brcach  waa> 
eireded  by  dove  tail  I'ilcs,  that  iaby  Pilet  atartifeA 
tatoone  another  by  a  dovetail  joint* 

Pikt  are  diivcu  down  byblowtof  alaigc  iroB  weight,. 
«fBi,or  hammer,  dropped  continually  upon  them  from  • 
height,  till  the  Pile  is  funk  deep  enough  into  the 
gmnd* 

Notwtthttanding  the  momentum,  or  forccof  abody 
in  snotion,  is     the  weight  multiplied  by  tlie  vilociiy, 
or  fmiply  as  its  velocity,  the  wciglit  being  given,  or 
cotillant;  yet  the  effed  of  the  btovr  will  be  neaily  aa 
the  fqtMK  of  that  velocity,  the  e&eOt.  behig'thc  quanfi«. 
ty  the  Pile  finka  in  the  ground  by  the  ftf ofce^   rV  'he 
force  of  the  blow,  which  iatnratferred  to  the  Pile,  being  • 
dcllrnyed,  in  fome  certain  definite  time,  by  the  fri£tiot». 
of  the  part  which  is  within  the  cajth,  uhiili  is  nearly  a 
conllant  cjiiantity  ;  and  the  fpacca,  in  cuni'lant  foice«, 
being  as  the  iqii.uos  of  the  velocities;  thcitfo.-c  tbe  ef- 
fects, which  are  thofc  fpaces  funk,  are  neatly  as  tlie' 
fiquare  of  tbe  velocities ;  or,  which  is  the  faoie  thing,, 
ncariy  as  tbe  hcijrhta  fallen  by  the  ram  or  hamoKr,  to 
the  Kead  of  the  Pile.  ^  See,  upoa  thia  ftit^cd,  Leopold 
Belidor,  alfo  Dcfaguliers't  £xper.  Pbllof.  vol.  i,  pa^ 
336,  and  voL  2,  pa.  417:  and  Philof.  Tianf.  1779, 
izo. 

There  have  been  v-arious  c<intrivanccs  fur  iai:':ii^  ;ind, 
dmpping  the  hammer,  tov  driving  down  the  Piles; 
fome  Ample  and  moved  by  (trengtb  of  men,  and  fom» 
complex  and  by  machinery  ;  bat  the  completed  Pile*. 
Driver  ia  cftccmcd  that  irhich  wh  employed  in  drivin|p- 
ihe  Pika  !■  dm  Imdatlmi  of  Wdbninftfr  bridges 
Tfait  machine  «aa  ibe  iawAtba  of  a  Mr.  VaaloM^  uA 
the  deftnription  of  it  tt  as  followt. 

Drfcnptiea  of  FiiuLue'i  ViLt.-Dn'»fr.  See  fig.  7,. 
pi.  XX.  A  is  the  great  upriglit  rtiaft  or  axle,  carrring 
the  CTeat  wheel  B  and  drum  C,  and  turned  by  h>j>fc» 
attached  to  tbe  bars  S,  &,  Tbe  wheel  B  lurni  the 
trundle  X,  having  a  ll][  O  at  the  top,  to  regulate  thtf 
motioa,  and  to  a&^gainfttbahorfei,  and  keep  thcnt 
fiom  falliiw' whan- dm  heavy  ram  Q^it dlfcngagcd  tot 
drive  die  Put  P  down  iaco  the  mud  Sic.  in  the  bottook 
of  the  river,  laa  drum  C  i«  loofe  upon  the  IHaft  A,, 
but  is  locked  to  the  wheel  B  by  tbe  bolt  Y.  On  this 
drum  thcjrrrat  ropcHH  is  wound;  one  end  of  it  btriiij 
fixed  to  the  drum,  and  the  nthrr  to  the  f&llo,wcr  G, 
palling  over  the  pulleys'  I  and  K.  In  the  follower  G  are 
.  contamed  the  tongs  F,  which  take  bold  of  the  ram  Q^,_ 
by  the  ftaplc  R.  tor  drawing  it  np.  D  ia  a  fpiral  or  fu> 
fee  fixed  to  the  dnmi,  on  Mikli  wliida  the  fomtl  rope  T 
which  goes  over  the  pulley  U,  under  the  pulley  V,  and 
ia  faftened  to  tlie  top  of  the  frame  at  7.  To  the  pulley- 
blrck  V  is  himg  tl:e  coiii.tcrpoift  W  ,  whi  h  li  ;i  '•  i:i  ;hc 
fwliower  from  accric rating  a-  it  gDca  clown  to  take 
lK)'d  of  the  ram  :  for,  as  the  fnllowcr  tends  to  acquire 
velocity  in  ita  defcent,  the  line  T  winds  dewnwarda 
lipoB  tm  fufte,  OS  a  larger  and  httgcrradhM,  hV  which  . 
mcaaa  the  eotmterpoide  w  t£u  flyoagtr  hisd  ftrmgev 
aminft  it}  and-fo  aHgwa ir  lo-eana  lowa<wilh  oaily  « 

•         '   ■  Ttehak.YWisthor 
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<inm  to  Ae  great  wheel,  belog  puflied  upward  by  tbe 
finiH  lever  t,  which  goc»  tliraugh  a  mortile  in  the  flttft 
A»  (urns  upon  a  pin  iu  the  bar  3  5xcd  into  ttte  great 
wheel  B,  and  li/isa  «cight  4,  which  alwaji  teuali  to 

£ufh  itp  the  bolt  Y  tiiroi:;r'i  '.he  wliccl  into  tFic  {{rjf.1. 
.is  thfgtMt  levtr  turning  on  thTaxi?  n,  mid  rolling 
upon  the  foioing  hur  5,  j,  which  gn-.  s  d  v;  n  thron;r|)  a 
hollow  intht  Ibaft  A,  and  bear*  upon  the  little  Iirrer  7. 

Hy  the  liorfos  going  lound,  the  great  lope  H  is 
wound  about  the  drum  C,  and  the  ram  QJ>  drawn  up 
hf  the  tangs  V  in  the  follow-cr  G,  till  they  come  be- 
tween the  inclined  plancf  £  t  which,  by  Ihuttin^  the 
tongi  at  the  top,  open  then  below,  and  fo  difdiar^e 
the  rrfin,  which  i\!U  down  between  the  guide  polls  M 
upon  the  Pile  i',  and  drive*  it  by  a  few  (Irvkes  at  far 
into  the  ground  a*  tt  can  go,  or  as  ii  delired  ;  after 
♦•hich,  the  top  part  is  fawcd  off  clofe  to  the  mud,  by 
an  enj>iiit  for  tliai  purpofe.  Immediately  after  the  ram 
is  discharged,  the  piece  6  upjn  the  follower  G  takes 
hold  of  the  ropes  aa,  whi(.h  raife  the  end  of  the 
lever  L,  and  caulc  its  end  N  to  deCcend  and  prtftdowu 
th«  forcing  bar  5  u]>on  the  lUtk  lever  a,  which,  by 
drawing  down  the  bolt  uulacka  the  dmm  C  from 
the  great  wheel  D  ;  and  then  the  follower,  being  at  li- 
f  .  It)  .comes  down  by  itson  n  ^^  ci(;'it  to  I'n  ratii  |  and  the 
luvvtr  cods  of  the  tongs  flip  over  the  R,  and  the 

weight  of  their  hcadscaufes  them  to  f.iU  oiitw.Ti.i,  .iml 
fliuts  upon  it.  Thcntiie  wci^Lt  4  puflics  up  the  bolt  Y 
into  the  drtiii;,  which  locha  it  to  IM  gmt  wheel,  and 
ib  tbe  ram  h  drawn  up  as  before. 

Adhe  follower  comes  down,  it  caufet  the  druM  to 
tum  backward,  and  unwinds  the  rope  from  it,  while 
the  horfe^  the  great  wheel,  trundle,  and  fly,  go  on 
whh  ::v,  uniiUctfufitcd  ii->otio!:  ;  and  as  the  drum  is 
tuMiiiij^  I  ,iLkward,  tlic  cotjiiterjioirr  is  drawn  up, 
ir.il  is5  rojjc  T  vvoiind  iipiin  thf  Ijiiiul  fu'^ce  D. 

'i'lierc  arc  kvcrai  hole*  in  tbe  under  fide  of  the 
drum,  and  the  boIi  Y  always  takes  the  Aril  one  that 
it  find*  when,  the  drum  flop  by  the  falling  of  the 
Jolowcr  t^NO  tlic  ram  ;  till  which  lloppagc,  tbc  bok 
baa  not  tiae  to  fl.^  into  any  of  the  holes. 

The  pecidtar  aimntagcs  of  this  engine  are,  that  the 
weight,  callc:!  t!ii.-  rnm,  or  liLiinmcr,  may  be  taiftil  with 
the  Itafl  fcr^t  ;  liwl,  vvIrh  it  v..  rail  d  tM  a  p!it;)er 
Ji-r'^'la,  it  iLMuily  difengages  kkU  and  fall.i  v.  itlj  the 
(Htiioil  frcrduni ;  that  the  forceps  or  tongs  arc  lowered 
down  fpicdily.  and  inltantly  of  thcmfelves  again  lay 
hold  of  the  ram,  aiid  lift  it  up ;  on  which  acGOOnt 
thi^  machine  will  dnve  the  grratill  number  of  p3ca  ia 
the  leaft  time,  and  with  the  Icwell  labourers. 

Thrt  engine  waa  placed  i>pon  a  barge  on  the  water, 
and  fo  was  eafjy  ccn,v^ycii  to  .i;,y  placr  dfTirid.  The 

lain  was  a  ton  weight  ;  and  tin-  iMiiJos  t,  b,  by  which 

it  was  let  fall,  were  30  fei.; 

A  new  machine  for  driving  pile*  has  Incn  invented 
lately  by  Mr.  S.  lionce  of  Kirby-flreet,  Hittuu-ftreet, 
XiOiKlon.  This,  it  is  faid,  will  drive  a  greater  number 
of  Piles  ig  a  given  time  than  any  other ;  and  th.it  it  can 
be  conAcnded  mote  tody  to  mnk  by  faorfca  than 
Vauloue'a  engine  above  delcribed. 

Ftg.  5  and  4,  plate  xx,  reprefent  a  TkIl'  and  front 
frAton  of  the  machine.  The  chief  ;iai  ts  arc,  A,  ti,-r.  ^, 
which  arc  U\o  endleCi  ropes  or  cImIds,  cLuii-.tittd  by 
cfofi  pi<;c«  of  irgaB  (%.4)  corrcfponding  with  t»o 


cmfs  groovet  cot  diametrically  oppoDte  in  the  »h;cl  C 
t*'g'  3)  which  they  arc  rectived  ;  and  by  which 
mcaB*  she  lOpe  or  chain  A  ia  carried  round.  FUKia  a 
fide. view  of  a  Anrng  wooden '  frame  moveaMe  on  the 

axis  H.  D  !j  a  whcL'l,  over  wMcti  tlic  chain  pafTcs  aral 
turns  within  at  the  top  of  the  {y.wv.r.  It  rt',  >vcs occa- 
lionallyfrom  FtoG  upon  the  i  t  i  tn-  I  I,  and  is  ktp:  in 
the  pofition  Fby  the  weight  I  tixcd  to  the  end  lv>  In 
fig.  L  is  the  iron  ram,  which  is  connefled  with  the 
crofs  pieces  by  the  hook  M.  N  isa  cylindrical  pic(!coS 
wood  fufpcnded  .it  the  hcK)k  at  O,  wliich  by  Hiding 
freely  upon  the  t»r  that  conm  ds  the  hook  to  the  ran, 
always  brings  the  book  upr!  Jit  upon  tbtf  chain  wImo  at 
thf  bo'. torn  of  tbe  nwcbine,  tu  thepofitioo  of  GP.  Sec 

It't.  s. 

W  liL  'i  th  .-  man  at  S  turns  the  ufual  Crane-work,  the 
ram  being  conncded  to  the  chain,  and  puffing  between 
the  guidts,  is  drawn  up  in  .%  p^;  pcu  licidst  direftion  | 
.tnd  when  it  is  near  the  top  of  the  machine,  tbe  projeft- 
ing  bar  Q_of  the  hotlk  llrikej  againl^  a  crofs  piece  of 
wood  at  R  (fig.  3)  s  aod  conCn^iicatly  difchaigca  tho 
ram,  while  the  weight  I  of  the  moreable  frame  ihfiand^ 
draws  the  upper  wheel  ti^to  the  pofition  fhevn  at 
and  keeps  the  chain  free  of  the  mm  in  its  defcent.  The 
hook,  while  dtfceiuling,  is  prevented  from  catching  the 
chnin  by  the  wooden  piece  N  :  fortliat  piece  being  fpe. 
cilio.  liy  li;.',!i'cr  than  tnciroti  v.cight  below,  Sud  mo-.ing 
with  a  Icfb  degree  of  velocity,  cannot  come  into  conta^ 
with  the  iron,  till  it  ii  at  the  bottom,  and  the  ram  ftopt. 
It  then  falli,  and  again  conncfls  the  hook  with  the 
cliain,  which  drawi  up  the  ram,  as  before. 

Mr.  Eunrehas  made  a  SMidcl  of  tbia  machioe«  which 
performs  ptrfeftly  well ;  and  he  obfervn,  that,  aa  tbe 
n"'>tii):i  nf  tlif  V  fu'fl  C  Is  unliilcriDptcd,  ibfrc  ajipeart 
tu  I  f  tlic  Icalt  pofliblc  lima  loft  m  the  operation. 

I'lL^  is  alfo  ufed  iinong  Avchxtcftfl^  ftr  B  Oiila  or 
body  of  building. 

Pile,  in  Artdlery,  denotes  a  collection  or  heap  of 
jhotor  fhella,  piled  up  by  borixootal  ouurfeainto  cither 
t  pyramidal  or  elfe  a  wedge-like  Ibim  \  the  bafe  being 
an  eqoibtccal  trian<T|r,  a  iiguarc,  or  « tedaagie.  In 
the  trianerle  and  fquare,  tbe  Pile  tenmnaitea  in  a  (inele 
ball  or  point,  and  forms  a  pyrnn\ Id,  :is  in  pl.itc  nIx,  lij;. 
4  and  ^,  but  with  the  rectingiibr  bafc,  il  liinflitsai  top 
i  [i  a  unv  of  balls,  or  an  edge,  form  i  ng  a  vvodge,  as  in  fig.  6. 

in  the  triangular  and  fquare  Piles,  the  number  of  ho- 
rizontal lOWa,  or  courfes,  or  the  number  counted  on 
one  of  the  angles  from  the  bottom  to  the  top,  is  alwaya 
cqoal  to  the  number  counted  on  one  fide,  in  the  bottom 
raw*  Ajid  in  redangahir  Fileik  tbe  anmber  of  iowb» 
or  courfet,  it  equal  to  tlie  number  of  bda  in  tlia 
breadth  of  the  bottom  row,  or  (hortcr  fide  of  tlie  bafe  : 
alfo,  in  this  cale,  the  number  in  the  (op  row,  or  edge* 
is  one  mure  than  the diifercticc  between  the  Icn^tli  and 
breadth  of  the  bafe.  All  which  is  evidcui  from  Uie  in- 
fpecliuD  of  the  ligurcs,  as  above. 

The  courfes  in  thefc  Piki  arc  figaratc  numbers. 

In  a  iriar.gular  Pile,  each  horizontal  courfe  is  a  trian- 
gular numbCT*  produced  by  taking  the  fiKccffire  foota  of 
tbe  onUaate  BUmben,  viz, 

J  s=  I 

1  +  2  =1 
I  +  a  +  ,  =6 

1  +  2  +  3  +  4  =  *«• 
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And  tht  numWr  of  ftiot  in  »lic  trianj;ular  Pile,  iithe 
fuui  or  i'.ll  ilxleuiangubr  t.iiaibcrs,  takt  n  .;s        or  lo 

many  tcrmr,  as  tlic  number  in  one  fidv  dn?  hafc. 
And  t'  l  .  :  I  ,  »ti  find  tliis  fiimjor  tli:  luimbcr  of  allUic 
ihot  ill  the  r  ic,  multiply  continrially  topclhcr,  the 
BUmbcr  inoneh  ..V'  uf  the  hafe  rou-,  nnd  tliat  number 
tticmfl^  hy  t,  and  the  famt  number  toarcifed  by  z  s 
then  }  of  th^  tall  prodnft  will  be  the  anfwer,  or  aumber 
of  all  the  II  ■.ut  in  llic  Pile 


That  tc, 


»  the  Inm} 


wliere  n  is  the  niirr.bcrin  t!)e  bottom  row. 

Again,  ill  Sq'isrc  Fil'.-e,  each  burizuiiial  cotirfe  is  a 
fqiiarc  niiinJurr,  pnidiiccd  by  taking  llic  fquarr  of  tlie 
number  in  iu  Oilc»  or  the  fuoctffivc  fuma  of  die  odd 
BtuRbert,  thu», 

>  +  3  =4 
i  t  S  +  5  -9 
i  +  3  +  J  +  T     i6,  Su:. 
And  the  numhcr  of  (hot  fn  the  fqutre  File  U  Ait  turn 

cf  all  tilde  fr.Li:ii;'  r:  iiml.t;  ■ ,  1 1  Mtir-iicJ  fo  far,  or  tu  as 
inany  Icitt. :.,  as.  lisc  iiuii.Lt.i  a.  i.i.c  lidc  of  the  bafc. 
And  l^<.]Lf<  ic,  tu  find  this  fuin,  multiply  cant inuiJly 
together,  tiic  nnmbtr  in  one  fide  of  the  biitlom  couifc, 
ami  that  number  iiicriafed  Ly  i,  and  double  the  fau>c 
Biifflhtrincreaitd  by  1 1  tbcp  j  of  Ute  iaik  prbdu&will 
be  tbc  fiim  or  onfircr. 

11.9+  I .  M  +  I 


IS  the  fttiiiu 


'  In  a  redanjjnlar  Pilr,  encli  horiMmtal  courfe  is  a  rcA- 

an(;!e,  whofc  two  lldcs  hav\- i^y.  lys  the  Aimc  difiirtuce 
as  iliofc  of  ihf  b.ifc  ct'urfe,  and  liie  breadth  of  the  top 
row,  or  et?j;t,  bcinpf  only  I  :  ht'r-aufr  crch  coutfe  in 
afcending  has  it«  Icrirth  and  brcmith  always  Icfs  by  i 
than  the  ronrfe  next  Lilow  it.  And  thcfi;  rtcTan^ul  ir 
cooHrtatv  fouml  by  multiplying  fuccefiifcly  the  termi 
«r  breadtbf  tt  >•  3«  4«  &cC  ^y  the  fame  terint  added 
^tothe  cuoliaiit  difTriinLt;  uftlit.  two  fidcC  J,t  thu^ 

I  .  1  4-  <  /  =■.   I  +  J 

a  .  :  +     =t   4  +  2-/  , 

4.4 -I- iC     4^,  lltc. 

And  the  nrniA-r  oT  fl'-ot  ir  ih  -  rr.'!;in;;t:lar  T.lc  n  r  nc 
fum of  all  thi Ii  iL'iraii.j'is,  \ M  li,  ItJ^cuLicnt,  cuiifiil 
tf  the  f.:rM  of  i!;tf  fjiurcs,  tf;.;^:!^.  r  'th  the  fi.ai  of  sii 
trithnHlir.n!  prn.;rif,"  cei  ti  am)  t;U  tl  c  luiinbcT  of 
t-.tmsbf  ti.L-  ciiTLtiurt  Iftwcii)  ;;:L'liii.nh  nr.d  br<.^tl;li 
of  lit- bafi',  rtil  I  !i  r  ti.:in  i;  r  r'Jj I  r  lijp  row.  AiiJ 
tlitrcitir;,  to  fin  J  '.Iiij  f>ir,',  n  j  iy  <iiminua!ly  toge- 
ther, the  ouotbcr  in  the  breadth  of  the  faafe  tow,  the 
Umt  BUtnber  incnrafcil  by  r,  and  double  the  fame 
bunbrr  increaft'd  by  i,  a;:d  al'o  iiinciifcd  I.-.-  tii^lr 
the  diffetence  fcetwitn  the  Inr  cl,  ;.i.d  LitMCtti  ot  1I.C 
Uk}  theu  i  of  tl  c  Lil  proJLtl  willbetbc  lUifwcr. 


That  is. 


u  the  run* 


%heTc  h  is  the  br(  ?dtb  of  the  bafc,  ssnd  rfthe  difTerence 
between  the  length  andbrend'h  of  tl.t  bottom  touTfc. 

Aa  to  incomplete  I'ifcs,  wliith  arc  oclj  fruilums, 
,..V«l<.  IL  f 


wantinc:  a  Cmilir  fniall  Pih-  at  the  top ;  it  i«  evident 
that  the  number  in  them  will  br  found,  hy  firfl  com* 
puting  ihc  nunbcr  in  the  whrle  Piie,  as  if  it  were  com- 
plete, and  alfo  the  nuinbrr  in  the  fmall  IMc  wanting  at 
top,  l  oth  by  their  proper  rule }  and  liicn  luLtraCling 
the  one  r>'.ir-.l>f  r  from  the  other. 

In  piling  of  Ihot,  wlien  room  iaan  d^icd,  it  may  be 
obfervedibat  the  fjuare  Pile  isriie  Icaft  thj:i!)!e,  of  any, 
aa  it  takes  lip  more  room,  in  proportion  to  the  number 
of  (|iot  contained  1*11  it,  thnn  eittur  of  the  other  two 
forms;  ciiil  tliat  the  nrtan^iil.ir  Piic  ii  the  roof*,  i^ij'-i- 
ble,  as  taking  tip  the  lead  room  in  pri'-jortion  to  tJie 
number  it  contains. 

FILLAK,  a  kind  of  irregular  coliuno,  roond* 
and  infulated,  or  drtachtd  from  the  wall.  Pilbt«arC 
not  icftrit^kd  10  any  rtUct,  titetr  parts  and  oroportiona 
be  ing  arbitrary  \  fuch  foT example  as  thofe  tnit  fupport 
Sarsccoic  vaulti,  and  other  biiilcin^'i.  Sec. 

PINION,  in  Wtchauics,  isana^bor,  or  fpindle,  in 
the  body  of  wbith  arc  fcveral  nirtthcs,  wl-i^h  ate  catched 
by  the  teeth  of  a  wheel  that  ferret  to  turn  it  round.  Or 
a'Pin!on  if  uj  leSer  wbcet  thiitpbya  in  the  teeth  of  s 
larger. 

In  a  watch,  &c,  the  notclies  of  a  Pinion  are  called 
leaves,  and  not  teeth,  as  in  other  wheels  j  and  tjieir 
number  is  coininonly  >],  5,  6,  8,  &c. 

PixioN  rj' Ritriri,  is  thsl  Piiiion,  in  a  «~i:ch,  com- 
mooly  fixed  on  tfieartor  of  a  rreat  \\  hccl:  aud  which 
ufed  to  ha^c  bt.t  fourlcivcii  in  li^d  watvliesj  it  drivctthc 
dial-whcfl,  rtid  can  it*  nlio'it  the  iimul. 

T;ic  number  (if  turns  to  be  Lid  upon  tf.c  Pinion  of 
report,  isfiu  nd  by  this  proportion  :  tho  beats  in  one 
turn  of  the  grc.it  uh«tl,  are  lo  the  IrcoJo  isi  anh'otlr,  fo 
are  the  hours  on  the  face  of  the  clock  (vi/  la  or 24)* 
to  the  quotient  of  the  honr-wheel  or  dtal-n-hect divided 
by  the  Pini'in  I  f  report,  t!:3l  if,  by  the  inir-.l-i  r  (jftiitna 
\vl  ii  h  the  Piii'^'n  (>f  npiirt  linlh  in  t  nc  turn  of  the  diat- 
wherl.  Wl.ich  in  rii:r:ve;r  is  2- (J  ;  .'cd^fi  ::  i;:iy. 
—Or  thus  ;  a?.  '.I.l'  hciir;;  of  the  umkI-'s  :'r;;,  irc  to 
the  niMubei';  of  tlie  tii'ns  of  l",e  fufi  ;•,  !vv  .tic  il.t  hrmra 
of  the  face,  to  the  (juotivnt  ol  the  I'lr.ion  of  report.  So* 
if  the  hours  be  tJ,  then  as  16)  1:  : :  tz  :  g ;  but  if* 
14,  then  as  16  :  12  :  t  Ji;l :  t!l. 

This  role  may  ferrr  to  lay  the  PInicn  of  report  on  any 
C'.her  v/hecl,  1^:i.t  :  a-i  the  Ih'..!-;!!:  (-"t-  t-it;i  i.^f  anr 
v.';r:t,  to  ((  <•  b-..t5  in  r.n  !  '.cr,  fo  r  ]uy.\r»  ur 
fh.t  h:v./,  r  r  rtc,  of  tJ.c  v/?:^:,,  to  t".^-  (jvi ''ent  of 

thi-  f^;-il  wlj  ii  K::v:i'.  d  h\  tiu'  I'i  iion  of  report,  flied  on 
tliv  rp'iiole  of  thi.-  i^forffaii!  •.vhctl. 

PINT,  ;i  n>.  afjreof  caixicity,  being  the  8th  part  of  a 
ga!:.)n,  both  in  ale  and  vine  mcafurc,  fte.  Thett-ine 
Fir.t  of  pure  fprinc  w?ter,  wciehs  near  1;  an»ce»  avoii^ 
diipo.s,  and  the  Me  Pint  aKtth,'  atiore  10  ouncc«. 

The  Pari,  Fi'-t  contains  about  ;  ponrds  of  comninn 

water.  A:  i  ti.c  Sc..I(  :i  Pii.t  cc:';lsi:.5  lot^}  cubic 
ir.chf «,  and  thfVfforc  rorit:ii;ih  J  r-rir.Ii:n  I'in's. 

PISCES,  the  i:tli  fi^'n  or  l  oriilcilaitoii  in  the  zo- 
diac ;  in  ;[i<-  fo:m  of  two  fii'hfB  li  J  t<i-cthcrby  tl;c  tails, 

'I'ht  Grri  ltft,  who  have  f;::  ic  fable  to  ECC(.tint  for  the 
ongJn  of  every  conftellatioii,  tell  ns,  that  when  Vcirav 
niul  Cupid  w  ere  one  lime  on  the  banks  of  the  Et»- 
plir.itrs,  there  appeared  before  them  ihit  trrnble  ^ant 
Trphor,  nl',0  \m  fo  Kjii;;  a  tL-r:o.-  to  .  ;i  tl.- Cti  ds. 
Tl.efe  deities  iu;mcdlftlJj,  il.<.y  ijy,  iJ.;cu  liicmfdvea 

Hh  '  ' 
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into  tlic  wiU-r,  ;ii.J  w^rc  time  cl,aii;;<J  iiitothcfc  two 
fifhcs,  till-'  Fi!tc<i,  by  vv  ^tcl)  iJiL-y  td  danger. 
Sui  the  Et<^  p'.iaiJ-i  ulcti  tlic-  I  gn»<if  the  /.ociiac  as  part 
of  iheir  hicrnj.  1}  [j'uc  l.4i)j(ii.i;^< ,  r.nd  hy  the  u  ihey 
conveyed  :ui  itlva  i,(  liie  proper  cnipUivnuiU  clitriiijj  the 
ti  mniith*  of  the  year.  Ttit  Ram  and  tlic  Bull  hail,  at 
that  tiinc»  tnktfo  to  the  tncrcafe  of  tlieir  !l  >i;lc,  the 
yoiinp;  of  thofe  animal*  beini^  then  k>^)'.v.;i;^'  up;  th« 
maid  \  '•  <•  reaper  in  the  lield,  fpokc  the  a;ipri):ich 
of  it.irvt;l  ;  Sagitlary  declared  autumn  the  time  fur 
huniini;  ;  and  the  Pifccs,  or  llllies  tied  t«>;;i-thfr,  in 
token  of  their  being  uk.cn,  rcminued  men  tliai  lilt:  ap- 
proach of  fprinfr  vrMthetimc  forfiihing. 

The  Ancient*,  as  iluy  g»«e  one  of  the  ta  monthi 
of  the  year  to  the  patron^i^c  of  each  of  the  is  fiiperior 
dcitieD,  fo  they  alfo  dedicuied  to,  or  put  under  the  tu- 
telage of  each,  one  of  the  12  fi^'ns  of  the  /.odiac.  In 
this  divifion,  the  firtics  n.-'.turally  fell  to  the  (liare  of  Ntp- 
tune  ;  and  hence  arifcs  that  lulc  of  the  allrolo^rrs, 
whiih  th lows  every  thing  that  rej^ards  the  fate  of  fleets 
and  DKrcliandizr,  under  tlic  mure  immediate  patronage 
•nd  protcdion  of  thiicoiifteltation< 

The  liars  in  the  fijjn  Plfres  are,  in  Pto!oiny'«  cata- 
logue j8,  in  Tycho's  36,  in  lleveliui>'s  39,  and  in  the 
Britannic  catal<i;^ijc  1 13. 

PISCIS  Aufialut  the  Southern  rifti,  Ua  conficlla- 
tinn  of  the  foutbern  hen:ifphf  re,  bcin|r  one  of  the  old 
^  conilcUatioosoieotionedb/  the  Anoenta. 

The  Greeki  have  here  af^aio  the  fable  of  Vemu  and 
her  fon  throwing  thcmfelves  into  the  fca,  tocfcape  from 
the  teriiblc  Typhon.  'I'liisi  fable  is  prcbably  borrowed 
from  the  hieroj]lyphicn  nf  the  li^rypli^ns.  With  them, 
a  filb  reurcfcntid  the  ft  1,  \u  cktutnt  ;  and  'J'yphoa 
wa»  priitmUy  a  I^nd  llocd,  pt  ihaps  rcprrfcntcd  by  thc 
lign  i\qtiarius,  or  water  po<ir>.r,  wliofe  ilreain  or  rirer  ia 
rcprefiuted  at  fwalluwed  up  by  t!ii;i  tiHi,  as  the  land 
muds  and  rivers  aie  by  tite  (ca.  Aod  Veaus  wa* 
flame  queen,  p^ihaj  i  Semiramis,  otherwUe  caUed 
iy:im;ih,  who  look  to  the  river  or  the  Gift  WXthbcT  fiMf 
in  a  vclill,  to  avo'd  the  t1oi>d,  ^^.e. 

The  icniarkable  liar  Fomahant,  of  thc  ift  magnitude, 
in  jull  in  thc  mouth  of  this  liih.  The  ttari  of  this 
conlU-llation  ire,  in  Ptolomy'a  catalogue  i8«  and  n 
FUmAeed's  34. 

Ptscis  Fdntf  the  Flying  Fifli,  11  a  fmall conftella- 
tion  of  thc  fontlicrii  hemifphcrc,  unknown  to  the  An- 
oents,  but  added  by  thc  \lodeins.  It  is  nut  vliible  iii 
our  latitude,  and  cnntains  otdy  8  llar.^. 

PISTOLE,  a  gold  l  o-n  in  Spain,  Italy,  Switzerland, 
8tc,  of  the  value  of  ahoUl  16a.  6<1. 

PISTON,  a  par;  ur  iricmbcr  in  fevcral  machines, 
particnbrly  piimps,  liir-pnrnps,  fyiinge«,  ftC)  called 
alfo  the  Embolui,  and  popularly  the  Sucker. 

The  Pi^on  of  a  pump  Sa  a  fliort  cylinder  of  wood 
or  mcla!,  fitted  exactly  to  thc  cavity  of  the  barrel,  or 
body  ;  and  vvhii-h,  ticmg  worked  up  and  down  alter- 
nately, r;:;i.s  ilu-  water;  and  when  raifcd,  preJet  it 
agaiOf  fo  a&  to  make  it  force  up  a  valve  with  wliich  it  is 
fumilhcda.  and  lb  e&ape  tbravgh  tibe  fpout  of  tbe 
pomp* 

There  are  two  forti  of  Pifton*  ufcd  in  pumps  \  the 
•ne  with  a  talve*  caikda  buckcti  and  tbsother  withi* 
«nt  n  vdre,  caOed  ilbfccr* 


PLACE,  in  Piiilofuphy,  that  part  of  infinite  fpace 
which  any  body  pafTelRE. 

Ariftotlc  and  his  h>hower5  divide  Plscc  into  Ivxtctnal 
and  Internal. 

I<Uirikil  Plach,  i*  that  fpace  or  room  which  \\\k  bo- 
dy contains.  And 

Mxttraal  Place,  is  that  which  includes  or  contaW 
the  body ;  and  it  by  Ariftotle  called  the  fir!)  oromca^-c 

and  Jmtnovcabk  furf.icc  of  the  ambient  hot'.y. 

Newton  better,  and  tnorc  intcllii;;iLly,  didiurAiiflte* 
Piaci  into  Abfohitcand  Kclative. 

yW^/u/r  ard  I'r'nniiry  Pl.ACE,  i»  th;it  part  of  infinite 
and  immoveable  fpace  whith  a  body  polTcires.  And 

Rfloiivc,  or  SeconLn  I'lacb,  ij  the  fpace  it  pofTelTis 
COl  fidered  with  regard  to  othei  adjacLiit  tibjcfts. 

Dr.  Clark  adds  another  kind  of  Kdativc  Place,  which 
he  calls  Krlatively  Common  Place }  and  defines  it,  that 
part  of  any  moveable  or  mcafunhle  fpaee  which  a  body 
ponVfTts ;  which  Place  movea  together  with  the  body. 

Pi.  M  Locke  obferves,  is  fonutimcs  likewifc 

takeis  foi  that  portion  of  infinite  fpaee  pufTeflcd  by  thc 
material  world  ;  though  this,  he  adds,  were  more  pro- 
perly called  txicnfion.  The  proper  idea  of  Place,  ac« 
cording  to  l.im,  is  the  relative  pofition  of  any  thing, 
regard  to  its  diAaoce  from  certain  fixed  points  j 
vvticncc  It  is  faid  a  thinj;  has  or  baa  notclunged  Place, 
when  its  diftancc  ia  or  is  not  altered  with  rrfpcft  ta 
thofe  faodirs. 

I'l  Aur,  In  Optic*,  or  O^V/.vi/ pLACf»  IS  tbe  polot 
to  which  the  eye  refers  an  objefi. 

Ol>tk  Place  of  a  ilar,  point  in  thc  fntface  of  the 
mundane  fptiere  in  which  a  fpcCt.tor  fco  the  centre  of 
tbe  fbr,  Ac— This  ia  divided  into  True  and  Appa- 
rent- 

T)«<-,  or  Real  Obi'ii  Place,  is  that  point  of  the  futface 
of  thc  fpherc,  w  licre  a  fpedtatgr  at  the  centre  of  tiK 
earth  would  fee  t!  ?  (?  r,  ^^^c. 

Jjipiir.nl,  or  /  ' ;  '  ,  tr  FlacK,  i»  that  point  rftllO 
fulface  of  thc  fphtrc,  where  a  fpeCtutor  at  tltc  fur/acc 
of  thc  cailh  fees  t)ie  ilar,  &c. 

The  diilanue  between  tbefc  two  optic  Plicca  niakea 
what  IS  called  the  F<irallax. 

Place  t,f  lf:r  Sun,  or  Jifgon,  or  S/tjr,  or  P'jr-l,  la 
Aftronomy,  fiinply  denotes  thc  lign  ami  degree  of  thc 
zodiac  which  tbe  Inniiniiry  is  in  ;  and  is  ufually  cx- 
prclTcd  either  by  its  latitude  and  longitude,  or  by  its. 
right  afcenfion  and  deJiuation. 

PtACB  ^  RadiatiMt  ia  Optica,  ia  the  interval  or 
fpace  in  a  mediiun,  ortranrpoient  body,  through  which 
any  vifiblc  objcci  radiates. 

Place,  in  Geometry,  ufually  called  l.nru!,  is  a  line 
ufed  in  thc  foiution  of  problems,  beKii;:,'  ili.i;  m  u^^i.;i;',ie 
determination  of  every  cafe  of  thc  problem  ijcs.  See 
Locuii,  PInne,  Simple,  SoiiJ,  i«;c. 

pLacE,  in  War  and  Fortification,  a  general  same 
fur  all  kinda  of  iiwtrdle«»  vhcre  a  jnity  may  ddend 
thcmfelvet. 

Pi  ACS  V  Armt,  a  flrooff  part  wiwre  the  frma  &c 
arc  dcpofitcd,  and  whcfC  ttUHlly  the  foldicra  «ifl<M«Mt 

and  arc  drawn  up. 

PLAFOND,  or  PtATrowDf  tn  AidijteAiire«  the 
cieliqg  of  a  room. 

PLAIN  «w.  SeePuRl. 

,    4    •  PIAN, 


P  L  A 


C  *35  ] 


P  L  A 


n  AN',  ■  rrprcfcrtstion  of  fomciMnjr,  drawn  on  a 
plane.  Sutli  sii  f.idys,  charts,  and  iclmogropliii'?. 

Plan,  in  ArchiUiture,  i«  pn.Tlicularly  iifcJ  ("or  a 
draught  of  a  buildin;^  ;  fuch  as  it  appinit,  or  li 
tcnticd  to  appear,  on  liic  g.-oiim! ;  fliewing;  the  extent, 
divilion,  and  dilbihutioti  of  il9  area  into  .^{>aninciit), 
rooms,  paffages,  &ic.  li  is  alio  called  tlio  Groui.d 
Plot,  natrormt  and  Ichoognphy  of  bttilding  j 
ud  h  the  firft  dcvire  or  flcetch  the  9rc1iu<>£^  makes. 

Gcomfti\\a!  I  (.A"*,  i»  tlirt  in  v/l>i«  1:  t'l- Toliil  and  va- 
cant parts  arc  ri-pr-clVrttd  it)  their  naiiji  ji  jjropoiiioo. 

Jiui/i-il  Flax,  Ik  Jha"  v  licre  tl'ic  cltviitio;;,  or  upi  ight. 
It  frcwn  rpon  the  gcometiical  Plan,  fo  as  to  hide  ihe 
dillril'Utioii. 

Ff  -J^^iire  Tl  i  s,  i.;  that  which  it  conduced  and*tx< 
liilited  by  c'e^rjc!a;i(>n«,  or  diinultlt!cMl*t  BVConliog  to 
the  rules  of  rcrfpcdliv«. 

PLANE*  or  rLAiNt  in  Geomctrjr,  denotes  a  Phoe 
fi^^'ure,  or  u  fiirftec  lying  evenly  between  itt  bounding 

l:nt.';.  Iu;clid. 

Some  define  a  Plane,  a  fiirfaci',  from  tttiy  point  of 
wL(>fe  ptritiictei  a  right  hue  iray  be  drawn  to  every 
otlicr  pwiiit  in  the  fame,  and  always  coinciding  with  it. 

At  the  ri&hl  lioe  'n  the  /hurtefr  extent  trom  one 

C'at  to  another,  fo  is  a  Plane  the  Atortvft  CKteniion 
ween  one  b'ne  rad  another. 
Plamks  are  much  tifed  in  Altrooomy,  conic  fee* 
ttons,  fpherict,  &c,  fur  imaginary  furfaccii  fuppoftd 
to  cut  and  pafs  through  folid  bodies. 

When  a  Pl.Tr.c  cuts  a  ci  iic  purj'.kl  to  drie  fide,  it 
ffiakcBa  paraibolu  ;  when  it  cuts  ihe.  cone  obliquely*  an 
cllipfe  or  hypcrliola  ;  and  when  parallel  to  iuhuef  1 
circle.   Lvcry  fcdlion  of  a  fphetc  is  a  circle. 

The  fphcre  is  wholly  explained  by  Plancf,  conceited 
to  cut  tAC  cekftial  bodiei,  and  to  fill  the  areas  or  dr* 
cumfenencef  of  the  orbits.  They  are  differently  in- 
dined  to  each  other  ;  a'ld  hj  v.%  the  inhabitants  of  the 
eavtl),  the  Plane  of  whole  orbit  is  the  Plane  of  the 
ecliptic,  their  inclioaiwn  ia  eftiraitcd  with  regwrd  to 
this  Plane, 

?LAHs  o/a  Dial,  \i  the fnifiwe  on  whieh •  dial  it fup- 
pofcd  to  be  defcnhed. 

Plaxk,  in  Mechanics.  A  h'on'zcntat  TtAvtt  IS* 
f  lane  that  is  levelf  or  paraOel  to  the  horicmt. 

Thrfffff/fPtANF,  IS  one  that  makes  an  oblique  angle 

with  a  linn'/i  1  Ui!  Plnr'C. 

riic  doct.iije  Ci[  the  motion  of  bodies  on  IneliucJ 
Planes,  makes  a  very  confidcrable  aiticic  in  mechanics, 
and  has  been  fully  explained  nnder  the  articles,  Me- 
chanical Powcrt,  and  IxcLiNKD  P/ane. 
'  Plank  of  Grcviiy,  or  Gravkal'iM,  is  a  Plane  fup- 
pofcd  to  pafs  through  the  centre  of  gravity  of  the  bo- 
dy, and  in  thedire^n  of  its  tendency  ;  that  is,  per- 
pendictilar  to  the  horixon. 

I'l.ANi  of  /v'  '1,  in  C.i"(^;  tries,  is  a  Plane  which 
jiilTci  iLrough  tiie  paiiit  uf  nflc  L  ^ion  ;  and  is  perpendi- 
cular to  the  Plane  of  the  glafs,  1.1  ittl  iniii,' Lil  ly. 

Plane  tf  litfviiiiiuiu  is  a  Plane  pafiing  ilirough  the 
incidcot  and  rernid^rd  ray. 

PtrfpeOive  Plank,  is  a  Plane  tranfparcnt  fuiface, 
atiiany  perpendicular  to  the  hori/on,  and  placed  be- 
twentbe  fpedator's  eye  andtheobjc&he«icv«»tii.ravgb, 
wluGfa  the  optic  rjys,  emitted  ftoni  the  fevenl  points  of 
the  olgcAf  arc  fiippo&d  to  pala  to  the  eye,  and  ia  their 


piTaf^r  to  \t^\-'^  wKrk"  that  reprr  fenl  them  rn  t'n-  fn':! 
X't«ii»e. —  iiiHi'.c  e-K  liiii  the 'i'idjie,  orl'ic.Uirt  ,  Iik  ihic 
the  draiipjht  or  IVrfpertive  of  the  ohject  \r.  (iipj:  Ic  1 
to  be  upon  it.  Others  call  :t  tlie  iicciion,  from  its 
cutting  the  «ifunl  rays;  and  othect'again  tlie  Glaf<i, 
from  iti  fiippofed  tianl'parvncr. 

G;omftrL:ii  Pt&NB,  in  PerfpeAivc,  is  a  Pkmc  parallel 
to  the  h^aon,  npoo  which  tlu  ol^eti  is  fuppoled  to  l>e 
placed  that  ii  to  be  drawn. 

///yrv»'j«.'«/ pLASK ,  i:i  Pcrfpetilve,  is  n  !'];:■  p'  TllJ 

llirough  the  fpediitor's  eye,  parallel  iu  liic  liun- 
zon. 

I-^trtierl  Pl.k  ^e,  in  P^rfpc^^ive,  i^  a  Plane  pilling 
ihrou'jrh  the  fpeiSlator'!!  eye,  pcrpe.idicul.ir  to  the  geu* 
metiieal  i'l.tne,  and  ufiialiy  at  right  aii^lcj  to  tho  per* 
fptftive  1'l.ine. 

O^Sive  Fi.AKE,,in  Perfpedivci  is  any  Plane  fituate 
ill  the  hortSEontal  I%ine,  of  which  the  repicfeotation  in 
p(  i''[KCt  .e  is  rtti'iirtd. 

Ti-AM.  n/iiff  ILr^^.-r,  in  Ojjties,  is  a  Plane  palling 
through  l:ie  horopter  A 13,  an  !  pirpeivlicular  to 
Plane  pnfllng  through  the  two  optic  axis  CH  and  CI. 
Sec  the  (ig.  to  the  article  Horo!ter. 

Pi.AK&  o/de  Proj.-d.on,  is  the  Plane  «pon  which  the 
fpherc  is  pmjrde  d. 

Flams  AiqU,,  is  an  angle  covtaiffcd  un^  two  luie» 
orfnr(sces.^lt  is  fo  called  in  contnidiilinAion  to  a  fb- 
h'd  angle,  which  is  formed  by  ihrte  or  more  P!a::k' t. 

Plane  Trianste,  is  a  tr^am{le  fonncd  by  three  right 
lines ;  tn  q^Stioo  to  a  iphcrical  and  a  mixt  tri>' 
angle. 

Plane  Trigonomttry  i»  the  dodnne  of  Plane  trian- 
gles, their  n>eafurc»,  projwrtions,  &c.    See  Trico- 

NOMETRr. 

PtAve  GU^h  *>*  Mtmrt  in  Optict,  is  •  glalsor 
nitror  havin«r  a  Aat  or  even  furiace. 

Plakr  Ch'iri,  in  Navigation,  is  a  fea-chart,  having 
the  meridians  and  parallels  reprefcntcd  by  parallel 
(Ir.iiglit  lines;  and  confequently  having  the  degrees 
longitude  the  fame  in  every  part.    See  Chart. 

Plan  L  ^ttunAfr,  is  that  which  may  be  produced  b]p 
the  multiplication  of  two  numbers  the  one  by  the  other. 
Thus,  6  is  a  plane  number,  being  produced  by  the 
muUi^ication  of  the  two  norabers  2  and  3  \  alfi>  1  ^  ia 
a  Plane  number,  being  ptoduced  by  the  nidtiplication 
of  ihf  in:m!.frs  3  and  5.    .See  Ni'MUf  R. 

I'l  ANL  VLu(,  Loan  Phinut,  or  Locus  a.!  Planum,  is 
a  term  ufid  by  the  ancle  it  ^rri  niet:  for  a  geo- 

mctricnl  locuif  when  if  v  as  a  no  ht  line  or  a  ..ircle,  ia  . 
oppoiition  to  a  fidid  phc^  which  was  one  of  the  cooie 

fc^tiorj. 

fl. tie  Phnc  \jOCi  arc  dirtin^uinicd.ljy  the  Modern! 
into  liOci  ad  Ke^usi»  and  Loci  ad  Circuiuin.  -Sec  Lo* 

Pi.AV^  Pr'Ji'ny,  ill  riic'i  n  viiT"  as  cannot  he  rcfolvej 
eiJuictiical-y,  ".jut  Ly  ihc  i,iUife£kion  e'ther  of  a  right 
incand  a  circle, or  of  the  circumferences  of  two  circles. 
Such  as  this  problem  following  ;  viz,  Given  the  hypo- 
thenufe,  and  the  funi  of  the  othrr  two  fides,  of  a  right- 
angled  trir.ttglc  ;  to  find  the  tiiangle.  Or  this:  Of 
four  given  hncs  to  form  a  tmpezium  of  a  given  ana. 

PkAMl  Sniiugf  in  Navigation^  is  the  art  of  work^ 
ing^the  fevend  eaua  and  tmietica  in  a  iliip^  motion  os 
a  Plane  chart »  or  of  M^igatisga  flup  U^n  pnnciplcs 
li  h  »  deduced 
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4edwMdfi«m  the  aotion  of  Uicctrtb's  htiag  aa  ex- 
tended Plane. 

Thi«  principle,  tlioiigh  notonoudy  falfe,  yet  plwu 
being  laid  down  accortim^ly,  arrdalon^  "^y^K*  brokea 
into  n  ::iy  ;'  .:;;t  ones,  tlic  voyage  may  be  performed 
tolerably  M.cil  by  it,  cfperially  near  the  fame  meiidiaii. 

Ill  I'ain  Sa  iiiij;  it  i»  fitppofid  that  thcfethne,  t;ic 
»hutrb  lint,  tlic  mtri(!i*i,  ard  pjiaiUl  of  latituJf,  will 
al\fa}-{  forma  right-a:  gltJ  triangle  ;  and  fo  pofitcd,  as 
that  the  p«ifendiciiiar  fide  will  rcprd'ent  part  of  the 
ncridiaDi  or  Bonh  and  fautb  Km,  cantainiDK<hc  dif* 
ferencc  of  btitud« ;  the  bafe  of  the  triangle,  the  depaiw 
turf,  or  raft  and  weft  linej  and  the  hypotht  nufe  the 
«lii'^i:>cc  Kiilid.  Tlie  aii};!""  at  tl:  :  n^iUN  is  r>  r.iK  } 
ai<  l  ilic  ai]  i'.'  iit  tlie  bafc,  liu  >  (.nij  JtiiHui  ot  the 
!:•)  iru-  ;  liny  t«o  wlilch,  bfiitK!  tlit  rithl  hllg'c, 
iK'i'np  j^mrii.  tlif  ti ;.ir.i;Ic  may  be  protraAcu,  aad  lUc 
OlliLT  iruc  ji.n!'!  !oir  d.  I 

For  tliC  doctiiiic  uf  I'Lnc  Sailing,  foe  Sailiko. 

PtAKX  Sta/f,  u  a  thin  niter,  upon  whidi  arc  gr«- 
du.-\'cd  tlic  lints  uf  (li-irdb,  fuica,  taimnu,  fccanti, 
left,ji.fs,  rlimnli-,  Cvc  ;  Lfinj;  of  threat  UK  in  nolL  pait* 
oj'tlir  ni.'itlKti  ..tii.^,  hilt  djA'ciiilty  in  ncvigatios,  6ce 
iti  licH-r:]  tio;i  and  ii^^tr  ir;der  Scali. 

1'lan£  TulU,  ail  iiifLnuT^tnt  imiL-h  ufid  in  IjnJ- 
furveyiug  ;  by  which  tlic  diaught^  or  plun,  i*  taken 
Vfon  the  fpot,  as  the  furvcf  or  meafnrement  goca  on, 
Without  any  future  prottuAion,  or  pluttiajgr. 

Thta  inRrnment  confilla  of  a  Plane  rc^aneular  board, 
of  ait]r  convenient  fixe*  the  cetuie  of  which,  when 
ufed,  »  fixed  by  means  »f  fcrewt  to  a  three  legged 
ftaiid,  haviii;:^  n  ball  and  Imktt,  or  ii'iiviif:;!  ii  i;  iit 
the  top,  by  means  of  which,  when  the  leg*  arc  lixcd 
ch  the  g.'oiind,  the  tabl«jt  iocUned  in  aajr  dircAion. 
To  the  tabic  bckuigi, 

t.  A  frame  of  wood,  made  to  fit  round  iit  edge*, 
for  tbepuriwfe  of  fixing  a  flieet  of  paper  rpon_  the 
table.  The.  one  fide  of  tnia  Arame  is  ufually  divided 
Alto  Cqud  porta,  by  which  to  draw  lines  acrofs  the  ta- 
ble,  parallel  or  pcrpcndtcchir  to  th(  fides ;  and  the 
other  fide  of  tiie  framr  I»  divided  intii  3(^10  dcgrtf  ;,  f  i.:n 
•  centre  which  is  in  ttie  middle  of  tlic  table  ;  by  mean* 
of  w  I. ii  :  trie  l.d)le  is  to  be  ufcd  as  a  tlieoilolile,  &c. 

3.  A  magnetic  needle  and  compais  kicwcd  into  the 
fide  of  the  table,  to  point  out  direfiioaa  and  be  a  check 
upon  the  fights. 

3.  An  index,  vrfaich  it  a  braff  two-foot  fcale,  either 
with  afnull  telcfcope,  or  open  fights  ereded  perpendi* 
cularly  upon  the  ettds.  Incfc  fights  und  the  fiducial 
edge  of  tbe  index  arc  parallel,  or  in  the  fume  Plane* 

General  Ufi  of  iht  Pi.ANE  Talle, 

To  ufc  this  iiiftnimcnt  properly,  take  a  flieet  of 
writing  or  drawing  pnper,  and  wet  it  to  make  it  ex- 
pand )  then  fprcad  it  flat  upon  the  table,  prcfling  down 
riie frame  upon  the  edges,  to  Itrcteh  it,  r<ud  keep  it  fixed 
tkere ;  and  when  the  paper  it  become  dry,  it  will,  by 
Ihrinking  again,  (tretcn  itfelf  fmootb,  and  flat  Irom  anf 
cramps  or  ur.cvenn-r».  Upon  thi^  paper  It  tO  be  drawn 
tbe  plan  or  R>rr.»  of  tlie  thing  rotafured. 

The  gcncial  ulcuf  this  inttrumtnt,  in  land-Airveying, 
is  to  begin  by  ferting  up  the  table  at  any  part  of  the 
irround  you  think  tlic  muft  proper,  ai>d  make  a  point 
upon  a  convenient  fart  of  the  paper  or  tabie,.  to  leprc- 
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fcnt  that  point  of  the  ('round )  (h«D  £x  iV.  that  point  of 
the  paper  one  Icc  of  the  ornnpanis,  or  a  fine  Acel  pint 
and  apply  to  it  tne  fidueial  edge  uf  the  i;:  lex,  movinj; 
it  round  the  table,  dole  by  the  pin,  till  through  the 
fights  yi  .1  yr.fcive  forpc  point  del'  1!.  >  1  reniiricable 
objcrt,  hsiiic  ctirner  of  a  liiiii,  or  a  pttkct  ftt  up,  fic  s 
;ind  fioni  the  il;itIo«  poi;it  di£iv  a  d;y  or  <.L>lci;re  line 
along  the  liJuti.ii  rt!i.'e  uf  liic  iiidcii.  1  hen  turn  llie 
index  to  a^otlur  ol  jvc'i,  and  draw  alioeon  themper  to> 
wards  it.  Do  the  fame  by  souther  \  and  fo  on  till  at  Many 
objcdtare  fetatmay  be  thought  ncceflaiy.  Then  meui* 
fare  firom  your  ftation  tewwdt  as  many  of  the  ob|eAs  aa 
may  beneceflttrT,  and  no  more,  taking  the  lecntfiteoff- 
fits  to  L  .riir  I- k-r  erc.-oks  In  the  fer^r^'-,  c  ;  t.:\  ing  the 
mesfurtJ  di.laiicts,  from  n  p:\o^r  ii.ilc,  li^iiT  in. m  the 
icfptClivc  lines  p;i  'Mr:.  ::.t:\f  [''l'  taljlc  to 

any  fif  the  ]>':>;i:t  ;-';...vs  ■;  .  •' te,  f..r  a  I'ccoad  iia. 
tioii,  fiy.ir^  inli'-ii  !;i  t'le  .  'ij^i  ••:;r<:iM-,  t(imin](  it 
abcui  iis  ciutrc  t',T  th:,'.  pjip  I'i:,  lioiii  lul  ;in-  tnitgnetie 
necd!c  point  to  the  fame  diy^icx-  ofibc  coin  pals  as  stfirfl, 
and  alfu  by  laying  thr1idnci<l  edge  of  tlie  index  along  the 
line  between  tbt*  two  flatiuos,  and  turning  th^  table  till 
thrungh  th^  iiu'.cx  ihe  furmL-r  il  itlon  c.i:i  \ii  Ten;  and 
then  lix  the  tiililc  there:  fmin  \\a%  Tlv^'  (If.tiou  repiat 
the  fame  o]K  rat  ion;,  a?  ?.t  tlic  fi)i;jier  ;  fctling  fevcral  ob« 
j'.cts,  that  iri,  di.iwing  lines  tuwinls  them,  00  thcpapeTf 
b\  the  edge  of  the  iudcx,  irc.;f;iriiig  at;d  laying  offlhe 
di.laiicct.  And  thus  proceed  from  nation  to  ilatioa  | 
mcafuring  only  fucb  Kaet  at  are  neccfTary,  and  dctci^ 
mining  aa  laamrm  yon  caa  by  iateife&ing  linea  of  di- 
rcAIon  drawn  from  differrnt  ftationt. 

Of  SL^'urj  thr  Pajf  'w  ihc  Pi.As£  T„lk.  When 
one  paper  i»  f.il!  cf  the  lines  fvc  mcsfurfJ,  and  the  fur- 
vey  is  not  yet  rorr.pk-:cd  ;  drjw  a  hue  m  any  manner 
tiirough  the  faitlielt  point  of  the  l.»tl  n&tion  line  to 
which  the  woik  can  In  ct;  ivenieiuly  laid  down;  then 
take  the  ilirct  c(F  the  ubk,  aud  fix  auother  iair  iheet  in  ' 
ittphcr,  dr.i\\ing  ahne  upon  it,  in  a  part  of  it  the  moft 
convenient  for  the  reft  of  the  work,  to  rrprv^icnt  tbe 
line  druwn  at  the  end  of  the  work  on  the  former  pper. 
Then  fuM  or  tM»  ihe  old  (litet  ^y  the  line  drawn  upon 
it  ;  apply  it  fo  to  the  line  nn  the  new  (lutt,  and,  as 
they  lie  togetlif  r  in  tliat  porition.  Continue  ot  prudiice 
the  \,\\\  il-niou  line  of  ibc  oKl  iKiet  opun  I'le  nc-v  om-  ; 
and  p!  KC  upon  it  the  rcm-iir;  Jcr  of  the  :i;t.'-jf;ji-t  ment  <if 
that  liii',',  hi;;;  n'ng  at  where  the  work  left  off  on  the 
old  ihe.  t.  And  If,  on,  Aom  onelhret  to  another,  till 
the  whultt.work  it  complx'tcd. 

But  it  is  to  be  noted,  that  if  the  f.nd  j  i-nintr  Ithexj 
upon  the  o!d  mid  ncu  flue',  h.ve  rot  ti'C  fame  inclina- 
tion t')  the  fnic  oFt'ie  t.:I,i',-,  the  lux.'ij  .vt'l  no:  refpccl 
«ir  point  t.>t;K  til  1^'  'I'.ld:  -.■jloF  the  I'linin-ifi,  when  the 
tahic  is  reClifa-d.  u.w  \l  lli-.-  nte,.Ii.-  I  :  ri;q':irv.d  to  vz- 
fpect  Hill  the  fn-ne  c?i  1  r  of  t!it  cu;r.v..i.-,  -.tie  ealicH  way 
then  ot  driwlng  ihc  lines  in  the  foroe  pofition,  it  to- 
draw  them  b  >t!>  parallvl  to  the  famefidcaof  thctabic, 
by  meant  of  the  equ.-.'  parallel  divifioot  marked  on 
other  two  fides  of  the  frnrae. 

^Vlli  11  t'lc  wv't  k  lit  h'f.cy  in:T  ii  done,  nnd  TOlt  would 
f^fttii  ail  the  fi.edi  tor;,".!:;r  i  ito  oncpiicc,  or  rough 
plan,  the  nforoi".tid  line-  arc  to  he  ;iti  ur,-.ti.lv  ioincd  tfiy  r- 
tlier,  in  the  iaine  manner  is  wlicii  ttie  liius  w  tie  tr:tnf. 
fencd  from  tlie  old  Ilicf:s  to  the  new  ones. 

£ks  more,  lull  dirc^OKt  for  the  ufc  of  the  Plane 

T.ii^'e,. 
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T»Wf,  illuRratcJ  with  various  «jeainple8,  in  rr.y 'I'lci- 
tifc  on  M-nfuration,  2d  edit.  pa.  ;or;  &c. 

PLANZ'l',  liieraliy  a  wandcrtr,  or  a  wandering 
ftn«  in  oppofition  to  a  (lar,  properly  fo  called*  which 
tVPMiiM  iiscd.  It  iiAccIcRial  body»  revolving  arouml 
f««»  or  kmc  otbcr  ^katt,  at  •  centTC,  or  kt  knit 
u  a  focui,  and  wiih  •modemt«deerc«  of  cacceDtridtjr*. 
fo  that  it  never  is  fa  ntich  farther  from  the  Tun  at  one 
tinic  than  at  :inot;uT,  hut  thnt  it  c:in  b;  frcn  39  wtH 
from  one  part  of  its  orbit  .is  anotiitr  ;  as  diilinjjciiincd 
from  the  comets,  wliich  on  the  furtlicil  part  of  ilu  ir 
tmjcc\ury  go  off  to  fuch  m&  dilh'incc!;,  a$  to  remain  a 
loiig  time  inrlfible. 

The  Fianeii  are  iifinUjr  diAlnguiflicd  into  Primary 
tad  Seeoodary. 

Prmaty  PlA.KETS,  called  rlfo  Hmply  Phnctj,  are 
thofe  which  move  roiird  the  fi:n,  their  ccntrf,  (.r  fo- 
cus of  ihfir  orhic.  Siuli  Mciciii}-,  \'tii:iv,  the 
Lirth,  Map:,  J^ipitcr,  Satiiiv,  tlif  CJcorvjian  or  llcr- 
fclid,  and  pt  rKcps  Others.    And  ilic 

Semidaij  Pi.A'.trs,  arc  iuth  move  round  Come 
^imaiy  one,  a;,  tiu  irrcntie,  ij>  the  r:;nu  nianiirr  a»  the 

priimry  oaea  do  about  the  fun.  bucb  at  the  moon, 
irhich  moves  round  the  earth,  as  a  freondary ;  and  the 

three,  JupitCf,  Sriti:rii,  and  Georgian,  Ii.ivc  i  nt  h  fcverdl 
fccornUry  Pbuult,  or  nioons,  mo .       luiMd  tltcm. 

Ttii  very  h;c!y  the  iiunil>er  ol  lii-  priinrnj'  Planets 
*a»  tllcemcd  oniy  fjx,  which  it  wiu  tlio'ight  tv,nllit>it<-d 
the  whole  ninnbcr  of  lliein  in  tiu  fol.ir  fyKem  ;  viz, 
Jdercurft  Venus,  the  Earth,  Man,  Jupiter,  aud  Sa< 
twn ;  mI  of  which  U^appcara  «cr«  knowa  to  the  aftro- 
MOMM  of  ^  ag«a,  who  acver-drcamt  of  aa  inotafe  tb 
their  aumber.  ^ttt  a  fcventb  ha*  heen  htely  dilcetvered, 
by  Dr.  Ilcrfeliel,  v.'i,  on  March  the  13th,  1 781,  lying 
bevond  all  the  rc',\,  and  now  called  the  Georgian,  or 
Herfchcl  :  and  poffibtj  othec*  UUtf  dill  rcflMin uadilEES^ 
vmd  to  this  fiay. 

The  primary  PUacts  8M  agftia  diiltnguilhed  into 
figperiorand  Inferior. 

Tfce  Superior  PUntts  are  thofc  that  art  above  the 
tarth,  or  farther  from  the  fun  lltaa  the  earth  if;  a«, 
Mar»,  Jupiter,  Saturn,  and  the  Georgian  or  Herfchd.. 
And 

The  Inferior  Planet*  arc  thofc  that  are  below  the 
fanh,  or  (hat  ate  nearer  the  fua  Chan  the  earth  ti; 
whieh  ar?  Veiim  .nd  .Mtrcury. 

Tj)^!ar.et!  vv..  r-  rtj.refesUtd  by  the  fnme  chatdfter* 
aatht  (ihei&itU  »iw  to  rcf  ri.f 'ii  their  mctaUbft  *n  ac- 
count of  forae  fuppol  ar.  tla^  y  between  thole  crleftiol 
aiidlh<:  fiibtcn^neoti-  ti  !<iict.  Thtu, 

Meieiiry,  t!ic  iTH-!|,-.igrr  of  the  God»,  repreftnted  by 
\l ,  t!if  f.in-ie  a»  t^;it  metnl,  i.nitntitiga  nnn  wiih  wings 
i»n  his  h<r,d  and  feet,  i*  a  frr.all  k;-';r!it  pl  '.nct,  witli  .->. 
light  tiii(5ioi  hli;r,  the  fur.'j  ecnilant  atleui!?it,  fum 
whole  fide  it  never  tcparts  above  aji-^,  and  by  that 
MMans  i^  niuall^  hni  in  hia  fplendor.  It  pcHbrma  its 
eowrfc  around  hmi  in  about  3  locnths. 

Venn*,  the  gcddefi  of  love,  marked  $  ,  firem  the 
fi|^of  awomltOi  the  feme  a*  <U  r.Tjtc3  copf  c,  from  a* 
flight  tinge  of  that  colour,  or  voi  ;^  n;;  to  ;\  li>Iit  flraw 
coT  i.r.  She  in  a  very  hrigh:  I'lunct,  rrvo'vin  j  next 
ahose  .Mercury,  and  never  arrcart  above  dcTrts 
from  the  fun,  finifhing  her  courfe  atjoiithini  in  n!i(ji;t 
ktca  moatht,    WhcB  thii  Planet  goes  before  the  lunii 


or  is  3  morniii,'r  fl.ir,  it  lu5  been  rnlied  Phofphorw*,. 

-d  l.i:c.!i.r;  :i:ui  r.  h<  11  lulliuvii'i;  him,  or  when  it 
flimesmtlie  circning  as  an  evening  Ibr.  it  is  called  Hef- 
perns.  » 

TcUui^  the  Earth,  nOct  above  Venua,  ia  denoted  by  , 
St  and  perfonna  iu  ccurfe  ahout  the  fun  I'n  the  fpace 
a  year. 

Mar»,  the  god  of  watt  charaflerized     .   a  mari 

holding  out  a  Ipcar,  the  fame  at  iron,  isa  r;:fli'v  fitrv- 
eolonr-fl  Phnet,  and  fiuifhcs  hi*  courfe  about  die  fuu  in 

abe;ii!  vi.jv-. 

Jupiter,  the  chief  god,  or  thunderer,  mar)ced  2i». 
to  re^)rerciit  the  ihunderbeilts  denoting  the  fame  as  tin« 
from  hie  pure  whiu  brighineia.  Tbia  Pkaet  U  neat 
afaore  Man»  and  complete*  tu  conrle.rotind  the  fun  in 
about  1 1  year*. 

b.-itisrn,  the  father  of  the  Gods,  Is  exprefiVd  by  , 
to  imitate  an  old  man  fupporting  himfelf  with  a  ftafF, 
iiiid  k  the  lame  as  denotei  lead,  from  hi»  fee  hie  light 
and  JiiH^y  cohmr.  He  levulveii  next  abow  Jtipiter«, 
a:id  pcrforn-s  his  courfe  in  about  30  year».  . 

LalUy,  the  Georgiant  or  Herfchel,  is  denoted  by 
the  iiitttid  of  hia  name,  with  a  crob  for  the  chnftias 
Planet,  or  that  difcovered  by  the  chrifttaaa.   This  ta 
thebigheftt  <V  otiiermo[l,  of  the  known  Plamta,  and' 
revolves  around  the  luain  thefpacc  of  abuui  90  year*. 

From  thefc  deferiptioiis  3  perfon  may  ealily  diilin- 
guilh  all  the  Piiintts,  excc}  t  the  lafl,  which  requires  the 
aid  of  a  tclefcope.  For  if  after  fun-fet  he  fees  a  Planet 
nearer  the  eafl  than  the  v.ifl,  he  may  cnnchide  it  ia 
neither  Venus  nor  M  •  ;  and  he  may  determine 
whether  it  is. Saturn,  Jupi:er,  or.Man,  by  the  colour, 
h'ght,  and  iv^gnitiidc  :  by  ivbich  alfo  he  may  difttn- 
gtiifh  between  Venna  and  Mercury. 

It  is  pn>hul;lc  tt'.at  all  the  Planet*  j-.c  J.;r!;  opake  b.>- 
dics,  fimilar  to  the  earth,  and  for  the  following  rcaibns. 

I.  Bcca'ifc?,  in  Mercury,  Venus,  and   Mars,  only 
that  j^art  of  tlie  dKk  is  found  to  fliinc  which  is  illumi- 
n.itcd  by  the  fuu  ;  aud  again,  Venus  and  Mercuiy^ 
when  between  the  f.in  and  the  earth,  appear  h'kc  ma^ 
Oijx  or  dark  fpota  oa  the  fun't  fiwe   from  which  it  ia 
evident,  that  thofc  three  Phneta  are  opake  bodies,  11. 
lut;iinaTe;l  by  the  borrowed  light  of  the  fun.    Ard  the 
fr  :ne  ajipears  of  Jupiter,  from,  his  being  vo4d  of  light 
In  t);Lil  ('art  ta  which  the  fliadow  of  his  iLittlliies  reaches 
?5  W1.U  as  in  that  part  turned  from  the  fun:  aud 
tiiat  his  f;\rcilltc«  are  iip;ikc,    and  rtflcut  the  .fiia't 
li^ht,  like  the  moon,  is  abundantly  (hewn.  Moreover, 
fince  S.^turn,  with  his  ring  and  futellitCB,  and  alfo 
HeifcbeJt  with  bia  fateUitca,  only  yield  a  faint  li^lit, 
eonfiderably  6intcr  than  that  of  the  reft  of  the  Planets, 
and  ti:3n  t!.r>t  of  tlic  lixcJ  ilnrs,  though  thefc  he  vallly 
more  rc:ni)tf  ;  it  h        adtiuht  that  t.'iefc  PJaints  too, 
witli  tl  -.ir  :itter.d:ints,  areoj^akc  fcodlcs. 
I     z.  t'.ince  t*^.c  fill; '3  light  is  u.it  tranfmittcd  ibrougli 
Mercury  cr  Vcntis.  when  phiced  againit  him,  it  ispl.iift- 
tlicy  a;c  d'.ufi:  op.:l:e  bodies;  which  is  likewiTc  evident 
of  Jupiter,  ftuiit  his  hiding  the  fatcllitcs  In  hit  ifaa* 
dow;  and  therefore,  by  Mahunr*  the  fame  may 
concluded  or  Sat  nm  and  HerlcheL 

3.  From  the  vari:-.h!c  fjj-Jts  of  Venus,  M.iri,  and  Jupi* 
tcr,  it  is  evident  tiut  ths-fc  Planets  have  a  changeable 
Btir.ofphcre  ;  whieh  foit  of  aimofplierc  may,  by  a  Lk» 
ar;g^uni(Wt»  be  iafared.  of  the  iaiciiiic*  of  Jupiter  j  and 

tbceefinV), 
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t^tCTtfaref  by  JiouUtude,  tlic  TaaieflMy  be  condudedof 
the  other  IlaneM. 

4.  In  like  manner,  from  the  o^ouolsint  obfirved  m 
i<i  IK  )  i  iaiid  Vthua,  the  fame  may  be  ruppofi-diD  tht- 

<::!n.r  I'l.inas. 

Lailly,  Inice  nil  thcfc  ri.intt?  arc  iipake  lioditf, 
ilvLi  'ii;  witli  ihc  fiin'»  bmro^vcJ  1;  I  t,  :mi-  furniflicd 
irii'tntains,  and  are  ericompiifud with  a  cliaii;;e.iMc 
atm<ifphere;  they  cunfcquently  have  %ratcr$,  fc.'& 
«3  ii*en  ai  dry  laiid,  and  are  bo'dtea  b'ke  the  moon,  at  d 
t5icrcf<»rc  like  i!ic  i-.iitli.    And  hence,  it  feeina  alfti 

EioV>ab)c,  (hat  tiic  utlit r  Pianctt  have  (beir  animal uiha> 
laiui^  aa  well  aawir  earth  itai. 

0/ if:-  Or!'Iti  r.f  iht  pLAVtiT'. 

Though  all  the  pitmary  Plant:*  rcvi.lvc,  about  iIk- 
fim,  thctr  orbits  are  wnt  circles,  but  ellipfes,  ha^irg  th>.- 
(un  in  onr  of  the  foi-i.  Tiiis  rirciimK.ir'.oe  firlt 
fiitiivJoutby  Ki-pler,  from  the  cblcrvatltii-.i  of  Tycfiu 
I'rabc  :  before  tlut,  nil  a  !l  re  liomcra  took  the  planetary 
urbits  for  eccentric  circici. 

The  Plane*  <if  tliefe  orbiM  do  -.lU  tiU<:rfeift  in  tlie  fmi  ; 
.and  the  line  in  w  liicli  the  plant  of  each  orbit  ciifs  tint 
of  the  earth,  is  cnllci!  the  I.iiie  of  the  mxlc?  ;  and  the 
two  poiat*  in  which  the  orbit*  thcmfekca  touch  that 
pTatM,  are  the  No<1et ;  alfo  the  anf;1e  in  whidt  each 
plane  cuts  that  of  t  c  ecliptic,  it  odlled  the  Inclination 
of  the  plane  or  01  bit. — The  diltnncc  between  the  centre 
of  the  iiiQ,  And  the  centre  feu  h  orbit,  ia  called  the  tS- 
«entri£il]r  of  the  Pianit,  or  oi  itii orbit. 

Tbr  MctioNj  o/dc  Planets. 

The  motions  of  the  prim.iry  Piaticfiarc  very  iimple, 
and  tolerably  uniform,  as  btinjj  tunipotKidi-d  only  of  a 
ptojeflilc  motion,  forward  in  a  right  li:K-,  which  is  a 
tangent  to  the  orbit,  and  a  ^^rivit.i'.ion  towards  the  fun  at 
the  centre.    Bolides,  being  at  ft^  Ii  v.i'l  diltancea  front 
each  Other,  the  cfTcfii  of  their  mutual  gravtUlion  to- 
irard*  oae  another  are  in  a  conftjerabic  dtgrcc,  t  h  :-.n^h 
not  altogether, infenfiUe ;  ferthe  aflion  ut  Jupiter  uj  on 
Saturn,  for  ex.  is  found  to  he        of  tlic  a^^lion  of  the 
fun  upon  Saturn,  by  comp.-'.rinji  :hc  matter  of  Jupiter 
with  that  of  the  fun,  and  the  fquarc  of  the  d:(lance  of 
each  from  Saturn.    So  tlikt  the  illiptic  orbit  of  Saturn 
will  be  found  more  Jnll,  if  its  foci:»  be  fuppofcd  not  in 
the  centre  of  iht  (im,  but  in  the  coniini  u  centre  of 
gravity  of  the  fun  and  Jupiter,  or  rather  in  the  common 
centre  of  gratity  of  the  fun  and  all  the  riaam  bdow 
Satum.   And  in  like  tnaitner,  the  elliptic  orbit  of  any 
other  Pt.'.nct  will  be  found  more  ac;.urate,  by  Aippufuig 
its  focjsto  be  in  the  comiuon  centre  of  gravi:y  of  the 
fr.n  ainl  all  the  Planets  that  are  below  it.    P'jt  the 
matter  is  tar  othcrwifc,  in  rcfpct\  of  the  fccondarx'  PU- 
neti :  for  every  one  of  thefe,  though  it  chiefly  gravitates 
lowarjj  it*  refpeflivc  primary  one,  a&  itt  cenrtc,  yet 
at  co'^al  dilUuces  from  the  fun,  it  is  alfo  altra^ietl  to- 
ward) him  with  an  eoilaUy  accelerated  granty,a»  the  pri- 
Mary  one  i*  toward*  him  t  but  at  a  greater  ^ftance  with 
kftf  and  at  a"  nearer  diftancc  with  greater  ;  from  whicii 
double  tendenq-  towards  the  fsin,  and  towards  their  own 
prira  y  Pli  uts  n  happen!,  that  t  u-  inotion  of  the 
fatcthtci,  or  Itcondary  Planets,  comeg  to  be  »ery  much 

covpovadcdi  ind  affirmed  wjih  varioua  I'ne^uaUtiei. 


The  motioat  eren  of  the  primary  Planets,  in  their 
etlij^tic  orbit*,  are  not  equable,  bccwie  the  fun  ia  not  in 
their  centre,  but  tbeirfiico*.  Heacethey  move;  fome> 

times  farter,  : m!  fi  i  it  tin-.ts  (lower,  as  I lu-y  are  nearer 
t.)  or  fni-thcr  Iryiii  the  inn  ;  but  ycl  tUiic  lircguIaiiticJ 
arc  all  certain,  and  follow  accutdtng  tO  an  inunutabk 
h^y.  Thus,  the  dHpfi,  I'EA 
.5iC  rcprcfcntiiig  the  otl>;t  of  .t 
I'lanct,  and  hlic  focu»  S  the 
fun's  place  :  the  axi«  of  the 
rllipfc  AP,  is  the  line  of  the 
apfcs  ;  the  point  A,  the  hij^her 
aplib  or  aphcliiin  :  P  t!iL-  low  t  r 
apfn  or  peril  c  i'  n  ;  CS  the 
ccjcnliicit}  ;  and  LS  t!i-.-  Pla- 
net's mean  dillaiicc  trotu  the 
fun.  Now  the  ntoliiin  of  the 
i'l.vKt  in  it»  pet  ihelion  F  ia 
fwiftvd,  but  in  its  aphelion  A 
It  i»  flowvil ;  and  at  s  tbe  mo- 
tion ai  well  at  the  dittance  h  a 

mi  111 .  Ik  ni;  there  fiich  as  wo;;ld  defcr'bc  the  whole  or- 
hil  1.,  tilt  l.iiv.c  tinic  it  is  really  ilcfcribed  in.  And  the 
Inwby  which  the  notion  in  every  point  ii  rei  i  l  itcd,  i; 
this,  that  a  line  or  liultns  diawn  frrjm  the  centre  of  the 
fun  to  the  centreof  the  PLmct,  and  thua. carried  alon|^ 
with  an  angular  motion,  doe«  alwayii  defcrlbc  an  elliptic 
area  proportional  to  the  time ;  that  i»,  the  trilincal  area 
ASB,  tato  the  area  ASG,  a*  the  time  the  Planet  i*  ia' 
monng  oTcr  AB,  to  the  time  it  it  iit  moving  over  AQ< 
Thi»  law  was  fird  found  c  ut  1v  K-  )  'rr,  fiuin  <;!)rcrva. 
tion:i ;  and  ban  fince  bn n  nc.  nuntcd  for  and  demon- 
ftratcd  by  Sir  Ifaac  New.  ;  ,  fiAim  the  general  law* flf 
attradion  and  projeflile  motion. 

As  to  the  periods  and  velocities  of  the  Planeu,  or 
the  times  in  which  they  perform  their  courfea,  ther 
are  found  to  hare  a  wonderful  harmony  with  their  dit 
tancei  from  thefiin,  and  with  aoe  anoUier :  the  nearer 
each  Planet  bein^  to  tbe  fun,  the  quicker  ftill  t*  ita  mo- 
tion, ai' J  ils  pcrrod  the  ftioiter,  nccardin';  to  thil  gene- 
i.d  snu  ti.j,ular  law;  viz,  tb.U  the  fquares  of  their  pe- 
riodical times  arc  as  the  cubes  of  their  mean  d  it.r.icc 
from  the  fun  or  focus  of  their  orbits.  The  knowledge  of 
lUit  u\  (.\u  alfo  lo  t  he  fiif^dtj  of  Kepler,  vrboioiiod 
that  it  obtained  in  all  the  primary  Planet*  ;  at  aflrono* 
mers  h.ive  fincc  f^iund  it  alio  to  hold  good  in  the  fecoi^ 
dary  one*.  Kepler  indeed  deduced  thialaw  mctfly  bum 
oblervation,  by  acompartlbn  of  the  feveni  dtftancea  of 
the  Pl.nuia  ^^itll  their  pt  lies  la  tin;-;  the  glory  of 
invclli;iatiii^-  .t  from  ph\iica!  priiicipk*  is  due  tO  Sir 
Ifaac  Newii  ii,  v^  lio  has  dcironll rated  that,  in  the  pre» 
feiit  Hale  oi  nature,  fuch  ubw  wa»  inevitable. 

The  phenomena  of  the  Planets  arc,  their  Conjunc- 
tions, Oppofition*,  Elongations,  Statiooi,  Relrograda- 
tious,  Fhafes,  and  EcUpu.*}  Ibrwhkhfee  there^iec* 
live  articka. 

For  a  view  of  the  compamlve  marnitudes  of  the 

Planets;  a:i:t  fur  a  vie.v  ,>r-,h(ir  tc\cr.a  i'aW-vh  f.,      r  ; 

fee  the  article;,  Oa  U11  .i::d  Soi.a»  isviiitM,  asaUuPk-.ie 
fig,  I. 

The  following;  Talk  contains  a  fynoufisof  the  dif- 
tances,  raajTiiitiiijis^  periiKls,  Ac,  of  the  Icvcial  Planets, 
according  to  the  iatctt  ubftrvationa  and  improve* 
mcnt*. 
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'                                 Table"  ^  tie  Planetary  Motions,  DitTANCEs,  £cc. 

• 

Anno  t-t.y 

MtRCU  K  If. 

VtM'J, 

Ea(th. 

1 

M  .\ »  s  • 

Jvrii  IK. 

SATUtK. 

Hmi  e  H 1 1., 
01  Otoi  oiaw, 

Greatrfk  tfon^a- 
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a,nn  PATvllaic  nf  \n_ 

peHor  Plum. 

4-"  48' 

47'  -M' 

If  51' 

fc»  29' 

3"  4  i 

tioDS   toirnd  the 
Sun. 

d        h  IB 

224  i649i 

4        t-  m 

Hi*  8  jii 

4       '.1  1 

10761  <4  iOj 

30445  i3 

npM  tlieTr  A^tet. 

♦  *  ♦ 

*3*  11" 



J4*39r*»' 

^56- 

#  # 

#  « 

Iiitlmatioti ,  iii 
liicir  Orbiti)  toctic 

■Jf-  # 

I"  ;  1' 

50'.' 

Mace  of  the  Af- 
ccndinjr  Kod<:< 
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a*  I  ♦•44' 

«  «  « 

«'  'v*  59' 

)•  a«*  4*1 

PlMECOttbcAphc. 
lion,  or  point  far. 
tbeft  from  the  Sun. 

8'  14"  13' 

ID  1/38 

m       n    .      '  1 

y  9  '  s  i 

5'  :°  6'J 

6'  iC  5;i' 

Greateft  Appa- 
rent DiuMteni 
fecn  fniia  tlw 
Evtb. 

$8" 

« 

46" 

4" 

Oiwnetm  in  Eri- 

1*11.    \J|'I            -L  . 

A  die  ouu  bciiig 
883^17. 

7687 

79*4 

4189 

f9i70 

7904s 

PhMKMrtionADtfcan 
DiKancetfrotnthe 

38710 

tooooo 

»523f9 

520098 

953937 

«90j4:i 

trom  the  Sun  in 

ierr.'dian.vlLTS  of 

^210 

17110 

23799 

36161 

127018 

453000 

i 

Mean  L)il(a:icos 
Iftom  lilt  .Suxi  in 
Ei^lilb  Mile*. 

'11'  _ 

37  miUiuns 

68  ibiUiun!> 

144  roillu>K» 

490  nuUiuiu 

900  millions 

Foots  from  the 
Centre. 

7q6o 

CIO 

14218 

35177 

Ji'^3 

Proportion  of 
that  uf  the  Eeitti 

\-'\\vr  irn. 

668 

ICO 

43 

1*1 

02  76 

Cl  oport 'uu  ul 
Uulk  ;  that  of 
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ijSoooo. 

1 

I 

T 

t\ 

•  loeo 

90 
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,  fhe  Son  being  |> 

2 

I 

•7 
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A  riincl'j  m'.'.ion,  or  tliilancc  ftam  hi  npop;ce,  h 
enllctSthe  mean  jruir.aty  of  tin-  IMinci,  aiui  ii  tr.:  ifuitil 
■by  tlie  arta  it  delccibcs  in  the  given  time:  when  the 
I'lmet  irrivri  »i  the  mtddk  of «»  orWt,  or  the  i>oint 
li,  ilii"  .i;ca  or  time  13  cailcl  t!itr  true  ar.or.-.; W  iit-n 
tlu-  I'laiict'ii  ni  itiiiii  is  rickonw.T.1  from  tlir  t.i^l  po'\r-t  >if 
Aiics,  i;     cillit!  i'.i  i'!  i  jn  j,i'aKli:  ;  v.         is  ci- 

ther Uicaii  <irtr:a'  ;  v'z,  n.ccn,  mIiicIi  h  ;':!., !i  il  v.oiild 
liave  Wre  \l  lnmovt       :oi-:r.lv  ia  a  :  ami  tiiK-, 

■which  is  tli..t  \vi;}i -lI  tlic  ri;,i;ct  .'K-h::;!')-  tli  f..' ib-.-f 

Its  orbit,  an..!  i^*  nii-.i'.urc  l  I)'.-  liu-  .irc  uf  tin;  ix-lijjlic  it 
4l«fcnlK'».  Andl.cncc  may  bcfuuudthc  Ptanct's  place 
in  ?t«  orbit  for  a  n  ^ivt.i  tiiaeartcr  tt  hai  left  the jiphr- 
li:.  "  :  f  Ai[>]>oU  tlij  .iTCi  of  till.'  til  jili;i  l^i;  l->  ui  .iiJcJ 
liy  iitt  hue  bO,  tliiit  till-  wliol;-  cHiptic  M\r  may  have 
the  UtTii:  pi\j|)ortiuii  tu  t)ic  jv.rt  AbU,  ts  clic  \vh<ilc  pc- 
jlodiuul  t  .tr.c  i:i  wliith  tlic  Fisttcl  d«.n;i  ibc3  it.a  whuU  or- 
bit, luii  :o  ilic  ^;ivi  1  ti  uc ;  then  will  G  be  the  Flaneili 
place  in  »!«  orbit  l"oii  .;iit. 

PLANET  A.R  I  I'M,  an  aaiuni -Tiica!  :rr,cl"ne,  con- 
trived to  repttfciii  the  nwtloniit  orbits^  &c,  of  the 
p!niun<>,  as  thvy  i!]y  .ire  in  naturet  or  Bccording  to 
the  Cqiemioii  lyi*.i-:n.  T!ic  litf^r  fort  of  tksm  m 
called  OrrtL it*.  SccOxnFRV, 

A  very  rcnwi kahlo  n'.3v!iln(r  of  tl  :>  furt  w  rts  itivcn^rd 
by  Uiiygcns,  am'  ticicnhcil  in  his  0|>i:fc.  I'oilh.  tout. 

P'  157,  edit  Amit.  1-2S.    And  it  i.i  Hill  prcfcrvcd 
■  among  the  curiofitie*  of  liic  ii:iivi.fi',ty  at  Leydea. 

In  this  l'taiu  t:<ii'..m,  the  pi  !ii::iry  planets  perform 
their  nevoluti0os  about  the  funi  and  the  moon  peifonn* 
Iter  revolution  about  the  earth,  in  llic  fame  time  thit 
thtv  a:c  it.i^ly  p^vKiinud  ni  the  htavenr.  Aiiu  th^? 
t.:  hits -jf  llie  tT);>i)n  a-ui  plrau:?  aic  irp  xlv.'itcd  witli 
tln'ir  truf  prop(irl;ot;^,  ixct;.ti if  t\ ,  phirai.i,  ;iiid  df- 
cliiiatioa  fii'in  the  ecliptic  <>r  orliit  of  the  t.uth.  S> 
^that  bjr  tliis  niachiJio  the  fmiatiDii  of  the  pl.-aa'ts,  witii 
tlie  conjun<^ionSt  oppuliiiotia,  &c,  maybe  Iv  ;li-.^'o,  net 
only  for  tbe  prcfcnt  time,  but  for  ?ny  oth.-r  lin^e  either 
paft  or  yet  to  cone ;  as  in  a  perpetual  cphcoicti;!. 

Tlierr  was  exhibited  in  Ix)nilon,  vu.  to  the  year 
I'Tj!,  L'.        'nuc'i  moil'  coinrK'tf  I'hai tai itim  tiF  th.s 
for!  ;  cJ^-      a  I'laiici.iriuin  or  allioiinaucul  max-liiiie, 
which  cxhil)its  the  nioil  rttiuii!-.;ilL'  phenomena,  iro-  • 
tioiHl»  and  revolutions  of  the  iii  ivi-i>e.     Invented,  a:i;l 

Ktly  extern cd,  by  the  Cvkhvafi  <l  M.  I'iiil.  Mar  hvW 
hn,  inetr.hur  dt  the  academy  >i(  fciei  ces  at  Eifurt. 
But  li;>Ilhcd  .in.l  completed  by  Mi.  Albert  d^-  Myliut." 
Tliu  t*  a  moll  ftupeni3<ius  znd  el  aborate  machiac  i  cod* 
•  {ifting  of  the  folar  fyiU:n  in  gLcic.^,  witlTall  the  orbits 
and  p'  l  ■  '  ■  in  tiitiL- due  pr<)j>nitii)ns  and  p  ifit  ;i, ;  K5 
alfo  the  ;l  i.al  p.irtien!nr  pianctavy  fyiU-:ns  o:  luth  as 
,  have  falcllitC'',  "s  of  the  earth,  Jupiter,  &c  ;  the  wiiole 
Jtept  in  cuiiiinual  motion  hy  a  eliroauincter,  ur  graad 
<t^t-disy  clcek  ;  by  which  all  thelc  fyftems  are  made 
perpetually  to  perform*  alt  their  motions  cxtAIt  as  in 
Batmti  exhibiting  at  aQ  timet  the  true  and  rc' d  muiione, 

KfitioDi,  tlftSit,  pbcMineoa,  $ic,  of  all  the  cdtitjal 
dietf  even  to  the  very  diurnal  rotation  of  the  pkoct^, 
and  tlie  iinc(!i"  .1  i-  :  ji-.i  in  their  ellijitic  oibits.  A 
defcription  was  piiiju.iad  (if  this  fno.l  fijpeib  iiiathinr  ; 
and  it  w.is  piirchafeJ  and  feni  one  of  t!ie  pieftnts  to 
the  einpu  oi  o(  Chiu3|  io  the  crobaiTy  of  Lord  Mac^iit- 
ncy,  in  tiic  vcar  1793* 
jQut  the  I'laoetariuutor  orrcrtctnowBwftconmonly 


ufed,  do  nut  rcprcfent  the  true  times  of  the  cck/IiaL 

nvttio;  *,  b  it  onlv  tlicir  proportioos;  and  .irc  not  kept 
in  continual  motion  by  a  clock,  but  "  -  r :  ii:rr;'d 
rwind  oecafionally  with  the  hand,  tohc  ;  ;  e  y  '^in,j 
l:H\^i;u\'r>  ail  idea  i.-nlv  of  the  planetary  l^iU'in  ;  a>  aMo, 
if  codlfi  i.^fled  with  iuilto'n.t  .lecutacy,  ;  d  icfolw  pr  J- 
blims,  in  a  CDurfe  way,  ieh<tii>;;  tv)  iU.:  i<'.ativPt  Of  tllC 
l.i'anel^,  and  of  the  eiiah  aaJ  ilu>on,  &c. 

Dr.  Dcfi.juliirs  (F.xp.  r!iih>f.  vol.  r,  p.  4;.-}.)  de» 
fcribes  a  ]'l;u;e;ai  fom  of  iu  '  r,v,  .1  con((i\'au<:e,  which  ia 
one  of  thebefl  of  i!ie  LM;-:ii:<ni  fort.  The  |n*chine  i» 
contrived  to  be  rcdi^cd  or  fct  to  any  lalituJe ;  and 
tlum  by  turning  tfie  handle  of  the  Piaactartjm,  all  tbe 
pl.ineta  perforni  their  r{ vvjl Jlitnis  ren.'ij  Uie  in  pro- 
pr»ition  to  their  pctiodicjl  tiTe»,  and  th^y  carry  indices 
v.li'eh  fiiew  the  h>n^ituiies  tbe  p'an.t',  i>y  pciiiling 
to  the  lUvifions  griJuateJ  cn  circles  t-r  llii".  puipoi'i;. 

Tlic  Planetaitum  rcprcit  r.ted  in  ii^.  1,  plate  xxiL 
i«  a:»  ii^lhuir.cnt  contiitej  by  Mr.  Win.  Jonen,  of  HoI» 
hoi  11,  i,i)ndoii,  n.atliematieal  iiill.-U;lU'iit  lua\rr,  who 
has  j  aid  eunli.'.ciable  at;'j:it;on  to  fa.lr  miehincf,  to 
brinj;  thetn  to  a  great  dejjric  of  l1rap!!eity  arid  petfcc- 
tinn.  It  rtprefcn'i  in  a  general  n:at;nev,  I.y  various 
parts  of  its  roaehlnery,  all  the  itiotlons  and  phenonicii'» 
of  the  plat'.ct.Try  fy.'\  ;  .  Thii  machine  coniil'.s  of,  the 
Sun  in  the  centre,  with  the  I'latiels  in  the  order  nt  their 
diilance  fiom  iiiin,  v:/,  Mcrcu-.y,  \  enn»,  the  Karth 
at\d  MooBr  Mar*,  Jupiter  with  his  irm*:**,  and  Satii  n 
wrath  his  ring  and  mOCnr.  ;  and  to  it  i  :  rlfii  occ  i  nj-iully 

applied  ati  extra  long  arm  £>r  tbe  Gcor^jidn  Planet  anil 
hit  two  moons.   Tu  the  earth  snd  moon  it  applied  ■ 

fiame  CD,  contiii 
to  pre 


Which  fei\e  to  prelerve  t!.e  lartii  s  111  Us  due-  pa- 
rail-bfrLi  in  its  motimi  rtiniu!  the  Am,  and  to  give  the 
moon  at  the  farne  time  l.cr  dnc  revolution  auom  the 
earth.  Tliefe  wbce!:,  :.rc  coiiiitck'd  with  the  wliecl* 
work  in  the  round  boa  btlo^' ,  -  ■  1  the  whole  is  frt  in 
motion  by  tbe  winch  H.  'l  i  e  a  r  )  ^)  that  caniei 
round  the  Jnoon,  point*  out  on  tlic  plate  C  be*  9gc  and 
phafes  for  any  fitvation  tn  her  orbit,  upon  which  they 
are  cnrjravrd.  In  fi^i-  r-nrr  rr  thr  ra  a  n  ;ia;i  i' ai  her 
place  ill  theix;]iptic  ii,  m  ligii*  uiid  tlej;i  tcs,  t<illed  her 
j.cocrntvic  place,  that  is,  as  fc(  n  from  the  earth.  The 
rt'iftr.'s  orbit  if.  lepiefcntcd  by  the  /iat  rim  A;  the  two 
piiati  ti  it,  ii|)on  wliieh  it  turns,  deiuiiing  herMOdnl 
and  the  orbi:  bcin ;  mid/  to  incline  to  au^ciinired 
Wigte.  T!ie  lerrella,  or  little  carth« of thitiiiKh(flie»  if 
ttfually  laadc  of  a  three  inch  globe  pa]iertdt  &c,  for 
the  pitrpofe'j  and  by  means  of  the  lermfnaltnj^  wire 
thai  ;'.()es  Oter  it,  p  jinlj.  out  the  clian;j;;s  of  the  feafon«| 
and  ;hcdiflcicnt  lengthn  of  d;  ys  and  ni.;ht8  more  con- 
fpicnuiifly.  Ky  liiis  tTi  ieliine  arc  fci'n  at  cnce  all  the 
Flatlet: ia  tnotiaii  about  the  Sun,  v.-itb  the  fame  rtfpec* 
ttve  velocities  and  period?  nfrevohitii  n  which  they  liave 
in  the  heaven ;> ;  the  Ml.eelwork  being  calculated  to  • 
minute  of  time,  from  the  lateft  dilcovene*.  $ee  Mr. 
Jones's  Defcnption  of  his  new  pottabic  Orrery. 

PLAN&TC&RY,  fomethlng  that  rrUlc»  to  the 
pl'iict*.  i  Tliui,  wc  fay  I'lanctary  worlds,  Plaretary 
ii)habitaat(,  Pianclary  motions,  fi;c.  Huy^'fin  ard 
routenefic  bring  Icser.d  piobabU-  arg'inur.ts  far  tbf 
reality  of  I'latictary  worlJi,  animals,  p'.antj,  men,  Ic. 

Pi-ANETAav  Jr^ODi,  is  the  fyllent  oraffembbge  of 
the  flaoctSy  prioMij  and  lecondar|rt  moving  iti  their 

•  lelpeAive 


liiif^"  onlv  fuar  wlitels  nndlwo  pin 
fervc  the  earth's  ixis  in  its  due- 
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P<.  kstr  A  f.r  D/tyt.  Wuh  t!ic  AnciVnlJ,  tfie  wtek 
Was  fliarcd  among  the  fcvcn  plancUt  caijh  jilancl  h<iviii)r 
its  day.  This  we  karh  from  Uion  Cefliui  and  Plu- 
tarch, Sympof.  lib.  4.  q.  7.  Herodotus  adds,  that  it 
the  Egyptians  who  firil  difcuvrred  what  g<od,  that 
it  what  planet,  prcfidct  over  each  day  ;  for  that  among 
thn  pnvie  the  phnett  woe  diicAors.  And  hence  it  is, 
thtt  ranoA  £tiiopeaii  hagoafei  the  cUya  «f  the  weirk 
nv  fliO  deiwiniinted  fttMn  the  pbnct*  t  u  Sunday, 

Plani, TAav  Dials,  arc  fuch  as  have  ihc  I'lanetary 
hours  infcnbed  on  tht  m. 

PLaNETARV  Houn,  arc  the  lath  parts  of  the  arti- 
ficial day  and  nif^hi.    See  Plonriary  Ho  i;  ■ . 

Plametakv  Squaret,  arc  ihc  iquarrs  of  the  frven 
mioheiS  from  )  to  9,  difpofcd  magically.  Comrluis 
A^g^m^  u  his  book  of  magic,  has  giwa  the  condruc- 
tiaa  or  the  Crwi  Finwtary  fquares.  And  M.  Potg- 
sard,  canon  of  BnifTcls,  in  his  tn-irifeon  fublime  fquares, 
gives  new,  general,  and  iniv  mtthuUs,  for  making  tlie 
ieren  Planetary  rqiiitL-i,  aiul  all  others  to  infiuity,  by 
Dumber*  in  all  forts  of  prpgreffionii.  See  MaOic /quart. 

Planetary  Teart,  the  periiidsof  time  In  which  the 
fewii  planets  make  their  revolutions  round  the  fun,  or 
CWth>vAtfrom  (he  proper  lerolutinn  of  the  earth,  or 
the  ipparcnt  revolntion  of  the  fun,  the  foltr  year  tdLca 
in  ongntal ;  fo  from  the  proper  revolutions  w  the  reft 
of  the  planets  about  the  earth,  as  many  forts  of  years 
do  arifc;  viz.,  the  Saturnian  year,  which  is  defined  by 
iq  t!^'}"ptian  ycnts  174  ihiys  58  iiiiniitri,  cqui valtnl  in 
a  rouud  number  to  30  fular  years.  The  Jovial  year,  con- 
taining 1 1  years  317  days  14  hours  59  minutes.  The 
Martial  year,  containing  i  year  321  da)-s  2]  hours  31 
minutes.  For  Venus  and  Mercury,  as  their  years,  when 
jodlgcd  of  with  regard  to  the  earth«  are  almoft  equal  to 
the  fi)br  year )  they  are  more  nftiaOy  eftimatcd  from  the 
fun,  the  true  centre  of  their  motions :  in  which  cafe  iht 
former  is  equal  to  2^4  days  16  hours  49  minutes  ;  and 
the  latter  to  87  days  2%  hoars  16  minute*. 

PLANIMETRY,  that  p^n  of  piometn^  which  con- 
flders  lines  and  plane  t'lgurcF,  u -tiiniu  any  regard  to 
heights  or  <!ppth_ — Planimetry  is  particukuly  rcttri&cd 
to  tbe  ni(.ii{urat;i>i«  ofpUncs  and  otbCT  furfaccB }  ai 
coatr^ifitn^Uhed  iitom  Sureometry,  or  the  raenfiin> 
tion  of  fblidt^  or  capacttie*  of  length,  breadth  and 
depth. 

Planimetry  is  performed  by  means  of  the  fquares  of 
long  mcafures,  as  fcjuaix-  iuclu'ii,  fcjuarc  feet,  fcjuare 
yards,  &c  ;  that  is,  by  fquares  whofc  tide  is  an  inch, 
a  foot,  a  yard,  &c.  So  that  the  area  or  cant^^^nt  of 
any  furface  is  (aid  to  be  found,  when  it  it  known  how 
many  fuch  Iqoare  inches,  feet,  yardti  Ac,  it  COMaiBt* 
Gee  MiMSVaATtott  and  Susveyimg. 

PLANISPHERE,  a  orojeaion  of  the  fphere,  and 
its  various  circles,  on  a  plane  ;  as  upon  paper  or  the 
like.    In  this  fcafe,  maps  of  the  heavens  and  the  earth, 

exhsiiting  (he  incriih.Kis  and  othcrdcda of the (^hcitf 

may  be  called  I'ianilphercs. 

Planifphere  it  fometimes  alfo  conCdered  as  an  allro- 
aomicsl  inflrumeot,  ufed  in  obferving  the  motions  of 
the  heavenly  bodies  1  being  a  projeaiun  of  the  rclcflial 
IjpherevpoB  aphiCi  npiclaiting  tJic  Auii  CBoftcBation^ 

Voit  It* 


Ice,  in  their  propcr  fitnatsoai^  dtftancea,  kc.  As  the 
Aflirnlabe,  which  ii  a  common  name  for  all  fuch  pro< 

j<  onj. 

In  all  Planifphere^,  (he  eye  is  fuppoffd  (n  he  in  a 
[i,  !:U,  viewing  all  thecirclcj  of  the  Iphric,  and  referring 
them  to  a  plane  beyond  them,  againli  which  the  fphere 
is  as  it  were  flattened  :  and  this  plane  is  called  the 
Plane  of  Projetlion,  which  is  always  fome  one  of  the 
circles  of  the  fpheie  itfclf,  or  parallel  to  fome  one. 

Amoog  the  iafinite  number-ef  Pknifphtrrs  wliich 
may  be  furoiflied  by  the  diflerent  planes  of  prujeiftion, 
anil  the  different  po'itintu  of  the  eve,  there  arc  t\v<)  (jr 
three  that  have  bctn  prtfcrred  to  the  rctt.  Such  .is 
that  of  Ptolomy,  where  the  plane  of  proje£kion  is  pa- 
rallel to  the  equator :  that  of  Gemma  r(inus,  where 
the  plane  of  prujc^ion  is  the  colure,  or  fohUtia]  meri- 
dian, and  the  eye  the  pole  of  the  meridian,  being  a 
(lereographical  projt  clicn  :  or  that  of  John  de  Roya% 
a  Spaaiara,  wbofe  phme  of  pcojc^Uoa  is  a  meridiaBt 
and  the  eye  pheed  in  the  axis  of  that  MWidiaa,  at  a« 
itirtnite  di.'hnci'  ;  hctiig  an  oithogiaphiCB]  yrojefti»ii» 
and  called  tire  An  ili  ir.itia. 

PL.\NO-C«;j:  ,7-L or  lens,  is  that  v^hith  Isi 
on  one  fide,  and  concave  on  the  other.  And 

Vi-Kfin-Ctrnvrx  glafs  or  lens,  is  that  which  is  plane 
on  one  fide,  and  convex  on  the  Other.   See  Ltlis< 

PLAT-Band,  in  ArchttcAnre,  ii  anyttt  fifun 
nouUiog,  whoTe  height  anieh  exceeds  its  projcAare, 
Such  are  the  faces  of  an  architrave,  and  the  Pht* 
bands  of  the  modillions  of  a  coniicc. 

PLATFORM,  in  Artillery  r.nd  GuTin.  ry,  a  fnall 
tk  v.itiiin,  or  a  floor  of  wood,  llL>f,e,  or  the  like,  on 
which  cannon,  &c,  are  placed,  for  more  conwisciitly 
working  and  firing  them. 

Plai  roKM,  in  Archttedure,  a  row  of  beams  that 
fupport  the  timber-work  of  a  toof,  lying  on  the  top  of 
the  walls,  where  the  entablature  ought  to  be  rtifcd. 
Alio  a  hind  of  flat  walk,  or  plane  floor,  on  the  top  of  a 
building  ;  from  whence  a  fiiir  view  may  be  taken  of  the 
adjacent  grounds.  So,  an  edifice  is  faid  to  be  covered 
with  a  Platform,  when  it  has  no  arched  roof. 

P^j  \T0,  one  of  the  moft  celebrated  amtmz  the 
ancient  philofophers,  being  the  tounJeT  of  the  (eft  of 
the  Ac»lemics,  was  the  fon  of  .Arifto,  and  born  at 
Athens,  about  429  years  before  Chrift.  He  was  of  • 
nijral  aod  illnftrious  family,  being  deCsended  by  his  &• 
ther  from  Codrus,  and  by  his  mother  from  Solon.  The 
name  given  him  by  his  parents  was  Arifiotkt ;  bnt  be- 
ing of  a  robuH  make,  and  remarkably  broad-fhouldered, 
from  this  circumftancc  lie  was  nicknamed  I'Lsto  by  lutf 
wrefding^-maftcr,  which  na-ne  he  retained  ever  after. 

From  his  intancy,  Plato  dillin^uifhcd  himtclf  by  his 
lively  and  briiiiant  imagination.  He  eagerly  imbibed 
the  principles  of  poetrv,  mofic,  tnd  bainting.  The 
charms  of  phflofopby  iiowevcf  prevailing,  drew  him 
from  tbofe  of  the  fine  arts  %  and  at  the  age  of  twenty  hff 
attached  himfelf  to  Socrates  onl^,  who  called  him  the 
Swan  of  lb*  Academy.  TTie  difciple  profited  fo  well  of 
hij  mailer's  leflons,  tlist  at  twenty-five  years  of  age  be 
had  the  repu[ation  of  a  confummate  fag'e.  He  lived 
with  Socrates  for  eight  yearn,  in  which  time  he  com- 
mitted to  writing,  according  to  the  ctiltom  of  the 
ftudents,  the  puiport  of  a  great  number  of  his  muftcr's 

•scdicot  kdiBO^  ivhich  i»  4igcttcd  hj  wmt  of  phihife* 
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SKicai  coBwrfatioiu ; '  but  in«ie  fo  many  judicioas  ad- 
!i!oni  md.  i]nprovi.*DenU  of  bit  own,  that  Socrates, 
hfaiiti?  lilm  one  dajr  rcctie  lus  Lytifi  died  outi  O 
HcrcuTfs!  liow  many  line  fentimenn  do<«  thU  young 
nuii  afc>^I).'  'v  )  it'.<;,  t'l.'.t  1  !ic'.i,r  tLuu^^ht  uf !  And 
I.ucrtiiM  afiurc«  ui,  thai  lie  conipji^J  fc.i  rul  Jifcoutfcs 
vv)iich  Sucratcs  had  no  niatiucr  ui  iiMid  in.  At 
the  time  when  Socrates  was  tirlt  arraigned,  Plato  wa» 
a  junior  fenator,  aod  he  aCTumed  the  orator'*  chair  to 
piesd  bit  miller's  caufe,  but  was  interrupied  ia  that  dc- 
DgDi  and  the  judges  paiTed  fcntence  of  conderonation 
upon  Socrates.  Upon  this  occafion  J^ato  begged  bian 
to  accept  from  him  a  fum  of  money  fulEclent  to  pur* 
chafe  his  cnlar^^emcnt,  but  Socrates  peremptorily  re* 
fufed  the  generous  offer,  and  fufTcrfd  himfcli  to  be  put 
to  death. 

Tlie  philsfppheri  who  were  at  Athens  were  fo 
al.it n.cij  «t  lilt  ilcath  of  Socrates,  that  mo[l  of  them 
^cd»  to  avoid  the  cruelty  and  injuftice  of  the  govern* 
ttwnt*  Plato  rctind  to  Menini,  where  he  was  kindlf 
entertained  by  Eiidid  the  pbiloli^lMri  triw  had  been 
one  of  the  fiiu  fcholars  of  Socntci,  till  the  florm  0io«1d 
be  ovrr.  Ai'icr.vr.nlo  "iic  dclffminfil  tu  travel  in  jjitr- 
filit  ut  knrjwlcilj^f  ;  ariil  from  Mcjjnri  l.r  went  to  Il.ily, 
when  htcoi.ft.iicd  wi:h  Ei;r}tus,  I'li ilulai'.i.,  ac.d  A:;:liy- 
tai,  the  rooft  ceicbrauil  ci  tiie  Fydm^-uicaui),  from 
whom  he  learned  alt  his  natural  philotuphy,  diving 
into  the  moll  profound  and  myllerious  fccreta  of  the 
Pythagoiie  daArinea,  But  perceiving  other  know- 
kd;gc  to  be  eaonefied  with  them,  be  went  to  Cjrrene* 
whetv  he  ftudied  geometry  and  other' brancTtM  of  ma- 
theni^itlcs  ur.dcr  Tneodotus,  i  cckLroltil  inn!!cr. 

Hence  he  travcilcd  i:.to  E;u;yjit,  to  lean)  tliL-  tliLTjluf^ 
of  their  pricft?,  wiih  tiic  Icici.cui  of  ai  iii.nctic,  alliu- 
MSij^  and  the  nicer  part*  of  geometry.  Having  taken 
aJfe  A  fufVCf  of  the  country,  with  the  coutfe  of  the 
Mile  and  tbe  canals,  he  fettled  fome  time  in  the  province 
of  Sai*t  learning  of  the  fages  there  their  opinions  con* 
cemiflg  the  uaivcriic,  wbctTier  it  had  a  benpning'*  whe* 
tbcr  it  moved  whoHy  or  in  part,  &c  {  alTo  concerning 
the  immortalitv  ai.  I  'r  i:  ni-igmlion  ot  fon!;  :  and  here 
it  it  alfo  thoiiglit  "t.  ii<iu  lonrj  cuir.inuiiica' ion  \vi^  ilic 
books  of  Mofi  J. 

I^ato's  ciuiolity  was  not  yet  fatitiicd.  lie  travelled 
into  Perfia,  to  cunfult  the  magi  as  to  the  rehgion  of 
that  country.  He  dclwncd  alio  t  o  h  a « e  penetrated  into 
India,  to  wurn  of  tbe  Brachmans  their  manners  and 
Cttfiomii  bilt«9ipiC«CDtcdby  the  wms  in  Afia. 

Aftarwardt>i«tnmi«<f  to  Athene  he  npplicd  himfelf 
to  the  teaching  of  p!jilufof;Iiy,  -vjenini^'  liis  illioitl  in 
the  Atademia,  a  piace  of  exerciie  in  the  fuburbs  of  the 
city  ;  from  svhciiCC  it  ««  that  hlB  ioUoMIt  tOok  the 
same  of  Academics. 

Yet,  fettled  at  he  was,  he  made  fevcral  excnrfions 
abroad  t  one  in  particular  to  Sicily,  to  view  the  fiery 
cbnUitiont  of  Mount  Etna.  Dionyfius  the  tyrant  thco 
veigned  at  Syracufe ;  a  vcrv  bad  man.  Flaio  howrrcr 
«eof  to  «ifit  him  ;  but,  inftead  of  flattering  tiim  like  a 
courtier,  reproved  I  nn  lor  llic  JIfuidcii  of  l  is  tou;t, 
and  tj»C  irjutlicc  cf  lus  goVernt;u:;t.  The  tyrant,  nut 
ufcd  tod'l.ii^tfLihlc  tintli^,  prcw  er.ingcd  at  l'lat<i,  :i.id 
would  liare  put  him  to  death,  if  Oion  and  Ariiluuicac;., 
ibnncrly  hit  fcholars,  and  then  favourites  of  that  prince, 
Ini  M|  powetfnUy  intexCBdoL  Im  hini.  i2ioD}ltiu 
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however  delivered  him  into  the  Itaodt  of  an  envoy  of  the 
Lacedemonians,  who  Wkrc  then  at  war  with  the  Athe* 
niant :  and  tkil  CBvoft  touching  upon  tbe  coaft  of 
^gina,  fold  him  for  a  fltve  to  j 

\vh  .,  -it  fuon  a«  he  bad  bought ' 
lent  him  home  to  Atheot. 

nji-  tiDji-  aiTcr,  he  madea  fecond  voyage  into  Sicily, 
in  she  rcigii  oi  Dionyfius  the  younger  ;  who  fcnt  Dion, 
his  minifler  and  favourite,  to  invite  htm  to  court,  tliak 
he  might  learn  from  biu  the  art  of  governing  his  peo- 
ple wol,  Pbto  acecpted  the  invitation,  and  went ;  but 
the  intimacy  between  Dion  and  Plato  raifiog  jciioufy 
in  the  tyntiit,  the  former  was  difgraced,  andT tnc  latter 
feiU  tuick  to  Athtiib.  ViM  Dion,  being  taken  into  ft* 
vour  again,  pcrlu.idt(!  Dior.yiitii  to  recall  Plato,  who 
nxcivtd  liiiii  >Mth  all  the  marks  of  good « ill  amd  friend* 
lliip  that  a  great  prince  could  rivr.  He  fcnt  out  a  fine 
galley  to  meet  him,  and  went  nimfelf  in  a  magnificent 
chariot,  attended  by  all  bit  court,  to  receive  him.  Bat 
this  prince's  uneven  temper  hurried  him  into  new  ftiC* 
picMot.  It  fecmi  indeed  that  thefe  apprehenfiona  trero 
not  altogether  groundlctt :  for  jEIian  layt,  and  Cicero 
was  of  tnc  lame  opinion,  that  Pinto  ta'.ipjil  Dion  lio-.tf 
to  dil'patcli  t!ic  tyiant,  and  to  dL-!ivcr  the  peoyJc  fixirri 
opprtifjon.  However  tliii  may  be,  Pla'o  was  ofrciidtd 
and  complained  ;  and  Diouyfius,  inccufcd  at  thefe  com* 
plaints,  refolvcd  to  ptit  him  to  death  :  but  Archytas, 
wiio  had  great  intereil  with  the  tynuM,  being  informed 
of  it  by  Uion,  interceded  far  the  phitoCofdier,  aad  «b> 
tained  leave  for  bin  to  rctii*. 

The  Athemaiti  received  htm  joyfnilv  at  hit  retamt 
and  ofTcrrJ  liicn  the  ai'niiniftration  of  the  government  i 
but  he  dcchr.id  tli.it  honour,  choofing  rather  to  live 
quietly  in  tlie  Academy,  in  the  peaceable  contemplation 
and  ttudy  of  philolophy  ;  being  indeed  fo  d^firoiu  of  a 
private  retirement  that  he  nc«rr  married.  Hit  hmt 
drew  difcif^et  from  all  parte,  when  he  would  admit 
them,  u  tml  u  invitattont  to  cotoe  to  refiik  in  manv 
of  the  other  Gxecim  flatca )  but  the  three  that  rooit 
difttngiiiflied  therafetves,  were  Spufipput  hit  nephew, 
who  tontinncd  the  Academy  after  h.im,  Xcnocratcs  the 
t\i!tdonian,  a;-.d  the  itlebiattd  Atillotle.  It  is  laid 
alio  that  'I'hcopluailiL*  and  Demutlhcnca  were  two  of 
hitditciplct.  He  had  it  feems  fo  great  a  rUped  far 
the  fcicnce  of  geometry  and  the  mathematics,  iltat  he 
had  the  foUowing  infioiotion  painted  in  laige^tert 
over  the  door  of  fit  aeuony  j  Lit  no  om  bntba 
Bsaa,  uNtsii  KB  MAa  A  TAiTk  ron  Gsombtkv  a** 

THI  MATHHMATICtl 

But  as  Ills  ;rreat  reputation  p^nif  J  }i'm  on  the  otte 
hand  mnoy  diiciplcs  and  admirers,  fo  OU  the  other  it 
raifed  him  fome  emulators,  efpeeially  among  hi^  kllow- 
difn'plet,  the  followers  of  Socrates.  Xcnophon  and  he 
were  particularly  difafiedrd  to  each  other.  Phito  waa 
of  fb  quiet  and  even  a  temper  of  mind,  even  io  hit  jrouth> 
diat  he  never  wat  known  to  expreft  a  pleifvre  with  niT 
greater  emotion Iban  that  of  n  fmile  ;  and  be  had  fuch 
a  perfi-S  command  of  hie  ji  illions,  that  nothing  could 
provoke  hi^  ari^cr  or  uToiitmcnt  ;  from  hiti.e,  and  the 
fuhjc^t  and  ilylc  of  iiis  uritiugs,  he  acspiired  the  ap- 
piilaiion  of  the  Divine  Pint').  But  a!t!ioiin;h  he  \^  at 
natupillTof  a  referred  a tkd  very  prrJivedifpohtitjn  }  yi.t» 
according  to  Ariftotle,  he  was  affable,  courteous,  and 
pcxfcttljr  good-natured  i  aad  foiactimci  would  condc- 
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fcenti  to  melt  little  Ifinocfnt  jokes  on  Uia  iatimau  ac- 
qnaintanccs.  Of  liis  affability  there  nreds  no  grwter 
proof  thin  his  civil  manner  of  coavcrfin^  with  the 
]ili2ofbplim  of  his  own  timea,  when  pride  aa<l  cqvt 
fNit  at  thdr  hetefat.  Hit  behaviour  to  DTogcaet  u 
ahn^  awatbMed  in  bit  biftory.  This  Cynk  wM 
giCttly  offended,  it  feemt^  tt  the  politenef*  and  fime 
tifte  of  Plato,  and  ufed  to  catch  all  opportonitifs  of 
fntrlin^  at  him.  Dining;  one  d.sy  at  tiis  l.ihlc  wirh  oilier 
company,  wlicci  trampling  upon  the  tijjfftiy  wi;h  Ins 
<Jirty  feet,  he  iiUcrcd  this  bnitiih  farvafm,  "  I  trarrpU- 
tJpon  the  pride  of  Plato  t**  to  which  the  Uitfr  wifviy 
and  calmly  rt|jted,  *•  with  a  greater  pride.'* 

This  extraordinary  man,  heme  arrived  at  8 1  year*  «f 
M|C^  Sti  «  very  eafy  and  peaceirtile  dcirli,  in  the  midft 
«  aa  Mienunmentt  according  to  fome;  botitccordinr 
to  Cjcem,  as  htvrsa  writing.  Both  the  life  and  death 
of  thi?  phnofiiphir  were  ralm  and  iiiidifliirhtd  ;  and 
deed  he  was  fu»e!y  eL):iip;>fed  foi  happiacfi.  Bcfide  t';ie 
ad^-antnges  of  a  noble  binli,  he  had  a  large  and  cotr.prc- 
hcnfivc  nndcrttaading,  a  vnil  fiind  of  wit  and  good  ultc, 
great  evennefs  and  (wcetnefs  of  temper,  all  cultivated 
and  reiined  bjr,  tducation  and  travel ;  fo  that  ft  it  no 
vender  be  vat  honoured  by  his  conntrynicn,  efteemed 
bj  ftrangert,  and  Mrtd  by  bit  fehobra.  Tully  per> 
feahr  adored  him :  he  tells  us  that  he  was  juftly  called 
hy  PariTtlus,  the  divine,  the  n\ofl  wife,  the  miifl  facied, 
the  Horacr  of  ukilofophci s ;  thiuki,  thit  if  Jufjicer 
had  fpoken  Greek,  be  would  have  done  it  i:i  PUto'j 
Itjlc,  &€•  But,  panegyric  alide,  Hato  was  ccn&inly  a 
wry  wood^ul  man,  of  a  large  and  comprehenfire  mind, 
■B  iBMgiaatian  infinitely  fertile,  and  of  a  mod  flowing 
«nd  oopfoaa  eloquence.  Hovrever,  tbe  ftrength  and 
beat  et  fancy  prevaOiiig  4ter  jodgtimt  in  biHMnnpolt* 
tioo,  he  vrastoe  aptto ToarbeyoMtbeSmtti  of  earthly 
things,  to  ran  :;c  in  the  imaginary  regions  oT  general 
andabArat^ed  ideas  ;  on  which  account,  thoiij,'h  there  is 
always  a  grentiufs  and  Uiblimity  in  his  manner,  he  did 
Bot  philolopbize  fo  much  according  to  truth  and  nature 
as  Ariftotle^  tboni^  pieeio  did  pot  iaaple  to  give  hia 
thepceferenee. 

The  wrilinga  of  Pkto  are  aD  in  the  way  of  diatogue^ 
where  he  rcemt  to  ddirer  nothing  (nun  bimielf)  bat 
erery  thing  as  the  fentiments  and  oplniont  of  olheri,  of 
Socrates  ctncfly,  t^f  Tim.Tus,  5cc.  H's  ftyle,  as  Aii- 
ftotte  ohfcrvcd,  is  bttvreii  profe  and  vcrfc:  on  which 
sccoiirit  fomc  have  not  fcr\iDled  to  rank  him  among  the 

foets;  and  indeed,  bcfidc  the  elevation  and  grandeur  of 
is  ftylc,  his  mr.ttcr  is  frequently  the  offspring  of  ima- 
g^tioff,  ibftead  of  dodnncs  or  trutka  deduced  from 
BiMre;  The  ibft  cditton  of  nato*!  work*  in  Greek, 
wfat  printoS  by  Aldus  at  Venice  in  f  51  j  i  but  a  Latin 
Vtrflort  bf  them  by  Marfilius  FitintM  bad  been  printed 
therein  1491.  They  were  reprinted  ff)i;(th(r  at  T.yons 
ID  I  j8i,  Btidat  FraniTo:t  in  1601.  The  tuniiHi;!  [jrinV.r 
Henry  Step'hens,  ir>  157*^,  p'ave  a  hiaut'ful  unci  corr'.ii 
edition  of  Plsto's  woiks  at  Paris,  with  a  new  l.itin 
Verfion  by  Scrranus,  in  three  volumes  folio. 
'  PLATONIC,  fomethiog  that  relates  to  FUto,  hit 
mieol,  philol(>phy,  opiaiQn»  Or  Uke/ 

PLATONIC  Bod'ift,  fo  eaiied  from  ^Plato  who 
treatcid  of  them,  are  what  are  otherwife  eaVrd  the  re- 
cidar  bodies.  They  are  five  in  nuniber ;  the  tetraedton, 
vx  hftKifCa't  the  ediedron^  the  dodecaedron,  and 


the  icofaedmn.  Sec  each  of  tbefe  articles,  ts  alfo 
Rioi'LAR  Bonus, 

Platokic  I'ear,  or  the  Grtal  Tear,  U  a  period  rf 
time  determined  by  the  revolution  of  the  et^uiMwCtt  * 
the  tiihe  in  which  the  &ar«  and  conftcUationi  vttvnt  tV 
their  former  placet,  io  relpeft  of  the  eMtnotce; 

The  Pfartoftic  yefr,  according  to  Tycho  Ri^he,  ft 
jjSifi  folar  years,  according  to  Kiccioli  t$<)io,  and 
acrordiog  to  Callini  i4S?o  var*. 

This  period  beinjr  onc  e  aL  Lomplilhrd,  it  wai  an  opi- 
nion a:')Dng  the  er.i  icr.fv,  that  ih  -  ;1 !  was  to  begin 
ai  cw,  and  the  iati.e  levies  of  things  to  return  over 
a-ain. 

PLATONISM,  the  doarine  and  fentiments  df 
Hato  and  hia  foOowcn*  with  ftgard  to'philofopliy,  tte. 
His  difciplea  were-  called  Academics,  from  Aca<femia, 
the  name  of  I  villa  fn  the  fuburbs  of  Athens  where  he 

opei;-d  M;  f.  Tv-  J.  A  '.irmg  thefe  were  Xcti  a-;utff, 
Ariil')tle,  L.ycurriis.  Dcni :i*HieilcS,  and  llucratti.  In 
plivlkr,  he  chiefly  i  til' v.vc  i  Heraclitus;  in  ethics  and 
politii^S,  Socratci ;  and  in  me|Bphytics,  Pythagovas. 

After  hn  death,  two  of  tbe  principal  of  his  difciples, 
Xenocratet  and  Aritetle»  continuing  fak  oad 
teaching,  the  one  in  the  Academy,  the  odtcr  in  fife 
Lyc«nni,  fitrmed  two  feds,  under  different  names, 
though  in  other  refpefls  the  fame ;  the  one  retaining 
the  (;en'i'n;.;a;i;.n  ot' A  ,.  ,\  i. I V  li  s,  the  other  affuosi^g 
th.1t  oi  pKR  [l  Ai  L  ncs.    tici;  thefe  twj  articles. 

Afterwards,  about  the  time  of  the  firft  1;  •<  .)f  Chrif- 
tianity,  the  followers  of  Plato  quitted  the  tiJe  of 
jlcaitrmlfltf  and  took  that  of  Pla/^nijtt.  It  is  frp^nfed 
to  have  been  at  Aleundria,  in  Egypt,  that  they  iirft 
•fliimed  ihianew  titk,  after  having  reitored  tbe  ancient' 
•ademyi  and  le-eftablifhed  Plato's  fentiments ;  which 
bad  jkany  of  them  been  gradually  dropptd  and  laid 

afiJc.  Porp!.vry,  Fktiii,  I jnihlicli'i*,  I'r  ■ili;-.,  aiij 
Plutarch,  are  tholf  acquirtd  the  chief  rrpuiatiim 

amonjj  l!ic  Greul^  riatinills;  ApuleiuS  and  Chr.icidinj, 
among  the  Latins  ;  and  Philo  Judfus,  among  the  He- 
brews. The  modem  PtatonillsowD  Plotiothe  fimtdcf'f 
or  at  leall  the  reformer,  of  their  fed. 

The  Platonic  phtiofopby  appeata  very  eonfiftent  with 
theMobiei  and  ittany  of  the  primitive  fathers  follow 
tbe  opinion*  of  that  philofopher,  as  being  favouraltle  to 
Chrlftianity.  Jtiflin  is  of  opinlun  that  there  arc  many 
things  in  the  works  of  Plata  which  this  philofopher 
cocild  nnt  lo.ir'i  fro-n  mere  iintur  .l  re;f'"ii  ;  but  tliinfcs 
he  mull  h*ve  learnt  them  from  tiie  L.uka  of  Mofef, 
which  he  might  have  read  when  in  F.rvpi.  Hence 
Numenius  the  P\tliapi>'can  cxprefs'.y  calls  Plato  the 
jli/ic  Afo/ft,  and  upbraids  him  with  pla;fiarif3i  ;  hi- 
canic  hcftolc  bit  dodrioe  caaccming  God  and  the 
world  from  the  bnoka  of  Mofet.  Thewdoret  feyt  e*« 
prefijly,  th.it  h.;  ha*  nolhiiif^  ('i)o:1  and  Cnmmcndable 
cimccrniiij^  the  De:ty  and        -.Vvirfl.ip,  but   what  hC 

toak  frtiiii  the  Hebrew  the (ili  jy  ;  :\nii  Clemens  A!es- 
andriiius  calls  him  tiie  Ilfh  f.v  Phil',ft<ph:r.  Gale  is 
very  particular  in  his  proof  of  the  jmint,  that  Phtto 
btfiTOWed  his  philofophy  firotn  jtie  Sotipturct,-  either 
inunediately,  or  hy  means  of  tradition  and.  beQdctKfe 
authority  «f  the  ancient  writers,  he  bringa  fdOie  argtN 
ments  fnJm  the  thing  itfelf.  For  ex'trnf  le,  flato's  con- 
fefTion,  th.u  the  On.'-.)  l  o'-,  J  ihe'r  knandedge  of 
the  one  iuUnite  Ciud,  from  m  ancient  j>eopte,  bettor  and 
lit  nearer 
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nnrer  to  C«d  tliMi  ttiey  (  tiy  wliich  peopte*  odr  utiior 

makes  no  t?<iri^it,  lie  mt  riiii  tKr  Jews,  from  his  account 
of  the  llatt  uf  innt.CLiiLC  ;  as,  that  m»ii  was  born  of  the 
earth,  that  ht-  was  i.Liktil,         he  trnjuyed  a  truly  hnp- 

{ty  ilate,  that  he  convifrfcti  with  brutes,  &c.  In  fact, 
rom  an  examination  of  all  the  parts  of  Plato's  philo' 
fophy,  ph>Gcal,  mmphyfical,  and  ethical,  this  author 
fikds,  in  everjr  oiie»Cvidmt  lMrk«  of  its  facrcd  original.  . 

A»  to  Uw  tnatmcr  of  die  creation,  Plata  teachc*.  that 
the  «orid  mide  accordin^r  to  a  cntatn  excin|>lar, 
or  idea,  in  the  divine  arch)teft'»  mind.  And  all  things 
in  the  univcrfe,  io  like  manner,  he  fiiews,  do  depend  on 
t:jc.  rtTiL.icy  uf  interna)  i^ca^.  This  "(Icrl  worUi  is  thus 
explained  by  Didymus  :  *  IMato  fuppol'es  certain  pat- 
terns, or  exemplars,  of  all  fcnfible  things,  which  liecslU 
,idcat}  and  as  there  may  be  various  impreflion*  taken  off 
from  the  fame  feal,  fo  he  fays  are  there  a  vnft  number 
of  aatoret  exifttog  from  each  idea.'  This  idea  he  (up- 
pofet  to  be  an  eternal  tireoee»aad  to  oecafion  the  fe«e> 
ral  things  in  nature  to  be  fuch  »t  itfcif  is.  And  that 
molt  beautiful  und  perfect  idea,  which  comprehends  all 
_the  Ti  l},  he  m.ili.t.iir.s  to  DC  the-  world. 

Farther,  Fiato  teaches  that  the  univerfe  i*  an  intelli- 
gent animal,  conGlling  of  a  body  and  a  foul,  which  he 
juSXttb*  g<ntratfj  Godt  by  way  of  diflin^ion  from  what 
be  call*  the  immuiaile  rjtncty  who  wat  tlienulc  of  the 
generated  God,  or  tlic  univerfe. 

According  to  Plato,  there  were  two  Ibrti  of  mfetior 
and  derivative  gods ;  the  mundane  gud«,  all  of  which 
bad  a  temporary  getteration  with  the  world  ;  and  the 
fupramundaR;  i;c'ii:i!  (^ods,  which  were  a!l  *  :  tin  m,  atie 
rxccpted,  pruiiiiCCii  fiuin  that  one,  and  depeiukiii  on  it 
ai  ttifir  c.iiifc.  Dr.  C.iJ'.vui  t!i  fays,  that  Plato  aircrtu] 
a  plurality  of  gods,  nuariing  animated  or  iutclte^ual 
beings,  or  li'zmons,  fuperior  to  men,  to  whom  honour 
and  mnfliip  are  due  s  and  appjjing  the  appeUatuui  to 
the  fun,  moon*  and  flan,  and  dfo  to  the  earth.  He 
aflerts  however,  at  the  fame  time,  that  there  was  one 
fiipremc  Cod,  the  felforigiuHtcd  being,  the  maker  of 
the  heaven  ami  earth,  and  of  all  ihofe  other  gpii-;.  lie 
alfo  mail iiui  lis,  that  the  Pfychr,  or  univerfal  mund.ttic 
foul,  whicli  is  a  fi-lf-moviii;;  (.ri::c"p!i-,  :uui  the  imme- 
diate cauie  (if  the  motion  iti  the  world,  was  neither 
eternal  nor  Alf  cxilUui,  but  made  or  produced  by  (Jod 
in  time  ;  and  above  this  fclf-monng  Pfyche,  but  fnb- 
ordinate  to  the  Supreme  Being,  and  derived  by  cmann- 
tion  from  bim,  he  fuppofcs  an  immoveable  Nout  or  t»> 
ttOed,  which  wu  properly  the  Dcmiurgtu,  or  framer 
of  the  wortJ. 

The  firft  matter  of  which  thi*  b<n!v  of  the  uiiivtifc 
was  formed,  he  obfcrvcs,  was  a  rude  iiuii^rlU'iJ  hc.ip,  or 
chaos  :  Now,  adds  he,  the  creation  was  a  mixed  pru- 
duAion  ;  and  tbe  world  is  the  refult  of  a  combuiation 
neceflity  and  undcrftanding,  that  ii*  of  matter,  which 
he  calls  neceflity,  and  the  divine  wifdon  i  yet  fo  that 
aaind  ruks  over  neceflity;  and  to  thii  neceflity  he 
afcribet  the  Introdn^oo  and  prevalence  both  of  moral 

•nd  natural  evil. 

The  principlct,  or  elements,  which  Plato  lays  down, 
are  fire,  air,  water,  and  earth.  He  fuppofes  two  lica- 
vcn«,  the  Empyrean,  which  he  takes  to  be  of  a  fiery 
nature,  and  to  be  inhabited  by  angels,  &c  }  and  the 

Suury  heaven,  which  he  tcncheai*  not  adamMti*^  «r 


With  regnrd  to  die  htnnan  (ool,  Pkto 

its  tranfmigration,  and  confcquently  it!  future  immor» 
tality  and  prc-cxiAence.    lie  alTerted,  that  huoun  foult 

arc  here  in  a  laf.fcd  ftatc,  arul  tlut  fouls  fioni'  jr  (hould 
fall  diirt'a  iiito  theic  cartlily  hn(!res,  Eufcbun  ex* 
preftly  fays,  that  Plato  l><!d  the  to  be  uiigene- 
ratcd,  and  to  be  derived  by  emanation  from  tiie  full 
caufr. 

Hii  ^|£is,  or  do&rine  it  e«rpwt%  >•  chiefly  laid 
down  in  bn  TwMeaa,  where  he  argue*  an  the  propcrtien 
of  body  in  a  geometrical  manner  {  which  Ariftotlelifcea 
occafion  to  reprcfamd  in  him.  Hit  doArioe  4r  wrwlf 
is  dehvered  ill  bll  lOtb  Book  of  Luoh  nnd  Ui  Ftt* 
menidcfl. 

St.  Auguftine  commends  the  Platonic  philofuphy ; 
and  even  fays,  that  the  Platonifls  were  not  far  from 
Chriftianity.  It  is  alfo  certain  that  moft  of  cele- 
brated iathera  were  PlatoaiAa,  and  borrowed  inuiy  of 
their  expbnationt  of  fcrtptare  irom  the  Pfattnnie  fyScnh 
To  account  for  this  faft,  it  may  be  obferted,  tMt  to- 
wardK  the  end  of  the  fecond  century,  a  new  fcA  of 
phil'ji'ophert,  ctlL-ci  t!ie  inodeni,  or  liter,  Phltonies, 
arok  uf  ri  tiiilden,  fprcad  with  iwna/.iiig  rapidity  thiou);h 
the  ■;ria?i(\  pail  of  the  Roman  empire,  Iwnhswrd  up 
almott  ail  the  other  fc^ils,  and  proved  very  dctiirnental 
to  Chrillianity. 

The  icbool  of  AleMndria  in  l^mft  iniUtntcd  by 
Ptolomv  Phihulelphu*,  Koewed  and  reuwmed  tbe  Phi«- 
tonic  philofophy.  The  votaries  of  thit  fyftem  diftio* 
guilhed  thcmfelves  by  tlie  title  of  Platonics,  becaufe 
tiicy  thought  that  the  fcntimenu  Pljto  concerning 
liic  Deity  and  invifible  thirtj^f,  were  nui.  h  more  rsticnial 
and  fiibhme  than  thofe  'if  the  otlur  piui.  lophi  ■  s.  'I  his 
nrw  fpecics  uf  Platoniim  was  embraced  by  Inch  of  the 
Alexandrian  Chrifttaas  as  were  defirous  to  retain,  \si:h 
theprufefTion  of  the  gofpel,the  title,  the  dignrtj-,  and  the 
babit  of  philofof^en.  Ammoniut  Saoca*  was  its  prtnd> 
pal  founder,  who  was  fucceedc^  by  his  difople  Plotinns* 
as  this  latter  was  by  Porphyry,  the  chief  of  thofe 
formed  in  his  fchoui.  From  the  I une  of  Aininoi;ii'i 
until  the  (Ixfh  crntnry,  thi't  was  almall  iLc  only  fytlem 
of  philofopliy  publicly  faug'ut  at  Alexandria.  Ir  was 
brought  into  Greece  by  Flutarch,  who  renewed  at 
Atbeiu  the  celebrated  Academy,  from  whence  iffued 
many  iUuftrioiaa  philafinihcn.  The  genenl  prtncipit 
on  ivbicb  tbia  (eA  was  Minded*  was,  that  truth  «n»  to 
be  parfued  with  the  uimoft  liberty,  and  to  be  coUcQed 
firooi  all  the  different  fyilems  in  which  it  lay  difpcrfed. 
But  notic  that  were  dciirou<^  of  being  ranked  among 
thcfr  new  Platoniils,  called  iti  qucAion  the  nuin  doc- 
trines ;  thofe,  for  example,  which  regarded  tlicrxiiU 
ence  of  one  Cod,  the  fountain  of  all  things ;  the  eter* 
nit y  uf  the  world  (  the  dcpcndance  of  matter  upon  tbe 
Supreme  Being  \  the  unkmc  of  ibuia|  the.  plurali^  of 
goda,  ftc 

In  the  fourth  century,  under  the  icign  of  Valeo^ 
tiniin,  a  dreadful  Aorm  of  perfecntioa  arolir  againft 

the  I'latoniili ;  many  of  whon^,  being  accufed  of  map'» 
cil  pniiiiccf,  and  other  heinous  crimes,  were  capitally 
coiivifh'd. 

In  the  fifth  crntutj  Pradu*  gave  new  life  to  tbe 
dofifino  of  Plato,  and  icIloMd  it  Co  iu  former  credit 
in  Greece  \  with  whom  eoBcnned  many  of  the  Chn« 
ffitt^odai^  wbo  tddsici  ^  BmNye  l^AcB.  The 
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  J  pbik^bplimweK  gcoenHy  oppofcit'«f  CliriC> 

tialiity  I  out  !n  the  fixth  century,  Cbalcidiuj  gave  the 
Pagan  fyfteoi  an  evaagelical  afrieCl ;  and  thoTe  who,  be- 
fore  it  became  tlic  religion  ot  the  llatc,  ranged  them* 
felw  under  tlir  iiandatd  of  I'Isto,  now  rrjairid  to  that 
of  Chrill,  witliout  any  prcst  chaii^'-e  of  dieir  fyAcni. 

Under  the  emperor  Juliinian,  who  iSutd  a  particular 
edid,  prohibiting  the  teaching  of  pbilofophy  at  Athens, 
iMch  edid  £em»  to  hate  been  levdkd  at  nodnaffaf 
tmnfiBf  ill  ttie  celebrated  philofopbcn  of  ttp>  led  took 
lefiige  among  the  PcTfiins,  wliu  were  at  tkat  time  the 
enemiea  of  Romf ;  .^nd  though  ihcy  returned  from  tbetr 
▼oluntary  exile,  w  licn  ilie  peace  wat  coocloded  httweeii 
the  Ferfians  and  Ronant*  in  5331  t^Kj  coM  nercr  rc- 
'cover  tlieir  formcrciidilt  wmtmtmm  tMiilRAiaBiiftbe 
public  fchuoia. 

PJatonifm  however  prevailed  arooDg  the  Greek*,  and 
«aa  by  them,  aod  partic«l«ily  by  GcaiuftiM  flfltha^  iiu 
trodoced  iqto  Italy,  and  «ibblifl>fd,' under  the  aufploet 
of  Cofiao  de  Medida,  about  the  year  1 4^9,  who  ordered 
Marfilius  Ficiniu  to  tranflate  into  Latin  the  works  of 
the  moft  rcnowr.td  Plaluiiifli. 

PLATONJSrS,  the  fi  ii^iwcr*  of  Piato  ;  olhcraife 
Called  Academies,,  from  Academia,  ihc  name  of 
the  place  that  philofopher  chofe  for  hi*  lelidence  at 
Athens. 

PLEIADES  an  aflenbligr  «f  icvcm  ftaia  io  the 
Mdk  of  the  conftetatmi  Taimia,  the  buDt  although 

there  are  now  only  fix  of  them  vilible  to  the  naked  eve. 
The  largcft  of  thefeis  of  the  third  magnitude,  and  called 
Loddo  PIciadum. 

The  Greeks  fabled,  that  the  name  Pic  iade a  was  given 
to  thyfc  ftars  from  fcvcn  daughters  ot  Atl.is  and  I'lcionc 
UK  of  the  daughters  of  Oceanus,  who  hdviug  been  the 
amies  of  Bacchus,  were  for  their  ferTices  taken  up  to 
hccven  and  placed  there  as  tars,  where  they  Aall  duoe. 
The  acairiog  of  which  bkie  may  be,  thai  Atba  M 
flbferred  thefe  fian»  and  called  ma  by<th««MMa  of 
the  daughter*  of  his  wife  Pltione. 

PLENil.UNIUM,  the  full-mo<,n. 

PLENUM,  ill  Phyik*,  (igsiilks  tliit  ftate  of  things, 
io  which  every  part  of  fpace,  or  extcnfio:),  is  fuppofid 
to  be  full  of  matter :  it'  oppolition  to  a  Vacuum,  svhich 
h  a  {pace  devoid  of  all  matter. 

The  Cartcfiane  held  the  dodriae  of  an  afaibluU  Fle- 
Mn;  aaftaly  on-  thia  prineiple,  -  thnt  the  elTcoce  of 
matter  confifta  in  exteoGon  ;  and  eonfequently,  there 
being  ereiy  where  cxtcnlitia  or  /pace,  there  is  every 
whcte  matter  t  which  »  Utile  better  thaa  bafging  the 

qiirrtion. 

PLINTH,  in  Architefture,  a  flat  fqiiare  member  io 
fonn  of  a  brick  or  tile ;  ufed  as  the  foot  or  foundatlun 
of  columns  and  pillars^  Aec. 

PLOT,^n  Surrcytag*  the  flan  or  drai^ht  of  any 
parcel  of^  md  t  M  a  field,  6rn,  or  iiiBnor>  tK» 

PLOFPING,  in  Surveying,  the  dcfcnbiog  or  laying 
down  on  paper,  the  feveral  angles  and  lines,  &c,  of  a 
mfikof  land,  tliat  has  been  fiirvcycd  anil  meafured. 

Plotting  ii  ufually  performed  by  two  indriimenti, 
the  protradlor  and  i'iouirg-rcalc  ;  tliefoimcr  fcrving' 
to  lay  off  all  the  angle*  iliat  have  been  racaliired  aod  fct 
down,  and' the  htter  all  the  meaftired  linca.  Sat  thefe 
iaroiaftniNOciiU  na^er  their  K^fiire  naaw* 


vfed  iiir  Aeplottinff  of  ^oadi  faibrveyiog,  or  tMag 

off  the  lengtns  of  the  lines.  It  is  cither  6,  q,  or  i  z 
inches  in  length,  and  about  an  inch  aod  half  brand  { 
being  n.nde  either  of  box-wood,  bnlnnwys     fiber  | 

thoft:  (]f  iTonr  arc  the  neafctl. 

This  inilrumcnt  contains  various  fcaJts  or  divided 
lioes,  on  both  &des  of  tt.  On  tbe  one  tide  arc  a  number 
of  plane  fcalei^  or  fcales  of  equal  divifions,  each  of  a 
diderent  nnmber  to  die  iach|  a*  alio  iicaka  of  ohordi» 
far  U^nv  down  aagleaf' and  KHNSiiDep  even  the  d^greea 
of  a  circk  nuurked  on  ooe  edK,  asfsrcnag  to  a  centre 
marked  00  the  oppolite  edgCrby  vrfaich  means  it  fervee 
alio  as  a  protractor.  On  the  other  Idc  are  fcvtral 
diagonal  fcales,  of  different  fixes,  •r  d.fTerent  diTifiotis 
t*  the  inch  ;  fcrving  to  take  off  lines  cx[)rrfrcd  hy  num. 
bcrs  tu  three  dimeuiiuot,  a  units,  tens,  and  hundreds  ; 
a»  alfo  a  f.ale  of  divifioos  wliicli  are  the  iCKHh  parts  of  a 
foot.  But  the  Boft  ufcful  of  all  the  linerthatcn  be  laid 
«p6n  thistnltnnnent,  thongb  not  ahrayadone,  ia  nfine 
or  plane  fcale  upon  the  two  oppofite  edges^-flude  thia 
for  that  purpofe.  This  is  a  very  afefbl  fine  in  fiirvrying  ; 
for  by  Uyiiig  t!it  inlhunicnt  d'.iwn  npon  the  [uycr,  with 
its  divided  eclj;c  aluiig  a  iuic  upon  wii.ch  jrc  tu  be 
laid  o;T  ftveral  dillnucfs,  lor  the  places  of  ofT-fcts,  &:c  } 
thefe  diftaucet  are  all  iran>.f(trcd  at  once  from  the  in^ 
flrument  to  the  line  ou  the  paper,  by  making  fmall 
anjka  or  points  againft  the  rcipe^ve  divifioas  on  the 
edge  of  the  fcale.  See  fig.  a  ft  3,  plates  xxi  and  zxii* 
•  Vt-orr  IS  a -Tai/e,  in  Surveying,  ia  ufed  for  a  plane 
table,  as  improved  by  Mr.  Beigbton,  who  has  obviated 
a  j;ood  many  iiu'oriTcnicncies  attending  the  nfe  of  ttie 
common  plane  table.  Sec  i'liilof.  Traiil.  numb.  461, 
ka.  I. 

PLOUGH,  or  Plow,  in  Navigation,  an  ancient 
mathematical  inftrument,  made  of  box  or  pear-tree* 
and  nfed  to  take  the  height  of  the  fan  or  liars,  in  or- 
der to  find  die  ktitadc. '  Thia  tninmeBt  adnutsof  th« 
degree*  to  be  very  large,  and  has  bees  much  dBeeoMd 
by  many  artifts ;  though  nowqntfotttof  ufc* 

PLUMB- 1. INT,  a  term  amoQg  nttifiican  fw •  12n» 

perpendicular  to  the  horizon. 

I'LUMMP.  r,  1'i.uMD-Rui.a,  or  Plumb-line,  an 
i:iR:unu'ni  uled  by  maloni,  carpenters,  &c,  to  draw 

tcrpendiculars  ;  in  order  to  judge  whetlier  wdk^  tKg 
e  loright,  orplaacs  hotizontal,  aod  the  like. 
PLUNOER,  b  Mechaiiic%  n  Mid  bn&  cylinder,, 
ufed  as  a  farcer  in  forcing  puirae. 

PLUS,  in  Algebra,  ttir  ammative  or  pofitive  fi.'rn, 
+,  figiiifying  rtiiirc  or  addition,  or  .that  the  quniiti:y 
following  it  cutler  tu  bo  conGdered  at  a  poUtivc  or 
afTirniative  cjuaiitity,  or  tdat  it  is  to  be  addcd^to  the 
other  quantities;  Io  4  -(-  6  =  10,  it  read  thus,  4  plus 
b  i)  ecjnal  10  lo.    See  Affirmativi^  Sign. 

The  more  early  vmtera  of  Algiebra,  as  Lucas  de 
Burm,  Cardan,  Tartaglia,  dec,  ,  wrote  the  word  asoftly 
at  full  length.  Afterwiupds  the  word  waicotit  ranted  or 
abbreviated,  ufing  one  or  two  of  tt*  firft  letters ;  which 
ifiiii.d  was,  by  the  German*  I  think,  corrupted  to  the 
prcfuit  character  +  ;  which  1  bud  firll  ufed  by  Stifc- 
lius,  printed  in  liia  A  1  illimtrtic. 

PLUViAMi^TLR,  a  machine  for  meafuring  the. 

Juantity  of  rain  that  &llt.    There  is  defcn'bcd  in  the 
'hiloL  Trmof.  (anab.  473*  or  Ahndg^  z,  kf 
Snheil  Pidirinv.  mider  the  none  of  an 

MwarwrMW  wi  v^^aaivw^^Kp   wn^nw  wowv  oinnBRnv  w  naBW  ' 
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M  Mhrmnent  oF dib  kiild.   It  eonMtbf  a  tin  funnel 

wbofe  fuiFace  li  »f»  inch  Cquare  (fig.  6,  plate  xx)  ; 
•  flatibo«rd  aai  aitd  a  gkbtubc  ti,  fct  intotlic  mkliile 
of  it  in  a  groove;  and  an  index  with  ilivifiont  eti  the 
board  and  ttibc  being  of  anjr  length  at  pUrafure.  The 
bore  of  the  tube  is  abont  half  an  inch,  which  Mr. 
FiehniBK  ftp  k  the  bcft  Am.  The  aaehiM  k  faed 
la  fiMM  five' and  spea  fkuBO,  ■*  the  topof  tfw 

The  Rain>n)re  employed  at  the  hoofcof  the  Rami 

Society  i»  ddcribed  hj  Mr.  Cavcmliyi,  fa  tiw  FUhiC 

'I  rani,  for  1776,  p.  384.  The 
veflel  which  receiTea  the  rain  is  a 
conical  fundcl,  ftmtgthened  at 
the  top  by  a  brafi  ring,  12  inchei 
in  ^ameter.  The  ibdet  of  tbe 
femd  aad  intter  Kp  of  tha  bnla 
ring  are  inch'ned  to  the  horttOB* 
in  an  angle  of  abore  65*  (  and 
the  outer  lip  in  an  angle  of  abovs 

io"  i  which  are  futh  degrees  at 
eepncfi,  that  there  fccrr.s  no 
probability  cither  that  any  rain 
which  falls  within  the  funnel,  or 
Oft  the  iaanr  lip  cf  the  ring*  OutU 
dafli  otit,  or  that  wr  «lu&  Mt 
On  ihc  outer  Kp  {hall  da(h  into  the  Imnci    The  aa* 
nexed  titanic  i;  a  vertical  {eS&ont)£ the  funnel*  ABC 
and  alx  being  the  braia  rtnf»  BA  and  Jls  tbe  inner  lip* 
and  BC  md  it  tlic  outer. 

Note,  that  in  fixing  Pluviameter?  care  (hould  be 
tak«n  that  the  rain  may  have  free  accefa  to  them,  with- 
Otit  being  impeded  or  overfhadcd  hj  buildings^  ftei  ^ 

mddiei«lbi»thetopaof  hoofis  arenofUyto  Ik  pre-    air  be  fnflKredtopreliitipoa  ityiiibotbqKbof  thetubei 


any  the  leaft  force  imprcSed  open  it,  vi'.ui  Hide  or  n» 
lenllble  rt Tiilancc. 

But  wlteo  it  tii  moved  brifltiv,  by  anv  mcani,  si  hf 
a  fan,  or  a  pair  of  bellows ;  or  when  anv  budy  t<  moved 
fwiftiy  through  it ;  in  thefe  cafe*  we  becoimr  fcnfibk 
of  it  ai  a  body,  by  the  rrfiftancc  it  make*  in  fudi  ttfa* 
ltona»  and  aMo  hj  hi  inqieUtn^  or  blowii^  away  any 
light  fiAlances.  80  thtit,  being  capable  of  rrfifting, 
•r  moving  olh?r  bodies  hv  its  imprliV,  it  nuift  itfdf  be 
a  body,  and  be  heavy,  like  all  other  bodiLS,  in  propor- 
tion to  the  matter  if  contains;  an-.i  thcrefaw  it «ni 
prefj  upon  all  bodies  that  are  placed  under  it. 

And  bi-inn;  a  fluid,  ic  will  iprtsd  itfclf  all  over  npo4 
the  earth  t  >alfo  Hke  other  fluid*  it  will  gravitate  upon* 
andprtft  every  wfae»eupon  the  earth's  fuiface. 

The  gravity  and  prdTure  of  tbe  air  it  «Ub  endent 
Iram  nuny  experanenta.  Thas  toe  Mnnee*  if  infeer» 
Wt  h«  peuKd  into  tbe  tube  ACBt  and  die 


ftnwd.   AHb  when  tbe  qnanthka  of  nia  colkaed  in 

them,  at  different  places,  are  compared  together*  the 
iuftrumeius  ought  to  be  fixed  at  the  fame  height  above 
the  ground  at  both  places  ;  bccaiife  at  different  heights 
the  quantities  are  always  dilTercnt,  even  in  the  fitnc 
•leee.  And  hence  aUW,  atiy  regiftcr  or  account  uf  rain 
*  ;  Pluviatneter,  ought 
>f  the  height  above  thi 
]^aced  at.    See  ^yMli^  ^  KAtm. 


the  fluid  win  reft  at  the  ttmtt  hei^  i^i  both  the  legs  t 
but  if  tbe  air  he  drawn  out  of  one  end  aa  £*  by  anv 
meant ;  then  the  air  preiEng  on  the  other  ead  A,  will 
prci*  down  tbe  fluid  in  tliis  I<'>^at  B,  and  raife  it  up  in 
the  other  to  I),  as  much  higticr  li.an  at  B,  as  the  prcf» 
fore  of  the  air  is  equal  to.     By  which  it  3]>pc.ir>,  not 
»  the  Plumtneter,  ought  to  Ix  accompanied  with  a    only  that  the  air  docs  reallj  prcfs,  but  alfo  what  xhe 
«Me  of  the  height  above  the  jimind  the  iaftrwaeM  »   4>nat;tv  of  thjt  preiTure  U  «iinl  to.  And  tbii  it  the 
_  principle  of  <the  Barometer* 

PNEUMATICS,  thit  Vratich  of  natpial  phflofbphy  Prof*  II.  Thi  w  h  sUt  an  tlajlk Jlm'd,  ituf  aruk»* 
which  1'  f  the  weight,  prelfure,  and  efafticitir  <»  JHfc  ami  ttfrnfible.  And  the  law  it  okfirvu  in  tkit  re- 
the  air,  or  eiatlic  fluidt,  with  the  eCr&s  arifiug  fiom    J^H  it  thity  nanuly,  that  ilt  Jti^ity  it  alw^t  proportional 


tl  >  c  m .   WoUin%  inftead  of  P&ennntiei*  nfca  tbe  tenn 

Aerometry. 

This  Is  a  filler fctence  to  Hydrollatics ;  the  onecon- 
fideriag  the  air  in  tbe  fame  manner  as  the  other  docs 
tiater.  '  And  IbAe  conftder  Pnctimatics  as  a  branch  «f 
mechanic*  ;  becnde  itcoBfifea  the  air  m  motionk  .wadft 

the  confequcnt  effe^ 

For  the  nature  and  properties  of  air,  fee  the  article 
Am.  where  they  are  pretty  Urgely  tieatcd  of.  To 
which  may  be  added  the  folio.,  iag,  which  refpcfts  more 
particularly  the  fcicncc  of  i'n«umatic>,  at  couuincd  iu  a 
RwpR) petitions,  and  their  coroUnrics. 

Paop.  I.  The  Air  it  a  hnmyjuid  ht/f,  wiici/m-' 
raamb  and  grawttttt  upom  aU  fvU  tf  AeJiiifiKt  ^  th* 
tmrlh. 

Thcfe  propertiee  (tf  air  ait  proved  by  eapencnce.' 
That  it  Wft  Aindi  itcvuint  fio»ai»eafil]r  TieUing  to 


t»  the  force  hy  uuhuh  It  ij  cnmprrjj^^.'i. 

ThiB  properly  of  the  air  is  proved  by  many  expcn- 
mentt.  Tims,  if  the  handle  of^ a  fyringe  be  puihcd  in- 
wards, it  wilicondcnfe  the  inclufcd  air  into  3  liftfpacc  ; 
by  whichitisihcwntobccondcniibtc  Butthc  iuclud- 
«d  air,  thuk  condcnfed*  will  be  felt  to  ad  ft  ronglji  agjatnft 
the  hand,  atid  to  refill  tbe  fonee  comprcfling  it  mofk  and 
more  ;  and  on  withdrawing  the  hand,  the  handle  is 
piiflicd  back  again  lo  where  it  wa«  at  fir!l.  Which 
flicvvs  that  the  air  is  elailic. 

Again,  tiU  a  ilrong  botlie  half  fuU  with-  water,  and 
then  infert  a  pipe  into  it,  putting  it*  lower  end  down 
near  to  the  butiom,  and  cementing  it  very  clofe  round 
the  ni( .  Li-  -t  the  buttle.  Then  if  air  be  ttrongly  in- 
je&cd  tbcot^  the  pipe*  aihy  bbwing  niith  thanmutii 
nrnthenrire*  tt  «riB  put-  wan^  the  mMerfiom  the 
lower  cadrMdafaod-np  aatia  ^e  pot  btfwe  occapicd 
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^'tlic  air  at  Of  and  tbe  wfaok  maft  of  air  bcoaiae  that  the  coadeobliom  are  diredljr  aa  tht  eotapntSag] 

'WR  condenied  becaufe  the  walar  ia  not  uSlf  con-  foicea.   And  die  cUAicttiea  arc  alfo  in  the  fiuac-pio- 

pic&d  into  a  Ufs  fpacc   Bot  oa  lOMf iiig  the  fiNce  'pwtiopj  fiya  tin  pitliBU  MiAC  t  liiiaiBedbytte- 

which  injedcd  the  air  at  F,  the  water  wiB  begin  to  rife  dafticitiea  in  BD. 


frbrr  thence  in  ■  jet,  bein;-  p:;f!iri-l  rp  t!ic:  ^>ipc  bjr 
the  iucrcafed  elalticitv  of  tiie  air  (J,  by  wiiich  it 
prefTc*  on  the  furfacc  of  the  wiitcr,  and  furcet  it 
through  the  pipe,  till  as  much  be  expelled  a*  there  waa 
air  forced  in  ;  when  the  air  at  G  will  be  reduced  to  the 
frmc  dcnilty  aa  at  firft*  aadt  thebalaaocbcbg  Rfbrad, 
dKietwiOccala. 

Likewife,  if  into  ajar  of  water  AB,  be  imaitcd  an 
mftj  gUf»  tumbkr  C,  or  fiich  Ukc ;  the  water  will 


H 
it 

r 


enter  it,  and  partly  fill  it,  but  not  near  fo  high  as  the 
water  in  the  jar,  compreffiog  and  coiulenrinr;  the  nirinto 


tlefi  fpacc  in  tlie  oppcr  part  C,  iind 


tbcglafa 


t9iiiake§^ienfib]c  le&ftaaoe  to  the  band  in  pulhiaff  it 

»rihe 


BtitoD  ceaMtinr  the  haad*  the  dafticit^  ot 
interval  condenfed  air  throwa  the  glafs  up  again^^All 

thefe  fheuiofr  that  the  air  is  condennble and  elaftic. 

Agjiin,  to  (hew  the  rate  or  proportion  of  the  elafti- 
city  to  the  condirnfation  ;  take  a  long  flendergbfs  tube, 
open  at  the  top  A,  bent  near  the  bottom  or  clofe  end 
B,  and  equally  wide  througliout,  or  at  leofl  in  the  part 
BD  (2d  fig.  above).  Pour  in  a  little  qnirkfilvcr  at  A, 
jDit  to  cover  the  bottom  to  the  bead  at  CDi  a&4  (o  top 
tbeeomnranicatwii  between  tbe  esteraal-el^  «iidtlir'«ir 
in  BD.  Thrtipotir  In  more  quickfihrer,  and  obfcrve  to. 
mark  the  correfponding  height*  at  which  it  ftandc  in  the 
two  Iff?:  fo,  when  it  rifes  to  H  in  the  open  leg  AC, 
let  it  rile  to  E  in  the  clofc  one,  reducing  its  Inchided 
air  from  the  natural  bulk  RD  to  the  coiitratftcd  fpace 
BE,  the  prefTure  of  the  column  We  ;  and  when  the 
quickiilvcr  (\aiidiat  land  K,  in  the  open  leg,  let  it  rif; 
-  to  F  aad  G  in  the  othfr,  Coring  the  air  W  the  tcl|iec^ 
tifc  fpacca  BF,  BG,  by  the  wei^ti  of  theebloinna  \ft' 
Kg.  Then  it  is  alwayt  found,  that  the  eondenratioiu 
and  elafticitics  are  a»  the  compreffing  weights,  or  co- 
lunins  (if  the  quickfilTcr  and  the  ntmofphcri'  tn^cther. 
So,  if  the  natural  bulk  of  the  air  BD  be  camprefTed  into 
the  fpccB  BE,  BF,  BG,  or  reduced  by  the  fpace* 
DE,  DF,  DO,  which  .ire  i,  i,  J  of  BD,  or  as  the 
numbers  i,  2,  3  ;  then  the  atnwlphere,  together  with 
the  cene^odia^  column  Hr,  if,  K|f,  wiU  alfo  be 
fbtmd  to  be  in  thi  ftine  proportion,  or  as  the  nmibeltr* 
I,  J,  3:  and  then  the  weights  of  the  quiclfilvcr  are 
titut,  viz.  He  =  |A,  A,  and  Kg  =  zA;  where 
A  deaeteathe  wetghtrf  the  dUoof^bm.  WUdiflicw* 


From  thi 
many  ufciul 
viz  : 

Carol. 
fined  in, 

Sat  the  i<>rces  which  canine  n  ^piantitj  of  air  in  tho 


"  fi>re'_Toin^  pTinciples  mar  be  deduced 
rtmaiks,  at  in  the  fullowinc^  coroUaric*, 


I.  The  fpacc  that  airy  quantitr  of  air  iscon* 
ii  reciprocally  as  the  force  that  compreflet  it* 


cj'lindiiral  fpaces  AC,  BG,  CG,  arc  retlprocally  aa 
the  fiinc,  or  recipr oc.iUy  a$  the  heights  AD,  BD,  CD. 
And  therefore,  if  to  the  two  perpendicular  lines  AD, 
DHi  uafymptotca,  the  hypertwla  I  K.L  be  dcfcribeda 
wad  the  onUjiataa  AI,  be  dnwnt  then  the. 

fbrcca  wbMi  confine  the  air  in  the  (pncea  AG»  BG,  CG. 
w31  be  nt  the  COrrrrponding  ordmates  AI,  BK,  CL^ 
Slice  thefe  an  reciprocally  as  the  abfL-ilEe*  AD,  BD,CD, 
by  the  nature  of  the  hyperbola. 

Carol.  2.  AU  the  air  near  the  earth,  ta  in  a  flate  of 
comprelGon*  hf  the  -wetght  of  the  iacBaboR  M- 

txkofphere. 

Ccml.  3.  The  air  is  dciifer  near  the  earth,  than  ia 
high  places  i  «r  deafer  at  the  foot  of  •  nountaiB»thna 
at  the  top  of  it.  And  ttie  higher  above  the  earth,  the 
rater  it  is. 

Cer»l.  4.  Thcfpring  or  elaflitlty  of  tlieali  ,  is  equal 
to  the  weight  of  the  atmofphcrc  above  it  ;  ut  d  tley 
win  prodiKC  the  fame  efforts ;  fincc  they  arc  alwaja 
fuflained  and  balanced  by  each  other. 

Carol.  ^,  If  the  dcnGty  of  the  air  bctncreafcd,  pre., 
icrving  the  fun.c  heat  or  temperature;  its  fptiog  «f 
(ladicitj^  lariU  hkewiiie  he  iacraalUV  mi^  ui  toe  ww 
proportion. 

Coral.  6.  By  the  gravity  :irJ  prefTure  cf  the  almo- 
fpherc  upon  the  furfaccsuf  fijiJa,  the  fiuidk  arc  made  to 
rife  in  any  pipes  or  vefTels,  when  thc  ^ril[^ Of  ptcflim 
wiiliin  is  diminiOicd  or  taken  off. 

Prop.  III.  ILat  unnaftt  the  elqfiicity  of  theatre  mti 
(old  Jimuiifiet  it.  Or  heat  expandi,  aud  cold  caatrtSt  mA 
(onJcn^tt  tAt  Mr. 

Tbia  pnmertT  ia  aUb  proved  by  etpenencc* 
■  Thu*j  t«  a  bladder  wr)-  clofe,  with  Tone  air  in  it ; 

and  lay  It  bcrnrc  the  fire  ;  then  as  it  warms,  it  will  more 
and  more  dilltnd  the  bladder,  and  a:  laft  built  it,  if 
the  heat  Ijc  continued  and  incrcafcd  high  enough.  But 
if  the  bladder  be  removed  from  the  fiic  |  it  will  coOn 


traft  again  to  its  former  ftate  by  cooling,«      „  ^ 

upon  tnis  principle  that  the  firlt  air-baUoona  were  made 
by  MontgolfScrs  for  by  heating  the  air  within  them,  hy 
nfiic  underneath,  the  hot  otr  diftendt  them  to  a  fixe 
which  occupii  s  a  fpace  fn  the  atmofphere  wiiofc  weight 
of  common  nir  exectd .<  that  of  the  balloon. 

Alfo,  if  a  cup  or  gUfs,  with  a  little  air  in  it,  be  in« 
Krtad  into  a  vdU  ol  mtcr)  and  the  whok  he  heated 
»  ow 
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JSov  tf  lit  atmofphirtt 
tartOt  u  eqwu  i»  tit 
''ibc  femt  mAw  md  iu 


over  tlx  fire,  or  othervfiTe :  the  air  in  the  top  will  ex> 
paild  tin  it  fill  the  glafo,  anJ  cxp«l  the  water  out  of  it  | 
■ad  part  of  the  air  itiielf  iwiU  fioUow,  bf  contiouwg  or 
increafinjr  the  tint. 

M.i:iy  </thcr  cxpcnmciiU  to  tfif  fame  ( fTcc\  nil^  lit  he 
ad-iucdi,  all  pioviog  llic  prupcrlit*  mctiliuncd  ui  tlie 
propof:tion. 

Scbtil,  Heocc,  when  the  force  of  thechlticity  of  the 
air  is  coofiJered,  regard  mud  be  had  toki  bett  or  tem- 
perature j  tbe  fame  quantity  of  air  bein;;  more  or  Icl* 
elaflic,  aa  its  heat  it  more  or  Icfi.  Aod  it  hat  bcea 
fuimd  bj  experiment  that  its  clallicity  is  incrcalcd  at 
the  CBllowiog  rate,  viz,  bv  the  435th  part,  by  eacli  dr- 
greeof  Inat  cxprctlcd  hj  i^ahrenheit's  thermumcttr,  of 
which  there  stc  1  8i)  between  ■the  freesinp  and  boiling 
heat  of  water.  It  hai  alio  been  foum]  (Pliilof.  Trisl. 
1777*  S^ci  &c),  that  water  cxpaudt  the  6666th 
part,  with  each  degree  of  heat;  and  ntercury  tbe 
«6ootb  pun  b]r  each  d^^iee*  Moreover,  therehdwor 

Hz, 

w"  er     \m  bariw.  h  at  30, 

Alfo  tlnfe  mmibers  arc  the  weights  of  a  cubic  foot  of 
each,  in  the  iamc  circtiniltancei  of  the  baroiueter  and 
thermometer. 

Faor,  IV.     Th*  weight  or  fn 
tpon  any  hafi  ai  iti  furfsut  of  mi 
weight  of  a  (olumn  ef  quUkfilvtr  ef  the  fame  bttftf 
hiighl  ttfween  28  ami  3 1  intiet. 

Tliii  it  provt-r)  by  the  barometer,  an  infttument  which 
r'.cafurcs  the  pudurc  of  the  air;  the  defcripiion  of 
t\  hich  fee  under  its  proper  article.    For  at  fome  feafont, 
and  in  fomc  placet,  the  «r  foAaiuand  balances  a  column, 
flf  netcmjr  af  about  »i  indict ;  bat  at  others,  it  balanced' 
•  coIttinD  «f  >9,  «r  30^  or  oear  j  i  inthe*  high  1  feldom^ 
n  the  extreniet  28  or  31,  hot  coounontf  about  the 
means  29  or  30,  and  IndctrJ  raoflly  near  30.    A  vari^- 
tioD  which  depend:  partly  cm  the  diflercnt  dcgrtcs  of 
heat  in  the  air  near  the  furfacc  of  the  earth,  and  partly 
ou  the  couiniotioasand  changes  in  theatmofphcrc,  from 
winds  and  other  caufes,  bj  which  it  is  accuiiiLihiicd  in 
fome  pbcts,  and  dcprcfled  in  others,  being  thereby  ren- 
dered denfer  and  heavier,  or  rarer  and  lighter;  which, 
changes  in  it*  ftate  are  abnoft  coatiaiiaUT  nappening  in^ 
any  one  place.   But  die  medium  (late  it  from  29!  to' 
50  inches. 

Carol.  I.  Hence  the  prcfiure  of  t'ne  atmofphere  upon 
every  fquare  inch  at  the  earth's  furface,  at  a  medi'un,  it 
very  near  15  pounds  avoirdupois.  For,  a  cubic  foot 
of  mercury  wetj;liing  neaily  13600  ounces,  a  cubic 
inch  of  it  will  weigh  the  T728rh  part  of  it,  or  ahnoft 
8  ounces,  or  half  a  pound,  which  is  the  weight  of  the 
atmafpheie  fvr  every  inch  of  the  barameier  upon  a  bafe 
of  a  fqiMn!  indi  $  and  thetdbre  19I  \Bchcs,.  the  me* 
dium  height  ofthebarorrcter,  weigbaalilMiftjjpoiiiiday 
or  rather  I4ilb  vety  i-tarly. 

C<>rrJ.l.  Ueiicc  alfa  the  vrtij^Kt  or  prcfiTure  of  the 
atmofphere,  i»  equal  to  that  of  a  column  of  water 
ftom  32  to  3?  feet  hijjh,  or  on  a  nedium  Jjj  or  34 feet 
higL  For  vraicr  and  ^uickTdver  are  in  weight  nearly 
at  I  to  i}*6»  fo  tint  tbeatnorphcrc  willbalaiice » 


cdiunn  of  water  13*6  times  higher  than  oaeoT  ^ictb* 
filvcr;  confrquently  13*6  x  30  inches  =  408  lacbet 
or  34.  feet,  is  near  the  mcdiiun  height  of  water,  or  it 
ii  more  nearly  33 1  feet.   And  hence  it  appears  that  8 

Cfimriioii  f  Kkin^  pump  will  not  raifr  wntrr  higher  than 
al  out  ^  1  K  ct.  And  that  a  fyphon  wili  not  run  if  the 
pcrpt  ndiculiir  height  of  the  top  of  it  be  aMMO  tboo  33 

or  ?4  rect. 

L,rd.  3.  If  the  air  were  of  the  fame  uniform  denfity, 
^  every  hieigbt,  up  to  the  top  of  the  atmofphere,  at 
at  the  forbce  of  the  earth ;  it*  height  would  be  about 


Siniktat  a  mediinB.  For'ifae  weighttof  theianie 
TMuraeof  air  and  water,  are  nearly  a*  t';t3»  to  1000  {• 


tlicreforc 
t 


34 


fret 


:  :-6co  feet,  or 

5i  nitlc*  very  iK'dily.  Audio  hijb  the  atmnfphere 
would  be,  if  it  were  all  of  uniform  denlity,  Iilcrw  dtcr. 
But,   iullead  of  that,  from  it<  expanfive  and  cladic 

ijiiality,  it  becomes  continually  MrC  tad  more  rare  the 
artber  above  the  earth,  in  a  cenain  proportion  wliicb 
win  be  treated  of  bdow. 

CvrtL  4.  From  thii  prop*  aad  tbe  laft»  it  fbUosn 
that  the  height  h  always  the  fame,  of  an  tmiformat* 
mofphere  above  any  place,  which  fh;dl  ;  11  -  f  t?'.c 
uniform  denfity  with  the  air  tluic,  and  oi  a-^ivA  .^tight 
or  picture  with  the  rtal  [n-ii_rht  of  the  atmofphere  above 
that  place,  whether  it  be  at  the  fame  place  at  diifereat 
time;,  or  at  ai,y  dif.iicr.i  places  or  heights  above  the 
earth  \  uid  that  height  ia  always  about  27600  feet,  or 
(jaiiln,  aafoiud  noveinthe  ^dcorullaiy.  For,  as 
the  denfity  varie*  in  exiA  proportioa  to  the  weight  of 
the  column,  Jt  therefore  requires  a  column  of  the  fame 
height  iti  id"  c.i'"r»,  to  m.-ito  i!ic  rffpt:c\uc  '.Ncif^-lits  or 
prefTtirct. 
niDfplicre 

and  li  and  b  the  hcigliU  of  the  uniform  column*,  of 

Ibe lame dcnfittei and  weight*:  Then  H  X  D  ts  W, 

W  .  » 

«id  j(  X    ss  «/  theiefofc      or  H  it  eqial  to 

or  h  ;  tlic  temp<-tati)rc  bi-;njj  llic  fame. 

Faor.  V.  The  dtnjuy  of  tin  tUmof^lMret  al  JiffiereiU 
trighte  above  the  earth,  deereafet  in  fuihfort,  fhat  wht* 
the  heigbtt  inerraft  in  aritbmeliciil  prvgreffion,  the  Jenfittet 
liter tafe  in  gettmtfrieaJ  pronxjjion. 
Let  the  perpendicular  Uae  AP»  eredcd,  oa  the  cartk. 


all 
Thu-, 


if  W  and 
any  i>Ucc«, 


tu  be  the  wciglUi  t>l  at" 
D  and  ./  their  denfities. 


be  conceived  to  be  divided  into  a  great 

fir.atl  pr.it<  A,  T,  C,  1),  forming 
fo  nnuiy  thin  (Irata  o;  air  in  (he  atuiJ. 
fnherc,  all  of  di;K-rcnt  dei:fity,  gradu- 
ally decrealing  from  the  grcatetl  at  A : 
then  the  denlity  of  the  fereral  Arata 
A,  B,  C,  D,  &r,  will  be  ingc«aie> 
trical  progrelllon  decreafing. 

For,  a*  the  ibau  A,  B»  C,  &c,  are 
all  of  equal  thickneft,  the  quantity  of 
matter  in  <  aoh  of  them,  it  as  the  denfi- 
ty there  ;  but  the  dcnlilv  in  any  one, 
bcin;;  r;^  the  oomprefling  force,  is  as  the 
weight  or  quantity  of  matter  from  that 
place  upward  to  the  top  of  the  atmo- 
fphere i  therefore  tbe  autDtity  of  mab- 
ta  in  each  (Iratum,  i*  alfo  as  the  whole 
ouantity  from  tint  place  upwards. 
Mow  it  ^rvia  the  whole  weight  at  aay 


ef  veiy 


TP 


c 

.  B 
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place  ai  B,  il-e  wrlgl,tor  quantity  in  the  ftratum  Bbc 
fiifjtrsftr  l,  the  rcni.i  ndor  will  bc  the  weight  at  the 
next  higher  Itratum  C  ;  that  i»,  from  each  weight  fub- 
traAing  a  part  which  i»  proportional  to  iifelf,  Icavca 
the  next  weight  j  or,  which  ia  the  ituAC  thing,  from 
och  dcnfity  (ubtra^tng  a  part  which  is  always  propor. 
tioDll  to  Itlelf)  I«avc4  the  next  dcnfiry.  But  when  any 
qnantitiea  are  continuall)-  dinu'nilhed  by  parts  which  arc 
pri)portion;il  tr.  1  f jemftlvcs,  the  remainders  then  form  a 
fi-iu5  (it  coiuiriued  proportionals;  and  conrequeutljr 
th'.-fv  diriifnu'^i  an-  in  geometrical  progrefiion. 

,  Thus,  if  the  Ijril  denCty  be  D*  and  from  each  there 
be  taken  jt»  mh  part ;  tfaea  there  remataa  it» 


log.  •j»<»iflitiuie  i  fb  that  m  lUf  be  =  k 


t  1> 


part,  orthe  .— 'fart,  puttingflifiira  —  i ;  and  there- 

Ibretheferieaof  denfitictwinbeD,  ^D,  ^D,^D, 

ice,  —  bcint'  the  common  ratio  of  ilic  fcries. 
u 

Schol.  Bccaiifc  the  term*  of  an  arithmetical  fcricj, 
arc  proportional  to  the  logarithms  of  the  terms  of  a 
Coomclrical  fcries  ;  thcrcfure  different  altitudes  above 
theeaith't  fuiface,  are  as  the  logarithms  of  the  driiG- 
lies,  or  weights,  of  air,  at  thofc  altitude*.  So  that* 

if  D  dcriutc  till-  drnlily  at  the  altitude  A, 

and  <1  tliL  dL-iifity  at  the  altitude 

then  A  being  as  the  logarithm  of  D, 

and  a  as  the  logarithm  of  ^, 

the  dif.  of  altitiiJe  yf  —  a  will  be  .i» 


tlic  log.  of  7;  -  log.  of  il. 


or  as 


log.  of 


D 


And  if  A  =  o,  or  D  the  deofity  at  the  furface  of 
the  earth,  .then  any  altitiide  above  die  fittAce  4^  ia  at 

Ae  bg.  «f  ^>  Or,  to  grnerd,  the  io|;.  of     i«  the 

altitude  of  the  one  pl.ncc  above  the  other,  whether  the 
lower  place  be  at  the  fai  fiice  of  tbe  earth,  or  aay  where 
dfe. 

And  from  this  property  is  «!t  nvcd  the  method  of  (!e- 
termining  the  height*  uf  rt-'juntains,  and  other  emi- 
nence?, by  the  barometer,  u  liii.li  is  an  inllnimcnt  that 
meafurcs  the  weight  or  dendty  of  the  air  at  any  place. 
For  by  taking  witli  this  inftrument,  the  pfcfTuic  or 
dcalttyat  the  foot  of  a  hill  for  inflance,  and  ag.iin  at 
the  top  of  it,  the  difference  of  tbe  logarithms  of  thefe 
t«o  pvdinrn,  or  tbe  logarithim  of  their  quotient,  will 
he  as  thedilTcmKe  of  anitude,  oraa  tbe  height  of  the 

hill;  fuppofing  the  tcmpcnturrn  of  thcrtir  he  tlit 
iame  at  both  places,  and  thcgts'.ity  oT  air  not  altered 
by  the  different  diftances  from  tdc  carili'i  ceutrf. 

But  as  this  formula  expreffes  only  the  relations  be- 
tween different  altitudes,  with  refpea  to  their  denfities, 
itcniirfe  mnft  be  had  to  fome  experiment,  to  obtain  the 
real  .altitude  which  cotrrfponds  to  any  given  denfity,  or 
die  denlity  wbicbconefponds  t»  a  gn-ea  aJtitnde.  Now 
Aeie  are  vanom  cxpenments  )>y  u  hich  tbti  nay  be 
.'done.  The  firft,  and  moll  natural,  is  that  wh-ch  re- 
fults  from  the  known  fpecific  giavity  of  air,  u  itli  re- 
fold to  the  whole  preffure  of  tht-  atmufphcre  on  the 
atrface  of  the  eaith.  Now,  u  Utc  alljtadc  « it  always  at 


whe  re  h  will  ht  of  one  coiiflant  value  for  all  alll- 
tinJcs  ;  aiiJ  til  dcteTmit^e  th.it  value,  let  a  cafe  betaken 
in  nlilch  %vc  ki  inv  tlie  tltitiide  a  correfponding  to  a 
known  denfity  H :  as  for  indancc  take  a  =:  I  foot,  or 
I  inch,  or  fome  fuch  fmall  altitude  {  and  becaufc  tbc 
dcnfity  O  may  be  tncafured  by  the  preffure  of  the  atiiio> 
fphcre,  or  tbe  uniform  column  of  27600  feet,  when  die 
tCBpentUTei*  therefore  27600  feet  will  denote 
tbe  denlity  D  at  tbe  lower  place,  and  27599  the  left 
denfity  d  at  one  foot  above  it ;  confequrntly  thia  eqna> 

lion  arjfea,  viz,  I  =t  A  x  hw'.  of  whkbtby 

the  natnre  of  logarithms,  is  nearly 

s»  i  X  ^^^^^  SB  ■  ^    nearly }  and  hence  h  ss 

27600  6JSS* 
6j4f  I  feet ;  which  j^vet  for  aoj  altitude  whatever,  thb 
general  tbeorrm,  m,  a  =± 

63J51  X  log.  ^,  or  =  635  J I   X  log.  —  feet,  or 
•  M 

1059a  X  log.  —  fathoms  ;  where  M  is  the  column  of 

mercufv  which  ii  equal  to  tbe  mtirone  or  weight  of  the 
atmofphrrr  at  tbe  bottdm,  and  m  that  ft  tbe  top  ofthc 

ahirucle  ti  ;  n:;d  where  M  and  rn  may  fac  taken  Ul  Wiy 

mtaluic,  cither  fict,  or  inches,  &c. 

AW,  that  this  formula  is  adapted  to  the  mean  ttnpe- 
rature  of  tbe  air  55*.  But  for  every  degree  of  tempe- 
nture  dilGnvnt  from  tbia,  in  tbe  mraram  between  tlie 

temperatures  at  the  top  and  bottom  of  the  altitude  a, 
that  altitude  will  vary  by  itS43fth  part ;  which  mull  be 
addtd  when  the  madium  doeeda  55%  olbcrwife  fob' 

traded. 

Note  alfo,  that  a  colunin  of  30  inches  of  mercury, 
varies  its  length  by  about  the  330th  part  of  an  indi  for 
ever}'  d-  gree  of  heat,  or  lathcf  the  9600th  pait-of  the 
wbde  volume. 

Bttt  the  faoie  formula  ma^  be  rendered  much  none 
convenient  for  ufc,  by  icducing  the  factor  10^92  to 
icooo,  by  changing  the  temperatuie  proportionahJy 
from  ^5'';  thus,  as  the  difference  59141  tltc  iSihjiart 
of  the  whole  factor  IOJ92  ;  and  as  iB  is  tbe  24th  part 
of  435  ;  therefore  the  correfpondiiig  change  of  tempe- 
rature is  5  J*,  which  reduces  the       to  31".    So  that 


the  formula  becumts 


lOOCO  X   log.  of  ■ 


.\1 


thorns  when  the  tempentnre  iiji  degreeif  and  for 
every  degree  above  that,  the  idlllt  mA  Ec  iocMalad.  hf 
fo  many  timet  itt  ^JJth  Mit. 
See  more  on  thM  bead  under  tbe  article  BAtOHt- 

TEX.  at  the  end. 

Hy  the  weight  and  pteOure  of  the  atmofphere,  the 

eilcct  niul  tiperationi  of  Pncun;atic  engines  may  bc  ac- 
counted for,  aivj  explained  ;  iiidi  as  fyphoas,  pamps, 
hanMBetcn,  &c.    See  each  of  thefe  articles,  alfo  Alt. 
Pneumattc  Engine,  the  f»me  as  the  AtR-PfM^. 

POCKET  Eir.'irkat  ylp'Hiratus  This  is  a  contri- 
vance of  Ml.  William  Jones,  iii  Hulbom,  the  form  Olf 

wb^^itreprcfcatcd  in  piste  sjuii}  fig,  4. 
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Tli'.i  fmall  raichtne  It  capable  of  a  tolerably  ftrong 

ch:'.i\'r,  or  arcuniulation  of  deftrici'ty,  and  will  give  a 
fniali  Ihack  touas,  two,  three,  or  a  greater  nu:nbcr  of 
pctfons. 

A  U  the  Leyden  phi.d  or  jar  that  holds  the  cliarge. 
B  U  the  difchargcr  to  dil'chargc  the  Jar  when  required 
without  dcdrifjtng  the  perfoit  that  hold*  it.  C  m« 
ribbon  prepattd  in  a  peculiar  ounaer  (b  la  to  be  euilcili 
and  L<]rnmuiucate  its  eleAxieitf  to  the  jir.  D  are  tiro 
hair,  Stc,  flun  rtibbcfft  whteh  in  to  bie  placed  oo  the 
■Arft  ind  middle  fingers  of  the  left  hand. 

T'o  ff:itr^f  sht  Jar. 

Place  tlic  two  fini^cr-caps  D  on  the  firft  and  middle 
linger  of  the  left  lianJ  ;  hold  the  jar  A  at  the  fame 
time,  at  the  joining  of  the  red  and  black  on  the  outfidc 
between  the  thumb  and  firft  finger  of  the  fame  hand  ; 
thf  n  take  the  ribbon  in  your  right  hand,  and  fteadily 
and  ge  ntly  drr.w  it  upwards  between  the  two  rubbers 
D>  on  the  two  fingen  i  tiking  care  at  the  fame  timet 
ttie  bnfa  ball  of  the  jar  ■•  hcpt  nearly  dole  to  the  lib- 
boa,  while  it  is  pamng  through  the  finj^crs.  By  re- 
peating this  operation  twelve  or  fonrteen  times,  the  elec- 
trical  tire  will  pafs  into  the  j.-ir  wliich  \^iil  btcome  charg- 
ed, and  by  plaLing  the  dikharger  C  a;:;ai:ill  it,  z%  in  Ine 
plate,  you  will  iic  a  fcnllble  fpark  pafs  from  the  ball  of 
the  jar  to  that  of  the  difcbarger.  if  the  apparatus  it 
Arj  and  in  good  order,  you  will  hear  the  crackling  of 
the  fin  when  the  ribbon  i»  pai&ng  through  the  finger^ 
«tid  the  jar  will  difdnrge  at  die  otAancc  rcprcfented  ia 
the  figmc, 

Tt^lr^y  9  Ptrfmi. 

You  Qufi  deCrc  him  to  take  the  jar  in  one  hand,  and 
with  the  other  touch  the  aob  of  it :  or,  if  diverfion  is 
intended,  deCre  the  perfon  to  fmell  at  the  uob  of  it,  in 
capeCUtion  of  .fmeUiog  the  (cent  of  a  role  or  a  pink  i 
thi*  hft  modehaeoccaSoned  it  to  be  (bawtimca-called 
the  Mazic  Smelling  Bottle. 

POETICAL  Numitn.   See  Num«ik«. 

PoLTicAL  Jtjfufg  ind  SittiKg,    ike  Riciito  and 

Setting. 

The  aiieitiU  pot!?,  rcfciiing  the  riCngand  felting  t  f 
the  hnji  (u  ihit  of  tltc  fun,  nuke  three  kinds  of  riluig 
and  fctting,  viz,  Cofmical.  Acronical,  and  HeUaiCal. 
See  each  of  tbcfc  words  in  its  pbice* 

POINT*  a  Vfrm  ufcd  iatanooiarta  and  fcicnca. 

PotNT»  IB  ilrchitcAure.  Aichetof  the  third  Pointi 
and  Arthe»of  thefoorth  Point.    See  AacHEs. 

PoiKT,  in  Ailroi  r  1  ,  • -s  a  term  applied  to  critmn 
paxtt  or  places  ir.iiikeiJ  in  liic  lieavciis,  ai,J  (iiiUnguilTied 
by  ^n  per  epithets. 

1  he  four  grand  points  or  diviliau$  oi  ihe  huri/on,  vix, 
the  call,  weft,  uorta,  and  fouih,  arc  called  the  Cardin.il 
Points.— The  zenith  and  nadir  are  the  Vertical  Poiots, 
.—The  Points  tvhcrc  the  orbits  of  the  planets  cut  the 
plane  of  the  ecliptic,  arc  called  the  Nodea.— 'I1w  Pointt 
where  dte  ecliptic  and  equator  iotcrfirit,  are  called  the 
FquinoAial  Points.  In  partlcul.-tr,  that  where  t'n-  run 
.  akcad^  towards  the  north  pole  is  called  the  \\!;,<il 
Point;  and  that  whcie  l-.c  dcfci  i  iJj  tnv.  i-d&thc  fouth, 
the  Autumnal  Point  — The  hivheti  and  iuwcll  Points  of 
the  ecliptic  arc  cali^i  the  SolftitijI  Points.  Particu 


Points,  in  riLclricii}-.  arc  thixfc  acute  tomuuatiiina 
of  1jii,Iic3  uIlilU  facilitate  tlie  pafliigcflC.  tho  *'***'inf 
fluid  kilhtr /rum  or  t0  fuch  budies. 

Mr.  JiilUbrrt  was  probably  the  firfl  pcrfoi)  who  obr 
fcrved  that  a  body  pointed  at  one  end,  and  roundat  thf 
other,  produced  difTcrcnt  appearances  upon  the  fiyM' 
body*  accordinsai  the  pointed  ojr  round  «nd  waa  pre* 
lented  to  it.  Butt  Dr.  FranUin  firft  obfitrttd  and 
evinced  the  whole  eScA  of  potptcd  bodin,  both  ia 
drawing  and  throwing  off  eleAricity  at  greater  dif. 
t^inces  tli'i'.!  otlier  bocI;es  cuulJ  do  il  ;  lhoUj;li  he  Ca»T 
diJiy  uckiiDw  Icii^es,  tijat  the  power  of  Points  to  throw 
(••J  thf-  elofhie  tire  was  communicated' to  him  by  hit 
friend  Mr.  Thomas  Ilopkinfon. 

Dr.  FrauUin  electrified  an  iron  {hot,  3  or  4  inches 
in  diimelcr,  and  obferved  that  it  wouJd  noi  attract  a 
thread  when  the  Point  of  a  needle*  communicating  with 
the  cartbi  wit  predated  to  it  1  and  be  found  it  even  in< 
poflible  to  defiriiy  an  iron  Out  when  a  (harp  needle  hf 
upon  it.  Til's  remarkable  property,  pofT  nid  by  jj  jintcd 
bodies,  of  grulu^Jly  and  lilcntly  receiving  or  tiiiowiog 
off  the  elc&ric  fluid,  has  been  evinced  by  a  variety  of 
other  familiar  experiments. 

Thuei  if  one  hand  be  applied  to  the  outilde  co^tinff 
of  a  largejar&Uj  cliargcd,  and  the  Point  of  a  aeedlo 
held  in  the  Ot]ier»  be  diredcd  towards  the  knob  of  ths 
jar/ and  moved  gradudly  near  it,  tiU  the  Point  of  .the 
ncMIe  toueh  the  uob  or  ball,  the  jar  will  be  endrely  dif* 
charged,  fo  as  to  give  r.a  Hiock  at  all,  or  one  tliit  I) 
hardly  fi-nliblc.  In  this  citic  the  I'oint  of  the  needle  has 
grndtially  and  ftlently  drawn  awaj.  the  fiipembnadant 
cietiricity  from  the  elcArified  jar. 

Fartljer,  if  t!ie  knob  of  a  tirafs  rod  be  held  at  fuch  a 
diftance  from  the  prime  conduetor,that  f^ariu  ouiy  cafily 
cfcape  from  the  latter  to  the  formerywhilftthe  machine 
is  in  motion ;  then  if  the  Poistof  a  needle  be  prc£aited» 
though  at  twice  the  diftaiiee  of  the  tod  firom  the  con- 
du^or*  00  more  fparks  will  be  feen  pailiag  to  the  rod. 
When  the  needle  is  removed,  the  fparks  will  be  feen  | 
but  iipun  prefedlini;  it  a^ain,  thcy  wiUi'.^aui  difaptjcar, 
Ko  tlidt  the  Point  ot  the  needle  dr3wj  oiriilciitly  ;iIino!l 
all  till  tliiiii,  which  is  thrown  by  the  cyliniler  or  globe  of 
the  machine  upon  the  prime  condu£for.  This  expert- 
BMttt  may  be  varied,  by  fixing  the  needle  upon  tbd 
prime  condu&or  with  the  point  upward ;  and  thev^ 
though  the  knob  of  a  difcharging  rod,  or  the  knncUe 
of  the  £ncer>  he  brati{dis  very  near  the  prime  conduc- 
tor, and  the  excltationne  very  (Irong,  little  or  no  fpark 

Will  be  jicrcclved. 

The  influence  of  points  i;  alio  evinced  in  the  amuGag 
experiment,  comiounly  ealleJ  the  elcdricai  haibrlUfK^ 
and  muny  others.    6ec  TiiUNi>&K-//ou/r. 

The  Utc  Mr.  Henly  exhibited  tlie  eiRcacj  of  poinliGd 
bodiea,  bj  fufpending  a  large  bladder,  well  blown,  and 
covered  with  gold,  filver,  or  brafs  leaf,  by  means  of 
giun-water,  at  the  etid  of  *  fiUwo  thiead  6  Or  7  feet 
long,  hanging  from  thecidiag-of  a  room,  anddcAri'. 
fyiri^  ihc  bl.iiii'.er  by  g^'^ing  it  a  (Irong  fpark  with  the 
k;.<jb  oi  A  i-li.iigtd  l»ii;le;  i;poii  piclentir^  to  it  tiic 
knob  of  a  wne,  it  caufcd  the  blidJer  to  move  to«ard». 
the  knob,  uud  when  maily  in  cuiUud  J^vc  it  a  fpark,. 
thus  difcharging  its  ek£kricity.    By  giving  the  bladder 


t«|)y«  the  former  of  them  the  EtUvai  or  Summer  I'oisi  j  another  cbaige,  and  prefenting  the  Point  of  a  needle 
the  fifturjibe  Bnimal  or  Winter  Point*  to  ifi  the  hhddcr  wm  bo(  ■itnidcd,Jby  tbe.Fouit,  but 

8  tai^ 
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^Htfier  ttceded  from  it,  «rpecially  when  the  ncedk  VM 
MMIf  prefcDtcd  unni4t  k. 

But  experiments  cirincmg;  the  efficacy  of  pointed  bd* 
4iin  fcrfiiently  receiving  or  tbromag  off  theclcAne 
Auid,  may  be  infiaitdv  drarfificd,  loeeNrding  t«  Vhe 
fiinpy  or  convenience  of  tbe  «leArieim, 

it  may  be  obfervtd,  tliat  in  t!ic  c.irc  of  pn'nM  llirow- 
mgoff  or  receiving  electricity i  .i  c.iitciit  or.'>ir  .s  lcf,ril)lc 
at  an  electrified  Point,  which  isaKv  ij-s  in  ihf  direction 
of  the  Point,  vfbeiherthc  etct\ijd»y  !«■  pufjiivc  or  nc- 
|pfti«e.  A  f»&.  which  hns  been  we!!  afi  crt^lr  cd  by 
majr  cledriciwM,  and  partxciiiar)]r  by  Dr.  PricAIey  aad 
Kg.  Beecaria.  Tbc  fanner  contrived  to  exhibit  the  !»• 
fluence  of  thia  correni  on  the' flame  of  a  candle^  pre* 
fentcd  to  a  pointed  wire,  eledrified  negatively,  h  fwll 
aa  pofitively.  The  Waft  \vt*  in  both  cafes  alike,  and  fo 
ftrong  as  to  lay  bare  the  preattft  part  of  the  wick,  the 
flame  heir;:  ^l^^c•^l  fro:n  the  I'oli'i  ;  frid  tlic  ilVcfit  v.n 
the  lame  whether  the  ekctric  fluid  iirucd  out  of  the 
Faint  or  entered  into  it.  He  farther  evinced  this  phe- 
UmaeoOB  br  nocasa  of  thin  liglit  vanes  ;  and  he  found, 
•k  Mr.  WOuHsfaid  before  obferved,  that  the  vanes  would 
not  tarn  ia  vacuo,  nor  io  a  dok  noadnuiflcd  iccetvcr 
where  the  air  had  no  free  circulation.  And  iu  much  the 
feme  manner,  Bcccaria  exhibited  to  ffnTc  the  inflorace 
of  the  wind  or  cutrtnt  of  air  driven  from  puinis. 

As  to  tlic  Theory  of  the  phLnointna  of  i'liinti:,  ihcfc 
4ve  accounted  for  in  a  variety  of  ways,  by  different  au- 
.  chan,  though  perhaps  by  none  with  perfe^  fatisfaClion. 
SecFraoklin'l  writinn  on  Eledricity  ;  LorJ  ^!al)on*s 
Ftindplei  af  EleAriaty,  1779;  Bcccaria';  Ai  titictal 
EleAricity,  1776,  pa.  331  j  and  Prieftley'a  Uiftoij  of 
ElcQricity,  vol.  2,  pa.  191,  edit.  177^. 

As  to  the  y^fflicaliyn  of  tli  I'oArinc  of  Points  ;  It 
rnay  be  ohfervcd  that  there  is  uvit  ^  i.iorc  importJiU  f.iCl 
jn  the  hiftory  of  tlc^'^ritiiy,  than  the  ufc  to  vihicli  the 
•Jifcovcrr  of  the  efficacy  of  pointed  bodies  has  becnap* 

plied-  . 

Ur.  Franklin,  having  afccrtained  the  identity  of 
•«feQiieity  and  lightning,  was  prefcntly  led  to  propofe 
a  cheap  and  eafy  meth^of  fectiring  buildinga  bom  the 
datnafc  of  lightning,  by  fixing  a  pointed  metal  red 
higher  than  any  part  of  the  huili^ing,  and  commiint- 
<ating  wiili  t!ie  ground,  or  willi  the  nc^reft  water.  And 
this  contrivance  was  actually  executed  in  a  \-ariol)-  of 
ttSc$i  and  has  ufually  bcea  tliotighc  an  excellent  pre* 
fcnative  agalnft  the  terrible  effe^is  of  lightning. 

SmAC  few  inftances  h 
whieh  buildings  have  been  ftruck  and  dRIMfcd,  tliongh 
provided  with  thefe  coadu^tors  (  a  cantnTCi^  arofie 
with  regard  to  tlieir  expediency  and  otlltty.  In  thit 
Controvcrl'y  NTr.  Brr.i:iiuiii  Willrn  tno?i  the  Irad,  pnj 
Dr.  Muf|;iave,  and  foir.c  (lw  other  (.Itrctiitiaiis,  the 
leaft  acquainted  '.^  iih  the  f.ilijcft,  concurred  with  him 
in  their  tippofttion  to  pointed  elevated  conductors. 
Thefe  alledge,  that  every  Point,  as  fuch,  folicita  the 
lightning,  and  thus  contributes  not  only  to  incrcufc  the 
4iuaritity  of  eveiy  aAual  difcharge,  but  alfo  frequently 
to  occuiion  adifehargc  when  tt  niight  not  otbemiu; 
Live  happened:  whereai,  firythtfjr,  ifinftead  of  pointed 
«ondufioTS,  thofc  wi'.li  b!ur.tcJ  umiinatirns  wtre  (ifiil, 
ahey  wotJd  as  efiTeduallv  arfwcr  tLi-  piirjjijft  of  convey- 
ing away  the  lightning  iufel',-,  without  the  fame  te:  Jency 
to  iaioeak  «r  utviu  u.  Accordinglj^  Mr.  WiU'on^  in  a 


letter  to  the  marqtus  of  Rockinir^am  (Philot  Tranf. 
toL  (4»  art.  A^),  expreffes  his  opmion,  that,  in  ordet 
to  prevent  lightning  fnm  doing  miCcfaief  to  Jbwfabnild* 
tngs,  large  magazines,  andtMuke^  hftcnd of  thecte* 

vated  external  rondiiAors,  that,  on  the  infidc  of  the 
higheft  part  of  fuch  biiildirj;,  and  within  a  foot  or  two 
of  the  top,  it  may  be  proper  to  fix  a  tound'd  h'>r  of 
mctst,  and  to  continue  it  down  along  tlie  ljd«  of  the 
wj'il  t  j?iiy  kind  of  moifturein  the  ground. 

On  the  other  hand,  it  it  nrged  by  the  advocates 
pointed  conduftors,  that  Points,  inftead  ol  iscreafm^ 
an  a&ual  diCdinge,  really  picient «  dUdwrgy  when  it 
wotdd  otherwife  oappen,  and  diM  Uwttcd  condwAoct 
tend  to  invite  the  clouds  charged  with  IMMafl^;;,  Attd 
it  feems  to  be  a  certain  iad,  that  thousn  ■  fliarp  INiint 
\\  ill  drrA'  nfT  a  charge  of  ricc'.rlcitv  fili-ntly  at  a  much 
jjr^aliT  d:ilani-e  !h,in  a  krab,  yet  a  knolj  will  he*  (iri:clt 
with  a  hill  cxpl  li'jn  or  Ihock,  the  clnrf^e  bciii;^  the 
fame  in  both  caics,  at  a  greater  diftance  than  a  fliarp 
Point. 

The  efficacy  of  pointed  bodies  for  preventwijf  ft 
ftroke  of  lightning,  is  ingeniuudy  explained  by  ]>r. 
Frauklin  in  the  following  manner  : — An  eve,  be  ikys,  fn 
{ituated  as  to  view  horiaontally  the  underiideof  athmi'. 
der-tIiji:J,  will  fee  it  very  ragged,  with  a  number  of 
fepsiatc  fi-a(Tnn;iiti  ur  ffnsll  clouds  ooc  undcr  another  ; 
the  lowclt  Ibmetimrs  ii-u  fj' rVorri  theearth.  Thefe,  aa 
fo  many  l^.pping  itones,  affiri  in  conducting  a  ftroke  be- 
tween a  c' Jiui  ail  J  a  building.  To  tepicfcnt  thefe  by  an 
experiment,  be  JireAa  to  uke  two  or  three  kcka  of 
fine  loofe  cotton,  and  conneA  one  of  tbem  with  the 
prime  conductor  by  a  fine  ihrtrad  of  s  incbei,  amthcr. 
to  that,  and  a  tlurd  to  the  fccond,  by  like  thrradi,  wMcfc 
may  be  fp;m  o;it  of  tl.cfame  cotton.  He  then  Jircfis 
tu  turn  thcj;I:jbe,  and  faj  i  ihail  Icc  thdc  locks  e\- 
tendin^  thenifcKcs  towards  the  table,  as  the  lower 
fmall  cbuds  do  towards  the  earth ;  but  that,  on  pre- 
fenting  a  (harp  Point,  ereft  nnder  the  loweil,  it  will 
Arink  up  to  the  fecond,  the  fccond  op  to  the  firft,  and 
all  together  to  the  prime  co:idu£lor,  wLcic  they  will 
continue  as  long  as  the  Point  contiatKa  under  then* 
May  not,  he  adds,  in  like  manner,  the  faall  eledrified 

clouds,  whofe  eqiiilbrijn'.  with  the  earth  is  foon  rcflorrd 
by  the  Point,  riie  np  to  tlie  main  body,  and  by  tLat 
means  occniion  fo  Ijiia-  a  vacanc  y,  as  t;,at  the  ^rand 
cloud  cannot  Itrike  in  that  piac«  I  Letters,  pa.  izi. 

Mr.  Heoly  too,  as  well  as  fcveral  other  pcrfont,  with 
a  view  of  determining  the  qucilioo,  whether  Pcints  or 
knobs  are  to  be  preferred  for  the  terminations  of  con- 
dttdon,  made  feveial  cxperiaientat  fliewing  in  a  variety 
of  inftancet,  the  efficacy  of  Point*  in  fiicntty  dtawing  ^ 
(iff  the  fliv^rl.'It  y,  ;.n.!  p.  cvtnting  rtiokcs  winch  would 
happen  to  knobs  in  the  fame  fituation.  Philof.  Trauf. 
vol.  64,  pate  2,  art.  18.    See  aUb  THvnBtK* 

Indeed  it  has  been  unlvcifally  allowed,  that  in  cafes 
where  the  quantity  of  eleftricity,  with  which  thunder- 
clouds are  charged,  ia  fmall,  or  when  they  move  l!uwly 
in  their  palbee  Co  and  over  abnildinj;,  pointed  conduce 
tors,  which  draw  off  the  eleAWcal  fluid  fdeutly,  within 
the  dill.Tiicc  ill  wli'<  !i  rounded  ends  will  explode,  will 
gnidually  exhauil  them,  and  thus  contribute  to  prevent 
a  ihxtke  and  pideifc  Ibe  building*  to  which  they  are 
ftjinexed. 
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But  it  hu  beca  tni  by  thok  iHw  aie  attrle  to  the 
uTe  of  fach '  conduAon,  that  if  cloodii  of  grrat  ex- 
tent, ant!  hi^ily  «l*ftr!fied,  IhouttI  be  driven  dire.iily 

ovorthim  with  j:it.j  vi!  if'tv,  or  if  a  cloud  liaii^mfj 
dittiily  ovrr  builiiuj^;.  la  wlj.^h  tlicv  arc  anncNcd,  lud- 
denly  tcccivcs  a  charge  by  rxplofion  from  anuliicr cloud 
at  a  diilancc,  fo  as  to  enable  It  inftaiilly  lo  flril.c  into 
the  earth,  thefe  p«  :i/.:J  londLiaors  mull  take  the  cx- 
jdofiim ;  on  acctxnit  of  tlieir  grcjtcr  rrudir.cfs  to  nd* 
SMT  elc6tncity  at  a  much  g^rc.itinii (lance  thantliufe  that 
•re  UuDledf  aad  in  proptntion  to  tbc  ditfcrcncc  Ckf  that 
ilrilung  dtfUncc,  do  mifchief  ioftcad  of  good  :  And 
tlicreforc,  they  add,  that  fucli  pointed  conditdui>if 
tliuugli  they  may  Ik  foinetimes  ai!vama;^fous,  arc  yrt  at 
other  times  prtjudicial  ;  ■■'.rui  t:i3t,  as  the  psirpofc  f.sr 
which  cotiduclors  aie  iijitvl  upon  hiiilding(>,  ib  not  to 
.protcft  tlicm  from  on<'  p.nticul.ir  fort  of  c'oiuU  only, 
but  if  pofTthlc  fi  urn  all,  it  cannot  be  iidvif;ii;!c  to  iile 
tlut  kind  of  condui^()i»  vvliicli,  if  they  diuiin  ih  danger 
on  the  one  hand,  will  ii)crcaf«'  it  en  t)ie  otlur.  12e- 
lide>»  it  is  alleged,  that  if  pointed  condDdtom  are  at 
tended  with  my  the  Qijjht.-ii  degree  of  danger,  that 
danper  niift  be  confidcrahly  au;^mcnti'd  by  carrying 
tlicai  Ingh  up  int.i  ..r,  :r,.l  by  iixiiijr  them  upon 
tvcjy  angle  of  a  biiuiiiHj,,  ^ '<d  by  in;iLin;T  ihcni  prt> 
jctt  in  every  dirci'tiim.  finch  ia  the  reafoninjj  ol  Dr. 
itrlufgrave  :  fee  liii  pnpcr  in  the  Fliilof.  Tiani.  voL  6S, 
part  2,  art.  3^. 

Mr,  Wili'un  t<;o,  dlTrnting  from  the  report  of  a  eom- 
Vnttee  of  the  Royal  Society,  appointed  to  iiifpi-ft  the 
damage  done  br lightning  tu  thcbeufe  of  the  Board  of 
Ordnance,  at  niHleet.  in  1777,  wai  ted  jitilify  !>  s 
dilTcnt,and  to  difpar.i^c  the  life  of  Dointcda.iJ  elevated 
condu£ior«,  by  mcaii'*  of  a  magnificent  apparatus  he 
coni  i, « itli  V  l.'L li  I  t  might  produce  efTttts  fimi- 
Isr  tu  ihalc  that  hal  La^.^cocd  in  the  cale  referred  to 
thcconfideration  and  deodon  of  the  committee.  With 
this  view  he  procured  a  model  of  the  fi^kard-iumfe  at 
Purfleet,  refemhlin^r  it  as  nearly  as  pofllblc  in  every  cf- 
fential  appendage,  and  fuiaiihcd  wiiU  cunductun  of  dif- 
ferent leagths  and  tcuninationt.  Aitd  to  cooilruft  a 
fubftitute  for  a  dood,  he  joined  together  the  braaid 
iim»  of  ISO  drtinu,  forming  together  a  cTlinder  of 

I.,)  fiLt  iii  leugth,  and  ab.ivL  ;  f)  iiul;t^  -n  »'i;i;ri '.tr  ; 
ar;il  il.is  iinmtnlc  Cylinder,  n'.  ■! ujt  G.o  I  j.iuu  tccl  u.i 


i^ce,  was  eoiit!f  " 


t>c\  alianally  witli  i.nc 
end  "t  a  wire  4S00  feet  long.  As  this  bulky  appara- 
Ins,  rcprcfcnting  the  th;;ndcr-cloiid,  could  not  convc- 
picntly  be  put  in  motion,  he  contrived  to  accompli^lt 
the  fame  end  by  moving  the  modi:!  tlic  building,  with 
•  velocity  anfwering  to  that  of  the  cloud,  which  he 
ftatfci,  at  a  modentc  computation,  to  be  about  4  or  5 
mi'es  an  hour.  Thi«  nppnratns  was  charged  by  a  ma- 
chine with  one  glafs  cylinder,  about  10  or  1 1  feet  from 
its  iic.^e;!  riu!  ,  and  the  whole  of  the  apparatus  wasdif* 
poicd  ill  ttic  great,  rcom  of  the  Pantheon,  and  applied 
to  ufe  in  a  variety  of  exptriinrnrs.  But  it  is  imjMjf- 
fible  within  the  limits  of  this  article  to  do  jtiftice  to 
Mr.  Wilfuu'ft  experiments,  or  to  the  inferences  which 
be  deduces  from  them.  SulBcc  it  jull  to  obfervc,  that 
inoft  of  his  experiments,  in  which  the  model  of  the 
houCe,  which  was  pafTed  fwiftly  under  the  artificial 
doudi.  and  hanng  annexed  to  it  either  Uic  foiulcd  or 


blunt  condnAor*  at  the  fame  or  diifcreilt  height*,  wert 
intended  to  Ikew,  that  poiatsd  coadiidonace  flnickat 
a  greater  dilhince,  and  with  a  hif^her  elevatraa,  than 

;r.t  '.;!-.h;H.!  (Ji.i  . ;  Li;id  rr.  iin  ii's  exjiiTimcril!,  tr.adc 
witii  |ii>inlcii itiiii  riHUiUciJ  LtiLuuL-tui piuvidcu  the  cif- 
ciinvtances  be  the  fame  in  both,  he  infers,  that  tlie 
rounded  ones  are  much  the  fnfei  of  the  two}  whether 
the  ligl  tuing  proeeeds  from  one  cloud  or  from  fe\eral  ; 
tlial  tliofe  are  ftill  fafer  which  rile  little  Of  nothing 
above  the  higheil  part  of  the  bt.ilding  ;  and  that  this 
iafcty  arifca nom  tbcgrcaicft  retlflance  exerted  at  the 
larger  fuifke.  See  PhHof.  Tranf.  for  1778,  pa.  7^2. 

The  committee  of  tlie  Royal  SocittJ  however,  which 
wat  compufcd  uf  nine  uf  the  1  noli  dining n i il  1  cd  el tdtti- 
cians  in  the  kiin.ii>)r.i,  fuid  t< '  whom  wab  referred  the 
conlidcratiiin  of  the  mnll  eHiCiuU  method  of  fecuring 
the  11  I'.vtkr-magazines  at  Purllcet  a^jainil  the  efitds  of 
lightning,  expreft  their  united  opinion,  th;it  elevated 
fliarp  rud&,  eonllruclcd  and  difpofcd  in  the  manner 
which  theydirccl,  are  preferable  to  low  conduv'iors  ter- 
minated in  rotuidcd  endc,  Icoobs,  or  hJU  of  metal  ; 
and  that  the  experiments  add  nafoninga^  made  and  al« 
legci^  to  the  contrary  by  Mr.  Wiifun,  are  iacondit- 
five. 

Mr.  Nairne  alto,  in  order  toohviinc  the  objcf^ionsof 
Mr.  Wilfon  and  others,  and  to  vindicate  the  preference 
generally  given  to  high  and  pointed  conduaors,  con- 
llru<!iled  a  much  mure  fimple  apparatus  than  that  of 
Mr.  Wilfon,  with  w  hicii  he  made  a  number  of  vrrll-dc- 
Ggned  and  well-condudled  experiments,  which  feem  to 
prove  the  potat  as  iar  as  it  i«  capable  of  being  proved 
by  an  artincial  etcQrical  apparatut.  From  thcfe  hSi 
expeiiments  It  appears,  that'  though  the  point  was 
itruck  by  meani  of  a  fwift  motion  of  the  aitificial 
cloud,  yet  a  final!  li  .Il  i  f  3  tenths  of  an  inch  diameter 
was  ftiuck  farther  oti  than  the  Point,  and  a  larger  ball 
at  a  much  greater  diftance  than  citSu  T  ,  cm  with  the 
fwifteil  motion.  Upon  the  whole,  Mr.  Nairne  feems 
tobc  jullilied  in  preferring  elevated  pointed  conduflors  ; 
next  to  them,  ihofc  that  arc  painted,  though  they  rife 
but  little  above  the  higheft  part  of  a  building ;  and  at 
ter  them,  thofc  that  are  terminated  in  a  baUtandpliiccd 
even  with  the  hi;;hell  part  of  ihe  building.  See  FhSof. 
Tianf.  1  77?,        S.  3. 

C)n  tlif  ()thi  r  p:i,i;.  Dr.  M 11 r.ive  ,  net  yet  filisfied, 
gav^  i;i  aioiiiii  bi.1  11^  "  Kiafuus  for  difTcnting 

fnmi  the  Report  0/  the  Comniiiire  apuoinied  to  confi- 
der  of  Mr.  Willbo'*  Experiments  ;  nielndmg  Remarks^ 
on  fome  Experiments  exiiibited  by  Mr.  NairnC{"  which- 
is  inferted,  by  milt.ike,  before  Mr.  Nainie't  ptpefa, 
being  at  pa.  801  of  the  fame  vulutne< 

And  farther,  Mr.  Willbn  has  another  p^per,  on  the 
fame  fubje^i,  at  pa.  ^i)y  of  the  fame  vol.  of  Plu'IoH 
Tranf.  for  177S,  entitled,  **  New  Experiments  upori 
the  Leyden  Pl-.ial,  n  fpcdingthe  termioatioii  of  con- 
dudurs  repeating  and  alTciiiiig  hit  former  objeclions 
and  reafonings. 

In  the  Philof.  Traaf.  too  for  1779,  pa.  454,  Mr, 
William  Swift  has  a  paper*' farther  profecuting  this 
fubjc£t|  making  variont  expcrimenta  with  Ample  «nd 
ingenious  machinery,  with  modeU  of  hoiile«aoddoiidt« 
and  with  various  forts  uf  conduAurs.  From  the  cxpc- 
rliQcnts  he  inlers  in  general,  tluti  *'  tlic  whole  current 
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of  thefe  ejtperlmcfits  terds  to  Ihcv  the  preference  of 
FoSntt  to  balls,  in  oidcr  to  dimi::ifti  ar.J  draw  yff  ihc 
dcdrtc  matter  when  excited,  or  to  prcTci'.t  it  fiom  8C^ 
camulnting ;  and  confcq  jcntly  tbc  pnipricty  or  twa 
Rece{ru7  of  termhating  aUeonttudoirtwIthroimiito 

maLe  thctn  iifcful  to  prevent  damage  to  buildings  from    are  <aut  in  anQdier,  wken  Ukj  ave  is  a  right  Uii%  tbe 

lightniug.    Nay  the  »<ry  conftni5:<>n  of  al!  cftflrieal    one  behind  the  other. 


a"  48'^  18  the  didance  of  the  quarter  Points.  See 
CoMPA<is.  The  priucifMlot'  th-fc  are  the  four  caidi* 
nal  Puaas,  call,  well,  iMNtb.and  fmit!). 

Puiot  is  nifo  ufi  d  for  a  cape  or  hcnd!:uid,  jutting  out 
ilito  the  fea.  Ti)L-  ftainen  fay  f'vo  Points  of  land 


mai-hinet,  in  which  it  is  ncccllaiT  1  1  n  in  d  if.t  [i  -ih, 
atid  to  avoid  makiii;]^  edms  and  j>uiisis  wii  tii  '•.  .i;lt! 
hinder  the  n.j  tttr  tiom  I  cing  excited,  will,  1  iii)  i^i  il-, 
OD  refltxtioo,  be  another  corroborating  proof  of  iiie  rt- 
fidt  of  the  experimenti  themfeWcs." 

There  were  other  eomiBpnicat  ions  mnde  to  the  Royal 
Socictjr  upon  the  Important  fubietl  of  condi.<ftors,  feme 
of  which  were  received^  and  other*  r«ie£UJ.  Upon  the 
whole,  th>>  conteft  turned  ovt  one  of  the  tnofl  extra* 
orc!inury  ih.r^  tvi-r  w.  s  .ijnt-iti-il  '1:  llic  J^^i.  l.'iy;  pro- 
ducing lilt  :i)o(l  ri.:ii£. kdik  Jilp..UH  (iin^iHit.cs,  and 
llrange  confequenccs,  that  ever  tfic  Society  experienced 
fince  it  had  cxiftence ;  rnnfrquenccs  ahich  nianifcdcd 
thetnfelvc*in  Tariojsinlluncesfor  many  years  after,  and 
which  coutinui'  to  this  very  dut.  All  xvhich,  with  the 
nrious  fecrct  fprings  and  aftoniflung  *  intrigUCCt 
probably  be  jpvea  to  the  public  00  buat  mutt  «ceft> 

llOtk 

Point,  in  Geometry,  according  to  EucI'd,  Is  that 
which  has  no  parts,  or  is  tcdiviQbIc  ;  being  void  uf  all 
CXtenfion,  hott.  3-:,     length,  breadth,  and  depth. 

This  i«  wb4i  ti>  oihcrwifc  called  the  Mathematical 
Point,  being  the  inter  fe£lion  of  two  lines,  and  is  only 
conceived  by  the  imaeinatiou  ;  yet  it  is  in  this  that  all 
magnitude  brgim  MM  ends  ;  the  extrrnies  of  a  line 
being  Poinut  UieeEtremc*  of  a  furlacc,  Ltnci  (  and  the 
ettremesefafelid,  Smftcot.  And  beace  fome  define  a 
Point,  the  iitceptiire  of  au^itude. 

Proportion af  MatbfiiMtictilVoxsTS.  It  is  a  popular 
maxim,  tli.:t  ^11  ir.rrn'trs  sif  equal ;  yc:  in  tl.r  maxim 
(alfe,  wl'.ttlicr  (if  i;  i,iriLiti:  i  l;ifinttely  fret,  (-:■  .'iiilnitcly 
liitlt.  Di.  HallLv  iiiilaiiLC'i.  l:i  itvu^l  liit'.iiitL- quanti- 
ties which  arc  in  a  finite  pruportioo  to  each  other ;  and 
fbnw  that  are  infinitelj  greater  than  otbera.   See  In* 

riNITI  ^ant'uy. 

And  the  fame  is  (hevrn  by  Mr.  Pviiharts,  of  innnltety 
finaUqinntitioi,  or  mathematical  Poiate.  He  denwa-' 
tratei,  ibr  inftanre;  that  the  Points  of  contaA  between 

circles  ar.d  tlitif  tanj^cnts,  arc  in  rln  fi;' ;lnri'ic.itc  rr.tio 
of  the  tliaintttri.  ot  iht  Cik  ks  ;  liu.t  llic  l'<-iiitot  toii- 
ta£t  between  a  fphere  and  a  phine  is  infinitely  greater 
than  between  a  circle  and  a  line  ;  and  that  the  Points 
of  contact  in  fphere*  of  different  magnitudeB,  arc  to 
each  other  as  the  diameters  of  the  fpheics.  Philof. 
IWnf.  vol.  27,  pa.  4^0. 

CuijHi^  PoiHT>  M  nfed  for  that  IH>int  into  wUifh 
Ae  conjugate  oval,  bdonging  to  fome  kind  of  cuiVNt 
«atii<TiL5.  Maclaurin's  Alg.  pa.  308. 

Point  of  Conlrarj  Flexure,  &c.  See  IwrtEiiOW, 
Rk  TkUGRADATION  or  Retrockession,      ,  uf  curves. 

Points  of  the  C»mpafi,  or  Horixen,  &t:,  in  Geogra- 
phy and  Navigation,  are  the  Points  of  divifion  when  the 
whole  circle,  quite  around,  is  divided  into  32  equal 
faitai  Thefe  Points  arc  therefore  at  the  diftance  of  the 
aadpart  of  the  drclc*  or  uf  ic',  from  each  other; 
iacc  ^*  n'i  it  the  dtibuiGC  «t  ihe  half  pointf»  lad 


P  mnt,  ir>  Optics.    As  the 
W  \      of  Concuu'ft  t,r  dn  urr.'ficf,  is  that  in  which'  ' 
cuir.^t.;i.  J  Ki\s  ir.Ltt  ;  and  is  tJualiy  called  focus. 

i'ots  r  of  Dtjfeijt(tn,  IncuLnce,  Jitfieilio'i,  RefraH'ton^ 
and  RuJi.nt  FoixT.    Sec  thefe  fcvcral  articled. 

PtnsT,  in  Pcrfpe&ivci  it  a  term  ulied  for  various 
orplaceii  with  regard  to  the  perfpefiive  plane* 
Ah  the 

"PoiMT  cf  Si^tf  or  e/ihrryr.  Called aUb  the  Pfincipal 
Point,  is  trie  Point  on  a  plane  where  a  pcrpendicillar 
from  the  eye  meets  it.  See  PKasvEcrivE. 

Some  authors,  luv.vt\cr,  iiy  the  Point  of  Sight,  or 
Vifjoii,  mca:i  the  Point  where  the  eye  is  .iC^iially  placed^ 
and  where  all  the  rays  termirtacc.    Sec  Perstec  riva. 

Point  Di/}aiice,  is  a  Poiut  in  a  horixoniai  linci  ac 
the  fame  diftance  ftom  the  principal  P6i«t  aa  tbc  tft  Ii- 
iroA  the  famfe.   bee  PsKtrcCTtrfl. 

Tlnn/PoiNTi  na  Point  taken  at  diicretion  indie 
line  of  dtftance»  where  all  the  diagonals  meet  that  are 
drawn  from  the  dlftdons  of  the  geometrical  plane. 

ObjrHive  PoiN  r,  13  ;i  P( 'nt  on  a  geomttiic.il  plane, 
whole  rcprcfcnt.r.iun  ca  ihc  perfptilivc  ph.iit;  is  re- 
qa. !(.(). 

Jctidrntai  Poini,  and  Fifuai  PoiXT.    See  Acci- 
dental and  Visual. 

roiKT  0/  Ficv.;  with  regard  to  Builduie,  Fainting 
&c,  it  a  Point  at  a  certain  dilbince  from  a  Duilding*  ov 
other  objcd,  whwe  the  eye  has  the  moA  adwntagami* 
tiew  or  profpe^  ofthefame.  And  thtt  Point  u  uraiUy 
at  a  diiiaucc  iq'.i.it  to  tlic  !;€'i;ht  cf  tlic  tKiilJing. 

Point,  in  i'lijliti,  u  tlic  hnalltil  <jt  ica't  fenfible 
object  of  Gght,  marked  with  a  pen,  or  p'j  ut  of  a. 
compafi!,  or  the  like.  This  is  popularly  callLil  a  i'hyfical 
Point,  and  of  fuch  does  nil  pbyfical  magnitude  confift. 

Point-Blanc,  Poinl-Elank,  in  Gunnery,  denotes 
the  horir.ontid  ur  level  pi^lition  of  a  gun,  or  having  its 
muxzle  neither  elevated  nor  dcpreffed.  And  the  Pointp 
bhnc  range,  it  the  dillance  tbe  (hot  goes*  before  it 
(Irikes  the  level  ground,  when  difchiirgtd  in  the  hori- 
zontat  or  Puiiit-blaiic  dircfiion.  Or  fumetiinca  this 
means ;  It  :  K  -inccthc  ball  goes  horizontally  in  a  ftiaigbU 
lined  dirtctii^n. 

POINTING,  in  Artillery  and  Gunner)',  ii  tfic  lay- 
ing a  piece  of  ordnance  in  any  propofed  direttion,  ei- 
ther horizontal,  or  elevated,  ordepftfTcd,  to  any  an- 
gie.  This  is  ufualiy  en<.£ied  by  means  of  the  guoncr'a 
qnadrant,  which*  being  applied  to,  or  in,  tbe  muzsde 
of  the  piece,  (hews  by  a  ptumaict  the  degree  of  deta«- 
tion  or  deprrflion. 

Pen  STING,  in  Navigation,  is  the  marking  00  the 

chart  ill  what  Poiut,  or  place,  tl.t         is.  This  is 

done  by  means  of  the  latitudi.'  iiud  longitude,  iiftec 
thtfe  are  known,  or  found  by  obfetvatiou  or  compuia* 
tion.  Thu?,  draw  a  line,  with  a  (lencil,  acrols  the 
chart  according  to  the  latitude  1  and  another  acrols  thr 
olher  way  accoirdiag  to  the  loi^tude  %  thca  the  inter* 

ft&ioa> 
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feAlan  of  tlieCe  tw  Unea,  »  the  Point  or  place  on 
the  chsrt  where  the  (hip  i*;  which  it  then  marked 
black  with  a  pen,  and  tnc  pencil  line«  rubbed  out. 
From  the  Point  or  place,  thus  found,  the  ckart  readily 
Hicwt  the  dire^l  diilancc  and  coarfe  nUf  aa  aUb  yet  to 
run  to  the  intended  port,  &,c. 

POLAR,  fometM^g  tbat  rebtei  to  the  pbk*«f  tbe 
mnldt  u  polar  viTtDri  polar  tenkocjr. 

Polar  CMu,  m  two  IrSer  eirdea  of  the  fpbere, 
or  globe,  one  round  each  potr,  and  at  the  bmt  dif- 
tance  rrora  it  as  is  cciual  to  ^e  fun's  ^reateft  declinatton 
«r  the  obliquity  of  ttir  ecliptic  ;  th;u  i^,  st  [in-fcTii 

2^"  iS'  The  fpactf  iachulcd  within  cacli  pnl^r  tirtlc, 

istiit  fii^ii!  /.one  ;  and  tj  every  pait  of  thi^  fpai.!-,  the 
fuoncvcr  fcts  at  Ibiue  timi:  of  die  year,  and  never  rifcs 
■t  another  time)  each  oi  thcfc  betng •  longw  dontioo' 
M  the  place  it  nearer  the  pole. 

Polar  Diah,  are  fuch  as  have  their  planet  panUel 
10  fane  grait  ciick  ^lofliag  tbrot^h  the  pde%  or  to 
fome  one  of  the  hourorele* ;  fe  that  the  p«e  is  neither 
cifvatcJ  i!ii>vt.'  tlic  pliiic,  nor  (J^'P''^''''^'^  below  it. — Tliis 
dial,  tlicrciiirc-,  tun  have  iiu  tcntic  ;  and  coi:icqutnlly 
Its  ftyle,  fiibllyk',  ami  Uour-liiv-s,  :irc  p.ir<iHel.— This 
will  therefore  be  an  horizontal  dial  to  thoie  who  live  at 
the  equator. 

Polar  FrytSioii^^  M  R  repre&ntatioo of  the  earth,  or 
heavens,  projeded  OH  the  phac  of  one  of  the  polar 
drdch 

Polar  Rc^ioiu,  are  thofe  part*  of  .the  earth  whlcll 

lie  near  the  north  and  foulh  poles. 

POLARITY,  the  «iualiiy  of  a  thing  having  pdea, 
or  pointing  to.  Or  Rfpcoi^g  fone  pok ;  aa  the  augoc* 
tic  needle,  &c. 

By  heating  an  irtm  bar,  am!  Icttir  ;;  it  cool  again  in  a 
vertical  poGtion,  it  acquires  a  puUrity,  or  magnetic 
viittte:  the  lower  end  becoming  the  north  pole,  and  the 
upper  end  the  fouth  pole*  But  iron  bm  acquire  a  po* 
larity  by  barely  continuing  a  long  time  in  as  cTeft  pofi* 
tion,  even  without  beating  tbem.  That,  the  upright 
Ituii  bars  of  fome  windows,  &c,  are  often  found  to 
b.ivc  pok'  :  Kay,  an  Iron  rod  acquires  a  pol.Ttity,  by 
the  mere  holtJing  it  crcift  ;  the  lower  end,  in  thai  cafe, 
attractini'  the  fouth  ciuinf  .\  m^rr.tt.'e  needle;  arul  the 
upocr,  the  north  end.  Due  tiick  poles  are  mutable, 
ana  flwft  witli  the  fituatioo  of  the  rod. 

Some  modem  writer*,  particularly  Dr.  Hig(rin«,  in 
hit  Pbiloibphkal  Eflay  conoerning light,  have  main- 
tained the  polarii^  of  tht  parts  of  ninttcr,  «r  that  their 
limplc  attradiom  are  more  foreSble  in  one  dlreAion,  or 
axis  of  each  atom,  th-.m  In  n  v    t  ,  . 

POLES,  in  Aftronoinv,  liic  t^iiircmitlrs  of  tlie  ax'n 
upon  wliieh  the  , whole  fpherr  of  the  wurld  revolves  ;  or 
the  points  on  the  furface  of  the  tphcrc  ihtough  tvhich 
the  RUB  poflca.  Thefe  are  oa  evciy  fide  at  the  dillance 
of  a  quadrant,  or  90",  from  every  point  of  theequinoo* 
till,  and  are  called,  by  way  of  eminence,  tlie  poka  of 
t^  wofM.  Tbat  which  i>  nfible  to  us  io  Earooe,  or 
TRifed  above  oar  horizon^  ta  caikd  the  Arfik  or  NorA 
Pule ;  ami  ita  oppofite  ORCi  tl|e  AatarAic  or  South 

Pole. 

Poles,  in  Geography,  are  die  extremities  of  the 
cartL'a  aaisj  or  the  ^inu  on  the  furface  of  the  eaitli 
diraugb  which  the  Huapafo.  Ofvfatchs  tlMdr*«ted 


above  our  horuon  Is  called  the  Ar!li<:  or  NortTi  Pole  j 
and  theopirafite  ouc,  Uu:  Anuriiie     S  luth  PdW. 

In  conlc(jucncc  of  the  fituation  of  th;  Pole*,  with 
th?  inclination  of  tlie  earth's  aais,  and  its  panuleiiim 
during  the  annual  motion  of  oi:r  giobc  round  the  fun, 
the  Poles  have  only  one  day  and  oue  night  throughout 
the  \car,  each  bring  iialf  a  year  In  length.  And  be- 
Caulc  of  the  obliquity  with  which  the  ray*  of  the  tarn 
iiSl  upon  the  polar  rcgioai,  and  the  great  Icn^h  of  th« 
night  in  the  winter  fcRftin,  It  w  conmanly  fuppofed  the 
cold  ?»  fo  intcnfe,  that  thofe  parts  of  the  plohe  which 
]'.■:  near  the  V  i;.;  ;  hnve  tu-  or  '.  i  t  11  fully  t-^plorcd,  lh:)U^ll 
the  .ittcnijit  his  bec.-^  rj|)_..tc Jl\  i.Kidi-  h;,  the  tii  j;i  cele- 
brated iiaviL':r,')r-.  .\u.'.  vjui  flr.  II.,'.Irv  »vai  ofupinion, 
that  the  folllitial  day,  ■)  ':  i'oie,  is  as  hot  ai  at  the 
equator  when  the  in  a  u.c  zcTiiih  ;  beciub  all  the 
J4  houn  of  that  day  under  tlie  Pole  the  fua4ieaiaa  are 
inciUllcd  to  the  hoti/oii  In  an  angle  of  23*  t9ft  whcRa* 
M  the  equator,  though  the  fun  becomes  vertical,  yet  he 
flitnet  no  more  than  1 1  1t9*jrs,  being  abfeiu  the  other 
12  hours  ;  aaJ  Lirl'idL-i.  ilui  d  .rim;  3  hours  8  irinutes 
of  the  11  houri  which  he,  ij  uba.c  ihc  horizon  iberc,  be  _ 
is  not  fa  much  el*  '/atcd  as  at  the  Pole.  Exuci  i- wee  how- 
ever  I'ecms  to  (hew  that  thii  opinion  and  realoniog  of  Dr. 
Hallcy  are  not  well  founded  :  for  In  all  the  parts  of  the 
eaith  that  we  know,  the  middle  of  fmnoicr  it  alwaya  the 
IcTa  hot  the  farther  the  placeialrana  the  eqiiMor«  or  the 
oeaier  it  is  to  the  Pde.^ 

Tke  great  objeA  fiir  vAich  nayigatort  bat*  wntorrd 

flicf.iftlvcii  in  the  froien  fi  a^  ahoul  the  north  pole,  wjs 
to  futd  out  a  more  quick  aiid  rtidy  p.iffaj;.  ;j  the  Liut 
Indies.  And  this  haa  been  attempteidtliree  icveral  ways: 
one  by  coaib'n^  along  the  northern  parts  of  Luiope  and 
Alia,  called  the  nortn-caft  palfage;  another,  byut'liag  ' 
round  the  narthern  part  of  the  American  coatiaeat^ 
called  the  north-weil  paflaze  ;  tad  the  thlbd»  by  lUfil^ 
4ire£Uy  over  the  poteitCelf 

The  ^flibility  of  fooceediog  tn  the  nortb^ft  waiftr- 
R  hmg  time  believed  ;  and  in  tlie  lail  century  many  na< 
vigators,  particularly  the  Hullanders,  attempted  it  with 
great  fortitude  und  perfcvcrance.  But  it  always 
tiiuntl  impofTib'.L:  to  fiinTiriunt  the  obllaclei  which  nature 
had  thrown  i  i  the  way  ;  and  fubicquent  attempts  have 
in  a  manner  demonilrated  the  impoi&biiitj  of  ever  faiU 
ing  eatlward  along  the  aorthera  coaft  of  Afia.  The 
ICMon  of  this  impofiibility  is,  that  in  pioportion  to  the 
extent  of  land,  the  cold  »  always  greater  tn  winter,  and 
vice  vetA.  Thii iathe  eatc  even  in  temperate  dimatcai 
but  tnnch  more  fo  in  thofe  frozen  regions  when  the 
fun  !  infliienee,  cvetl  In  fiimmer.  Is  h.jt  lni:dl.  Hence, 
35  the  continent  ol  Alia  txieiidi  a  vail  vi^y  Uotn  well 
to  irtil,  and  h.n  bcfides  the  continent  of  Europe  joined 
to  It  un  the  well,  it  fuUowi,  that  about  the  middle  part 
of  that  tra£l  of  land  the  cold  fliould  be  greater  than 
any  where  clfe.  Experience  has  dcterir.iiud  thia  tobft 
fin;  and- It  new  appeais,  that  iibout  the  mtddh:  of 
the  nottiwro  part  of  Afia,  the  ice  never  tbawa  I 
have  even  the  hardy  ftoflUiia  and  SimiaiB  ih 


been  ahte  to  ovcrcotnc  the  difliculticRthcy  RMOt  withJa 
thill  j;.'.ri  of  their  v»yag«:«. 

With  regard  to  the  nortt-wdl  pafTagf,  the  fame  dif- 
iicultict  occur  ju  in  the  otiier.  According  to  CaptRin 
Cook'a  vajrage,  it  apfcaa  (bit  if  iheie  ii  any  Staifa 

which 
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'  vbidi  ^fidc*  die  aoatncnt  of  Amcnet  into  tiro,  it 
■■ft  Beia  I  higher  latitude  than  71^,  and  confequeotiy 

.  W  perpetually  frozen  up.  And  therefore  if  a  north* 
weft  p*ffiigc  can  be  found,  it  muil  be  by  failing  round 

the  whole  Amcri'-an  coiitinLiii,  inftead  of  fockin;^  a  paf- 
lage  tliTDUgh  it,  M-hi>  h  furne  have  fuppul'cd  lo  ixill  in 
liic  bottom  of  B?iBn'3  Bay.    BiH  the  extent  uf  the 


a  point  upon  the  fpkere  equally  diftint  from  evtiy  part 
of  thedrcamferRiccof  the  grm  ciidei  oraptnotgO* 
dHhnt  from  the  ctrcumieKMe  in  car  Mit  of  tu<~— 
The  zenith  andtMdiratetlKflolt««faeiionaaat  «<i 
the  Pill  3  <>r \hc  cqutor  we  tire  filiM  w&bdiofe  ^  the 

fphere  or  ^lobt.'. 

ToLES,  ill  Magnetics,  arc  t\To  points  in  a  load- 


Aiiiciicaa  coutincnt  to  the  nonhw-ard  it  yet  unknown  ^  Hone,  corrLTpoiidiii^  to  the  Poles  ot  the  wmid  ;  one 

and  there  its  poffibility  of  its  being  joined' lo  that  part  pointing  to  the  nortli,  and  Wie  other  to  the  fouth. 
of:  Afia  becanrea  the  Piafida  and  Cn.tan£;a,  which  bai       If  the  (lune  be  broken  in  ever  fo  many  |iiecrs,  every 

acfcr  yet  been  cnomnavigatcd    Indceda  rumour  has  fragment  will  ftill  haraita  tiKo  Poles.  And  if  a  magnet' 

hxdf  foaealbioid'of  Jmm.  ninvkabk  ifilet.lMim|  «b-  be  biftdci  bj  a  piMC  ,petpeadicnlar  to  the  aw  1  the 

femra  on  the  wefteni  coafi  of  North  Arakvita',  ytfnA  it  two  point*  Mfiirr  joinM  wfll  beoome  oppoite  Ptikai 


fume  c(jniiiiimiL-''tioii 
or  a  i:a;Tagc  ii.to 


IS  guefled  may  pofGbly  lea  J  tu 
with  the  eailern  Gde,  by  the  lakes, 
Huafoii's  Bay  :  but  there  k-cin^  httic  cr  rr>  pri>b.ibility 
of'  any  fucccis  this  way,  in  which  many  iniitlcis  at- 
tempts bare  been  made  at  various  times.  It  remains 
thfrcfore  to  confider,  wlirther  there  is  any  pro- 
babihty  of  attaining  the  wiihcd-for  paflage  by  failing 
ditcdl/  Mrtbi.  beuwca  die  caftcin  and  weftecn  conti- 


Thc  late  cetebratec!  niathfm,nlc'an,  Mr.  Maclaurin, 
was  fofuUy  perfuadct!  of  the  practicability  of  pafTiug  by 
tlu's  way  to  the  South  and  lod.  i  .  Il  i  -,  that  lie  nfedto 
fay,  if  hif  other  avocations  wouU  permit,  he  woidd 
wdrrtak«  tlw  wftqgt  of  trial,  emi  at  fab  own  ex- 

pcnce. 

The  pra&icability  of  this  method,  which  would  lead 
diredly  to  tlie  Pde  itfel^  has  alfo  been  iiq^anionllj  fnp> 
ported  by  Mrt  Daiflei  Barrington,  in  lone  traAa  pub* 
lillicd  10  the  vears  1 775  and  1 776,  in  confequencc  of 
'the  unfiiccefsful  attempt  made  by  captain  Phip))8  in  the 
year  1773,  to  reach  -a  higher  uorthcrn  litlnidc  than 
81°.  iMr.  Barrington  inHancci  a^reat  number  uf  navt- 
gilors  who  have  rcachc«i  very  high  northern  latitude*; 
B^,  fomc  who  have  been  at  the  Pole  itfclf,  or  gone  be- 
JMfi.  it.    From  all  whidl  be  concludes,  that 


OIlL  III  each  f-":;rnt. 

To  touch  a  iictdlf,  Jcc,  with  a  magnet,  that  part  in« 
tended  for  the  north  enil  is  touched  with  the  foudi 
Pule  ot  the  magnet  ;  and  that  intended  for  the  fou^ 
end,  with  the  north  Pole  ;  for  the  Pole*  of  the  needit 
become  contrary  to  thofe  of  the  magnet. 

A  niece  of  iron  aciinircb  a  polarity  by  only  holding 
it  npnghti  thongh  iu  Poke  are-  not  fimd,  bur  Mkt 
and  are  ioTnted  a*  the  in»  ia.  Fire  dcftrojravK  fixad 
Pales ;  but  it  flrcii^hens  the  mutable  ones. 

Dr.  Gilbert  fays,  the  end  of  a  rod  being  heated,  and 
left  to  cool  pointing  northward,  it  becotncB  ;l  ii\cd 
north  Pole;  if  fouthward,  a  tixed  fouth  Pole.  Wheti 
the  end  is  cooled,  held  downward,  it  acquires  rather 
more  magnetifm  than  if  co(^cd  horixoutaliy  toward* 
the  north.  But  the  heft  way  it  to  cool  it  a  little  ia- 
dnied  to  tbe  north.  Repeating  the  operalioM  of  hnt* 
brand  ooolin};  doe*  not  inctcale  the  cffed. 

^r.  Power  fays,  if  a  rod  be  held  northwards,  and 
the  north  end  be  hammered  in  that  pofition,  it  will  be- 
come a  fixed  north  Pole  ;  and  contmnly  if  the  (buth  - 
end  be  haminercd.    The  heavier  the  blows  are,  cseteri* 
arihus,  the  (tiongcr  will  the  magnctifm  be  ;  and  a  few 


par 
bar 


d  blows  have  as  much  etiett  as  a  great  number. 
And  what  is  faid  of  hammering,  is  to  be  Skcwlfe  UK* 


It.    From  all  whidl  be  concludes,  that  if  the 
voyage  he  attempted  at  a  proper  liine  of  the  year*  time    derflood  of  filing,  ninding,  Curing,  ftc  }  nSTf,  n 
would  not  be  any  great  difficulty  in  reaching  the  Pole,    tie  nibbing,  when  kagoontinaed,  wiBprodueeFoMab 


I'Lofc  vaft  piece*  of  ice  which  commonly'obftrudl  the 
caveators,  he  thinks,  proceed  from  the  mouths  of  the 
^teat  Afiatic  rivers  which  nm  nortliward  into  the  frozen 
ocean,  and  are  dintn  caflward  and  weilwaid  by  tlu: 
currtiu:.  IJut,  thoiigh  we  fhould  fiippofc  (hem  to 
vonu  directly  irum  the  Pole,  iliU  our  author  thinks  that 
tliis  affiords  an  undeniable  proof  that  the  Pole  itlidf  i* 
free  from  ice  ;  becaufe,  when  the  piccea  kmeit,  and 
come  to  the  fouthward,  it  i*  impsJofale  that  theycaa 
at  the  faatc  time  aocuiniilate  at  the  Pule. 

Tit  Abhtuie  w  Ebvation  of  the  Polb,  is  ao  arch  of 
the  meridian  iaierceptcd  between  the  I'nle  and  the  ho- 
rizon of  aay  phcts,  and  ii  equal  to  the  latitude  of  the 
place. 

To  aljer<o€  ibt  AUUudt  of  tht  Polk.  With  a  qua- 
drant, obfctvc  both  thcgreateft  and  Icafl  meridian  alti^ 
tude  of  the  Pole  ilar.  Then  half  the  fum  of  the  two 
altitudes,  will  be  the  height  of  the  Pole,  or  the  latitude 
«f  the  place ;  and  half  mt  diffncnceof  the  lisnw  w^iH  be 
llic  dtftanoe  of  the  ftarfitoni  tlflt  Pr>I«.  But,  fcraccu- 
racy,  the  ol  fciud  altttiiJis  fliuvild  be  corrur^-rtl  <in  ac- 
coimt.of  ft;fiatit;cii,  before  tlicir  fum  or  djftLrencc  n 
taken.  See  RtrK  actios. 
PoMytia  S»pl|coc^  01  tU4Fok«La  £TC«t-cix«kf^  ia 


Old  piioche*  and  driUa  have  all  fixed  north  poles  ; 
becaufe  they  are  almoft  conftantly  ufed  downwards. 

New  drilh  have  eitlier  mjtable  Poles,  or  weak  iiurth 
ones.  Drilling  with  fuch  a  one  f  jiilhw ard  horizontally, 
it  is  a  chance  if  y>>'-i  prodncca  hx^d  fou;h  Pole;  much 
lefk  if  you  drill  fouth  downwards  ;  but  by  drilliog  fouth 
upwards,  you  always  make  a  fixed  footh  Pole. 
Mr.  BaUaad  %*,  that  in  6  or  7  drilhw  made  in  hia 

Ercfenoe,  -tbt  lnt«f  eackihedtaM  «  mA  Silk,  dMrelj 
y  hardening. 

A  weak  fixed  Pefle  iOaf  degmnrte  mtb  a  mtitAfe 

one  in  a  day,  or  even  in  a  few  minute  -,  by  holdin>T  ft 
ill  a  pofition  cnntrary  to  i;s  pole.  The  Icadltone  iifeif 
will  not  make  a  hxed  Pole  in  every  piece  of  iron  :  il  tfic 
iron  be  thick,  it  is  necetiary  that  it  have  fome  conit* 
derablc  length. 

.  Pole  of  a  Glaft,  in  Optics,  is  the  thiekeft  part  of  • 
convex  glais,  or  the  tiimnelt  part  of  a  concave  one  | 
being  the  fame  a*  what  ia  otherwifc  called  the  vertex  of 
Ihegiafs;  and  which,  when  truly  ground,  is  exadly  in 

the  middle  of  'iU  fuifr.cr. 

Ppi.e,  or  Ajf/,  in  .Siirvfyiri'T,  i?  a  lineal  meafurc 
containing  ^'^^^Aii^i^OT  I  6 '  !eet.-  ■  I'lu-  Iquare  of  it  iscaUs 
cdnfifuure  J^olc  j^bMBuue  uiualiy  a  p«i«li,  or  arod. 
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Pois-'^rAR,  N  a  fl^r  of  tin.  z  '.  nw^nitiiJc  near  the 
iioi:!i  Pi.L',  ill  the  ciiJ  of  tlie  tail  of  Utfa  Minor,  or 
the  Liitic  ijvHr,  lis  tnciiu  pUc«  io  the  hc%vcns  fur  tlic 
bciginning  of  1790*,  wtm  a*  IblluWji :  m, 

Ri^'ht  Afccnfion       -  -  ii"    31'  47" 

Annual  variit.  in  ditto  -  034 

Dcclinnticn            -  -  88      II  8 

Annual  variat.  us  ditto  -         00      U)  fj 

The  neanici't  of  this  ftar  to  the  Pole,  on  whitli  .ac- 
count it  is  alivays  above  tlu' h  iri/..)n  111  iliclt  uLtrihern 
latitude!,  makes  it  very  tiltnil  in  Nav.rrntion,  for 
determining  the  mcridi.in  line,  iIil  cicvauun  of  PoUp 
ud  confcqucBtly  tlie  ktitude  of  the  jilace,-iic. 

POLEHOSCOPE,  ia  Optici,  tn  cblkjue  kind  of 
profpe£live  glafs,  contrived  for  the  feeiag  of  objcdt 
that  do  not  lie  dircdly  before  the  ejc.  It  was  in- 
vented by  ntvr;ius,ia  16371  andUtlieGHneaiOflitA 
Glafi ;  wliicli  Il-c. 

I'OLrriC^AL  Ai'.:h:nti\c ,  the-  application  of  arith- 
metical cakulatioDS  to  political  ufc«  aad  fabje^s  ;  fiich 
as  the  public  revenues,  the  numberof  peapktthc  extent 
and  mine  of  landti  taxes,  trade,  couimercct  or  what- 
ever relate*  to  the  power,  llresgtli,  tieliet^  &c,  of  a 
mdoa  or  commonwealth.  Or,  an  Oaveuant  cuncifely 
defines  it,  the  art  of  reafuning  by  figures,  upon  things 
relating  to  government. 

The  chief  ;n;tlior»  who  h,ivi-  n.ltcniptui  calculations 
tif  tills  kiud,  ait,  Sir  WiUiain  IVtly,  M.ij'jr  Gra;int, 
I>r.  Haiic)-,  Dr.  DavcBant*  Mr.  King,  aud  Dr. 
Price. 

Sir  WiUiam  Petty,  among  many  other  articles,  flatcs 
-that,  in  hit  time,  tlie  people  in  England  were  about 
fix  nillkNMi  aad  their  jmaiial  cxpence  about  7K  each} 
that  the  rent  efthehnds  was  about  eight  miDiont,  and 

the  intertils  am!  piofiis  of  tliu  ptrfonat  tft.itcs  as  much  ; 
that  the  rciil  dfthv  lumrts  in  hnglaiui  was  four  millions, 
and  the  proiitsof  thi-  l.iboui  of  all  tlu-  pc<  pU'  twcniy-fiK 
miliions yeariy  ;  that  the  corn  ufcd  in  I.n^jland,  at  55. 
jdwbulbdfiir wheat,  and  as.  6^.  for  haik-y,  nimiiniLs 
to  ten  milUoni  per  annam  ;  that  the  navy  of  England 
required  36,000  men  to  man  it,  and  the  trade  and 
other  fliipping  about  48,000 ;  that  the  whole  people  in 
England,  Scotland,  atid  Ircliuid,  tiwelbrr,  were  about 
iiinc  miUioiis  aiui  b  lialf;  and  thole  in  France  about 
tlatiteu  nuUi  os  a:nl  a  luill  ;  and  in  the  whole  world 
about  nulliuiu  ;  alfo  that  the  whole  c»ih  of  I'-n^- 
land,  ID  current  money,  was  then  about  (ix  mtllioiis 
fterli^*    Sec  his  Political  Arith.  p.  74, 

Mr.  Davenant  gncs  feme  good  reafons  why  many  of 
Sr  W.  Petty**  imtnheis  arc  not  to  bc  entirely  depended 
on  I  and  advancea  others  of  his  own,  foonded  on  the 
oh^atimM  of  Mr.  Crcg.  King.  Sone  «f  the  parti* 
ciilar  -rirr,  tliat  tht  lumi  of  England  is  thirty-nine  mil* 
hotii*  of  acres ;  that  the  number  of  people  in  London 
was  about  j^o.occ,  ai'.d  :ii  ill  Kngland  five  imll.oiii  and 
a  half,  incnrafing  9cx)o  annually,  or  abuul  thc6ooth 
part  \  the  yearly  rent  of  the  lands  ten  millions,  and 
that  of  the  lioufes  two  millions  ;  the  produce  of  all  l(ind8 
of  grain  9  millions.  Daveiiant's  Eflay  upon  the  pnba- 
Uemcthodt&jB,  inhiaworka,  foL6.         ^  . 

Ma^r  Gmont,  fn  tut  obfervattona  on  the  bSnaoTmorw 
(ality,  computes,  that  there  are  39,000  fquare  miles  of 
laud  ID  £u£land|  or  2j  miUion  acres  in  Englapd  and 
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\S'4l!;.s  and  4,<;oo,Por  perfons,  roakioff  nboiit  c  acres 
and  a  half  to  each  pcifon  ;  that  It  1  >  flc  o!  I.oiHioa 
wcic  6.|C(0OO  :  and  (late:,  the  fcveia!  numbers  of  pcr- 
foiw  Uvinn  at'  tl.c  I'-ifTiiciit  ages. 

Sir  William  IVity,  io  hi*  difcourfc  about  duplicate 
pioportioti,  Uitiiirr  ttatca,  that  it  ii  found  by  expe- 
rience, that  there  are  more  pcrC>nc  living  between  jt6 
and  art  than  of  any  other  age ;  and  (nun  thenoe  he  in« 
fcri,  that  the  fmiare  r<jot»  of  evviy  luimher  of  men's 
■L'l^s  under  16,  wliofe  root  is  4,  fnew  the  proportion 
01  ihc  probability  of  fncli  p(  rlom  rcaLliitit;  the  ape  of 
70  1  thu»,  dic  probability  of  reaching  that  age  by 
perfontofthe 

agcaof  16,  9,  4,  and  i, 

areas     4,  3,  2,       i,  refpeftively. 

AI^^l  ti  nt  the  iibabilitict  of  lliLir  order  uf  tiyiii)^',  at 
ages  above  that,  arc  as  t^c  fquorc-roota- of  the  ages; 
thai,  the  prababai^a  of  the  oracr  of  djing  firfts 

of  tl.i:  a;>'/s  '  16,  1~y  ?CC, 
arc  a«  tiic  louU   4,    ),    b,  &c. 

that  is,  the  odds  are  ;  to  4  that  a  perfOQ  of  X%  diet 
before  one  of  i6s  and  fo  on,  JediniDg  up  to  70  jeara 

of  age. 

Dr.  Hallcy  his  made  a  very  exa£l  ellimation  of^the 
decrees  of  mortality  of  mankind,  from  a  curious  tab'e 

(if  tilt  butlis  a-iJ  biiiia!.-,  at  the  city  of  Brf'l.ui,  In  Si- 
ll lia  ;  with  au  attempt  lu  aletitdiii  ttit-  price  of  annui- 
ties upon  lives,  and  many  otlicr  curious  particulars.  !Sce 
till  Philof.  Tianf.  vol.  17,  pa,  596.  Another  table  of 
this  kind  is  given  by  Mr.  Si  viiifjn,  for  the  city  of  Loa- 
iliin;  and  Icvtral  by  Dr.  Price,  for  many  diflereat 
places. 

Mr.  Kerfeboom,  ofHoQudt  haa  many  aad  oirioaa 

calculations  and  tablet  of  the  fame  kind.    Prom  h»ob<. 

iii  vations  on  the  S'rtli  of  the  ji^cplc  in  England,  it 
iippeari,  that  the  number  c<f  males  bom,  is  in  pro- 
(xTii./:i  to  that  of  tlie  leniaKs,  as  18  to  17  ;  and  tlial 
t!ie  iiitubitanli  liviiig  in  Holland  arc  iu  the  fame  pro- 
jjurtion. 

Dr.  ^rackcnridgc  has  given  an  eftimatc  of  the  num« 
bcr  of  people  in  tngland,  formed  both  from  the  num* 
bcrof  hooict,  and  alw  Irom  the  quantity  of  bread  con* 
fumed.  Upon  the  former  prinei^e,  he  find*  the  num- 
ber of  lioiifcs  in  England  and  W.tlc»  to  bc  ribotit 
90c,'X.c  ;  and,  allowing  6  perfons  to  each  boufc,  ilit 
niinih<  r  ot  pj'ople  near  C  millionsaiul  a  half.  .And  upon 
the  latter  principle,  ellimating  the  quantity  of  com 
confumed  at  home  at  2  millions  of  quarters,  and  3  per- 
fons to  everr  -quarter  of  curui  makes  the  number  of 
people  6  mtUiona.  See  PbitoC  Tranf.  «o1. 491  «t.  45  . 
and  lit* 

Dr.  Derham,  firom  a  gnat  number  of  regfllera  of 

ptaee':,  finds  the  pioportions  of  the  marriages  tothc  births 
and  burials  ;  and  Dr.  Price  has  done  the  fame  for  (iiU 
more  pilacea  j  the  mcdiniiia  of  afl  which  are« 

r 

Uarriaget  to 

Births,  at 
Dr.  Derham  -        »  to  4*7 

Dr.  Price  -       1  to  3  9 

See  PhiloT.  TraoL  Abr.  vol.  7,  part  4,  pa.  46 ;  alf6 
Dr.  Price't  Obfervaiiuns  on  Reverfionary  Payments  ; 
and  the  uticki  of  thia  DiAieuary,  ExrscTATiox  «/* 
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gpplies  mull  (cnuiB  a  prtikmalleal  psst,  V)V.  *<  in 
propuiiiiii!  di-iTnuiilrare  rem  atiqium,  vcl  plurcs  lUtas 
tfiir,"  Aiid  alio  a  thnrriical  \i:irt,  wbich  cuntainc  thp 
-  property,  or  tomrnHoit xiJfriiiB,  a0inaiEd^eatMaJtlnhgi 
wluch  baTC  been  previouJ]y  dcfonbod. 

"  It  it  alfo  evident,  that  t^iid^cfl  of  eveiy  Ttich 
wteQfiUi»t  uUicidiAiiinbetivren  nMgnitiidaa.oiFtliRe' 
•aURTnA  k!«(bt  dettnowate  nmgiiituik**  nHitdi  «e 
giTcn  i  determinate  nngDitudct  twhikh  »rc  to  be  found  ; 
ind  indeterminate  magiii;iide«  which,  tliough  unlimited 
in  number,  are  coiineclcti  tnc  others-  by  Ame- 

conmon  pro^pot^.  .  Hav,,  tbekare  na^tly  the  eoa« 
dhioos  cootaiQcd  n  the  ^rifiaitipJiithii.lwii  *liri  ii  giiea 

**  To  confirm  the  truth  of  this  tlxeory  tlic  oriein 
•f  BoriTrai,  or  at  kaft  the  jnAml*  a£  the  nat^y^taasi^edL 
m  it,  I  mift  add  «  <|iMt«dao  fnm  ■».£Af.MNi  the: 
fame  fubjed,  hy  •  ttcniber  cf- thk  &cieif]r«ithe  tet«tt 
and  corrv^lnvfe  of  whofc  Tie\r<  mJu  e^qrxmncfdintcr 
with  triii  opiutanspectilia  1y  finU' ritii.  In  n  pajr^r  read' 
(everal    VL-Jiib  before   the  P!?r!nf:>phu;jl  Soi:iftv, 

■Frofeflbr  DirR.Ud  Stcw»it  difincd  irdiii'in  '.-.>  be  "  A 
propoikioii  atannihg  the  pofiibiljtjr  of  tindtng  one  or 
more  of  tiie  cunditieM'  of  -an  ladcteiminate  tli  corem. 
'Where,  bf^  ao  uirirtmHinrte  dieorcov  aabe  had  {icervw 
-ouiljr  esplaiiicdit*  ii  nifavt  one  ivbieh  cKprefla  a  ids** 
ti«iwibi«irfen  cettim  ^wnthie*  that  arc  iodAniniMtr.'. 
4Mh»mffiilttKle»i(IianimJier.  '  The  mniragrermenc 
of  thi»  with  the  (lefinilion  and  ty|)l,iitation6  which  hare 
bcvu  JJivi-n  ahosc,  it  too  obvious  to  require  to  be  putntcd 
cii'  ;  -ind  1  have  only  to  obfene,  that  it  wa*  not  ionj»- 
after  the  pubiicatioa  of  Simfon's  pofthumou*  \s-ork«, 
Vlien,  bciD^  faotb'fif  m  occupied  in  fpeculationa  eon* 
«em«ix  Pa«i£Di|  we  wm  kd  fepanteiy  to  the  concfaa* 
fiom  wbkh  I  kneaow  ftated. 

la  an  jentjutry  uito  the  of  Porifm,  the  ct«k-  ■- 
ttolo^  of  the  term  ought  not  to  be  forgotten.  Toe- 
^ueilion  indeed  iinot  about  the  dirivatiun  of  the  word 
UoH^^tz,  for  concerning  that  there  is  no  duubt ;  but 
about  the  reafon  why  this  term  waj  applied  to  the  clafi 
of  propofitions  abore  deicribcd.  'iV-o  opiniont  may 
be  formed  on  thia  fobjed,  and  each  of  them  with  confi- 
derable  jRobabQitj^:  !««.  One  «f  the  figoificat^wa  of 
■stft^u,  \%^H  ^lefure  trt^immf  and  hcaee  n«fwyMi|  At 
thi^f  ailmud  cr  gained. 

•*  According])'',  Scapula  (aya,  Efl       a  getmrtni  tff 

Jumpla  qui  li\  '.rtma  rJiqu'al  rx  Jnrj'-nilrn^'.vs  /\!/'"iJ'ks  nr- 

rr7n  tx  pTDpU'o  qii'iLtn  tbeorematit  Imjiu  injr.ti!\\' t  dr.mi.n- 
Jiratio,  Jed latatv  rx  Jtrn'snjlrat'it  rtf1<'  fr-mia::-:-.  In  liirt 
fenfe  Euclid  ufc*  liie  wor<l  in  hi*  1  1:  t»K-'  i;  o!  (/<-ome- 
liy,  where  he  caU»  the  coroihrk*  wf  hi;,  p<(ipofition> 
fm^matm,  Tkii  cncumfflaoce  emtea  a  prcftMnption,- 
Halt  wimi  the  word  was  applied  to  a  parttc<ihr  cMaof 
proftofitHHif,  It  «!?s  meant,  in  both  cafe*,  tD  convey 
Bcarly  the  far.ic  iite-i.  .i  j  it  it  not  at  all  probulK'.  t'mt  To 
oorrert  a  w«itcr  Liitlid,  and  fo  fcrupulous  in  hi»iifc 
of  words,  flioulti  irinplen-  tht  fame  term  to  cxprefs  fwo 
ideas  which  arc  pcritctty  diffcrdot.  May  we  not  theiie> 
forcconjcflure,  thut  th-.fc  propofitioni^  got  the  name  ut 
Potifma,  eattrcl]r<wMh  a  refrtwce  to  tlidr  oilgiii.  Ac- 
Bptdtag  to  the  idea  cxplauwd  above,  they  nvould  in  ge*' 
Miatoeeifr  to  anathematii'ian!>  wheu  eitj^amd  in  tlie  lu- 
JuiioB  of  the  motv  diScutt  nrobleau,  and  wvuU  wriic 
Vol..  IL 


from  thn^cpartioilarcafet,  where  one  of -the  conditiom 
of  the  data  involved  in  it  Ibrnc  one  of  the  reft.  Tho*  a 
particular  kind  of  thtorrm  would  be  obtaincdf^Howinf^ 
as  a  coroHary  from  the  folutioo  uf  the  proWf ffi  : 
and  to  thiii  thcnrcrn  the  teiTit  n«^7a»  might  be  • 
very  propi-riy  applied,  tince,  m  k\\z  woide  «  ■fica- 


|iula,  ahrrady  quoted,  Nm  m  frtf^  i 
u^hnta  Jit  di  monjiratio,  JtJ  '^aK*n  tx  dmm^ath'  rttUT 

feqiutlvr. 

'  "  sdn.  But  though  thi(  iMerpretatiM  fo  wdl 
wfth  the  fuppofcd  origirt  of  PnnfiTN,  It  i«  not  free  from 
difficulty.  The  mb  a^ji^ai  has  anothef  fijnitlicsition, 
io  Jind  out,  to  dijevoer,  lo  dtvije ;  and  is  irfed  tn  thia 
fenfe  by  Papp<«,  whfn  he  fayR  that  the  propofitiorr* 
called  rorifms,  iffurd  grvat  delight,  t«<«  ^-.tw"'!?  »{« 


V«M&Ul,°M  tht^  vIm  art  Me  tnviderfand^nd  fflVglK* 

gtUK.  Heaoe  cMiei-  jhfuy^tt  tit  #9  oj  Jindi«f  «af  «r 
dijiv.-rin^f  and  from  m>i7no;  in  this  fenfe,  the  fume 
anthitr  evidently  confidctrs  rie^ir^iE  aa  1>e'ng  derived.  His 


ihii,!  P'/r  I'r;  it  Joml'KKg  prt^  ffi  fcr  thr  tu'dinj;  out, 
cr  difcowring  o/^  the  very  ^Ang  pripvjed.  It  feeirti  lin- 
gular, howfTtr,  that  IWIbi  fnoiild  have  taken  their 
iaune'ftidnia«imiinlbaoeeoiniiwn  tothcm  with  fo  many 
other  geometijcal  truths ;  and  ' if  thii  wmf  mUy  tbe- 
tfdcckimift'hne'been  on  account  of  the  cn^pttatleat 
Ibnb  taf  th<h"«nil*c;itfcn'»,  which  rrqtrircd,  that  in  the 
analT(i»ioftl»efe  pm[i  liirioTis  a  fott  of  double  difco  very 
(hoiud  be  made,  mn  o  ilv  of  the  Truth,  but  alfo  "f  tlie 
Meaning  ()/■  tie  ra  y  i'<if  ^ -.uluh  wot  prn^' f^L  They 
may  therefore  have  been  cdled  Ponjvjnia,  iivtjU^a- 
tioat,  bv  way  of  enitnenoe. 

"  Wc  might  next  pracced  to  conCdcr  the  pavtfealar 
Ihnffmr  ^iieh  Dr.  Mnfon  haa  reftored,  and  to  (hew,' 
th- 1  every  one  of  them  U  the  indeterminate  cafe  of  fome* 
problem.    Rut  of  this  it  is  fo  ea(y  fnr  any  one,  who  has 
attended  to  the  preceding  remarlcs,  to  A^t"'»ry  himfeff,  by 
barely  ex.iminitijj  the  enunciations  of  thofe  prnpoiitiu-'^, 
tli.it  the  detail  utito  which  it  woiiid  U  -idfi  rrm  to  hr  ir  i- 
neceiiary.    1  ihall  therefore  ro  on  to  mnke  feme  ob- 
(irrvations  on  that  kind  of  aniih-Rs  which  1*  ptltktthirly  . 
adapted  to  the  inveOiganoa  of'  Porifma. 

**  If  the  idea  wWch  we  haTt  given  of  tfiefc  propoS^' 
ttona  he  juft,  it  follotvs,  that  they  are  al«tap  to  be  dif- . 
covered  by  coniidering  the  cafen  in  which  the  eonftrwc- 
tion  iifn  piolK  m  l.'.Wi  ill  coitfctjuencc  of  the  Uncs  which, 
hr  llicir  MitertoftiOTi,  or  tht  points  which,  bv  theif  pofi- 
tiufi,  writ-  to  (J''trnn^:ir  ttic  m.i  .^-.i:  iirir  v-ni: '      _  Imjv 

ptnini;  to  cointide  with  one  another — a  I'Qrifm  may 
tht  prlore  be  deduced  from  the  problem  ftUclongs  to.  m 
the  fame  manner  tlist  tlte  propo(itiont  conmning  the 
ma  xima  and  mimma  of  quanthieft  are  dcducid  from  the 
pmblema  of  which  they  fbmtth«h*mttation$ ;  and  fticb* 
rm  dotibt  14  the  mod  nattmd  and  moft  obvious  analyfis  of 
which  tb!»  clafs  ofpropofition'^  ■.^  ijl  -id:  i"r. 

Tl  i  not.howfvi  r,  thr  < :r  l\  oik  tUiit  they  will  ad- 
nut  of;  an  i  t'  r  ir  nre  !-i  cid  rc-..r.ii:s  for  wifhing  to  be 
p'ovi'doJ  viith  ;in(n  iier,  by  weans  of  which,  a  Pwiiiirthal 
i^  jnv  liinv  futpt  t^ed  to  i  x ill,  may  be  found  oiitt  indC' 
pendcntly  of  the  gcnenS  fwlutiun  of  the  proMem  to 
which  ll  belongs   Of  thcfe  ivalbn*,  etie  ts,  thit  the 

Pr>rifm  may  perliap*  ad:r.'t  of  bring  invtfti;Tatcd  rrorc 
eafi}yihaa  the  geucnJ |:r^blim  aduuts  o(        icf.i''  t  ; 
Mm.  aai 
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Md'iMlheA,  flat  AelbrMTtit  «bHA  tpnjeafi^ 
helps  to  diiiBOvtr  the  fimpkft  aodttpft  d^pSl  tohHaOB 
thftC  can  ||ffivet)  of  the  hner. 

**  It  >•  dcfir^blc  to  iiave  a  method  of  inrcnig^ting 
Ponftn*.  which  doei  not  require,  that  «ce  Aiuuld  hare 
previoMlly  rcfulved  the  priAilenti  they  ire  conncfted 
wkbf  .BiKl  which  may  aiwayt  (tv»  to  determine,  whe> 
tltir-M  any  |pvcn  problem  there  be  attached  a  Porifm, 
•p  aoU  I)r.  Simwp'a  Aoaljrfia  maj  be  confidcndi 
tiCm^ring  9o&h'4tknf»Sm  Mthtt  geooeter  did 
not  r-crard  '.hcfe  propolitiont  at  alt  in  the  light  that  ia 
4uiic  Ixn,  wr  in  rcutinn  to  their  origin,  an  indepen- 
dtot  aoilyfit  of  this  kmd,  vo3  the  only  one  that  could 
•ccurtohin  s  and  he  hat  accor  Jin^iy  gi»er  one  which 
k  citrenely  ingenious,  and  by  no  rneuns  rafy  to 
be  i»«ealcii  but  which  be  uica  with  great  ikilfui- 
■eft— ddmcritr  thraofheM  A*  wkaktf  bit  Rcftom* 

.  M  ^{gmcaiytotfbertahiHwilKrthiibetbem 

cifc  method  ufed  by  the  Ancient*.  Dr.  Simlbo  nad 
here  nothiofif  to  direct  him  but  hia  feniua,  attdhaa  the 
fpU  merit  of  the  firll  inventor.  It  fecmi  probable,  how- 
ever,  that  there  is  ut  leall  a  great  affinity  between  the 
Methadt,  finccthe  Ummata  given  by  I'appusai  tieceflarT 
t»  Euclid's  demooAratigua,  art  fubicrvicnt  aifu  to  thoie 
qf  our  modera  geometer. 

*«  k  Ml  u  wc  him  fmMt  « gwiewl  pMcijjk  that  a 
pnUtn  SecowwMliMsft'PMnhit  triMficHCf  wwImi' 
two,  of  the  conditioDi  of  it,  neceflarily  involve  in 
them  fomc  one  of  the  reft.  Suppofe  then  that  two  of 
the  conditions  are  exactly  in  that  (late  which  dctciminc* 
the  third;  then,  while  they  remiin  fixed  tir  given, 
Ihould  that  third  one  be  fuppofed  to  vary,  or  difftr,  ever 
fo  little,  from  the  ilatc  required  hy  the  other  two^  a 
cootradiAiou  will  ctifuc.  Thcrelbrc  if,  in  the  hyfO* 
tiiefivof  aprabkiHt  thc-wditaww  b»  tu  ratatcdtoone. 
Mwther  M  to  Tender  ft  iadetieniiiMlir«  «  Forifm  h 
duced  ;  but  if,  of  the  conditions  thut  related  to  one 
aaothci,  lunic  one  be  fup(»ofed  to  vary,  while  the 
ethers coDtimie  the  lam<',  an  abfurdity  follows,  and  the 
problem  bcooow:*  Mis|M>£ibk.  ii'itrever  thtrrfere  aty 
preiltm  admits  b«lb  of  a*  hultUrmmtHe,  and  mt  imt«^U 
tmftf  ii  u  crriMm^  tJut  theft  ctfet  an  umrlj  nittn  t9  mt 
gather,  atul  tial  fim  oj  lit  cmtBdutt  IfUtttigf  are 
Pndaud,  art  tomaam  /•  both,  •  ■ 

**  It  is  fuppofed  above,  that  Mwof  thecniAlumof 
a  problem  involve  io  them  a  third,  and  wherever  that 
happens,  the  coiiciuJiun  which  has  been  dcduccd'will  ia- 
wriablytukc  place. 

'*  But  a  I'uriisi)  mav  lomctimrs  be  Io  ("implr,  as  to 
wife  from  tite  mere  coiucidcncc  of  cue  condition  of  a 
problem  with  anotiier,  though  ia  oo  caic  whatever,  aay 
mconliilciKy  can  take  placeMtlMca  them.  Thus,  io 
the  fiBGasd'of  the  fioRgaukg  piapofitioa^  the  cdaci- 
deuce  of  the  pcu'at  give*  in  tnie  problem  with  another 
pt)':it,  vl/.,  the  centre  of  gravity  of  the  giren  triangle, 
renders  the  problem  indeterminate  ;  but  at  there  is  no 
relation  nf  uii'I.iace,  or  petition,  between  thefe  points, 
that  may  not  exill,  fo  the  problem  has  no  impoffible 
cafe  belonging  to  i».  'rhcre  are,  however,  compara> 
tivelj  but  lew  Porifms  fo  iimple  in  their  origin  as  this, 
«r  that  arife  from  problems  in  which  the  couditious  arc 
'fiiuliuk  eompUeated ;  for  it  uftiall^  bap;>ens,  tliat  a  pro« 
blev  wbicb  CM  boonw  ioddinite,  may  alio  facoNM 
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cafek,  which  iMbcM  ilica^  cxphiocd.  sever  Aik  t» 

take-  place. 

"  Another  fpecies  of  imponibility  mav  ficqii-ntl^f 
ari*c  from  the  purifmattc  cafe  of  a  problem,  which  wil^ 
wry  much  Mt&.  the  application  of  geometry  to  %t' 
tmnomy,  or  any  of  the  (cienccs  of  eiperiment  orobftr-< 
vatiun.  Fur  when  a  problem  is  to  hi  refolvcd  by  help* 
of  data  fiiniihcd  bf  cq^mcac  or  obfervatioa*  Ihir 
irik  thiBf  to  be^  eonfidcrcd  ^  wiMdMrtlK  dais  lb«^ 
tain<*d,  be  fuScicot  foT  determining  the  thiug  fought 
und  in  this  a  very  cfToneous  judgment  mar  be  fi)raied« 
if  wc  reft  fatiified  with  a  general  view  of  the  fuhjctt  : 
For  though  the  pruhlcm  may  in  general  be  refolved  from 
the  data  that  we  are  provided  with,  yet  thcfe  data  may 
Ir  fo  related  to  one  anotlter  in  the  cafe  before  ui«  thi^ 
tlw  problem  will  become  indeterminate,  and  iaAiMdof 
oae  lialutiaQ*  will  odiMt  of  aaiofioite  number. 

Soppofe,  fwiattaM^  thatft  wci«f«qpincdtode* 
trrmine  the  pofition  of  a  point  F  from  knowing  that  Tt 
sn%  fituated  in  the  circumference  of  a  ^ren  drde 
ABC,  and  alfo  from  knowing  the  i-ntio  of  its  didanccs 
from  two  givin  points  E  and  1)  ;  it  is  certain  that  in 
general  thcCe  data  would  be  fufBcieoi  for  dctt;  m-iiMig- 
the  fitnation  of  Y.  But  ncvertheicfs,  it  £  and  ^3^ 
fiiould  be  fo  fituated,  that  they  were  in  the  fame  ftraight 
line  with  lbs  centre  o£  the  given  cirde}  andif  tbonftw 
angle  under  tlieir  difttnce*  fiem  tlnt«eMiie»SneKitt» 
equal  to  the  fquare  of  the  radius  of  the  ciide^  tlUBf 'Ibli 
potition  of  F  could  not  be  determined. 

"  This  particiiLu-  indance  may  not  indeed  occ  ir  'n> 
any  of  the  praftical  applications  of  geometry ;  but  thera 
is  one  of  the  fame  kino  which  has  aflually  occurred  ia* 
a&ronomy :  And  as  the  hiftory  of  it  is  not  a  tittle 
litigular,  affording  bcildet  an  excellent  illaftration  of  tbtf 
■MM  of  Porifmn  I  hope  to  be  cxcofed  far  entcHnf 
into  the  following  detai  emoenrikg-it. 

*<  Sir  Tfaac  Newton  having  demoofiiated,  that  tlM> 
trajtctoi  y  of  a  comet  is  a  parabola,  reduced  the  aAual. 
determination  of  the  orbit  of  any  prirticular  comet  to> 
the  folution  of  a  geomctrioil  problem,  dcpendin;^  on 
the  properties  of  the  paraboln,  but  of  fuch  couLdcia- 
ble  difficulty,  that  it  is  necelTary  to  take  the  aiMa&ce 
of  a  more  elementary  problemi  in  order  to  lind,  at 
kail  neatljt  the  diftance  of  the  oo«Aet  from  thr  earthy 
at  the  ttffltt  when  it  waaohTervcd.  The  expedlehtlbt* 
this  purp>>fc,  fuggtfted  by  Newton  himfelf,  was  to  con- 
fidcv  a  lirall  part  of  the  comet's  path  as  redilineal,  and*, 
dcfcribcd  with  an  uniform  motion,  fo  that  finir  obfcr- 
vationt  of  the  comet  beii.g  made  at  ntoderate  tnttrvalsoC 
tiiite  from  one  another,  four  llrai^ht  Uaes  would  be  de> 
termiiied,  viz,  the  four  lines  joining  the  pkic«^  of  the' 
earth  and  the  comet,  at  the  timet  of  obfervation,  acroGi. 
which  if  a  0raight  line  were  drawn,  fo  a«  to  be  cut  bf 
them  la  three  parts,  in  the  fane  ntioa  wttk  the  inter* 
vats  of  time  afiovcinf  ntioned  ;  the  line  fo  drawn  would) 
neatly  tcpreleut  li*c  comet's  path,  and  by  its  interfe&ion. 
with  the  givcw  lines,  mouIJ  Jctcnrinr,  nt  Ic.  l  nearly, 
thedillancet  of  the  comet  from  the  earth  at  tuc  linneof. 
obfervation. 

"  'l*he  geometrical  problem  here  emplojedy  of  draw- 
ing aline  to  be  divided  by  four  other  linetgiveo  inpiv- 
iition»  iuio  paru  having  siven  latioi  to-one  another* 
iilid  been  lOrcadf  rclbtred  lif  Dr.  WilKt  and  Sir  Chrit^- 
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'Yophct  Wkii,  md  totlttirfiilotloiw  Sir  Ifaic  MewtoB 
sddrd  three  olben  of  Ui  own,  ia  different  pam  of  hi* 

woiki.  Yet  none  of  all  thcfc  gcomcrcri  ohftr-.t  d  tliat 
pcculiai  iiy  irnhc problem  which  rcndticd  it  inapiihuaiile 
lo  iillroiiomy,  'I'liia  was  liifliior'.c  Ly  M.  Bori^nvich, 
but  not  (i'l  »hef  many  iriuh,  when,  011  its  npplicaiion 
to  the  motion  ufjpmets,  it  had  never  led  to  any  fatif- 
fadoty  refult.  Inc  cTTora.it produced  in fome  inflances 
weie  fo  confiderable,  tlutZanotti»  feeking  10  determioc 
it  the  orbit  of  die  con«t  «f  1939,  Jami,  tbart  Ut 
conHruAibn  iHrew  the  comet  o«  the  6it  of  ti*e  foa  cy- 
yoTitu  to  t!iat  on  wMch  l.c  Iini!  .i£\iial!y  obfcivcd  it. 
l  ias  gave  (KCiiliiiU  to  Bofcovicl>i  fome  ycam  iiftcrn  arils, 
to  (.xstnu'.c;  the  diflereui  cafca  pf  the  problem,  and  to 
remark  that,  in  one  of  them,  it  became  indcteroiiaatc, 
and  that,  by  a  ctiriou»  coincidence,  thi»  haupened  in  tbe 
only  cafe  whidi  cuuld  be  fuppofcd  applicable  to  the  af- 
tronomicrfl  problem  abovcmentioncd  ;  in  other  words, 
kc  Swadt'that  in  the  State  of  the  data,  which  ov^ 
there  alwaya  take 'place,  innuinerable  lines  miVlit  he 

drav/ri,  thnt  wuuMoe  all  CtUiii  the  fame  i-Btio,  Tiy  the 
'  fuur  liiKS  given  in  ptjfition.  Tliis  he  dcmonitiatcd  in  a 
iJifTcrLatioii  piililiflicd  at  Koine  irj  174^,  and  lince  that 
time  in  the  third  volume  of  Irs  Ofuf^uk.  Ademonilra- 
lion  of  it,  by  the  fatnc  nutlior,  is  aJfo  inlcrtcd  at  the 
csdof  Caftillon's  Commentarr  on  tbe  /IrUbmttica  Umi- 
9irfaKt,  where  it  is  deduced  m>m  a  conftniAiooof  the 
feqenl  probkiBt|^«(n  bv  Mr.  Tltmiisx  Simpfoo,  aitbc 
«nd  of  hit  EkmnitB  of  Geodietry.  'i'hc  pi^ipoftnon,  in 
Bijfr  -ch'a  words,  )•  this ;  Problema  quo  <|uientur  rec- 
ta Imca  qux  quatuor  redat  pofittone  dataa  ita  fecet,  ut 
tTia  ejus  fe^menta  (lot  invicem  in  ratione  data,  tradit 
•tiquando  mdeterminatum,  ita  nt  per  quodvk  poiifiBai 
cujiifvis  ex  iis  quatuor  redia  dlld  pofll  #iattt>M>  qdt 
ci  conditioni  faciat  fatis.  ■ 

**  It  is  neediest  I  bcliere,  torcmaA,  that  the  pw* 
pafitioB  tbtMCDWieiBUd  ia  •  Forifpi,  and  that  it  «nu 
gfeowtdhyBofeowdi,  nt  the  fiuBc  way,  ia  wliseh  I 
hare  fuppofed  Pun'fms  to  have  bcc*  SA  diSmcktd  bj 
tbe  geometer!  of  aiitiqm'ty. 

A  qccilifin  m-arly  ronnefted  U'ith  the  oripin  of 
Porifm*  ftiU  rcioaiiiJi  ttj  l>c  foU'ed,  naniely,  from  wful 
caufe  has  it  arifeo  tfiat  propofitions  which  ate  in  ttirm- 
(eheafo  importnnt,  nad  thai  a^hiaUy  occtioied  ib  conlt- 
dcnfale  a  pUce  in  the  ancient  grametr}',  bate  been  fi> 
Ktde  remarked  in  the  itipdeni  i  U  cannot  indeed  be 
Aid,  diat  propofiiionli  of  tMt  'kind  WCfC- 'irbhBjr  in- 
known  to  the  Moderm  before  the  rcftoration  of  what 
Kuclid  had  written  «dBcemiiMf  them;  for  beftdes  M. 
Bofcovich's  pn)]K>nt  mil,  uf  wTiich  foinuc!i  h,i;,  htm  ni- 
teady  faid,  the  thi-nrt-m  wfiich  afTrrts,  thai  ni  every 
^P.emof  poiutethvre  a  rtnire  of  jtra»ity,  hasbien 
ifiCMra  above  to  he  a  ForUin  ;  an<l  wc  (li«ll  fee  hereafter, 
that  naoy  of  th«  t lirorems  in  the  hij^hcr  geometry  bc' 


«f  (he  aetbodf  empbred  for  the  folutioa  «f 
trical  problem  fnaadent  end  modem  timet. 

"  In  thcfolution  of  fuch problems,  tbe  geometers  of 
aoMcuitj  proceeded  with  theutmoA  caution,  and  wcfc 
careful  to  remark  every  paittcular  cafe,  that  is  to  fay, 
every  charge  in  the  conflrudion,  which  any  change  m 
the  ftate  of  the  data  could  produce.  The  different  ooO> 
ditions  from  which  the  folutions  were  dcritedi  wefe 
ftippofed  to  Tiir>'  one  by  one,  while  tbe  otheia  leinaieed 
the  bmt ;  md  ell  tbets  poflible  esoibiaetieiia  beiiig 
th«B  ctnumeratedt  eicperatcftliitlMtmigtfea,  wheic- 
c'cr  any  codidendJe  dmy  wag  ebfcr»e<  lo  hut  talcca 

place. 

"  This  wrai  fo  mui.h  tfr-  r  af-,  t!iit  t^c  S.'fiio  ttatitnu, 
a  geonietricat  problem  of  no  great  difficulty,  and  one  of 
which  the  folutioo  would  be  difpatched,  according  t» 
the  mctljodi  of  the  modern  geometry,  in  a  fingic  p«g«, 
was  made  by  ApoHonius,  tbe  fubjed  of  atre^ife  eoB> 
'fitlfawof  (aro  hooka..  The  firft  book  bn  femi  ccneiil 
dmfimn,  aad  t»ftmf4bmr  'eiS»t  Aefeeoiri,  fiarteca 
.  general  diviiiont,  and  Icventy -three  cafes,  each  of  which 
cafift  is  icpamtcly  confidercd.  Nothinf^,  it  ia  evidaot, 
that  v.'.m:.  ;i;  y  way  connected  with  the  problem,  cotild 
cicsp?  a  ^{tomctO,-  who  proceeded  with  fuch  miinitcacfa 
of  iitrefiigaMon. - 

<■  The  faeac-  £(nipiileu((  otaftttefi  anr.be  rtearked 
in  all  tbe  other  ixuithanMtcal  reicarcbcMra*  AncienU} 
and  ,ih»KiCbd  deubtlcfs  ia,  thpt.  tbe  yiwifthi  of  tbofe 
efea,  hcj«icfer  expert  tbcy  •«e^B  the  ule  '«f  Aefree^i 
lyCs,had  not  fuflic'ent  experience  In  Its  powers,  to  truft 
to  the  mote  general  applicationi  of  it.  That  principle 
which  wc  call  the/<rtv  i/.itimuits,  and  which  connedt 
the  wiiule  fyilcm  of  maihciiiatical  truths  by  a  chain  of 
infcnfiblc  gradations,  was  fcarccly  known  to  them,  and 
has  been  unfolded  to  us,  ooiy  by  a  more  cx ten frve  know- 
ledge of  the  nathenatioj  fcienccs,  and  by  that  moft 
fmt&  node  of  exprefling  the  rcbtioae  ef  mu^t 
whUk  fmm  ^  Uofiuage  of  Algcbnt  mA  n  h  thw 
pHncIpk  alone  which  naa  taught  01,  that  though  in  the 
folution  of  a  problem,  it  may  be  impoffiUe  to  conduct 
the  inveAigation  witlimit  afTjn.ing  tne  data  in  a  parti-- 
(ular  ilatc,  yet  the  relutt  may  be  perfectly  ^cbc-^i/,  and 
will  accommodate  itfcli  to  every  cafe  with  fuch  won- 
derful verfatility,  as.is  fcarcely  credible  to  the  moft  ck- 
perieoced  matlicmatician,  and  Aich  aa  often  forces  him 
to  ftop»  in  the  midil  of  (bie'Odevhws.ml  leek  beck« 
with  It  nuxtmc  of  diflUevse-  sad  edBtimlaH,  na.  tbe 
unforefecn  harmqay' of  hift  conclu lions.  AUthlsuaa 
unknown  to  the  Ancients ;  «Qd  then* fore  they  had  no 
rcTovrce,  but  to  apply  (lieir  aualrlis  k'i*kiately  to  cacti 
fiarticular  caft,  wiib  tijai  c«tretr.f  caution  which  has 
jullbetn  (ielcribcd  ;  aitd.  iu  doin,;  fo,  they  A»cre  likely 
to  remark  many  peculiarities,  vijiicU  more  eMcafive 
view;,  and  more  ('\pc>l:iioui>  tnetltyds'of  invpitigatiofr 


king  to  tlie  lame  dofa  of  propofitions.    We  may  add,  .mjght'pcybws  bu*<  Ul4^vxdii>em  cV  ovei;^ 
ihel  fene  of  the ' tlesieiilai^y  prnpoiilinmt  of  g^tomctry  *"  **  Tb  reu  l«t!slica,  tmki-d,  with  Uio  genmiixfults. 


want  only  tlifc  proper  form  tw  Tminciation  to  hc-p<jrfKt 
Porifim,    It  is  not  therefore  (liS^Jy  tttie,  thait  none  of 

l(;c  p!<-p< ifitidtis  C-\\\riS  l''iirirmtliave  Ikcii  known  to  the 
Aludeiiis;  but  it  iiitrtain,  t'lit  they  Itirt'e  irot  met, 
from  them,  with  t.'ir  r.Mcn'ion  they  mtlvrith  from  llic 
Ancients,  and  that  tbey  have  not  betm  dittingtriflieti  as 
9  fepaiate  ckfs  of  propoGtions.  Tire  cataff  of  this  dtf- 
fcieocc  ie  «<idoiibt<dly  to  be  fought  Ibritf  i^oompMftni 


pn))  aot  to  defceml  fnlBcienth  f^if  panictdv.  detiilb, 
may  Is*  confidcred'a*  a  V?et  -Hftt  tftltfinHy  nrifirs  orit  of 

the  excellcnci:  of  tTic  rr.o*Wr:i  "unTihf;!.  The  'etfeft 
which  this  ban  hud,  in  cijntr.,llTi'c'  from  i:^  tliV  clafs  of 


rupofiti 


i  r  arc  now  cuiiiHtcnn' 


T)e  better 


the  example  of  the  Porifm  diftov(;rcd 
the-manner  rdbteif  iibe^.  '  Tfaor^ 


iihsiiratttlrhari  by 
by^Bfortfwfidii  ill 

the  problem  from  which  tliat  Porirm  ia  dctiredj-N^ito 

Mm  rcfidTed 


Digitized  by  Google 


Ton  [  i( 

icfulvtd  i>)  fevefal  mjlhcmatic'ans  of  t!ie  fn  ?l  cn^inenc?, 
nn'.oiig  whom  alio  Sir  liiiac  Nvutiiii,  )et  the 

l*onun  wiiich,  it  happcui  i:>  the  oioft  important  cafe 
ofilf  was  not  ubrct  vcd  by  any  uf  tlictn.  ThisiitlM 
more  Kimafiublct  tkat  Sir  Ifuc  Newton  ukc«  notice 
a{t\ik  twd  moA  Am|)]c  cafct*  !n  which  thepfoUnn  ah- 
viuuH)'  adm'iCi  of  moummble  folutioii^,  when  the 
lines  ^ivi-n  in  j>ofilii'i>  aie  citlicr  hH  pitalld,  or  all  meet* 
ing  ii:  M  ;.,.ini,  and  tlitfc  two  livpQtKil' s  lii  llurclorc 
exprcf^Iy  cxcepti.  Yd  he  did  no:  rtuuu k,  lUsl  thin*!: 
arc  oilier  circuinilancca  w  l.icl.  may  tcudcr  tlic  roliitton 
t»f  tlic  prublcoi  Jndctciinii  Jtc  as  ivcil  a.;  tlsffc;  fo  that 
the  poril'iualiccafc  coijfidocd  al'ovc,  clc4{.«.d  lit',  obfcr- 
nation:  ami  if  itefeaptid  the  ohf<L:rvatio;i  of  one  who 
wat  aeeaftomed  to  penetrate  fo  far  into  n-..ttur«  infnutely 
.noce  oblbuK.  umsbecayfe  he  fatisiicd  himfclf  with 
a  genenl  eonprudton,  inthottt  purfuing  it  into  itc  par- 
ticulai- tafc».  H.iil  ii'f  i")t'Jt;o:i  bcc:i  i  v  ]--'-■..]  .,r  ::r 
the  manner  o<  iu)>.ii(i  mi  .AiiuIIuiauH,  laa  i'onun  lu 
^cAioii  tnul't  infiilHbly  havt  bceikdircovered." 

FORISTIC  Mdied,  Uthat which  dctcnwoMUPhqi, 
t»  whiit  mejDi.  tai  hew  mtef  dWitaat  w^i^  a  pii»- 

hum  may  be  ref<)I%-cd. 

FORTA  (Jr,HN  DApri«rA),  criled  alfo  in  Italy 
Giovan  Bal'yia  <k  In  I'  .rta,  of  Naples,  lited  about  the 
end  «»f  the  i6th  ctntury,  and  was  famous  for  his  tkiU 
in  philcifnpliy,  rnath«nnatic«,  mrdiciiK,  natural  hiftory, 
&c,  a«  well  as  for  bi«  indefatitahle  endeavour«  to  itn- 
tKQve  and  propajfste  th«  knowU:dg«  of  thofe  {atttoet. 
Withthia  vicw»  he  <m«Blf  dlkbUlhed  private  (ckooU 
'  fm pttikiiUr  Icieaet*^ iMt  to  the  ntawS  of  hisiwwer 
promoted  pubUc  acideiniei.  He  had  no  frnall  ihare  iii 
efhiblifliinf;  the  academy  at  Gfi  OzioHi^  at  Naplca,  and 
had  onf  in  hit  own  houlV,  callr-t!  //<•  Sc^-ieti,  info  wlircU 
none  wire  adtnittcd  menibers,  but  furh  as  had  made 
fomf  rnw  difcovf-ne*  in  ri»t-irc.  Hr  died  at  Piilli  in 
the  kingdom  of  Naple*.  io  the  year  i6i;. 

Fartft  gave  the  ndteft  proof  of  an  extenfive  (;'i>ius, 
■adiNvicagRae  maf  iKirfcti  the  priadpiJ  of  which 
are  ai  feOow  J    •  .       >  ■ 

I*  Hit  AfJturat  if •'••!<  ;  a'book  a'>nii':r1inp 'cilL  cii- 
fioot  pspciimtnt'' ;  but  cutitatiung  noihitt^  t,i  irMgic, 
thf  comrrun  Ri  !  ;it.-.non  of  the  worilf  M  he  pitfteMb to 
•ctbitig  above  the  powtr  of  nature, 
3.  JUrmtnti  if  C.tr  of  ! .:nrs. 
JTrtaliJff  DiJt$Uatifm. 
'  4,  A-Tniifi  »J  i/trkbmrtk. 
'  '  r.  Cemrtmi^g  Steret  l^tttr-vttkmgt 

'  yt  A  Trtauje  of  Fort\fictaion. 
%,  A  7rtattflt  of  Phjfhgfmmy. 
Bcfide  feme  Plays  and  other  piece*  of  lelattote. 

PORTAIL,  in  Architedure,  the  6ceor  fiontifpivrc 
of  a  church,  viewed  on  the  fide  in  which  the  great  door 
iaplaced.  U  meaaa  alfo  tbegicat  door  or  gate itlelf  of 
a  pahce,  caftte,  fte. 

PORl'AL,  IB  Architcdurr,  a  term  ufcd  for  a  littk- 
tqiure  corocr  of  a  room»  cm  off;  fcem  the  rcjl  of  the 
loom  by  the  waiofcot ;  fieqficat  in  ^  pecint  bviU* 
inga,  but  BOW  difufed. 

PoaTAL  ii  ibmetimcaalfa  itted  tut  a  lillk  jaie»fet- 
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I'.yf  TM  h  fjiictlmei  alfo  ufcd  for  a  kind  of  atch  •£ 
joiner's  woik  bt  (o»t  a  door. 

^  PpRTCULLICE,  cfUedaUb  fftr/f,  and  W^/fh, 
•Jn  Fnrtfficatfon,  an  anVmbbge  of  fe*cn)  large  pieces  ef 

wou  l  1, 'J  or  i.iiiiLj  .r-r.jTs  one  another,  like  n  li  nn-w, 
;»iid  v.,i..h  poif-tcJ  ut  the  b.  ttom  with  iron.  Tiitlc  wife 
formerly  uiid  tu  h,-  l,u^i.;  <.\  u  ;bc  g^""'^  ays  of  fortified 
places,  to  be  w.v'v  ki  liovvti  in  caic  of  a  furpii^e, 
wJicn  the  et.cir.y  Iti  ndd  come  fo  quick,  as  not  to  allow 
time  to  ihut  Uke  gates.  But  the  orguea  are  now  more 
Kcaerally  vtei,  beittg-&usMl  to  aafwer  the  pmpofe 
better. 

P'ORT-F:ar,  In  Gunnery,  a  paptr  tube,  about  10 
inches  long,  filled  with  a  cr>;r,poiitiDn  of  meal-powder, 
ftilphuT,  and  nitre,  rammed  modcntcly  hard  ;  ufed  to 
fin-  guns  and  mrtrtart,  ioftead  of  match. 

PQRTLCO,  in  ArchitcAnre,  is  a  kind  of  nDoT* 
'ra^fea  upon  arches,  uadef-  which  people  «iuk  w 
ft-^lter. 

POSITION,  or  SUe,  or  Sihm^mt,  in  Pbyfict,  it  an 
affcAion  of  placet  eapidSiig  tba  namer  of  a  bo^a 
being  in  it.  .  • 

Position,  th  Arrhiicdnre,  denotes  the  fituatioo  ef 
a  btiihliHi^  wilh  refpeft  to  the  nointaiif  the  honaoa* 
The  befl  it  i*  thoti^  it  when  the  four  Met  point  4i* 

rcctly  t  1  th<  four  wmj". 

Pusi  I  it)S,  "n  A-.iionomy,  vcl.ites  to  the  fphcrc.  The 
poficiou  of  the  rp'ture  i»  cither  right,  parallel,  or  oblique^ 
wlicnce  arifc  ihc  inequality  of  da) »,  ihe  diifcrcnce  of 
feafoHK,  &c. 

Ctr.V/i  a/'PoMTiOK,  are  circlet  paffioc  tbroogh  the 
common  into  fctlilioiis  of  the  horiaou  ana  9icridiaB»  uid 
tiiTc^Kgb  aay  dcgiee  of  the  ecliptic^  or  the  fjcatic  of  anf 
ftar,  or  other  point  in  the  hcaveai )  uled  for  fiading 
out  the  pofition  or  fituatioa  of  any  ftar.  'Hicfe  art 
ulually  counted  iiiCia  number,  cuitiag  the  equator  into 
t  wel  ve  equal  paiti*  which  the  aftnkgen  cail  the  cdcf> 
tial  houfv  s. 

Po5iTr)s,  •n  Aritlimciic,  Called  alfo  Falfc  Pofi- 
tion, or  buppofitioq,  or  Rule  of  Falfc,  is  a  rule  fo 
called,  becaufc  it  lionlfifitlB  cdculalinff  hy  fitlfe  numbers 
fuppofed  or  takiM  at  laadoB*  accar^g  to  the  praceb 
dtfcrSie^  ia  anjr  4|ucAion  or  probkm  propofed,  a*  if 
they  were  the  true  numbers,  and  then  from  the  rcfuhs, 
coinparcd  with  that  ri^cr  in  the  qiteilion,  the  tnie 
numbers  are  found.  It  it  fometimet  alfo  called  Trial- 
aod-Error,  becaufe  it  proceed*  by  trialt  of  falfe  num- 
bers, and  thence  iindt  oat  the  ttue  onet  if  a  canpap* 
luaof  the  errors. 

Pofition  is  cither  Single  or  Double. 

Singit  PoaiiiON  it  when  only  one  fuppofidoQ  u  eia> 
ployed  la  the  caleiihtKn.  And 

IJo$iHe  FoatTUkii  k  that  ia  vhich  two  fiiypefitkiaa 
arc  employed. 

To  (he  rule  of  Pofition  properly  belong  fuch  quef- 
tionii  as  tauiiul  be  r<;(olvcJ  fioni  a  uiri.it  proccfi.  by  nziy 
of  tiir  other  ufual  roles  in  aruhnictiL-,  ;:iui  in  whicli  tLe 
lequircd  number*  do  not  aiccnd  above  the  hrft  power  i 
iiiehf  for  eumplt,  at  moft  of  the  queliioaa  ulmlljr 
b^Nl^[bt  to  cxcrcile  the  rcdu£Uua  of  fiotpk  eqoatioaa 
iaal{gtto«  But  it  will  not  bring  out  true  aafareif 
■  aAiea  the  numbers  fought  afccnd  above  the  firfi  power ; 
,  fiar  tbn  the  ufuUi  arc  aot  i^roportional  to  thcPufitiont, 
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«r  (bpipoficd  B«iBb<n«  n  in  tbc  iingle  rule  ;  oor  }-ct  Uic 
crrora  to  the  diffrrcticc  the  true  nutnbrr  and  each 
BsfitMii,  u  at  the  doable  ralr.  Yet  ia  all  fuch  cafe*, 
it  it  t  fCfy-  good  approximation,  and  io  exponential 
«qiMtion^  «  well  as  in  awajr  otlitr  dmfi^  it  finocedi 
Mtter  tban  perhapt  any  other  iMtlMd  vlmeicr. 

Tbofe  qucftioni,  in  which  the  rcfults  are  propor> 
tional  to  their  funpofition*,  belong  to  Single  Pofition  : 
fuch  are  thofc  wnich  rrtjuire  the  multiplicatfon  m  <!  .  ;- 
#on  of  the  numKtr  foiighi  by  any  number  j  or  la  whicii 
it  lito  I'l.-  incrL-afcd  or  (JiininiHicd  by  itl'clf  any  number 
of  t!mc>,  or  by  aoy  pgrt  or  parts  of  it.  But  thofc  in 
vhii^^l;  t!ic  rcfulta  are  not  proportional  to  their pofitions, 
bdo«g  to  the  dooUe  rale:  fiich««  HmSitf  which Uie 
•SHrikwt  feoghtf  or  thcnr  wiiluplw  ot  bmMi  uc 
crtafcd  or  diminifhed  by  forae  gi«rti»  Bbfolute  mAdV  ' 
which  is  ao  knovi-ii  part  of  tbe  number  fought. 

To  work  by  tk*  Siiifh  Rvle  of  Position.  Suppofe, 
take,  oraflutne  any  nutnbcr  at  ^icalurc,  for  the  uumbcr 
fiaught,  and  protctd  ii  if  it  were  the  true  num< 
b<r,  that  is,  perform  the  fame  operations  with  it  as,  m 
ihe  qMeftilWi  are  defcribcd  tu  be  performed  with  tbe 
aunbcrnqMiKdlfr  thcaif  the  rcfuhof  tho(i:«pemiaB» 
It  lha  finat  wHh  ifat  menSmiA  or  gnwn  ia  the  qtidL 
tioo,  the  fuj^wfin]  anaiber  it  the  fame  ai  the  true  one 
ihit «»  re«twcd  i  hot  if  it  be  not,  make  thia  propor- 
tion)  viz,  as  your  refolt  is  to  that  ia  the  queftion,  lb  is 
yovr  fuppofcd  falfe  tiuotber,  to  the  true  one  required. 

Ejtam^It.  Suppofe  that  a  perfim,  after  fpending  J 
ao4  i  oi  hi*  moaej,  b»»j«t  wmmimg  6ol.i  »hM  iu« 
-lkadheM.firft? 


Suffok  he  had  at  fiWl  i . 

KOW  {  of  I20  is 

tDd{efitia 


40 


'  Turn  is  yo 
vrhidi  takfliuifiton  ito' 


leaves  remaining     50,  Iii(1<  ad  of 
IbCRfbre  as  $0  :  60  : :  1 20  :  144  the  fuiQ  at  firft. 
^nt^    4.  of  144.  is  48. 


their  fan 
taken  from 
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kamjoft      60  «»fcrqueife 


Tk  wnl'lf  tie  2kM  Mbitt  tffntmv»^ 

In  this  rule,  make  two  different  riipp<iritions,  or 
affuffiptions,  and  work  or  perform  th  -  operations  with 
each,  dcfcribed  io  (he  queflion,  cxa£Uy  a^  in  the  fingle 
rule  :  and  if  neither  of  jths  fiqppofcd  mnnbers  (bl«e  the 
({ueflion^  that  i«,  prodwe'  a  icfnk  agiccing  with  that 
in  the  qucftioii  ;  then  obfervc  tbe  errors,  or  how  much 
each  of  die  falt'c  rcftilts  differs  from  the  true  one,  and 
alfo  whether  they  ate  too  great  or  too  liltlc;  inurking 
them  with  -f  when  too  grtwt,  and  with  —  when  too 
little.  Next  multiply,  crofTwifc,  each  pofition  by  tbc 
error  of  the  other  \  aad  if  tbe  errors  be  of  the  fame 
^  tbtt  ii-botb  -I-,  jor  both     fiiMmA  tUe  «•» 


product  from  the  other,  as  alfo  the  ooe  error  from  th< 
other,  and  divide  the  former  of  thefe  twu  rcm^iodera 
by  the  latter,  for  the  anfwer,  or  number  fought.  Biit 
if  the  errors  be  unlike,  that  is,  tbe  one  4- .  and  the 
other  — *  add  the  tm  pmdnAa  toigcther,  and  alfo  tb^ 
two  erroit  together  aM  difidt  the  ftracr  tm  fay  the 
latter,  for  the  anfwer. 

And  in  this  rule  tt  is  particularly  ufeful  to  remember 
thi»  part  of  the  i  iilr ,  v!z.  to  fiibiraft  when  the  errorf 
arc  alike,  both  +  01  both  — ,  but  to  add  when  unlike, 
or  tlieonc  +  and  the  otlier  — . 

Mxamfle.   A  iba  alkiog  his  father  how  old  be  wa«, . 
nerved  thnaaftrart  Year  aee  is  now  ^  of  mine;  but  { 
ircaia  am  year  .we  wm       ^aimtnfUlku  Unr.. 
whpt  tbeo  were  their  agea  f 

■  Tki,  fuppofe  ilic  fun  I ; 

then  1$  K  4  =  60  the  fathet's; 
alfo,  f  years  ago  the  fon  was  10/ 
and  the  father's  mnft  bc 
but  ought  to  be  10  K-$m  JO, 
therefore  the  error  is  J****' 
A^ain,  fuppofe  the  fon  32  ; 

then  22  X  4  —  88  is  the  fadlsVl^ 
alfo  $  years  ago  the  foa  was   i  j, 
and  the  father's  then  Sj,. 
but  ought  to  be  17  X  '5t  or  8  j» 
tbeMfiwe  thocnar  ia 

And  iht  errof^.bciDf  vi1jkc«aMtftfaeadM»the»-! 

fum  being  7. 
Then  ij.  .  St 

JP  aio- 

r> 

y  )  140  (  2othefoa'saffe,;. 
aadoonfequcotly  80  the  father^.  > 

Thla  lulc  of  Pofitton,  or  trial^d'eiror,  ia  a  good  ' 
general  way  of  appruxinwttag  to  thr  note  or  the 
higher  equations,  to  which  it  may  be  applied  crea  be- 
fore the  equation  is  reduced  to  a  final  or  fimple  ftate, 

by  Vkhicli  it  oftcu  Hi^cs  muLli  trouble  in  fiich  rcduo 
tiona.     It  is  alfo  eminently  iifefid  in  refolving  eiponcc- 
tial  eqn.itlons,  and  equations  involving  arcs,  or  Ci:e», 
&c,  or  lognritbms,  and  in  fliort  ia  any  equations  that 
are  rery  intricate  and  difficult.-  And  cvcn  ia  the  ex- 
tn&Uwof  the  higher  roots  of  ooaNMO  aaa)bct«»  it  may 
be  TCry  ufefuUy  applied.    As  tor  idftaaee*  to  extra^ 
thcjdorcubie  root  of  tbe  aonber  ta^Here  it  is  ' 
evident  that  the  root  is  greater  than  *  aad  kb  ^n  34  - 
making  tiu-fc  tvi-o  numberf  thttdRMt  .tlw>{BppaAtiOB%  « 
tbe  proceu  will  bc  thus : 

ift  fup.  s*  =3  8  ad  fup.  3>  s  27 
^veoniUQbtr  10      (iven  anagiber    '  to 


1ft 


3 


ad  enrer 


2 


la  36 1 
7  MJ 


add. 


*9  )  SO  (  *'^S  ^  firft^nvoximatioti, 

Ag«>a»> 
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A^in,  at  it  tlM(  Bftpear*  tka  tenbe  root  of  20  u 
'ipporition  of  thifii  ino»  Mdn 


new 


a-6  or  2'7,  make  fuppol 
tbe  proecb  with  them,  tkw 

sAidf. =  I7'S76  id  fop.  »*7»»i9'<»3 

given  nnuiber  ao*  ^vwaanbor 
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1*107)  r?*'?*  ('■7*4'*'*  ^E***' 

Th*  r\i]c  if  PofMion  paiTrJ  from  the  Moor*  intd 
Europe,  by  Spain  and  Italy,  along  with  their  algebra, 
or  method  of  cquatioil*  mudk  wm  praMtf  otitnd 
I'ronk  tile  former. 

Position,  in  Geometry,  rrlj-r  u  ihe  ruuation,  bear- 
ing, or  dircfkionof  one  thing,  \'  iih  regard  to  another. 
And  Euclid  fav«,  "  Point*,  line*,  aud  uagles*  which 
have  iDd  keep  always  one  ind  the  lime  pltcc  tad  fitw> 

gun,  ire  bid  to  be  gfren  by  ?kifitioa  or  fitnatioo.** 
ata,  def.  4. 

POSITIVE  :^jiinritit!,  '.a  Aigcl>ra,  fuch  a*  arc  of  a 
real,  affivmativc,  or  additive  naturt  ;  :ind  which  cither 
have,  aie  fujipofid  to  have,  the  ;ifFirni»i ire  or  pofitiTC 
dpin  -f-  btfurt  llictn  ;  as  <j  or  .1,  or  be,  Lc.  it  I* 
mti  in  cuntnuliilindiou  from  negative  quaotitict,  which 
«K  ilefcaiTe  or  fiMcfiive  ono,  and  flwkell  hf  the 
ligo     ;  tt  ^  ^  or  —  tft. 

POSTERN,  or  Sallyport,  in  Fortificttioa,  a  fmall 
Me,  ufualtjr  nude  in  the  an^le  of  the  ilsJt  of  a 
anicm,  or  in  that  of  the  curtain,  or  near  the  orillon, 
deftcndiii;j;  MHO  the  ditch;  by  \rliic!i  thi;  ^aiiifin  cm 
jnarch  in  .ii>d  out,  uiipcrccivcd  by  the  enetnj',  either  to 
n-)i<.>e  tlie  work:.,  or  to  make  private  fiUlici*  4bC.-^It 
ineuDs  alfo  any  priv;ite  or  back  dour. 

POSTiCUM,  in  ArcUlcdaR,  the  poAcra  gate, or 
•)»ck.iioorof  any  fidwii 
POSTULATE*  a 
«f  fi»  obviaue  •  natiMCt  M  to 

iMir  rxplkation ,  to  render  it  either  bwr  phiin  or  oertua. 

*1  riiA  (it  lisiition  nc;ir1y  aj,'re«  alfo  to  an  axiom,  which 
ik  a  ftll  rviJcnt  t;i<-orcm,  at  a  Pullulate  i«  a  fclf-c»id<;llt 
prohleiii 

Euclid  lay*  t]i>Wij  tlK-fc  three  Poiliilatet  in  hi*  Ek- 
Tnentt;  riz,  ift,  That  fr<Kn  one  jMiirit  to  another  n  line 
can  he  drawn,  ad*  Tl\at  a  x'%^\\l  line  can  be  prodilCMl 
out  at  picafure.  Tiiat  wtth  any  ceatic  and  wSSm 
a  ciide  naf  he  def(ETibed% 

Aa  to  wranu,  lie  tiat  a  great  aumber ;  a.s  That  two 
things  ivht(:1>  -^n;  c.y.A  to  oae  wd  the  ffoie  thiflig,  aw 
c<|u:d  to  each  otlicr,  i.c. 

ri"^(JNP,  a  c'trtriii  weiglit ;  wMth  is  oftivo  kind',, 
y'xit.  the  pound  tn'^)  and  the  pound  avoirdupuii ;  the 
fom)pr  MntUtuig  of  ti  onneatroy,  and  tiic  Liiicr 
t6  6uneef  avoirdupoS*.— •The  pouad  troy  ii  to  the 
potind  avird  ipoi*  as  $760  to  6999J,  or  nearly  576  to 
700. 

PopKP  alfo  i»  an  imaginary  money  vftd  tn  account* 


lilion,  ot  a  piobldB 
neither  demonKialiMiy 


ing,  in  fe««nJ  coaatne*.  Tbni,  in  Emi^UikI  there  m 
the  Pound  ftcrling,  conta-rtii  ;o  r  illii  gh  ;  in  1  1,11  c 
the  Potind  or  livrc  Toumou  and  i^artfi*;  in  Holland 
and  Fliindcr*,  a  Pound  01  iivre  de  pros,  &c. — The 
term arole  from  Itence,  that  titc  ancient  pound  iirriing, 
thoagfa  it  only  contained  140  pence,  at  ours  does ;  yet 
each  penny  bciM;  eq«d  to  fife  of  oun^  the  pound  of 
filver  weigtied  a  FouMtiwy.  < 

POUNDER,  in  Artillery,  a  term  ufed  to  exprefit  a 
certain  weight  of  (hot  or  ball,  or  how  ouny  pounda 


the  proper  ball  i*  fw  < 


at  a  24 


pounder,  •  i2  pottnder,  Ac 

POWDLK,  Gtm.    Sec  GvNfon  Dn. 
Powaea'Trarf.  Sec  EraourETTi. 
POWMt,  ia  Maehaaic^  denotes  foaie  force  which* 
beiaff  apflied  to  a  machine,  (aadi  t»  pradaoe  laotida  « 
whetner  it  does  aAualiy  pmJoet  k  or  bob'  la 
forflier  cafe,  it  i*  called  a  ttoviag  Bmpct  }  ia  tlK  Intlcr, 
a  fuftaining  power. 

PowxK  is  alio  ufed  in  Mechanics,  for  nny  of  iht  fit 
finiple  machiiKt,  rii,  the  lever,  tiie  balance,  the  (cn-»», 
the  wheel  and  axle,  tlte  wedge,  aud  thepiJlcy. 

Puwaa  */«  Gliiftf  in  C^ct,  it  by  ioioe  died  fur 
the  diftaaee  bctsnn  the  — icaity  and  the  fthr 


Powta,  In  Arirhtlic,  the  pradoBO  of  a 

or  other  quantity,  aritiag  hf  MUplyiBg  it  bf  itfid^ 
any  number  of  ttmet* 

Any  number  is  called  the  firfl  power  of  itfclf.  If  it 
be  multiplted  mice  h)  iiicli',  the  product  ia  the  iecoiui 
power,  or  fquare  i  if  this  be  multiplied  by  the  firA> 
power  again,  the  piodttd  is  the  third  power,  or  cube  \ 
if  this  be  imiltiplicd  by  the  firft  power  again*  tfwpKH 
daft  ia  the  fourth  pwrer*  or  bi<tiiadmic  1  aad  fao«  t 
the  Pkywer  being  always  denominnted  Ann  the  awnber 
which  exceed*  the  multiplications  by  one  or  uniix , 
which  number  is  called  the  index  or  exponent  ut'  tiic 
Power,  and  is  now  ftt  at  the  uppi.r  nuiiti  ton.mls  tiic 
right  of  the  given  quantity  or  root,  to  denote  or  cxprelt 

t«  Power.  That* 

J  or  3*  =    3  is  the  ill  power  of  J* 

3  X  3  or  J*  =   9  is  the  >d  power  of  j;^ 

j»  X  3  or  3'       1",  is  the  y\  pow  rr  of  3, 

J*  X  3  or  3*  =  Si  i»  the  4tb  power  of  3, 

Hi  nrc,  to  ra;ft  a  qita-itiiy  to  a  ■;iien  Power  or  dijr* 
lire.  ,  \'i  file  luine  m>  lu  lu;d  the  ^lucucl  u;din)r  (rum  us 
btiiij-  nui!tlii!icJ  hy  itfclfa  certairt  nimibtrof  liir.ts ;  for 
example,  to  raifc  2  to  the  3d  power,  is  the  fame  thing 
a*  to  &iid  the  fadum,  or  ]Mradacl  8  =:  a  x  :  x  2.  The 
operation  of  raifiog  Powers,  i)  called  hmJutiaa. 

Powcis,  of  the  ume  degree,  arc  to  one>aa0tbcr  iit 
the  tatio  of  the  routt  at  maoifuhl  at  their  comaton  ex^ 
ponrnt  eontfina  antts :  thus,  Iqnam  are  in  a  dnplicate 
ratio  of  thr  ronts  ;  i  iibe*  in  a  tiipliejte  latt'o;  4tli 
jiowrrs  ui  a  miitdr«iplicrilc  ratio.*— <V iid  thi.  Puvrcrs  of 
prop«irtii'ni)l  auantitits  are  alfo  proj-nnitiiial  to  one 
another:  fo,  if  d  :  i  ;  :  :  (/,  then,  in  any  Pii«er»  alto, 
o'  :  !'  :  :  f'  :  J".  '  ^ 

Tlie  particular  names  of  the  feveral  Powers,  as  intro- 
duced hy  the  Arabiun>,  were,  fquare,  cube,  uuadrato* 

J^iiadiatum  ot  biqiiadrate,  fuHuIid,  cube  fquneOi  iiccodH 
urfolid,  quadrato  •  quadrate -quadraturo,  cube  of  tht 
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c*«ti  wilh  fund  or  irrational  oric* ;  and  then  tfic  nu* 
mtrator  denotes  ilic  Powlt  raifed  to,   and  the  de- 
  _        _    ,      numinator  the  exponent  of  Ibme  root  to  be«uaa«ii» 

by  Vict»  and  (.JDj^liticd,  nrc,  the  tide  or  tiyut,  Iquart,  TfllMb 


iccardiag  to  tlic  froelufft  of  t lie  in Jiecs. 

Ami  tnc  damn givcti  by  DiopJuntiis,  wlio  is  followed 


cuLe, qu.dr^ii;  qiiti<li titoiii, (|uaiinuo-cub(i&,cui>o-cubiis, 
^adrnlo-qti.idratu-ciibut,  quadrato-cubo-cuivja,  ciibo- 
cabiM;ubu«,  &c,  according  to  the jum  of  tbe  iodicei. 

But  the  model  Of,  after  Des  Cdrtes,  arecMtOltcdtO 
MiMaidi  nuA  of  (kslWcM  bjr  ibe  ei|Kmeatt(  u 
li^  aa»  §4, 4tlv  *e. 

Tile  cfaarad«ra  W  •Inch  the  (crcnJ  Power*  arc  (!o- 
woHd,  both  in  llM  AniMc  and  Caitelian  notation  art  as 
Mow: 

Arab.  iRv-cittfcBftfte 


Cm. 


I  2 


4    8   lO  32  ''4  li'?  :,6  ji2 

^  Hence^  liL  The  Power*  of  any  quantity,  form  a 
jeritt  of  woHWUicrii  proportlotial*,  and  their  cxpaiicnt* 
a  fciiw  of  anthpctial  prap(»tioa«li»  in  fuch  lurt  that 
t&e  additjoa  gf  dw  laKcr  wfwen  to  tike  multiplication 
«f  tlie  fomcr,  and  the  fubtradiou  of  the  latter  aiirvrcK 
10  tlie  divilion  of  th<  fiinncr,  &c }  or  in  &ort,  ibai  the 
latter,  or  rxponcDtSf  art  IS  the  logaritlHpi  of  tlu  finw 
Her,  or  Powers. 

Thn^  A*  X     as     aad  s  -f  3  as  .5  > 
«  X  B  «  921 

wo        m*  s  ai*(  aod  5  —  3  ax 

j2  -f-  8  =  4. 

3d.  The  o  Power  of  any  quantitj,  at  a",  i*  =  1. 
3d.  Power*  of  the  fame  qtntitUy  nc  nmdflied,  by 
■doing  their  exponcQti :  Tntii^ 


lO 


Mub. 
by 

Prod. 


4th.  Powers  are  divided  by  iubtm&iur  t&ctr 
Thu.,  , 


Quot. 


5th.  Powers  are  aUo  eodidcred  m  nntive  oneat 
ar  hanng  DCgsttive  aapoDBBM^  tt^  demte 

a  divifbr,  or  dw  dcnoiwaator  flf  r.  fn&Ntt.  So 

i-  and  -i-=  aa"  »  an'I  -^j-  a  >« 

And  ficBce  any  qmntity  oiay  be  changed  fimn  the 

de»omin:i:(;r  to  the  nutncrat«r,  or  from  a  divifor  to  a 
ini;I:ipKtr,  01  »iee  verfa,  by  changing  tlie  fign  of  its 
rsponcnt  ;  and  the  wholc  fcnrs  o{  I'owcrt  proceeds  in- 
definitely both  ways  from  I  or  the  o  Power^jwritive  ua 

iIm  one  nandf  and  negative  oa  Ae  odier.  Tva% 
*c  m'*  a-*  aF  •»  *♦  Ac» 

arte  -i  — •   —  1<I«F 


=  o»,  and  V'*'  =       UhI  ii^it*  a  fte. 

powers^  or 

^  Wht-n  the  quantity  to  be  raifed  to  atiy  Pirvfr  i^  pofi- 
tivc,  aii  lis  I'on-er*  mull  be  pofitivc.  And  wiicu  th< 
radical  cjuantity  is  negative,  jfCt  all  its  even  Powers  muK 
be  poritive  :  becaufe  -  x  —  gim  -f  :  ti«  odd  P»#cv» 
only  being  negative,  or  wlica  tlseir  expodcnta  are  odd 
nsmibcr:.  :  Ti.ust,  t*ie  Powcn  of  —  a, 

arc  „»,  _        4.       -       +  ttQ, 

where  the  even  PowcTitf*,  ««,  **  aicpdkive, 
•od  the  odd  Pomn «»  nreaefatwe. 

Hciicc,  if  a  Power  have  a  negative  fign,  no  erert 
root  of  it  can  be  afligned  ;  finee  na  quantity  multiplied 
by  itfclf  an  even  number  of  tiroes,  can  give  a  ncgatlw 
prudtid.  Thus  «»,  or  the  fquarc  or  aJ  root  «# 
-»  «*,  cauot  be  afligned  ;  and  is  called  an  tmpoffililt/ 
root,  or  an  inUjgiNary  quantity. —Every  Power  has  a* 
many  root**  rcaland  imaginary,  there  nre  uniu  i» 
the  exponent. 

M.  De  la  Hire  gives  a  very  Add  property  CQOMKiV 
to  all  Powers.  M.  Caire  had  obfcrvcd  with  regard  W» 
the  number  6,  that  all  the  nataral  cv^  MUBbcta^ 
8,  #7,  64,  115,  haYinjr  lUeir  roota  left  thm  6^  betnj 

divided  bv  6,  the  remainder  of  the  dirifion  is  the  r-.cx 
iklclf aod  if  we  go  farther,  3 16,  die  cube  of  1?,  bemg- 
divided  hy  6,  Icavei  110  rcmaindei  ;  but  the  divilor  6  rs 
itfelf  the  root.  Again,  343,  the  cube  of  7,  being  di- 
vided by  6,  leaves  1  ;  which  added  to  the  divifor  6, 
ajskcsthe  rout  7,  &c.  Dc  la  Hire,  oa  cooikJering' 
thij,  1ms  foimd  that  all  numbers^  railed  to  any  Power 
whatever,  have  divifors,  which  have  the  fame  effeft  with 
regard  to  them,  that  6  has  with  regard  to  cubic  atUI-- 
bers.  r.'T  fiodiiw  there  divifor*,  he  difcovered  the 
following  generar  rale,  via,  If  the  exponent  of  the 
Power  of  a  number  be  even,  I.  e.  if  tile  number  be 
laified  to  the  Jd,  4th,  6tb,  &c  Power,  it  muft  be  di- 
vidcd  try  2  ;  the  remainder  of  the  ai  .  i:ion,  when  there 
ii  any,  added  to  a,  or  to  a  multiple  of  a,  give*  the  root 

of  this  nwnber,  eiMieff«Qdia{gtoiuFowe^^Crthe»dr 
6th,  &c  root. 

But  if  the  exDon^Rt  of  the  power  Be  no  uneven* 
■nnber,  i.  e>  if  the  mnber  he  laifcd  to  the  3d,  5th, 

|th,  fre  Power ;  the  dooble  of  this  exponent  will  be  the 
ivlfor,  which  li  1;  thr  property  abovcmeritioocd.  'J''hus 
i.i  it  found  in  6,  luc  double  of  3,  the  utponent  q£ 
the  Power  of  the  cubes:  fo  alfo  10,  tbcdoittkof 
is  the  divifor  of  all  jth  Powers  j  Ac 

Atiy  Power  of  the  natnial  OMBlwrt  2,  4,  ^ 
Uc,  aa  the  ath  Poweri  liaa  as  many  0(d«aof  itr'irrrnCTP 
M  there  are  aatto  in  the  eommoa  expoBent  of  aO  tiM> 
number*;  and  the  lad  of  thofe  difftr-i  cci  is  a  coo- 
ftaot  quantity,  and  equal  to  tlte  coiuinuai  pioduft 

I  X  2  X3  X4X  X  n,  continued  till  the 

hJX  (a&or,  or  the  number  o£  iaAors«  be     the  expo- 
aent  pf  tlic  PiBweta*  Thi% 

3  .  ■  »ba 


bigmzed  by 
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the  lftrc«ff<  1  ,  I »  3  I  4  ,  J  ,  Sic,  h*»tb':<  one  nrJer 
of  difTeiviicrs     I    I    I    1  8tc,aiMlth3'.difTercn':ci»t, 

The  Twri.  1 ,  4 ,  9 1  iC  •  <{i  &Ci  luvc  two  orderi  «f 
difieicBCci       3  S  7  9 

2     2  1 

jnd  ti  c  laft  of  thcie  U  i  r:  i.  X  S, 

The  }d ?wn.  1 ,  8  »  27  •  64  *  I  f  J ,'&c,  1a«etln«c«idcn 
of  di&Kiicei    7  19  ^7  61 

13    IS  S4 

6  6 

und  the  taft  of  thcfc  u  6  s:  i  x  i  x  3. 

In  like  nimw,  ttie  4tli  or  laft  didcmect  df-ihe 
4tb  ^oweti,  are  each  24  s  1  x  2  x  3  x  4  :  and  the 
^th  «Mr  laft  fUScreoce*  df  the  jih  Powert,  are 'each 
i2o=ixjx5X4X5.  An  J  fo  on*  Wbkh 
ptoptity  v*a»  firll  nottc*d  by  I'elrtsinu*. 

And  li  e  r,ime  isirue  ofthc  Powcisof  any  other  arlth- 
fficlic4l,piV£reflion  i,  1  4-  </,  i  +  k/,  1  4-  ^J,  Su:, 

Jhe  moilier  of  the  :  rde rt  of  diffirrencc*  bein»  ftSIl  the 
i^lune  expanent  n,  and  the  latl  of  thufe  oraen  each 
equal  to  IX  2X3  X  K./',  ihc  fame  pra- 

,ia8t  of  fcftonaa  bewre,  mtdtiplicd  hy  the  ramcTaver 
eomnum  (Kffereitce  J  of  tne  feriei  of  root* :  n%  Vi  it 
•fhewn  liy  V-  ii; 

Aiul  hence  iui^s  n  very  eafr  and  general  war  of 
raifing  all  the  I'owers  of  ali  thi-  luuiral  numbrrt,  v.  /, 
.'hj  comroun  additiun  wciy,  bcgifiBing  at  the  lad  dif- 
ference*, and  adding  them  all  continu.iik-,  oae  fftcf 
anotlier,  up  to  the  rowers  themfehm.    Thus,  to  gene- 
rate the  fine*  of  cubes,  ar  3d  PowCTif  ^addin V  aiwayt 
the  common  ^  diffcRiKc  eifct  the  ad  dOCneiicei 
f  >2,  t8,  a4,  &c ;  and  diefc  addM  to  the  ill  of  the  rft 
.diffefcocei  7,  gire*  tlie  reft  of  the  faid  ift  !itT'  r  ^  r  i  ^ 
■Vid  thciie  again  added  to  the<:fl  cube  1,  givci  the  rctt 
*ai  tbefenct  «f  eubei,  8, 17, 64,      ta  h&w. 


jdD. 

Cuba. 
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•6 

»9 
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Ctmmtnfurabit  i*PovFK,  «  (aid  of  quaotiiics  which, 
though  not  cmnmenfurable  themfelvcs,  have  their 
fjUaiTs  or  fomc  otiicr  Power  of  them,  commeiirurablc. 
Ettch'd  cpnfiuet  it  to  fjuana.  Thus,  the  diagonal  and 
fide  of  a  fqnaffc  are  enunenfiinUe  in  Powet,  their 
^arci  being -at  2  to  f,  or  coawdenfurattL- ;  though 
iMjMC  not  eouuucuftindalc  themfidves,  bcm^  as  ./z 
» ti 

P«wt»  ^  «*  HyfttMa,  ia  the  fquarc  of  the  4tli 
■part  of  t he  ronjugate  axi«. 

i'RACTICAL  Anthmctic,  Geomctr/,  Mathema- 
lOqif      it  the  pift  thtt  icgndt  dM^raftioc^  orap. 

a 


ph'cation,  at  eontradiftinguiihed  from  ttie  diedrctifcdl 
part. 

PRACTJCK,  in  Anlhtiutir,  if  a  rule  whirh  cxpr- 
c!iti  :!illy  and  ronl•)entkoll^l^■  .inl\<-  i;v  i  'jucfl  ion*  in  th<? 
golden  rule,  or  rule-of-thrte,  clpccially  when  the  fell 
tenni»i.  See  rules  fbrfhii  purpofe  ia  aB  the  bodU  of 
p  I  aA  ical  nri  thmetic. 

PR  ECESSIOh)*//'^  f^trAMMWrH  a  ««7  Oowaotion 
of  tlwiii,  hf^$AwAnxf^liMi^^0i^ 
«aft  to  weft,  orfeadcwanl,  mmnlfettftwm,  ■a  dboMncn 
call  it,  or  contrary  to  the  order  of  'V  t"(:iit. 

From  the  lute  imprtwement*  in  attronomy  it  appeara, 
thai  tlu-  poll-,  tlie  (o!ftice»,  the  equinoxes,  am!  ^il  tlic. 
other. poiati  of  the  ecliptic,  have  a  retrograde  n>ot»on, 
3i»d  ore  a>n)laetly  moving  from  eaft  to  wed,  or  from 
Ant#  toward*Pilce«,  kci  by  means  of  which,  the  equi- 
OoAialpiiintsarc  carried  farther  and  farther  back,amonp 
T^ir  prei:cding<fignaorftantat'thentcofabo«t<o^^<a« 
r'  .^r ;  whicti  retrograde  motioa  -it  oaBed  the  liaadBuw, 
RcoefTion,  or  Retrociflion  of  the 'EquwoKes. 

Hence,  as  the  flar*  remain  immoveable,  and  tiieeqni- 
noxc*' go  backward,  the  Hr.i  ^  will  fecm  tomoreiT'oiT  jtkI 
moie  eadward  %vith  rcfjxc\  to  them  ;  fnr  whsch  n.i<to«» 
the  longitude!  of  ;ill  tli--  ftnr»,  licinjj  rrckdned  frota  the 
ftill  point  of  Aries,  or  the  ternal  equinox,  arccontinu- 
alty  increafiag. 

From  this  ^aufe  it  is,  that  the  oonQcnauaBt&cm  all 
to  have  changed  the  place*  aifigaed  to  tiiera  by  tbe  an*  ^ 
cicnt  allronomera.  la  tbe  lime  of  Hipp«l>chua,  and  Use 
olJell  afironomera,  the  eqni»o£^i«l  points  wore  fixed  to 
the  firil  ilarsut  Atics  and  Libia:  but  ll<e  li^jni  Jo  nf>c 
now  anfner  to  tlii.-  lame  points ;  and  the  Itais  ^^^lirh 
were  then  in  conjunction  willi  the  [iiD  wiun  lie  wji  in 
the  equinox,  are  now  a  whole  iign,  or  degrees,  to 
thecafbnrd  of  it :  f<i,  the  firA  nar  of  Aries  is  now  in 
the  poition  of  the  ecliptic*  called  Tauma;  andthc  ftara 
of  Taumaare  now  to  Gemini  1  aad  ibolc  of  Gcmiai  in 
Cancwi  aad  fo  on. 

Tliit  leeming  change  of  place  in  the  ftan  wat  lirft 
ohlervcd  by  Hipparcliui  of  Kii'ide-;,  wiio,  liS  vcara 
before  Chrifl,  fuuud  iiut  the  longitudes  of  tiic  Aarsiw 
his  tine  were  greater  than  they  Lad  bicn  before  obfervcd 
by  Tymocharei),  and  titan  they  vren;  in  the  (uhere  of  Eu- 
doxut,  who  wrote  380  years  before  Chritl.  Piolomy 
alio  perceived  tbe  gradual  change  in  the  longitudes  of 
tbe  ran;  but  he  Hated  thequautity  attoohnle,  making 
it  but  i°in  loo  years,  which  is  at  the  rate  of  only  j6" 
peryear.  Y-hang,  a  Chinefe,  in  the  year  7  Ji,  flatcd 
the  cjuantily  of  tliij  cliaiijjc  :it  i*^'  in  S3  years,  wliicli  ii» 
at  ihc  r.ite  of  43";  per  year.  Other  mure  modern  ^if- 
trufiomcr*  linvc  mude  this  (iretefr:ou  ilill  metre,  b;it  vith 
fume  iniail  differences  from  each  other  ;  apd  it  i»  now 
tifoally  taken  at  50'i  per  ycjr.  Allthefe  rate*  arcde. 
dticcd  from  a  coinparifon  of  the  longitude  of  certain 
(lars  as  obfervcd  by  mure  ancieNt  aAronomera,  with  the 
iMcr  obfervationa  of  the  linne  San  1  tn'st  b*  fubita^ng 
tbelbraier  fmn  tbe  latter,  and  dividtajf  tne  remainder 
hy  the  uumbcr  of  years  iu  the  interval  between  the 
dates  of  the  obfenrations.  Thus  hy  a  medium  of  a 
great  nunibtr  of  comparifotis,  the  «}yiiili'y  of  tbe  an- 
nual tliangi  haibcea  lixed  at  50"^,  according  to  which 
rate  it  *Tifl  require  25791  year*  for  the  equiooxesio 
make  their  revolution  vcAward  quite  aroustdtlK  circle, 
aad-ictfliBto  tbe  Cm*  point  agauh 

Tbaa 
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Thiu,  by  taLingtlie  longltadcJ  of  the  prtacipal  (lars 
cfi»bli(b.cd  by  Tycno  Brahci  I'a  his  book  Aftronomiae 
{oAauntz  FrogymnafmaUf  pa.  108  and  23s*  f9r  the 
|xjp«i»lg  o£  XfS6f  tad  cpnyan'^g  tban.  *it$  ||ic 
five  n  Aetttmmti  for  the  ycv^  1750*  by  M»  <de  If 
Caille,  for  that  mtcml  of  1(54  yean,  there  will  be  ob< 
tiiasd  ti\e  |uU9i|nng  diifcjfeaces  of  longitude  of  fityeral 

9mtr^  ■ 
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which  divided  by  164,  the  interval  of  vearv,  gi»«» 
^"•J36,  or  nearly  50" J,  or  after  the  rate  of 
1'  23'  53"-}  io  100  year»,  or  25,74s  years  f<ir  tlic 
whole  revolutioni  or  circle. of  360  dcgrcts.  And  nearly 
the  bme  coochifion  rcfulu  from  the  Ign^^itudcs  of  the 
An*  in  the  BritaBnic  catalogue,  comijarLd  with  thofe 
0f  the  &ill  later  catakigM«t«  £k  U  XJuide'a  AAnH 
aowie,  in  feveral  Ahiccaw 

The  Ancients,  and  even  r.jmc  of  the  Moderns,  Jiave 
taken,  the  equinoxes  to  be  immoveable;  and  afcribed 
^  that  change  in  the  dillance  of  the  ilars  frtnn  it,  to  a  real 
BMtion  of  the  orb  of  the  lixci!  flars,  which  they  fiip- 
polfediiad  a  flow  revolution  about  the  poles  of  the  eclip- 
ti&i  to.  as  that  ail  the  ftari  ^r&um  their  circuito  in 
tlw -ecliptic,  or  its  mnOeU,  10  tlw  fyate  of  25,791 
rears ;  after  which  tbej  flioidd  aO  retuia  9gun  to  their 
former  places. 

This  period  the  Ancier.ts  called  the  Platonic,  or 
creat  year ;  and  imagined  that  at  its  completion 
.  thing  wguld  begin  asatfirft,  and  all  things  fooiera^Rid 
f»  the  lame  order  as  they  have  done  beCare. 

The  phenomena  of  this  retrograde  motion  of  the 
equinoxcb,  or  ii.tLTftvlions  of  ihi.  tcjiiltiu/iial  wiili  the 
ecliptic,  ar.d  coufet^utuily  of  the  conical  motion  of  the 
earth's  axit,  hy  wfiich  the  pote  of  the  eijiiator  dcfcribcs 
a  fmall  circle  in  tlie  ii'.inc  jiLiIc.d  of  time,  maybe  under- 
ftood  and  illuJlrattd  b)-  11  Lheme,  as  loUuwa  :  Let 
jilZSVI.bc  the  earthy  .SON  A  iu  axis  uroduced  to  the  . 
Aurry  bctveaii  and  ttnnmting  in  A,  the  prefmt  north  . 
pitkof  the  heavens,  which  is  vertical  to  N,  the  north 
folefif  the  earth.  Let  £OQ_be  the  equator,  TqZ 
ilhetmkof  cancer,  and  VTV)'  the  tiojiic  of  tapri- 
fH9i  VOZ  the  ecliptic,  and  BO  its  axis,  both  of 
which  are  immoveable  among  tlic  ftarii.  But  as  the 
.fqiihio&ial  points  icccUc  in  Uk.  cclifiic*  the. earth'* 


axis  SON  iu  in  .naotion  upon  tin*  earth's  centre  O,  in 
fiKb  a  mauncr  as  to  dcfcribc  Uie  double  cone  NOa 


and  SO/,  round  the  axis  of  (he  edTptlc  60,  in  the  time 
thai  the  cquinoAial  points  mnx  lound  the  ecliptie, 
wliieh  is  25,791  yearn  ;  and  in  that  length  oftime,  the 
nv/vth  pole  of  the  cirth's  xx'ts,  proLiuo  d,  ciefcribes  the 
circle  APjCDA  in  the  flarrj' hcavenst  round  the  pole  of 
theeclip-.ic,  vrhich  keeps  immoral  M  the  CCBtie  of 
that  circle.  The  earth's  asisheias  now  aj*  a$'  b*  ' 
dined  to  the  nds  «f  die  Q^plie,  the  circfe  ABCDA, 
defcrihci!  bythe  iiQrth  |>ple  of  thc  catth's  ttts  prodnced 
to  A,  is  46°  56'  in  diamrtrr,  or  doable  the  inclination 
of  the  earth's  axis.  In  confcquencc  of  this,  the  point  A, 
wii:ch  is  at  prcfi.i,t  the  north  pole  of  the  hcnvcns,  and 
near  to  a  ftar  of  the  2ii  ma^jnitndc  in  the  «nj  of  the 
Little  Beards  tail,  mitjl  be  defertcd  by  the  earth's  axis ; 
which  movtng  backwards  1  degree  every  71 1  years 
nearly,  will  be  diiedrd  towards  the  ftar  or  point  B  ift 
years  hence  ;  and  in  double  of  that  thne,  «y  - 
1 2 ,895  {  years,  it  will  be  direded  towards  the  ftar  or 

f)oint  C  ;  which  will  then  be  the  north  pole  of  the 
iearens,  although  it  is  at  preieat  8f  degreei  fucith  i  f 
the  2Cflith  of  London  L.  The  prelent  polition  uf  the 
equator  EO(^wilt  then  be  changed  iatu  eOa,  the  tr<^ 
pic  of  cancer  i'esZ  into  V/Qe,  and  thctropic- of  ca*  . 
pricorn  VT^  into  /yjZ  ;  as  is  evident  by  the  figures . 
And  the  fya,  ia,  the  foaejwrt  o£  the  heavens  srhcre  he 
is  now  over  tlie  earthly  tni|MC  of  .£apric(nr%  aiid  malces 
th    fTii  r-.cft  days  and  jpi^ft  iugbu  in  the  northern  he- 
inirj  lic  re,  will  then  be  over  the  earthly  tropic  of  cancer, 
ai'.d  make  the  days longeft  and  niglits  fliortcil.  So  that  it 
will  require  1 3,895  i  year*  yet  uiore,  or  from  (hat  time, 
to  briiij^'  ilie  iioitli  pule  N  quite  roiuid,  fo  as  to  be  dl- 
re£^ed  toward  that  poi&t  of  the  heavens  which  is  v«r« 
tical  to.  it  at  prefent.    And  tlien,  and  not  till  tboti  the 
fame  Qars  w^iichj^Mfottdefciibe  the  equator,  ttopiea, 
and  pobr  circiesr  we,  Df.thc.eaich'b  diomal  asotion, . 
yill  d^C»(be  f.^<m  over  waob  ^ 
'Prom  this  ihifting  of  the  eoumoAIal  pointf,  and 

with  them  all  the  figns  of  the  eclij  tic,  it  foil  jv<.  :,  that 
thoie  ilars  which  in  the  iuf^incy  of  ailrunoniy  were  in 
Ariel,  are  now  found  in  Tauias;  thofe  of  Taurus  in. 
Gcmiqi,  &c.  Hence  likewifc  it  is,  that  the  ftaia- 
which  rofe  or  fet  at  any  particular  fcafos  of  the  year* 
is  the  timet  of  Hcfiod^  Eudiau^  Vifgil»  lliny,  dtc^ 
No  .  V»j 
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hj  no  mem  inApcr  «t  thii  tine  to  tlictf  ddcrip- 

tioii*. 

As  to  the  phyHcal  catifc  of  the  PrcccflRon  of  the 
equinoxf»,  Sir  Ifaac  Newton  dcniondratcs,  th»t  it  3rifct 
from  the  broad  or  flat  fpheroidal  figure  of  the  earth  ; 
which  itfdf  arifn  ftom  the  earth's  roUtion  about  it* 
■xil :  for  M  more  imtter  hu  thus  becn^  accumulited  all 
round  the  equaloml  parts  th<n  any  where  etfc  on  tlie 
Mrth,  Ae  fiin  and  moon,  when  on  cither  fide  of  the 
eqiintor,  bv  .it  t  raft  in this  redundant  manner,  bring 
the  cqiiat.ii  iiioucr  Under  tlicm,  in  c-cry  ictur;i  to- 
wuid-,  it,  tii:iii  if  there  wat  no  fucli  acciiMiil.iiit'n. 

Sir  Ifaac  Newum^  in  determining  the  qiuntiiy  of  the 
•nnual  PtcedSon  from  the  theory  of  eruvjty,  on  fup. 
fwfitioo  that  dw  etutoiul  diuneter  of  the  earth  i*  to 
the  polar  SmmSxr,  at  s|0  to  t»9,  finds  the  fon'a  *c 
tion  Sufficient  to  produce  a  Preccdion  of  only }  and 
colleAinp  from  the  tide*  tJve  proportion  between  the 
fun's  force  and  the  moon's  to  bo  as  i  tu  4  J,  lie  fiitlcs 
ihc  rncia  I'rcuL-lTiou  nfidiiisg  from  their  j^^iai  actions, 
at  50"  ;  which,  it  niull  be  owned,  it  nearly  the  fame 
as  it  lias  firci-bccn  found  by  the  bcH  obfcrvatioM  s  and 
yet  fevcral  other  mathematicians  have  fince  objcdcd  to 
ibe  truth  of  Sir  Ifaac  Nekton's  computntion. 

Jodeed,  to  determine  tJie  quantity  of  the  Prcceflion 
•r^iiMpfrom  the  adion  of  the  fuOf  ia«  pnblcnttlwt 
hmt  oetn  much  agitated  among  nodeni  raathemati- 
cian*  ;  RUf?  a!t]u)ij;;Ti  tlicy  kcin  to  agii.t.  vi;  to  N"c\vton'» 
miftake  i:i  ilic  loluliOJi  oi  it,  ti-cy  )i:i'.c  yet  generally 
difagreed  from  one  another.  M.  D'Alnr-hcrt,  in  1749, 
printed  a  treatife  on  this  fubjed,  nnd  ciatms  the  honour 
of  having  been  the  iirft  who  rightly  determined  the  rae- 
tlioJ  of  refi;!'.:nf^  problems  of  this  kiirt!.  The  fubjeft 
lij..,  been  hUj  coii-ukixd  by  Eniler,  I'mji::.,  Silvabale, 
Waliocflcy*  Simpfuiiy  EmerloPf  X«i  SiMctfl^  Grange^ 
Landen,  Milner,  andVince. 

M.  Silvabelle,  dating  t?ir  ratio  of  the  cartli*aa>U 
to  be  that  of  176  to  i;;,  makes 

the  annual  Preceflioa  cailM  by  dtc  Am  l}^ 

and  tliat  of  the  moon  -       -       34    17 ; 

making  the  ratio  of  iht  lunar  fcf-.-cc  t)ie  fulr.r,  t'.i  be 
that  «>r  ^  to  :  J  alfo  the  nutation  tlu'  earth's  ani"! 
caufeJ  by  the  moon,  during  the  time  of  a  fcmircvolu- 
tion  tjt  the  po!c  of  the  moon's  orbit,  i.  e.  in  9}  years,  he 
makes  17'  y"*. — M.  Walmeflcy,  on  the  fofmoTitioa 
that  the  ratio  of  the  earth's  diameters  it  that  or  23610 
329,  and  the  obb'quitf  of  tbeedq^ic  to  the  equator 
2  }°  2  8'  it/',  makes  the  annual  Pkeeeffion,  owing  to  the 
fun's  force,  equal  to  io"-583  ;  but  fi^fpofing  the  rn'.io 
of  the  diameters  to  be  that  of  178  to  177,  that  Picucl- 
r»pn  wdl  be  I  ^"•6-;. — Mr.  Simprmi,  by  .»  different  ine- 
fhod  ut  cakuiutiou,  determines  the  wiioie  annual  pre- 
ceillon  of  the  cfjuinoxes  caufedby  the  fun,  at  21"  6"'; 
and  he  ha*  pointed  out  the  errors  of  the  computations 
propukil  by  M.  Siklbelle  and  M.  Walmefiey. — Mr* 
Miuer'a  d«du£tioii  Wtn  with  that  of  Mr.  Stap- 
jbn,  «•  wdl  as  Mr.^fawe*t|  aad  their  paplcrs  ooo' 
tain  bcfidcs  feveral  carious  particulars  relative  to  this 
fubie^.  liut  for  the  various  principles  and  rcafontngs 
i}{  ihtlc  rriLit'iitmatl^'.iiis,  fee  Philof.  Tranf.  vol.  48, 
fa..  3it  s  i  vol.  49,  pa.  704 }  vol.  6g»  pa.  50$  ;  aud 
ToL  ;7*  p4>  363  }  aa  allb  the  writuga  m  SunploD,  Emeiy 


fan,  T.and'--n,  Sec;  alfo  Dc  la  Landc's  Anronondc^Md 
the  Memoirs  of  the  Acad  Sci.  in  fereral  places. 

As  to  the  effe^i  of  the  planets  upon  the  equioofti^l 
points,  M.  De  la  Place,  in  his  new  refearches  on  tbia 
article,  finds  that  their  acHon  caufcs  thofe  point*  to  ad> 
vROce  byo"-2ei6  in  a  vn-,  nlong  the  e^natarf  or 
6^*1^49  along  the  ecliptic,  iion  whence  it  fbUowi 
that  the  quantity  of  the  luni-folar  Prcceflion  muft  be 
$o"-4)4g,  {tacc  the  total  obfervcd  Preoei&oa  is  50"!,  or 
J0"«2j. 


Jindthe  Prnfjicin  in  r:j;hl  afeei^m 

Pat  d  =  the  declination  of  a  ftaVi 
aad  «  a:  its  righMiibenfiaa  j  ' 
tlien  tticir  annual  fanatioosof  Pkoocfiontanlllieiieailf 

at  fuHuvv' : 

viz,  ao"*o84.  x  cof.  a  =  the  annual  preccf.  in  declinat* 
and  46''-o6i9  «t>  3o'^o84.  X  f»« «  taog.  d  =  that 
of  right  afeenlion.  See  the  CoomniEmce  dcs  Tcnpa 
for  >  79>f      *96t  tte. 

PRESS,  in  Mechanics,  is  a  machine  made  of  iron  or 
wood,  fcrving  to  comprefs  or  JqueCze  Mf  bodj  wf 
clofe,  by  means  i>f  fcrevv«. 

'I'be  corr.mcm  I'n-iTc';  cm  :i  1  ut 'i\  incnibi'rs,  nrpieCCtf 
viz,  two  &At  and  iniootii  pUnkii ;  between  which  the 
things  to  be  preflld  arc  laid  ;  two  fircws,  or  woima^ 
fadencd  to  the  lower  plank,  and  pnfTiiig  through  two 
holes  in  the  upper  ;  and  two  nuts,  fcrvmg  to  drive  the 
umcr  phink,  which  is  motcablet  againft  the  kiweff 
which  It  ftable,  and  without  motion. 

PRESSION.  ScePnEisuRg, 

PRESSUKK,  is  properly  tbe  aflion  of  a  hoAy 
wliicli  mjkcs  l\  coTulnii:(l  tff:>rt  nr  fiifioavoiit   to  mfivc 

another  j  fucli  as  the  .ictbn  of  a  heavy  body  fupported 
by  a  horiaontal  table ;  in  contradiftinflion  from  per- 
cuflion,  or  a  momcniary  force  or  adiion.  Prenure 
equally  refj^ect^  bjtii  bodies,  that  which  prefTrs,  and 
that  which  1*  jxeficd  |  from  the  mutual  cqualUj  of  ac* 
tton  and  reaAion. 

I'iLfTure,  ill  lii:.- CarltTi.ir.  Pti'lofopl;  v,  i<- an  iinptjlilvc 
kind  of  niijlioti,  or  r.uh^r  nil  ciirltavnur  to  move,  lUi- 
prcir-J  on  a  fluid  mcdiutu,  ai.i  priip;i;;:!ti d  llircu^h  it. 
la  fuch  a  prefl'itre  the  Cariclians  fttppolc  the  action  of 
light  to  couful.  And  in  the  various  moditlcations  of 
this  Ppcffure,  by  the  furfaccs  of  bodies,  on  which  that 
medium preJcs,  they  fuppofe  the  various  cohiurs  to  con- 
iillt  ftc  But  Newton  fhewi,  that  if  Jidit  confiftcd 
only  in  a  P^flure,  propagated  without  a&ual  motion* 
it  could  not  .igit.iti-  and  warm  fuch  bodies  as  refleft  and 
refraft  it,  as  we  ii'tually  find  it  does  ;  and  If  it  confiftcd 
in  an  inftantaneous  motion,  vr  om-  prop  itiated  to  all 
diftances  in  an  indant,  as  fuch  PrciTure  fuppofe*,  there 
would  be  ttquii'td  an  infinite  force  to  produce  th.iC 
notion  every  momentf  in  ever}'  lucid  particle.  Farther* 
If  light  cotifilled  cither  in  PtefTurc,  or  in  motion  pro- 
Mgated  ia  a  fluid  medium*  whether  inftaota'neouflri  or 
m  time,  k  mull  fi>now,  that  it  would  inRcA  itfclf  «l 
umlram  ;  for  Prcflutc,  or  motion,  in  a  fluid  mediwDf 
cannot  he  propagated  in  right  lines,  beyond  any  obftade 
which  ihaU  hinder  any  pan  of  the  motion  ;  but  will  in • 
flcA  and  difiufe  ttfcU',  every  way,  into  thofcpaiti  of  the 
otuelceBt  medium  wlucit  lie  beyond  the  laid  obllacle. 

-  Thus 
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Tim  the  force  of  {^ntj  tendt  downward  ;  but  the 

Prcffurc  whk-Ii  arifv*  from  that  force  of  gnuity,  tend* 
rvcn-  «-;iv  witli  an  equable  force {  and,  with  equal 
rafc  .r;  1  luixi-,  is  piopas;;iltt!  in  crooked  iincs,  as  :ii 
itraight  ones.  Waves  on  (be  furface  uf  mater,  while 
thqrflide  by  the  fides  nf  any  brgc  ubftaclc,  do  infleAi 
^mt,  tad  difiufc  tbcmfclvrs  gradually  into  the  quicf- 
cmt  water  lyin^  beyond  the  obilaLlc.  The  waves, 
pnUci^  ot.vbatWBt  of  the  air,  in  wliich  found*  OQafift^ 
SbaM«9eftljr  hJk€k  themCelves,  ihongh  not  Cbrauch  it 
t&e  waves  of  water  ;  for  the  found  of  a  bell,  or  of  a  can- 
■OD,  can  be  heard  over  a  hfll,  which  intercepts  the  fono- 
roiu  objrct  fnim  our  figfit  ;  and  io  iiids  arc  propagated  «« 
eafily  tnrough  crooked  tulys,  as  tbrougli  ftralgnt  ones. 
But  )i^Kt  ;»  never obfcrvid  logo  iacurMc!  li.iis,  nor  to 
.  iafled  iikif  ad  umbram;  for  the  iixcd  Ibts  lUi  immc- 
4wtclf  difappear  on  the  interpofttion  of  any  uf  tliepla> 


Mtti  m  m  fome  piirtt  «f  the  fun-'a  body,  by  the 
interpofitialiof  tl»  Moon,  or  Venus  nr-Mcfcnf. 

&c. 

The  eflefls  aiicictitV  nfciibcd  tothe  fngn  vaciii,  »re 
now  accouBiL-d  for  from  the  weight  and  I'reflure  of  the 
air. 

The  PceATure  af  the  air  on  the  futface  of  the  earth,  ia 
Idaiiced  by  «  column  of  water  of  the  lame  baie»  and 
abotit  %\  feet  high  ;  or  oE  one  of  Mcicwy  «f  we»3» 
Miches  high  ;  and  upon  every  fquare  indi  at  ttie  eartnV 
furface,  that  PrelFuie  atvio-jnii  w  .ibtjut  14I  pounds 
avoirdupoii.  The  clallicity  oi"  tlic  air  is  njual  to  that 
Prcffiire,  and  by  mrans  of  that  FixlTiuc,  or  ilaQicity, 
the  air  would  itifh  into  a.  vnriuim  with  a  velocity  of 
about  1370  feet  per  fttonJ.  At  different  heiglits above 
theearth'^a  furface,  the  PiclTure  of  the  air  ia  asitsdcn- 
fity  and  elaflicity,  and  each  decreafies  in  fuch  Ibrt,  that 
when  the  hei^bu  above  the  forbce  increafe  in  arithme- 
tical progreflUm,  the  Pi«flbie  ftc^Krode  in  g^netii- 
cal  progreflioR :  and  hence  if  the 
•sit  BCof  a  logaritJimic  curve  AD- 
he  eredcd  pcrpcndicuLir  to  the  ho- 
rizon, and  if  the  ordiiiatc  de- 
note tilt  PiciTurc,  or  c!aflii.ity,  <ir 
dfofity  of  the  air,  at  tbc  earth'* 
Suhetf  tb»  win  any  other  abfcib 

5?^  1  denotcthePreflureftc / 
f»j.tthealti.ude  |,J^' 

The  Preffure  of  water,  as  thin 
fluid  is  CTfry  where  of  the  fanw 
denfity,  ii  aai  it»<  depth  at  aqjp 
pbce,  and  in.  aO.  direOiona  the 
fame ;  and  upon  a  fquare  foot  of 
furface,  every  foot  in  height 
prt-ffei  with  the  force  of  a  weight  of  1000  ounces  or- 
Maibs  avoirdupoii.    And  hence,  iCAfi.be  the.  depth. 


of  water  in  ant  veffel,  and  HE  denote  its  Preflure  at 
tliL'  di  ptli  B;  by  joining  AK  and  drawing  any  other 
ordinatci  FG,  HI;  thin  fti.dl  ihefe  ordinatcs  KG,  H  l» 
ire,  dcnutc  the  PiL-lTiirc  at  the  covreiponding  depths 
AG,  Al,  Uc  ;  alfo  the  area  of  the  triangL-  AtE  will 
denote  the  whole  Prefliire  a^aiiill  the  whole  upright 
fide  AB,  and  which  theccCnc  »  hut  baU  the  Premirc  on 
the  bottoat.  of  tbc  Ian*  area  ai  the  fide   Moreover,  if 


«  bole  wcfe  opened  in  thebottonor  fd^  of  the  veAsItt 
B,  the  water,  from  the  Freflure  of  the  fimeruicnmbent. 

fluid,  voi.l  i  ifTi,.  <.:tr:  u  iili  the  viLcity  of  Ry^ABicet 
per  fecond  nearly  ;  AB  being  cilimated  in  feet. 

Centre  e/"PRESsvaE,  in  Hydroftatics,  is  that  point  of 
any  plane,  to  whitl.,  it" the  total  Ih-elfure  were  applied, 
its  effect  upon  the  ]>Liii>.  woald  be  the  fatne  as  when  ic 
was  diftribtitcd  me^uaily  over  the  wbok ;  or  it  ia  that 
point  in  whieb  tb*  whole  VrtSben  mar  be  ooneeiwd  to- 
be  united  i  or  it  is  that  point  to  which,  if  a  fotv-e  were 
applied  equal  to  the  tot.Tl  Preffure,  but  with  an  oppofite 
dlrc(!^ion,  it  «'oulJ  i  ia.';!'.  h  ilaiice,  or  rel!rain  the  cf-  ^ 
feft  of  the  I'rcfliirt,  fo  ih  U  the  bddy  prrlFrd  on  will  nt.t 
incline  to  cither  fide.  Tluis,  if  .A  BCD  1  iii  lig,  abnvi )  1  : 
a  veirel  of  water,  and  the  tide  V>Q  be  pren'cd  upon  uuli 
force  equivalent  to  SO  pounds  of  water,  this  force  is  un- 
equally didributcd  over  BC,  for  the  parts  hear  6  are  Icfa. 
preflct^  than  ihofe  near  C,  which  arc  ut  a  j|rcatcr  depth 
and  therefore  ti»e  efforts  of  all  the  oartKnlar  toflnica- 
are  nnited  in  fiimc  point  £,  which  is  neamr  to  C  than, 
to  B  ;  and  that  point  K  is  called  the  centre  of  Pit-ffure  : 
if  to  that  fH)iHt  a  force  equivalent  to  20  pounds  weight 
be  applied,  it  will  afi'efl  the  plane  BC  in  the  fame  inan- 
ntr  as  by  the  Preffure  of  the  water  ditlributtd  unequally 
over  the  whole  ;  and  if  to  the  fame  point  the  fame  force 
be  apphed  in  a  contr.nry  diredion  to  ih.it  of  the  Pief- 
fure  of  the  water,  the  force  and  the  Preffure  will  ba- 
lance each  other*  and  by  oppofite  endcavoun  deflrw 
cadirothcr^ciefia.  SuppofingacordEFGlbiedatE*. 
and  raffing  over  the  puuey  F,  hat  a  wviglit  of  ao 
pounds  annexed  to  'it,  and  tliat  the  part  of  the  cord  FE 
IS  perpendicular  to  l^C  ;  then  the  effort  of  the  uei;'ht 
G  is  eqiirj,  and  its  dircttion  contrary,  to  tiat  of  the 
Pulfure  oi  tlie  w.iter.     Now  it  E  be  the  centre  of  Pref- 
fure, thele  two  powers  will  bc  in  equdtbrio,.  and  mu- 
tually defeat  each  otlier'a  Cfldcavours. 

This  point  £,  or  the  centre  of  FrelTttre.  is  the  fame 
with  the  ccntreof  percuffion  of  the  phne  BC,  the  point 
'of  fufprnfion  belnjf  S,  the  furface  of  tlic  water.  And 
if  the  plane  bc  oblique,  the  cafe  is  IliU  the  famr,  tul»in^j 
for  the  axis  of  futpenlion,  the  inttrfeftiou  of  tli.it  plane 
and  tbc  furface  oi^  the  fluid,  both  produced  if  neceffa* 
ry.    See  Cotes's  Le^ures,pa.  40, 5cc.. 

The  ccntie  of  Preffure  npoa  «.plBilc jpinlM  to  the 
horizon,  or  upon  any.  pUne  where  the  Prefliire  if  itni- 
taaat  it  the  £une  at  the  centre  of  gravity  of  that  plane. 
For  the  Preflure  aAs-tipon  every  p^rt  in  the  fame  n-.an- 
ner  as  gravity  <lot'i. 

PRIMARY  I'iaaetj,  are  thofe  which  re>olvc  round' 
the  fun  as  a  centre.  Such  are  the  planets  Mercury,  Vc-  ■ 
nus.  Terra  the  Earth,  Mars,  Jupiter,  Saturs,  andi 
Hcrfcbel,  and  perhaps  others,  "ntey  are  thue  cdled,  in. 
ooDttadilUnAioa  fitom  the  ftenodanr  pbineti,  or  iateUites,. 
which  tcvoIk  abwtC  their,  icfpeftive  Erioiaries.  Sec 

PIjAKET. 
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Oat  of  ike  fincgoinf  TiiUe,  aw  ooihtcd  aD  the  odd 
mniben  that  emf  with  $,  becadc  it  ft  Iwovm  that  5  is 

a  divifor,  or  aliquot  part  of  every  fuch  number. 
Th«  difpufition  of  the  Prime  and  compofite  odd  num- 
Fcrs  in  thin  Tabic,  is  along  tlu- io|)  line,  ami  duwti  the 
firll  or  left-hand  column  j  while  thetr  ieait  Prime  divi. 
furs  arc  pLiced  in  the  an{r|eiof  meetiog  in  the  body  of 
the  page.  Thu$,  the  fij^urei  along  thie  top  Ua^  via* 
o>  ■>  ->  3>  4«  to  99,  arc  fu  nanjr  httaditdt}  aiid 
thafe  down  the  foA  colamn,  froa»  l  to  m  lifof  WK 
wut»  «r  unnt  aad  the  fomcr  of  tbcfe  fet  Man  the 
latter«  make  up  the  whole  uumber,  Mhctlier  it  he  Pi  ime 
or  compofite  J  juft  like  the  difpofition  of  the  nntiit;il 
tJUTT.brrs  in  a  tahli-  of  Kn^'nrithms.  So  tlie  I  6  in  the  t()p 
hne,  juined  witfi  the  19  i:i  the  (iift  column,  makes  the 
number  1619:  tin;  ,m;;lc  of  thcli  meeting,  viz,  of  the 
column  under  16,  and  of  the  line  of  19,  being  blaak^ 
flxwa  that  the  number  1619  has  no  aliquot  part  flrdi> 
viTor,  or  that  it  is  a  Prune  number.  In  like  iWHUtar, 
all  the  other  numbers  are  Frimei  that  haw  no  figwntin 
thchr  aafkrof  ncetiag,  as  the  numbers  41,  401,  919, 
tCKt  But  when  the  two  parts  of  any  number  have 
finne  figure  in  their  anwic  of  inectin;;,  that  figure  is  the 
leaA  divifcir  of  the  number,  which  is  tlurcfore  r.ut  a 
Prime,  but  a  cotnpollte  number:  fo  -^oi  has  7  for  as 
leaft  divifor,  and  803  has  1 1  for  its  Icatl  divilor, 
1633  has  23  for  its  leaft  divifor. 

Hence,  by  the  foregoing  Table,  are  immediately 
known  at  fi^ht  nil  the  Prime  numbers  up  to  lO^OOO  ( 
and  hence  alio  ate  readHy  found  all  the  divifors  or  ali* 
quot  parts  of  the  compofite  numbers,  namely  in  thta 
mannrr  :  Fin.!  the  leaft  divifor  of  the  given  number  in 
the  Table,  a-5  above  ;  divide  the  given  number  by  tliis 
divifor,  and  ci'MfiilLr  the  quotieiit  n-;  another  or  new 
number,  of  which  finJ  the  leali  divifor  alio  in  the  Ta> 
ble,  dividing  the  faid  t^ij  iiitnt  hy  thi:j  laft  divifor ;  and 
foon,  dividing  always  the  lafk  quotient  hv  it<f  !»ft  divi- 
for fcund  in  tEeTabUt  till  a  quotient  be  fuund  that  is  a 
Prime  number  :  then  are  the  faid  divilori  and  the  laft 
or  FHme  quotient,  all  the  fimple  or  Prime  divifor*  of 

the  firft  Riven  m  niticr  ;  and  il  thrfe  fin  pie  divifors  be 
multiplied  toj^alicr  lUus,  vi«,  every  two,  and  every 
tliree,  and  evew  four,  &c,  of  them  t<>(a'lhei,  the  fcve- 
ral  pioduitU  will  make  up  the  componrid  dtvilors  or  ah- 
cuot  parM  of  the  firft  given  number ;  noting,  that  if 
the  given  number  be  an  even  one,  divide  it  by  «  tiUau 
•odd  nwnbcr  cone  out . 

F«rexample»  to  find  all  the  divifot*  or  eomponent 
Man  of  the  number  liou  This  bcinr  an  even  num- 
ber, dividing  It  by  2,  one  of  its  divifors,  gives  105  ; 
and  this  ending  with  dividing  it  hj  another  of  its 
fafturs,  t.'ivc?2i  ;  and  the  leaft  divifor  of  aif  bjT  the 
Tdblc  is  3,  tlic  quotient  from  which 
is  7  ;  therefore  all  the  Prime  or  fim- 
plc  fjflors  of  the  given  number,  are 
^1  it  S*  7*  thefe  therefore  down 
in  the  fiiA  line  as  in  the  oatsiAl  thcu 
muhiply  the  s  by  the  3,  and  fot  the 
product  6  below  the  3  ;  next  multi- 
ply the  5'  by  all  that  precede  it,  vix, 
2,  3,  6,  and  fet  the  produds  bcluw 
the  ;  ;  laftly  multiply  the  7  by  all  the 
feven  favors  preceding  it,  and  fet  the 
]?rodu^  bdow  the  ])  io  ihall  we^haw  all  the 
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ton  or  divifon  of  the  givoi  mnihiEr  ito,  «Uch.ai« 

thefe,  m, 

**  h  fi  *i  7t  10,  14,  15,  21,  30,  35,  4:,  70,  loj. 

Pkimf.  I'l-rtuiii,  is  that  vertical  circle,  or  azimuth, 
wlucd  14  ptrpeidicular  to  ilic  meridian,  and  paflet 
through  the  eaft  and  weft  points  of  the  horiton. 

pRjMt  ymuaJi,  ID  Dialling,  or  pRtME-/'fr/iV<f/ 
Dials,  are  thofe  that  are  projcded  on  tlic  plane  of  the 
Priinc  vertical  cirek,  or  aa  a  plane  parallel  to  it.  Thefo 
8i«  otherwifo  called  diitO,  crc^^  oonh,  or  footh 
dialc. 

PaiMC  of  iht  Afecit,  is  the  new  moon  at  her  firft  ap< 

ptarance,  for  about  3  days  afur  her  change*    It  UKaUi 

ftilu  the  GoLDIN  Ni'vifr  f  which  fee, 

PRIMUM  McliU,  in  tlie  l'tol<  m  iic  Aftronomy. 
is  fuppofed  to  be  a  vaft  i'phcre,  whofe  ceutrc  is  that  of 
the  world,  and  in  comparifon  i^f  which  the  earth  is  but 
a  pmut.  ^  lliis  tliey  dcfcribc  as  including  all  other 
Ipncrca  within  it*  and  giving  aution  to  tbeo,  turning 
itictf  and  all  the  left  quite  nraad^  in  34  houn. 

PRINCIPAL,  in  Arithmetic,  or  in  Commerce,  it 
the  fumlfiit  upiin  inlcrefl,  ei'.l.er  fimple  or  compound. 

Principal  I'oim,  in  Pcrlpciiive,  is  a  pdnt  in 
tlic  pcrfpcclivc  pl.i>,e,  upon  which  falls  ti  c  principal 
ray,  or  hoc  from  the  eye  perpendicular  to  tlie  pUne. 
'liiis  (loint  is  in  the  interfcdtion  of  the  horizontal  and 
vertical  pianca ;  aad  is  alio  called  the  fwat  e/Jigitf  and 
p»iKt  ^Ai^  ortntn    de^Onu,  or  again  the  ftait 

PftinCirAt  Ray,  in  Perfpettiir,  is  that  which 
palTcs  from  the  fpec'tatoi%  c\  c  perpci  Jicu!2r  tti  the  pic 
tute  or  pcifptCtivc  plaiic,  and  r,j  mcciiug  it  in  the  pri.i. 
cipal  point. 

PKINGLE  (SlrJoH.s),  Baronet,  the  Lite  worth* 
prefjdcnt  of  the  Royal  Society,  was  boro  at  StichcU 
houfc,  in  the  county  of  Roxburgh,  N'oith  Britain* 
April  10,  1707,    His  father  was  li  r  John  Pringk,  of 
Stichdt  Bait,  and  hit  mothv  Magdalca  flUott,  was 
Mer  to  Sir  Gilhert  Elliott,  of  Stobs,  Baronet.  He 
was  the  youngcft  of  feveral  fons,  three  of  vvliom,  brfiiles 
himfcif,  arrived  to  years  of  maturity-    After  icceiviug 
hij  j^rjrntnatical  edc.c  ati  in  at  horiic,  he  wai  fent  to  the 
uuiverhty  of  St.  Audfekvs,  where  having  ftaid  fome 
years,  he  removed  to  ILdioburgh  in  1 727,  to  ftudy 
phyGc,  that  being  the  prufcfliun  which  be  now  dcter- 
iniiicd  tu  fuliow.    He  ftaid  however  only  one  year  at 
Edinburgh,  being  defirott*  of  going  to  Lcvdcnt,  which 
waa  thet)  the  moRcekbrated  finool  for  medicine  in  En* 
rope.  Dr.  Bocrhaave,  who  had  brotight  that  univerfity 
into  gitat  reputation,  was  confiderably  advanced  ia 
years,  and  Mr.  Pringle  was  (khroua  of  benefiting  by 
that  great  man's  leflures.    After  liaving  gone  through 
his  proper  courfeof  ftuJies  al  Lcydcn,  he  was  adiiiiticd* 
in  1730,  to  his  do<Slor  of  pliyfic's  degree  ;  upon  which 
occafion  his  iuaugural  diflcrtation,  De  Marcore  SeniB^ 
was  psiated.   On  q^uitting  Lcyden,  Dr.  Pringle  re- 
turned  aad  fettled  at  Edimnrgh  as  a  phyfician,  where* 
in  17^4,  he  was  apjiointed,  by  the  roagiftratcs  and 
council  of  the  city,  to  be  joint  profefTor  m  poeumatict 
and  moral  philufophy  with  Mi  .  .Scott,  during  this  gen* 
tlcman's  life,  and  fole  profLllLr  after  iiis  deccafe  ;  being 
alto  .iJtr.iltcd  at  the  l.ime  t:i:.c  a  member  of  the  uulver- 

&ty,   la  dikhargiog  Uic  dutica  of  thii  aew  employ. 
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menr,  hU  t«st-book  was  PafTendorff  dt  OBt'm  Hmuait 
*i  Ciw  ;  agrcmblj  to  the  method  he  purTued  through 
Sfr,  of  BiMiiDg  fa&  and  experiment  the  bafit  of 
'  fcience. 

Dr.  PHngle  continued  in  the  pmdice  of  Pkyfic^  at 
CdtnbuTgh,  and  in  duly  performing  the  eiioe  of  jm* 

ft  fTiji ,  t  '1!  1 74  r>  when  he  was  appointed  phyllcian  to  the 
carl  ol'  Stair,  who  then  commanded  the  Britifh  aimy. 
,  By  the  intcreft  of  tliis  uuhlcmai:,  Dr.  Pringle  wai  con- 
ftitotedi  thr  famr  yar,  rhyfician  tf>  the  military  hofpi- 
tal  in  Flanders,  u ith  a  labry  of  20  (hillingt  a-day,  and 
tlw  t^ht to balf-JWJ  for  lilc.  On  this  occafion  Fic  wa« 
permitted  to  tCtaia  his  prcfcfTorfhip  of  moral  philofa- 
plqrt.two^cntlcneo,  MciTn.  Muirhciid  nndCleghom 
faching  in  nta  aUence,  at  long  ai  he  rcqucfted  it*  Tbr 
great  attention  which  Dr.  Pnngle  paid  to  hia  diity  ai 
an  army  pliylician,  it  evident  from  e»ery  page  of  hii 
Trratife  on  I'^e  D'ftafet  »f  the  yfmrf,  in  the  execution 
of  rA-liIch  tilEtc  lie  wi.sfometimw  rxpofedto  very  immi- 
nent danjrrrs.  He  foon  after  alfo  met  irith  no  fmall 
affliAion  in  the  rclir«iacnt  of  his  great  friend  the  earl 
of  Statr*  from  the  mny.  He  offered  to  rsfign  with  hii 
BoUe  MtnMt  tat  mw  Mt  wnnittcd :  he  vas  therefore 
olil^ca  to  coBtCnf  Mmfilr  with  teftifying  hit  refpeft 
and  gratitude  to  him,  by  acrompanyiM  the  earl  40 
miles  on  his  return  to  England  ;  af^er  miich  he  took 
tiBTe  of  liim  with  the  utmoll  n^'rct. 

But  though  Dr.  Pringle  was  tluii  deprived  of  tlic  Im- 
mediate protttlicn  of  a  nol  '^nian  who  knew  and  ef- 
tcemcd  his  worth,  his  ct^miiict  in  the  duties  of  his  Ra- 
tion prornrrd  him  cnVftuui  fupport*  Henttendedthe 
army  in  Flanders  through  the  campaign  or>944i  and 
fop<i»erfi.lly  rcconmendMMtnfelf  to  thedtikeof  Cwn- 
beiland,  that  in  tlie  fpn'ng  following  he  had  a  ca«aif> 
fion»  appointing  him  phyfician-gcncnl  to  the 'kfns't* 
forces  in  tne  Low  Couutiii;,  ard  p.irt^  heymid  the 
hn  \  and  on  the  next  diiy  lie  received  a  fccond  com- 
aulBopfrom  tlie  duke,  cnnltitutiiig  liitn  phyfieian  to  the 
CBjrd'hofpitals  in  thufc  countries.  In  contcqucncc  of 
tbefe  promotions,  he  the  f-ime  year  rcfigaed  his>pra- 
idlbrflup  IB  the  uifcrfity  of  Edinburgh.  ' 

la  I74(  hewataUbiRthiheamiyta  Fkndert;  bat 
vat  recalled  from  that  couMry  la  theltttcrCBd  of  the 
year,  to  attend  the  foreea  tvhich  were  to  he  fent  agirafl 
the  rehtli  in  Scotland.  At  this  time  he  had  the  honour 
of  being  chfifcn  F.  1^  S.  .niui  tlic  .Sncscly  had  good 
^  reafoii  to  be  pltaftd  with  the  ifJilition  of  fuel)  a  member. 

lo  the  beginning  of  i?4^'.  Dr.  Pringle  accompanied, 
ia  his  oiScial  capacity,  t!u-  duke  «f  Cnnberhind  in  his 
I  expeditioa  agaioll  the  rebels ;  and  rammed  with  the 
feroet,  after  the  battle  of  Culfeden,  till  their  return  to 
England  the  foOowtag  famner.  Ia  1 747'and  1749,  he 
again  attended  the  army  abroad  }  but  m  thr  aatana  of 
1748,  lie  embarked  witli  the  forces  fi  r  Engiaadf  OB  the 
ftgning  of  the  treaty  ol  Aix-la-Cl.apellr. 

From  :h.^i  time  he  nioftly  refidcd  in  London,  where, 
'  fropi  his  known  fltill  and  cx^erieivce,  and  the  reputa- 
tion he  had  acquired,  he  might  rcafeaaUjr  czpcA  to 
fiioceed  M  a  phyficlan.  In  1749  he  was  appointed  phy- 
fidaa  ia  ofdinary  to  the  duke  of  Cunberliind.  And  tn 
1750  he  poblilhedt  ia  a  letter  t»  Dr.  Mead,  OhfirM* 
shin  on  the  w>  Hofp'rt^l  Fiver  /  this  piecCf  with 
:  :nH- allcrr.tions,  was  afterwards  indttdcd  IB  hit  grand 
wuik.  ou  Uie  Ut/tofa  of  tU  ^rmj. 


In  this,  and  the  two  following  rears  Dr.  Pringle 
communicated  to  the  Royal  Society  his  celebrated  hx- 
pcrim^-ntt  vf>on  Stftie  an  J  Anti/rtlU  Sui/!aiicti,  -wiih  Re- 
marh  rrlatinp  to  their  I  'fc  in  the  Tbtory  cf  Med-unt ; 
fMWof  arbia  woe  aiintcd  in  the  PhilofophicaL  Tranf« 
aAIwMt  aad  the  whole  were  fubjoined,  as  an  appendix^ 

to  his  Ohfervslitm  on  the  Difcajn  of  the  Army.  Thofe 
experiments  procured  for  the  ingenious  author  the  ho- 
nour of  Sir  Godfrey  Copley's  gold  med;il ;  befides  gain- 
ing him  a  high  and  juil  reputation  as  aii  es.per:mcnLal 
philvifopher.  He  gave  alfo  many  other  curious  papers  to 
the  Koyal  Sodetf :  thus,  in  175;,  he  preferted,  //» 
jtetmmttf  fmtal  Pirfmi  ft'nedwith  the  Gaol  hrvcr  by 
worii^g  m  NtmtgUti  mdrf  die  Mmntr  bj  mlHth  the 
Jmfiaim  enw  tmmmuutatti  t9  mm  tmin  FamUy  t  >a  the 
PniloC  Tranf.  vol.  48.  His  next  communication  %vas, 
jI  rtmarkMe  eaft  of  Fragirdj,  FUxibilUj,  and  D'lffo'u- 
licr.  nf  ihf  Bmft  ;  in  the  fame  vol. — In  thc4(;th  vohimc, 
are  account?  which  he  gave  of  an  Eaitbquake  felt  at 
BrufTeli ;  of  another  at  Glafgow  and  Duubarton  ;  and 
of  the  Agitation  of  the  Waters,  Nov.  i,  1756,  in  Scot> 
land  nnd  at  Hamburgh. — The  50th  volume  contaioa 
hit  OUcrmioaaoB  the  QiJk  of  kiid  WalBak:,<rf  Wael- 
fertoB}  and  b  RdMioa af  the  Vnrtun er Soap,  ia  Dif- 
Iblnag  the  Stooe.— >The  next  volume  is  enriched  with 
taw  ofthe  dodor*!  articles,  of  confiderable  length,  as 
well  as  value.  In  the  firil,  lie  l.iitli  coUcAed,  digclled, 
and  related,  the  diflrrcnt  accoonts  that  had  been  given 
of  a  very  extraordinary  Fieiy  Meteor,  which  appcaic^l 
the  26tbof  November  1758  $  andiu  the  fccond  heluth 
■Mde  a  variety  of  remarks  upon  the  whole,  difphyiBg* 
great  degree  of  pbilotbpbical  bgacity^^fiefides  hit  con- 
Biunicationa  in  the  Philofaphiol  'Haalaftiain,  he  gave, 
ia  the  (th  voloBie  of  the  Edinhwrii  Mcdicd  Efltft,  a^ 
AccouBt  of  the  Succeft  of  the  FUrmm  teratam  AntU 
mcm'ii. 

In  17  J  J,  Dr.  Pringle  married  Charlotte,  the  feeond 
daughter  of  l>r.  Oliver,  an  eminent  phyfician  at  Bath  : 
a  connc6\ion  which  however  did  not  lali  long,  the  bdy 
dying  in  the  fpace  of  a  few  years.    And  nearly  about 
the  OHM  of  his  marriaget  he  gate  to  the  public  the  fiHk 
edttiao  of  hie  Oi/rrvaliom  mt  At  llift^u  of  tbt  Armjt 
which  afterwards  went  through  bmmv  cditioaa  widi  im* 
prBvemmts,  was  tninflated  into  the  Frendi,  the  Ger- 
man, an  !  til.'  fti.l.a.,  taii.aKHTcs,  ind  deferrcdiy  gaioed 
the  authiirslii- iiighclt  credit  and  encomiums.  Tneuti- 
lity  t>f  lliii  sviirk  huwovtr  was  of  itiU  greater  impoitancc 
than  its  reputation.  From  the  time  ilut  the  doctor  wa» 
appointed  a  phyfician  to  the  army,  it  feems  to  have  bee», 
hit  grand  objea  to  leflen,  a*  fiu*  aa  laj  ia  hit  power*  the  • 
eafamitietofwar ;  nor  waabe  withoat  coafidoaUe  faocdh « 
io  bia  aobk  aad  bcaevolaat  deign.  The  beacfiu  which  ■ 
may  be  derived  irom  onr  author's  great  work,  are  noc 

folely  coi.ri:u(l  to  pci'tlenicn  of  the  fncdic.'il  l';t»IifrK  ii. 
General  Melville,  a  gciuicman  wlio  unites,  wltli  liis  mi- 
litary abilities  the  fpirit  of  philofophy,  andtinr  fcclingt  . 
of  humanity,  was  enabled,  when  gpverr.c»r  rf  the  Neu- 
tral Illands,  to  be  fmgularly  ufetui,  inxrvinrcqiiencc  of 
the  inftrudioai  he  luul  received-  froat  Dr.  Fringlc't' 
book,  and  from  perfonal  oonvniiiuoa  .with  hin...  Bf- 
taktag  care  to  have  hit  OMaahMiyBlodMd  i»lar|e,  opesa 
aad  alnr  apartmenta,  aad.hy  never  letting  his  foreea. 
remain  long  enough  in  Iwampy  places  to  he  injured  by 
the  noxious  air  of.  fuch  pUcet,  the  gcotui  was  the 

haenr- 
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hippy  iiiPimmcnt  of  favlng  the  livt  i  tf  fevcn  hurnlrtd 

Though  Dr.  Prinpte  had  n»t  for  lomc  ycai^  b«rn 
Cjjled  Abro;td,  he  Itill  held  his  place  of  pliyfician  to  tlic 
amy  }  and  in  th«  war  that  began  in  i7'>,  hcattetided 
AeCKmpa  IV  England  during  three  icilous.  In  IJ^B^ 
liowevrr,  he  entitdjr  <}itiued  the  fLrvke  of  the  srtnvt 
And  l>etn^n«mdctcnninrd  lo  fix  wholly  in  Londun,  he 
«  r,5  the  fame  year  admitted  a  licentiate  of  the  cullrj^c  of 
i"cian». — After  the  acctnioii  of  king  George  tlic 
jd  tn  the  throne  of  Great  Biiiaiti,  Dr.  Priti^lc  wat  np- 
pointed,  in  1761,  physician  to  the  queen's  houi'diold  ; 
and  this  honour  wasfuccecdcdi  by  his  boitig  cuuuiiutcd, 
in  1763*  phyficitin  extraordinnry  to  the  queen.  The 
6aie  year  Ik*  was  chofen  a  member  of  the  Aiadctny  of 
Sciences  at  i  Inaricm,  and  ekdcd  a  idhm  of  the  R«>yal 
College  of  PtiyfictaHiin  London*— In  1764,  on  the  ae« 
ce.iW  of  Dr.  Wollailuii,  lie  laadc  pliyfician  in  crdi- 
liiiy  io  llic  quetn.  In  l'6')  he  wa«  clcCltd  a  foreign 
ineitjber,  in  tlie  phyftcal  line,  ot  tlic  liuy;:l  Society  of 
Sciences  at  Oottiiigoii,  and  the  lame  year  lie  was  railed 
to  the  dignity  of  3  baronet  ol  (Ircal  liritaiii.  In  I7''j8 
lie  was  appointed  jJnllcian  inordinary  to  the  late  piin- 
Ccfs dowager ul  ^V  iU:. 

Alter  having  had  the  honour  to  be  fevcral  1  iines  elcded 
into  theoounal  aftbe  Kfiyal  Society,  Sir  John  PHugle 
was  at  length,  viz,  Nov.  30,  1 77  a*  in  confcaoence  of  the 
deathof  lames  Weft  Efq.  elecled  preftdentol  that  learned 
biHly.  His  flc^^ion  to  this  ll.  tici;,  tliun^b  he  had 
fo  rrfpedtable  a  charaAer  a»  tiic  late,  iiir  James  Poitcr 
fur  his  opponent,  was  carried  by  a  veiy  confidcrablc 
in:<}(>rity.  Sir  John  Pringle's  conduct  in  thU  honour- 
able flation  fully  JuiUHcd  tiic  choice  the  Sodety  made  of 
htm  aa  their  prcfideat*  By  hit  equal,  impartiw,  and  en* 
emmgiag  behavioiiri  he  fecund  the  ((ood  will  and  beS 
exertions  of  all  for  the  general  benefit  of  fcienee,  and 
inic  interelU  of  the  Society,  which  in  hi?  time  wiw  raifed 
to  the  pinnacle  of  lionour  and  credit.  Iiilkriil  of  r|>Iit- 
ting  the  memher*  into  oppofite  parties,  by  cjuei,  uiijuit, 
and  tyrannical  condiidl,  as  has  lumetimes  Ikch  the  caff, 
to  the  ruin  of  the  bill  intcrcfls  of  the  Socielv,  dii  John 
I'ringlc  cherillicd  and  luippily  iwitcd  the  caWSWUn  «f 
aili^calleding  and  dtre£tine  ihe  energy  of  every  mne  to 
the  ceoaieon  good  of  the  whole.  He  happily  alto  llrack 
ODt  a  new  way  to  diftindion  andufefdnef;,  by  the  dif- 
couires  which  were  delivered  by  him,  on  the  annual  af- 
figiinicnt  of  Sir  CJudfi  iy  Copk'v'j  rncdai.  'I'hisginitc- 
man  lir\cl  iiri)^  n:!ll\  liL([ut;ali<:ti  livi.'  guineas,  to  be  given 
at  cull  aiHiivirlciry  nuctingof  the  Royal  Society,  by 
the  det  CI  mi  nation  of  the  pritldcnt  and  council,  to  the 
perfon  who  fliould  be  the  author  of  the  bcil  paper  of  cx- 
peiiiDcnidl  obferv';«tiant  for  the  year.  In  proccfa  of 
ttmef  this  pecuniary  rcwardf  whicb'eotdd  never  he  an 
{m|>onant  confideration  to  a  naa  of  an  enlarged  and 
philofi>phica1  mind,  however  aarrow  bit  circumftaaeea 
mlf^lif  1 1  ,  w.i'i  i ':.irf;^<-J  into  the  more  liberal  fi>rni  oF  a 
gold  mc«lj^  ;  In  v.  lm  h  toi  ;n  i:  is  become  atrnlv  ln.rHnir. 
able  mark  «•!  inClir-r,  ami  a  y.-l\  :ir.d  l.u;d  il  jc  ot:jtrkt 
of  ^tnbitiou.  No  doubt  it  was  always  ufuai  fur  the 
prefitfent,  ou  the  delivery  of  the  nwdali  to  p««y  fomc 
Oomplimcflt  to  the  gentleman  on  whom  it  waa bellowed ; 
but  the  Cttflom  of  making  a  fei  fpeech  on  the  occaiion, 
and  of  cntcnW  iiwo  tbcliiftory  of  that  jpait  of  philo- 
Ibphy  t«  whieb  the  OEpcrineata,  «r4lie.  f«l^ed«if  the 
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paper  rf!.>tcd,  was  firft  introduced  by  Maitiii  I'olkri 
fciq.  '1  lie  diicvjurfci  liou  ever  wl<ii  h  he  audliik  fixccf 
fors  de'iicud,  were  very  llioit,  and  were  only  iiifcriod 
iu  the  niiuulo  boofcii  ot  tlic  Societv.  Ni>iic  of  ihem  had 
ever  been  piintcd  bciore  iiir  John  Piingle  w  ts  iiiir.i! 
the  chair.  I'bcfitll  fjH.vch  that  in*o  t.ade  by  bi-.u  b^inj 
much  mtm  dafaoiate  and  eatcudcd  lliaa  u(im1»  the  pub* 
lication  of  it  wa»diTiTcd>  and  with  thic  rccjuctt,  it  if 
faidthc  waa  the  more  ready  lu  comply,  a>  ju  abfnrd  ac- 
count of  what  he  bad  deiiund  haJ  appi-ari-d  in  a  niws- 
paper.  Sii  John  was  vi  i  y  happy  in  tlie  fuhj'.'fl  of  liis 
rirll  d'fcourL'.  The  dii'coverics  in  magnetism  jiid  elec- 
triciiy  had  been  fucceeded  by  the  inquiries  into  the  va- 
rious (pedes  of  ait.  In  tbefe  enquiiics,  Dr.  Prie(lley, 
who  had  already  greatly  di;linguilhcd  himfclt  by  hit  ,  ' 
electrical cxpcrimcatai and  '<r,  Lther  philofopbitM!  pur. 
fdita  and  blmirt,  took  the  ^inucipalkad.  A  pu^cr  of 
hit,  inittled,  Oifrrvatrnt  w  dijertnt  Kad4  »j  .  in ,  hav- 
ing been  read  before  the  Society  in  March  1772,  W2i, 
adjudged  to  bt  ikTcnii  j;  of  the  gold  midal;  and  Sit 
J<jlio  I'ringlc  c;tibrii*.«.i.l  u  uli  plealurc  the  occaiion  of  ce- 
kbraiing  the  inijHjitant  coniinunicatiori^  ut  ti;!f:n,ro, 
and  of  ickun|r  with  accuracy  and  fidelity  vviiat  had  pre- 
vioiiHy  been  difcovcred  uptm  the  fubject. 

li  was  not  intended,  wc  believe,  when  Sir  John's  firft 
fpccch  waa  printed,  that  the  example  Ibould  be  followed  t  ■ 
but  the  fiicond  difcourfe  waa  fo  well  feceived  by  the  So- 
ciety, that  the  pubh'cation  of  it  was  unanimoufly  re« 
qnclled.  Bi.tli  tlic  (lifnn.iir  it'rlf,  .iiu!  tnc  lubjcil  <;n 
which  it  was  dvlivcrcki,  hkm  itnl  iiicli  a.  Ji!l;nct:un.  The 
cullipufiti»n  of  tiie  (LcOiiJ  Ipccch  is  c idct:t:y  litperior 
lit  that  »f  the  former  one  ;  Sir  John  having  probablr 
been  anlniatt-vl  by  the  favonrabte  receptiou  of  bis  firft 
eflort.  His  acoount  of  the  I'orpedop  and  of  Mr. 
WalQi's  ingenious  and  admirable  expeiiBMDta  idative 
to  the  elcorical  proMrtjca  of  tbat  eatraoid^iy  fiA,  U) 
fingnlarly  curious.  The  whole  difcourfe  abounds  wit& 
a;;i:iL'iil  and  niodn  ii  loanuii^,  ai;d  cxliilnts  lIic  w>:rthy 
pidiucuL'b  kiJt)ViltJ;;c  ui  iiaiurj  Liilory,  as  vvcil  in 
medicine,  to  great  advantage. 

Thctliiid  time  that  he  was  called  upon  to  difpiay 
hi*  abilities  at  the  delivery  of  the  annual  medal,  n-aa  00 
a  very  beautiful  ai«d  important  occaiioi:.  Thitwatito 
left  tiian  Mr.  (cow  Dr.)  MiHkelyne's fucce&ful attcmni 
coinpleiely  to  cftabUflt  Newton'a  fyUemoT  dfic  imi«tfle« 
by  his  Oi/tTvattmn  madeenfhe  MfHiiifiiLtSchehidtiett,fM- 
finding  tt:  cilttu'dr.  Sir  Jo1l:i  I.uil  linl.!  of  tii!"  ir)[,.Mr- 
tunity  to  give  it  uciliiituous  asid  ac^iiralc  i  cLuuu  ui  litC 
fevcral  hypotheks  of  the  Ancients,  with  rega.d  to  the 
revolntionsof  thchcavcaly  l>udtes,  and  of  the  noblt;  dif- 
;-overii.«  with  which  Caipemicu:  enriched  the  allronomJ- 
cal  world.  He  then  traces  the  progrcfi  of  ttic  grand 
piinciplc  i>f  gravitation  do'.v'ii  to  Sir  Ifaac's  ii'uiTrroua 
eoulirination  ut  it }  to  which  he  aiida  a  coacifc  account 
of  MetTn,  Bottgtter'a  and  Condatninc's  experinient  at 
Cliir.ibora^fo,  and  of  Mr.  Malkclync'i  at  Scheliallicii. 
If  any  dmibts  £1111  rcmaiucJ  tvitU  rifpt4\  (uthc  Cr;iih  of 

the  NevMuwan  fyftcoii  tlwy  were  now  complec^y.  re- 

Sir  John  Priiigle  hnd  reafon  lo  be  peculiarly  f  iii  alcd 
wiih  the  fubjtci  of  his  fourth  difcourfe  ;  liiat  fubitci 
being  perfectly  coiigeiiial  to  his  difpolitiun  and  lludiev 
Uia  owa  life  had  been  much  enaplDyed  in  poiiukug  out 
the  ncaat  vUdi  tcwkd  not  on^  to  cue,  but  i»  pre. 
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TCflt  the  dlfcikfn  of  mankiiul ;  and  ift  !«  probabli't  from 
Ml  intinmte  (ricndihip  with  captain  Cook,  tliat  he  mi;:tit 
fmgeti  to  that  fafj^aciom  comrrnndcr  fume  of  the  ittic* 
which  he  foJIowrd,  in  ordt-r  to  (irt frrve  the  hcnUh  of  the 
crew  of  his  flilp,  durinpr  hi»  vnya;;^  rouni!  the  OrarM. 
Whether  this  w;i'  '.lie  cr  it.-.  cr  \\  t-vi  Iilt  t!i';  ncthnd  plir- 
fiitd  lij'  thf  cantai:.  tu  ;ilta.:i  iu  uluau y  u:i  und,  was  the 
rcfiiit  .ilotic  of  his  own  rrflccUoiis,  the  fuccrfa  of  it  wan 
artouifiWrij^  ;  :ii»ri  this  cckbiatcd  voyarrcr  Armed  well 
entitled  tocvjry  honour  w  liich  cocid  bt  bellowed.  To 
him  the  tjociny  afligned  their  ^I'M  medalt  but  he  wm 
not  prcfent  to  recriTC  the  honour.  Hc  wm  goat  ont 
vpon  the  w]fige»  frera  which  be  never  letumcd.  la 
Toyftge  he  continued  C({ua11]r  fucce&fnl  in  anln*- 
nining  the  lu-altli  of  his  men. 

The  ieann-d  prtiident,  in  hi«  fifth «m»u«l  differtation, 
hzA  an  opportunity  of  difp!ayinf»  liis  knowlci^i^c  in  a 
way  in  wh«ch  it  had  not  liithertu  appeared.  The  dif- 
Courfe  t;  >k  its  tifc  from  the  adjiidicatioo  of  the  prize 
medal  to  Mr.  Miidgc,  then  an  eminent  furgeon  at  I'ly- 
mouth,  on  account  of  his  valuable  paper,  cuntaiiMi^ 
Dh  d-hni  for  makinji  itt  bt^  Cpmfqfiliim  ftr  tbt  AltUlit 
«/  hrfftfiinj^  7ehfc»pc3,  ugwir  wto  a  D^erifHait  of  tie 
Friirfs  fct  Grhi/iinj^,  Fclijhin^y  and  gtWH^  iht  Great 
iifitiijum  the  true  ParaMu  furm.  Sir  John  hath  avcu- 
rately  related  a  T.iiicty  nt  jiartii  uhtr?,  co'-rcrning  the 
invention  of  refle&ing  telcfcepes,  the  lubfequcnt  im- 
prove mentt  of  thefe  inftruments,  and  the  ilatc  in  which 
Mr.  Mudge  found  them,  when  hc  firtl  fct  about  work- 
ing them  to  a  greater  ptrf;<liejn,  till  he  had  truly  ica- 
^  Used  the  cxpettat  ion  of  Kiwton,  who,  above  u  hiiu* 
'  dred  ^eara  ai^,  prefaged  that  the  public  wonldone  day 
poffeis  a  parabolic  fpcculum,  not  accompliOicd  i>y  ntt- 
thcnviitical  rule?,  but  by  mechanical  device*. 

Sir  John  Priiij^le**  lixth  and  hjft  difcourfe,  to  which 
he  W3i  ltd  by  the  affignmcnt  of  the  gold  medal  to  my- 
felf,  on  account  of  my  pape-r  intiilcd,  7hf  Ftirre  ef 
^nd  Cunpirailcr,  ami  ihe  JiutiaJ  V rhi  'tiy  of  Caimcn  iimiUf 
JttrrminfH  F.xperimenU,  waj  on  the  theory  of  gaa* 
aery.  Though  Sir  John  had  Co  fonv  altcoded  the  umj, 
tht«  waji  probably  a  Ail^cft  to  which  he  had  herrtofiNC 
paid  Ti  ry  little  attention.  We  cannot  however  help 
iidmin'ng  with  what  perfpifuity  and  judgment  he  haiii 
ftated  the  progrrfs  fh::t  v.tii.  ma  ';-,  from  time  to  lime, 
m  the  knowledge  of  proje "t  its,  wuS  the  {eifntitic  per- 
feflion  t©  which  it  has  b^^  n  l.i-d  to  be  earneil  HI  my 
mper.  .\i  Sir  John  Pringic  wa»  not  oilt  i)i  iholc  who 
defightcd  in  war,  and  in  the  (bedding  of  human  blood, 
he  wu  happy  in  being  able  t<»  fhcw  that  c«cn  the  ftudy 
of  atttOery- might  hevfefil  to  mankind  |  and  thctcfore 
thii  ir  a  topic  which  he  hath  not  foigottcnto  mention* 
Here  ended  our  aulhor'a  difcourfei  tipon  the  dehVery  of 
Sir  Go''fre\- C'iipl'-y's  mrdal,  and  his  [i<-i  fidt  r.cy  i.ver  t!,e 
Rij'.ul  boeicty  at  th^  f^int  time,  the  rieiixcri-.ig  th.u  mc- 
liro  my  haoQ  brin;;  ttie  lail  ufTice  he  ever  pi  rt.jnnt  j 
in  that  capacity  i  a  ceremony  which  wa»  attended  by  a 
greater  nnmbcroir  the  mciribera,  than  had  ever  met  to- 
gether before  upon  any  other  occafion.  Had  he  been 
permitted  to  prefide  longer  in  that  chair,  hc ,  would 
doubt!e{ii  haw  found  othe  r  rjccafions  of  dilphyinig  bia 
acqjalntance  wth  the  billor^/  of  philofophy.  Wtit  the 
opii<f  l<:r.i;it ;  whieh  l^e  liud  i  •'I'lr'niiliiinj;  liimfi  If  in  this 
tel'pett  were  impoilant  xn  thetnlelveit,  ikappiiy  varied, 

and  fviiGjcat  to  gain  him  •  ToIhI  nad  Ming  rtputitioo. 


Several  marks  of  literary  di!lin£\!on,  at  we  hate 
ready  fecn,  had  i>een  conferred  upon  Sir^oha  Prtiiglet 
befafe  he  wat  laificd  to  the  prefidentV  cliair.  Bat  mcv 
that  event  they  were  hcftowcd  npon  hia  in  great  abun% 
dance,  having  been  eleAed  a  mtmher  of  almoft  all  the 
literary  focictii. 5  uiii!  i n'liut'.i":/:.  jii  HuiiipL-.  He  was 
alio,  in  17"  ji  .»p]jo.ii-r,l  ]ili\«(n.       i  \tr,;ordiriai  V  lo  the 

Ic  was  at  rather  a  late  pvrio<i  ot  htc  when  .Sir  John 
Priiigle  was  chofe-n  to  be  prclident  of  the  Royal  So- 
ciety, being  tiico  ^>  j  years  of  age.  Coididcriiig  there* 
fore  the  gnt>t  attention  tint  wa»  paid  by  htm  to  the  VA> 
rioua  and  tntportaut  duties  of  hi*  office,  and  the  jpcnt 
pain«  he  took  in  the  preparation  of  hit  dilconrfea,  it  wa» 
iml  ;n  :!  to  t-xi-cc't  tli.i;  t:ie  Ini:  I'.i  n  nl  iiii  'iiynOur..l)L  fla- 
tiLi^i  ;1ii.uU'.  ^lo-.v  iieav-)'  iipua  h.ai  ui  a  cuurlc  ot  iinjc. 
Tl.  i  buriht  ;i,  though  not  increafed  by  any  great  addi- 
tion to  hit  lite,  for  lie  was  only  6  years  preudent,  waa 
fomcwhat  augmented  by  the  accident  of  a  fall  in  the 
are-a  in  the  back  part  of  hit  koufe,  from  which  he  re« 
ceived  fome  hurt.  Front  thcfe  circumftaocea  fome  per** 
ibu  have  a&dnd  to  aocount  for  hit  rcfigntutf  the  cnnir 
nt  the  tinw  iHicn  be  did.  But  Sir  John  Prfn^k  wai 
natutaily  of  a  ilrong  and  robuft  frame  and  conRiiution» 
and  had  a  fair  prolpect  of  bciug  "xll  able  to  ili:'cli.it,;e 
the  dutl  .'s  lit  Lis  iitucilion  for  rr..i.  .v  ye:.;  i  (o  ei):i.e, 
his  fpirils  not  been  broken  by  the  n.ollt  cruel  hurairmgi 
and  ba'-tingn  in  his  ofliec.  His  rcfolution  to  quit  the 
chair  .irofc  front  the  difpuica  introduced  into  the  So* 
ciety,  concerning  tlie  qucilion,  whether  pointed  or 
bhuited  ele^lrical  condufturs  are  the  OmII  ciiiiCactous  i* 
prcferving  buildings  from  the  pernrcioo*  efltdt  of  light- 
ning, and  from  the  cruel  circumilaiico  attending  tliufe 
difputea.  Thcfc  drove  him  from  the  chair.  Such  ui 
thofe  ciieumftanccs  as  were  open  an. J  mHjiitVft  to  creTy 
onr,  were  even  of  thcmfclves  pcrhnpai  quite  fuSicient 
tu  drive  Lim  ta  that  refululiun.  Bui  there  were  yet 
others  of  a  more  private  nature,  which  opeiated  UiU 
nore  (^erfully  and  divcclly  to  produce  that  event 
whi^  may  probably  hetraaft«r  be  laid  before  the  pubii^ 
when  I  flulf  give  to  them  the  hiltcwy  of  the  rnoff  «ntc» 

rial  Cranfac^ions  of  the  Royal  Society,  tfpccially  thofc  of 
the  lalt  2  7  years,  which  I  hivz  fmin  lime  to  time  com- 
pofed  and  pre  [jarcd  with  that  view, 

riis  intention  ul  rehgriiiig  hoivcvcr,  wan  difagrecnblc 
to  his  friends,  un  J  the  diilioguiihed  inrmbcisof  the 
Society,  who  were  many  of  ihera  perhaps  igftoraot  of  the 
true  motive  fee  it«  Aceordinziy,  (hey  earm  tUy  foli- 
cited  him  10  oMittntie  ia  the  chair }  hut»  hi»  rcfolntionr 
lieiog  ixtAt  h*  refigned  >t  at  the  anaiverfary  nieetiajg  {%■ 
I'.'i^t  immediately  on  delivering,  the  medal,  at  tbeeoi^ 
cliifion  of  his  fjjeech,  a$mentioi>ed  above. 

Tliuu^lh  Sir  T<ih:i  t'ringlc  thus  quitted  his  parlienlar 
relation  to  '.lie  Knvjt  bocietv,  and  did  not  attend  lU 
mectinp'i  io  cotillaiilly  as  hr  t  irn'.i  ilv  Jane,  he  ftiU 
retained  his  iitciary  connections  in  general.  Hishuufe 
continued  to  be  the  refori  of  iugeuiuus  and  philofuphi* 
cal  meO)  whether  of  his  own  country*  or  from  abroad  i 
and  hc  wu  frequent  in  his  vifiti  to  bia  fricnda.  He  waa 
held  in  particular  cfteem  by  eminent  and  learned  fo- 
reigners, none  of  whom  came  to  England  without 
waning  upon  him,  and  payiii>;  iiiin  the  greateil  rcfpc^^. 
He  treated  them,  la  return,  with  diltinguiflicd  civility 

and  regard.  Wlioi  |i  mimber  of  graileawB  met  at 

bia 
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Ills  fa'j!%  fircigiicra  were  ufually  a  part  of  the  com- 
pany. 

In  1780  Sir  John  fpent  the  (xmmgr  on  m  vMit  to 
Bdinbiirgh ;  M  ne  did  alfo  thM  of  ijSt  {  where  lie 

tnLi  treeted  with  the  grrateft  fefpc^.    Is  tbii  bft  vifit 

he  prcfcntcdto  the  Royal  CollfRC  of  Phyficiani  in  that 
cit;-,  the  f,fu?t  of  many  years  lahriur,  being  ten  fi>li»> 
Yoliinies  of  Mrtfica!  afd  Phi^ml ')!  fr>  va'r  r^^  in  mnnii- 
fcript,  on  condition  tti.n  I'ncy  fliuuM  ii'-itlun-  li-  p'.  !)- 
liQlcd,  nor  lent  out  oi-  the  iibrarr  of  the  coliege  00  any 
account  whatever.  He  was  at  tne  hmt  time  preparing 
two  other  i(dtiinei»  to  be  given  to  the  anivcr1itT»  eott* 
tttoing  the  fbnnidae  refnred  to  m  hie  aonotationi.  He 
rrttirned  again  to  T^ndotiiand  eootnined  for  fomctime 
hn  uftial  courfe  of  Itf?,  receirin<T  and  payinjf  vilits  to 
tl:f  nio't  eti'ncnt  Itterary  mtn,  biit  l«t)<piilb'ni,'  a:id  <!<  - 
dining  in  hishcahh  and  fpirits,  till  the  |t<th  ui  J.iiiu.ifv 
I7P2,  when  hcdicd,*.i  the  75th  year  of  hi»  apt-;  the 
Bcconnt  uf  his  death  being  every  triiere  received  in  a 
fnannrr  which  fliewed  the  high  Teal*  thit  WM enter* 
'tained  of  bia  mctft. 

Sir  Jotm  PrinelrN  cini'Tlent  charaAcr  as  a  praAiciil  ■ 
as  wenaa  a owdicalnKhort  ia  fi>  wtll  knuwii, 
■nn  fo  imiverfally  aeknnwledged«  that  an  enLtrgfim-nt 
iipnu  it  cnnnot  be  ncccffary.  In  thcen^i  irr  (-.f.'iis  pro- 
fef&un  he  was  not  rnpai-ious  ;  bk;ing  rcati/,  un  v3rioug 
•cocnlioii",  tci  give  his  advice  without  pecuoiary  vicrti, 
Thcturn  ofliismiiid  led  htm  thii'Hy  to  ihe  love  of  fci' 
ence,  which  he  bnilt  on  the  tirni  baf»  of  fa^l.  With  re- 
gard to  pliilufophy  in  geui  ral,  he  was  a*  avci  fe  to  theory, 
twbipported  bj experiments,  as  he  was  with  refpe£l  to 
nedicine  in  partieuiir.  Lord  Bacon  vat  hit  bvAuritc 
--•otbor ;  and  to  the  mtthod  of  invcfticitien  reeooi- 
mended  by  that  great  man,  he  ilc adilv  adiicred.  Such 
King  his  intcllertual  cliaraeler,  it  will  not  be  thought 
furorifing  tint  hf  had  a  didike  to  I'Uto.  And  to  nic- 
tap)iyfical  difquititiunit  he  loft  ail  regard  in  the  latter 
part  of  hit  life. 

Sir  John  hadnn  great  fondncfk  for  poetry.  Tic  hsd 
"fcot  cren  any  diAinm^ilhcd  riU(h  for  the  inimoir  i! 
Shakefpeare  i  at  half  he  fieemed  too  highly  fenfd>li-  of 
thet!cfed«  oftbat  iOullrioui  bard,  to  give  him  the  pro- 
p-.i-  decree  cf  ffiim.itit,'!.  Sir  |uliii  liatl  no;  in  Ms 
voulU  been  neglectful  of  pi»ilulggif.il  tnuuii  ic: ,  m^r  <1:J 
Kc  dcfert  them  iu  llie  la(l  llagcsof  hit  life,  bit  cidti- 
«at«d  even  to  the  Inll  a  knowLdge  of  the  Oreck  lan- 
guage* He  }>aid  a  great  attention  to  the  French  lan- 
guage} and  it  i«  faid  that  he  W3B  fond  of  Voltairr'seri- 
tlCU  Wliting.'!*  Among  ail  his  other  puifuiCs,  \'x  ui,  vcr 
fomt  the  uudy  of  the  £ngli(h  Uu^guage.  This  be  re  ■ 
gutlod  at  a  natter  of  To  much  confrqnencc,  that  he 

tuuk  uucommor  '^,.'i:s  w  il";  i  ii'  .mcI  lo  lla  iK  U  of  Jii-i 
conipofitions  ;  and  it  wtiuo:  be  lu  iiitO,  ilial  he  encllcd 
in  p;- fjiicuirj-,  conrtftiicfs,  and  proprit  ty  of  i-xpitlRon. 
)li>  fix  di<L-(>urfca  in  partteular,  delivered  at  the  anmial 
itteetings  uf  tljc  Ri^r<u  ^^h;ty»  occafion  of  the  priv.c 
iTtcdaUf  have  been  univtifally  ndmired  as  elegant  cotn- 
pufitions  at  well  a*  ci'iic.d  and  learned  ddferlationii. 
A111I  ttii:  cliniii^trilUe  uf  them,  feemed  to  incrcaiie  ami 
hi;^ii!iii,  fiiim\-varto  year:  a eirciimilanee trbidi ar* 
,  mtht-r  an  it  .pi  im  ir :  :i;  fitciiltiei:,  than  any 

iitvline  of  thc;n,  cv.u  alut  the  accident  which  it 

w.is  pietindtdo(V<irn>ncd  hisdefcifit  frcn.i  tlie  prefideni'i 
duir.  So  c:wCcUcul  indeed  nrcre  th^fccufnpvlttiuuicficctu* 


ed,  that  envyufed  toafperfohischtraAer  with  the  imptr- 
tation  of  borrowing  the  hand  of  another  in  thofc  Icarmrd 
difconrfes.  But  how  lalfe  foch  Brperfion  wat»  1.  aB4 1 
WKwnwiA of  tlile ether  grntleumi  vhohad  tfaebonotir 

of  rerelving  the  annual  me^al  from  hii  hands,  can  fti'ly 
tcrtify.  I'or  myfrlf  in  particular,  I  can  witnefsforthe 
lall,  and  perhaps  the  beil,  that  on  the  theory  and  \m- 
pravemen^sin  ("mntry,  having  been  prefrnt  or  privy  te» 
W'.s  iA:m|i,.;  t  or.  f>f  e\'fry  part  riK  -i. —  Tivrngh  our  au- 
thor n n  fnnd  of  poftry,  he  had  a  great  affe&toa 
lorthe  'iiter  art,  itmfir.  Of  this  ait  he  wm  not  nercljr 
an  admiriTu  but  became  fo  far  a  praditioner  ia  it,  at  to 
he  a  performer  on  the  riohmecllo,  at  a  weekly  coneen! 
given  bjr  a  fociety  of  gmtlrmm  at  Kdinbnrgh.  Be- 
fide*  a  ckjfc  appllcntihn  to  medicd  and  phihif  iphical 
fciri)  (!ir,in.»  the  latter  part  of  in's  life,  he  t^;  v.  rl 
ntuch  time  tu  the  (tudy  of  divinity  :  thi'>  being  wiih 
him  a  very  favonrlte  and  incere  tinjj  ohjif  k. 

If,  from  tho  itttelle^ual,  wc  p.if^  on  to  the  moral 
r!iaraC:cr  of  Kir  John  Pringle,  wc  rti.dl  find  that  the 
ruling  feature  of  it  wns  integrity.  By  tfiis  piinciplehe 
was  uniforinW  acluatrd  in  tliew^tok  of  bisvunduftand 
bdnvwaR.  De  wat  cquaUjr  4iftiaguiihed  for  his  fo- 
briely.  I  and  other  porfont  have  heard  him  declare, 
that  hr  had  never  once  in  his  life  been  intoxicated  (villi 
litjitor.  In  hi»  fri^ndrtiips,  he  was  ardent  and  fleadT. 
The  jni  imji  its  wliitli  were  firmefl  by  him,  in  tiit  nrlv 
part  of  his  life,  contirtikd  unbroken  lo  liic  deccaic  ot" 
the  gentlemen  with  whom  ihcy  u-<.re  made  ;  ^nd  were  • 
kept  up  by  a  regular  correfpoudcMX,  and  by  all  tlK 
good  oHicee  that  lay  in  his  power* 

With  regard  to  Sir  John's  external  manner  of  de- 
portment,  he  paid  a  very  tefpeftfiil  attention  to  thofc 
who  were  honoured  with  hit  fri  -n  l*^!')!  n  A  cftcem,  and 
to  fuch  ftrangtrs  as  came  to  him  w^li  tecommendtd. 
Foteignera  in  particular  had  jipood  realun  to  be  fatisfini 
with  the  uncommon  pains  which  he  took  to  fltcw  them 
every  mark  of  civility  in:  reijard.  He  had  howeverat 
timet  fomrwbat  of  a  dryncfa  and  reCerve  in  hit  bdn- 
vfour,  which  had  the  appeaianee  of  coldnds ;  and  diit 
W9»  the  cafe  wbeti  he  mm  not  wrfefiUy  phiiU'Wtrii 
the  perlbni  who  were  tntrodueetf  to  hhn,  or  who  Imp- 
pcned  to  be  in  his  compn  .  His  fenft-  of  intei^' itv 
and  dignity  vvouli!  no;  l.im  to  adojii  that  hlk 

and  fnperncial  politcnelt,  whirb  trc.its  all  tt-.en  alike, 
thoiijvh  ever  fo  ditlerent  in  point  of  real  cllimation  ami 
merit,  with  the  fame  (hew  of  cordiality  «nd  kiudncfi. 

wa<!  rd  rrc  afliiming  the  pn>fcJC(Ni,  without  tlie 
rcaiity  of  iclpeft.  • 

PRlbM»  in  Geometty*  it  •  body,  or  ibiid,  whoTc 
two  endt  are  any  plane  figttrrt  which  are  parane).  equal, 
and  fimtlar  ;  ,inj  Its  fides,  con[H-ttiii<^  thai-  ends,  are 
paralkdofrdtn^. —  Hence,  every  leclion  parallel  to  tltc 
tiiti«,  is  t'ie  Iti'nc  kind  ct  cqu;;!  and  Ii:nilar  figure astbe 
cud»  themkivei  arc  ;  and  the  Priim  may  be  cooiidered 
as  geoeiaxed  by  the  faiaDd  auMUHi  «f  thia  plaae  fi- 
gure. 

Prifms  take  their  fevml  particular  aamet  from  the 
figure  of  their  ends.  Thus,  when  the  end  it  a  trianglCf 
it  it  a  I'riangular  Prifin ;  vrhen  a  fqtiare,  a  Square 

Prifm  ;  when  a  pentagon,  a  Pintatrona!  Pi  'frr.  ;  when  n 
htxajron,  a  Hexagonal  Prifm  j  ^iiid  fo  im.    And  liciicc 
tilt-  <lcn()raiiiatiuii  Prilm  compriiet  alfo  the  cube  and  pa- 
rallrlopipedoD,  the  foriact  being  a  fqoare  i'riuit  atid  - 
Oo  t  ae 
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the  latter  a  reSangiiliir  one.    And  even  a  cylinder  may 
be  confulcrfd  as  a  rcuml  I'l'fm,  or  one  tliat  has  an 
nitc  number  of  fide!).  Alio  a  Prifra  ii  fiud  to  be  regular 
er  irregniar,  according  at  the  ligtiit  of  kt  end  it  •  re- 
gular or  an  irregular  po!y^i>n. 

Tlic  Axis  of  a  Prifm,  it  the  line  conceived  to  be 
4r»«m  iengthwiyt  tbianeh  tbc  middle  of  it^  conacctiujf 
tbc  ceoRT  of  one  end  wnK  thut  of  tlie  other  end. 

Ptifms,  i'.y:ih\,  <(rc  either  right  or  oblique. 

A  Jif^h:  Pm&M  it  that  whofcfidc%  ■nd  iit  axil,  arc 
pcrpendKuIar  to  iia  endt}  like  w  uprig^lit  tower. 

And 

An  Oiliqut  PmsM,  is  when  the  axis  aiiJ  lldcs  .tc 
t>blii|uc  lu  the  cnd.i ;  fo  that,  when  fet  upon  one 
end.  it  incKnes  oa  one  band,  likr  an  incUncd  tower. 

Theprineipal propertict of  PrifaM,  wn,  ^ 

I.  liitt  wy  Prifio*  are  to  ooe  uiollier  in  the  ndo 
compounded  of  their  b«(ei  and  heijfhtt. 

i,  Simitir  Prifmt  are  to  ooe  another  in  the  triplicate 
ratio  of  their  like  ftdos. 

3.  A  Prifm  is  triple  of  a  pyramid  of  equal  bafc  tnd 
height;  and  thf  lulid  cvnttnt  of  a  Piifm  is  found  j|;]r 
multiplying  the  bale  by  the  p^rpcniiicuUr  height. 

4.  The  upright  futface  of  a  right  Prifm,  is  equal  to 
a  re£bin|;k  of  the  fame  height,  and  its  breadth  eoual 
to  the  pertmrler  of  the  bale  or  end.  And  ibercforc 
fuch  upright  furbce  of  ■  rwllt  Prifm,  is  found  by  mul- 
tiplying the  perimeter  of  the  bafe  by  the  ptrpcndiLular 
height.  Atfo  the  upright  furf.u I- 11:  v.w  ubliquc- Piv m 
is  found  by  computing  thofe  ot  ail  iis  piialkkigram 
fides  fcparatily,  aiul  adiiiL;,:  them  togcthrr. 

And  if  to  the  upright  furfjce  be  added  the  afeat  of 
the  two  end^  the  wn  wQl  be  the  whek  (urlaee  of  the 
PriliB, 

PkltMf  itl  Pioptricf,  is  a  piece  of  glafs  in  form  of 

•  trtu^Iar  Pkifn  :  which  ta  macb  uled  io  expcrioMnu 

eoncerntnjy  the  nature  of  light  and  colouri. 

Tlic  life  ^ri(l  [jliciioiiicna  ;'  tin  I'rif:'!  .'ivifi-  ftnr.-.  fis 
fides  n.'it  bnvir  parnuel  to  crcli  oilier;  freirr.  whjace  it 
icparatc?  tlit:  rays  ot"  !i:',lit  in  tiuir  li.r:  -i^h  it, 

becoming  through  twu  v.ifit.  <jI  one  a»u  ilic  iamc  an- 

The  more  genenl  nf  tht  fe  phenomena  are  enume- 
rated andflkiftntcd  under  thr  article  Colour  ;  which  are 
fofficieat  to  pra*e»  that  colours  do  aot  cither  oonfiil  in 
the  CHntorfion  of  the  globulea  of  light,  as  Oes  Cartes 

iniHgiiicJ  ;  rur  in  tlu-  obliquity  of  the  pulfcs  of  the 
«th>.  tiji  mut'.!.i,  lis  Ilu«k  fancied  ;  nor  in  the  ccnllipa- 
tiou  oi  l:;'ht,  aiul  il-f  r(_[ili_r%:'  i'  li  <-(:ilcitJ)lion,  as  Dr. 
J^viiw  tnnjcrtyred  ;  but  iImI  ilicy  are  original  and  un- 
chiin'.'i  .ibl'.-  }.ii>pcrtics  of  light  itfelf. 

FRISMOID,  isafulid,  or  body,  fomcwhirt  rcleio- 
Uing  a  prifm,  but  thnt  it^  cndsaic  any  dilTimibr  pual- 
lei  pbne  figure*  of  the  Innc  nvmber  of  fidci}  the  op. 
right  fides  being  trapewHdi,«>If  the  endtbf  the  Prif- 
n  >)'d  hi  hounded  by  diffimilv  ciuteSf  it  ia  loinectmcs 
Culled  .1  cvlindro^d. 

FRUDA  1/1 IJ  I  V  of  an  Event,  in  the  Doflrlne  of 
Chaocct.is  the  laito  ui  the  numbtr  of  chances  by  which 
the  event  may  happen,  to  tht  nundtcr  by  which  it  may 
both  happen  and  fail.  80  that,  if  there  be  ccnfliiuttd 

•  fraAion,  of  which  the  numerator  is  the  number  cf 
chkMeafivr  the  events  liappeniDg,  wid  the  dcnoiaioBtor 
the  naiiiber  far  both  h<ip  ^cutog  aiid  fiutiog,  thatffi£kK» 


will  properly  cspref&  the  value  c.ftlic  Probability  of  the 
cveiii's  happenJng.  Thu?,  if  an  tvxtit  have  3  cliancea 
for  happening,  and  2  lor  taiLiig,  the  luin  i<f  which 
being  5,  the  fraction  ^  will  fitly  reprefent  the  Probabi- 
lity of^ its  happening,  and  may  be  taken  to  be  the  mea* 
Aire  of  it.  The  fame  thiug  may  be  faid  of  the  Frobabi* 
lity  of  fiiiUpgi  which  wiU  UkcH-ife  be  OMifured  bf  t 
fi«fiion,  whbfe  awncrator  it  the  tnimber  of  chance*  hf 
which  it  may  fail,  and  its  denominator  the  whole  num< 
her  af  chancci.  both  for  its  hsppeninjs;  and  failing  :  fo  the 
Probability  of  llic  failing;  cf  ttc  diiom  cvcr.t,  wfileii  has 
:  chances  to  fail,  and  3  to  happcu,  muI  be  cxprellld  or 
meafured  by  the  fraction  \ . 

Heneft  if  there  be  added  togtther  the  fraflions  which 
exprcfs  the  Probability  for  both  happening  and  failing, 
tbeix  fim  will  alwajr*  be  c<|im1  to-ttwtj  or  1 1  fiaw  the 
fiiffl  of  their  numerator*  will  be  equal  to  their  common 

L  (iii-.'r..iti)r.  Ar.fl  V.r  it  Is  .'.  t  crtj'nty  th;il  an  event 
MiJ!  c.tiicf  ii.sppi.  a  ur  tail,  it  liilliAVi  tint  a  certainty, 
which  may  bcLonijaeitd.ii  an  inliaitcly  great  degree  of 
Probability,  is  titiv  reprtlcuted  by  unity.  Sec  Simp* 
fon's  or  Demoivre's  Da£krine  of  Clunccs ;  alfu  Ber* 
noulli's  Ars  Conje£lsr.di ;  Monmort's  Analrfc  det 
JcuK  dc  Hafard  ;  or  M.  De  Parcieu's  EfTais  furlesPkii- 
babibte*  de  la  Vie  bunuiiie.  See  alfo  ExracTATioR^ 
eod  Gasiiito.'' . 

Pkus AniLiTv  ofL^t,  See  EzpgCTATioM  •fU^ 
and  Lnt-zituiititui, 

FXODLBM,  in  Geometry,  it  a  propofition  in  which 
fome  operation  or  conllru£\iuii  is  required.  A*,  to  bi« 
feet  a  line,  to  make  a  triangle,  to  radc  a  pcrpeodlCnhr^ 
to  Anw  a  circle  through  three  points,  &c. 

A  PWihlem,  according  to  Wolft  is,  conlift*  of  three 
pirf;  ;  The  pr  iji  fitio:!,  which  exj>rclTe«  what  is  to  be 
dji.i  i  the  icioiuiiun,  ui  lulution,  in  which  are  orderly 
rehcatfed  the  feveral  dtps  of  tlw  proccfs  ni  ojiMntion  ; 
and  the  demonflration,  in  which  it  is  Ihcwn,  that  by 
doir.^'  the  feveral  thin^r  prcfcribcdtn  the  icbllltioil,  tite 
thi     required  i*  obtained. 

PROatIM,  in  Algebra,  ii  aqucAion  or  propofition 
which  reqairca  fooie  onkoowtn  truth  to  be  invcAigated 
or  difeovered  ;  and  the  truth  of  the  difco*erf  ddnan* 
flrated. 

PRosLfM,  KipUr*t.    Sec  KsFLf  r's /*ro^/<r)». 

Pri!  1  _ ;  : ,  D.Urminalf,  D'wphanline,  JnJttermlnatef 
J.imittil,  Lintart  LotaU  Pluatf  Saiidf  Su'fjlid,  and 
UnSwud.   See  the  adjeAive*. 

Z);.'.'^^<i/ PsoELEM,  in  Geometry,  is  the  donhliqg  of 
a  cube.    This  amounts  to  the  fame  thing  as  the  finding 

of  two  nv  m  (II .  ipMi  t  h^-t ,-,  i'(  r,  t  ivo  t;iven  lines  : 
\^I.c:tcc  tlii.<  <i!iu  IS  c^Icd  the  Ucliacsil  Problem.  See 

Uui-LtCA  TlOS. 

PKOCLUS,  an  eminent  philofoplier  and  mathcma*^ 
ticnn  among  the  later  Platontila»  wa*  bom  at  Cohftan- 

tinopl  in  the  ye>ar4io,  of  ^rentt  who  were  b  th  able 
and  vMiUiig  to  provide  for  hit  inilrudion  in  all  the  va- 
rious Lranchci  of  learning  and  ku<>wle(!;;c.  He  was  fulk 
fcnt  to  Xanthus,  a  city  of  Lycia,  to  Icani  ^r.iintnnr :  from 
tlicncc  to  Alexandria,  where  he  was  uniler  the  bed  maf- 
ters  in  rlietoitc,  philufophy,  and  miitheiiiatic>  :  ^nd 
from  Alexandria  he  remitveil  to  Alliens,  where  he  at* 
tended  the  younger  Plutarchi  and  Syrian,  both  of  them 
cclelmled  plnlcifbphGii.  He  ftiocecded  iIk  htler  m 
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t»H-  government  of  the  Platonic  fchool  at  Athcn» ; 

where  he  did  in         at  75  y*^"'"*      'iJ''-  ^     .  ^. 

Mariiiu*  >.f  NjpUi.  u  Ko  w.isl.is  fucctfTor  m  the 
fchool,  wrote  his  life  }  the  firtt  pcrftd  copy  '""♦f" 
was  pnblMhcd,  with  a  Lilin  veifion  and  notes,  by  ha- 
bricius  at  Hambuixh,  1703,  In  410  >  and  aftcr«avdj 
fubiiMiicd  to  lmOi!'iifff>.'^J  Laiin^,  1 703t Svo. 

Froclut  «mitB  «  K'«^^''t  niiniljer  oLpieccs,  ana  "P"" 
many  diScnttt  fubjec^* ;  a*,  coounenUmt  00  philafo- 
phy,  matbcfnatlcs,  sad  grammar »  upon  the  wli.^lc 
works  of  Homer.  HefiuJ,  aod  Plato's  books  of  there- 
public  :  he  wrote  alfo  011  tlic  con!lru£lion  of  the  Aftro- 
fahe.  Manv  of  liis  piece*  arc  WA  ;  fome  have  been 
p  iulil'h^a  ;  aiul  a  ftw  remain  Hill  in  nnniifcript  only. 
Of  the  pubhlhcd,  there  are  four  vity  ilcaaut  hymiH  ; 
OOetOtbe  Sod,  two  to  Vemis,  and  one  tu  the  Mufcs. 
Thew  ifB  «ammentarie»  upon  feveral  pieces  of  Plato  ; 
«poa  the  four  books  of  Ptolomy's  work  de  Judkiis  /If- 
troZm  ;  upcNi  the  fir(k  book  of  Eudid's  Elements ; 
and  upon  HeOod»8  Optrm  ft  Via.  1  here  arc  alfu 
wojks  of  Proclus  upon  philofophical  and  allronoimcal 
fubicas ;  particularly-  the  piece  De  Spbera,  which  WM 
publiihcci,  I '.20.  In  4to,  by  B«inbrtd>;c,  the  !>«ra>«a 
wofcflbr  of  adronomy  at  Oxford.  He  wrote  alfo  iR 
anumentl  agai-iil  the  Chrillians,  which  arc  11  I.  'i- 
lant,  and  in  which  he  attacks  ibem  upon  the  quciiion, 
whether  the  worU  be  eterAal  ?  the  affirmatin:  ok  which 
He  maintains. 

The  clurutcr  of  Proclus  !» the  fame  «  initof  all 
the  laur  rUto,.!,'.  s  who  fcc.ns  wcie  not  left  cifthtl* 
(iafls  and  madmcii,  liun  the  Chrillurts  their  conftiti- 
poraries,  whom  they  rcprtfcntid  in  this  light.  Pro- 
dui  was  n(.t  reckoned  ^juitc  orihotios  by  hss  own  or- 
der :  he  did  not  adhere  fo  riirori^uH)-,  as  Juhaii  and 
PorphTTT,  to  the  d<»arinc*  and  princip'.tsof  his  madcrs 
*•  HeYtad.  fays  Cudwonb,  fo:ne  peculiar  fiucies  and 
whimfiesof  his  own,  aitd  was  indeed  a  coafounder  of 
the  lljtunic  theology,  and  a  mtngler  of  much  unintel- 
ligible ftuff  with  it." 

PROCYON,  10  Ailronomy.  a  fixed  ftar,  of  the  fc- 
cendnMgnitiide,  in  Caois  Minor,  or  the  Little  Dog. 
•    PllOUUCING,  in  Geometry,  denotes  the  conti- 
nuin;^  a  line,  or  drawing  it  farther  out,  till  it  bate  an 
sflij^nei  lenKlli. 

PRODUCT,  in  Afithsnetic,  or  Alinhra,  is  tl>e 
faftum  of  tW»  Bllinher',  or  qnuitltlfv,  or  tSc  qinntlty 
arifins  ftom.  or  produced  by,  the  muitipiication  oi,  two 
orinorvniimbcni  Sec  together.  Thus,  »  the  pro- 
iua  uf  6  midtiplicd  by  B.— In  mnltiplication,  unity  la 
io  proportion  to  one  faaor,  a*  tbeotherfador  tt  tOtbc 
ptodtirt.    S  i  t  :  6  : :  9  :  48.  ,  ,  , 

In  Algebra,  the  produd  of  fimpie  qisjntHics  is  «• 
prefled  by  joining  tlu'  U't.  is  lo  -ctScr  hke  1  -.v  rJ,  and 
prefixing  the  product  t.f  ilv  mum  ril  c-  i  tr;^  .^:.ts ;  So 
theproduA  cf  a  and  i  is  i'-,  of  .M  "ij  »»  tzrti.-. 
But  the  prodiift  of  comjjouud  facUns  or  tjuaniitics  is 
nprdTed  by  fetiing  the  dgB  «f  moitiplicatioo  between 
them,  and  binding  each  conqKMrnd  faftor  in  t  nncil- 
Intni  fo  the  prnduft  ofM  +  5*and«  —  4fia 

M  +  3*  X  a  -   tS  "r  (20  +  3*)  X  (  »  -  4^). 

In  geometry,  s  nrt -.nglc  anfwers  to  a  produfrl,  its 
length  and  bieadth  biing  the  two  faftcrs  ;  f  ti  r,!'  -  the 

AiunlMia  txgn&i^  the  kngtb  and  breadth  being  mul- 


tiplied together,  produce  the  t.o»tent  or  urea  of  t^»« 
reel  angle. 

PROFILE,  in  Architc^lurc,  the  li^rurc  or  draught 
of  a  building,  fortification,  or  the  like  ;  in  which  arc 
exprelled  the  feveral  heighu,  widths,  and  thickneffes 
fueh  as  they  would  appear,  wvrethe  building  cut  down 
jiti  [K  iitJic-ularly  from  the  roof  to  the  foundation* 
Wlie  ice  the  Protilcisalfo  called  the  Seftlon, and  fomc- 
tliiKi  li  e  Orthographical  SciVion  ;  and  l>y  Vitruvius 
liic  bciogfiiphy.  In  thisfciife.  Profile  amounts  to  the 
fame  thing  wiili  Ekvuion}  and  lb  Aandt  oppofied  tOr  ft 
Plan  or  Ichnograpby. 

Pkofile  is  alfo  ufed  for  the  coolour,  OToullIne  of  a 
figuie*  huikling.  member  of  architcdure,  or  the  like  ) 
as  a  bafe,  a  cornice,  9tc,  ■ 

PROGRESSION,  an  orderly  advancing  or  pro- 
ceeding in  the  fame  maancr,  courfe,  tenor,  pvopOltiODt 
&c. 

Proj^ixffion  is  cither  Anthmuiicii,  or  Geometn- 
ca!. 

j1rit/fnifiicalVt.ocvLts^ios,  is  a  feries  of  (quantities 
proceeding  bv  continued  equal  dilTenncet,  Cither  U" 
Gicafing  or  decreJing.  Thus, 

9,  &c,  or 

will  rr  r!u'  lorn;  r  proijrt.Tiou  increafe*  continually  by 
the  common  ditlercncc  2,  and  (be  latter  fciics  or  Pro- 
greOioo  dccrealies  continually  by  the  common  diflcr- 
enccj. 

1.  And  hence,  to  con(lru51  an  arithmeticilPirogtcf> 
fioO)  from  any  given  firA  term,  and  with  a  given  com- 
mon difference  t  add  the  eonimon  difTereacc  to  ihe  £rft 

term,  to  give  the  »d  ;  to  the  2d,  to  give  the  td^J  U» 
the  3I.  to  give  the  4.iii ;  and  fo  on  ;  \vhen  the  lerlea  is 

afcciiding  or  ificrcal:n,;  :  fuljiiru't  1  Iii.- com 'iio-i  dif- 
ference continually,  wln.11  t:ic  fciits  is  a  ii(.n.s.ading 
one. 

2.  The  chief  property  of  an  nriihtnetital  ProgicfCon^ 
and  which  arifia  imniecuitly  from  the  nature  of  itt 
conilrudion,  is  this)  that  the  Turn  of  its  extremes,  or 
Arft  and  hit  terms,  ia  equal  to  ihf  fiim  of  every  pair  of 
)nuT!v.e<li3(e  tciWMthat  are  equidiftaot  from  the  «t- 
tremes,  or  to  the  «bttbie «f  the  middle  term  whcnthcic 
is  an  uneven  number  of  tbctemt,  . 


increahng  i,  5,  7, 
decrcafing  2i,  iB,  tf,  la. 


Thus, 


I, 

13. 


3» 

II, 


9. 


9. 


II, 


»3. 
I, 


Sana    14    14    14         14   14  24, 

where  the  fam  of  every  pair  of  terms  ia  the  lame 

her  14. 

Alfo,  a,         a  -i-   rf,  a  +  2  J, 
a  +  4f/,  a  +        a  -j-  2^', 


*  +  4* 

a 


fumi  j«  +  4</  M  +  44/  2a  +  4^/   a<»  +  4//   s  '  +  4^ 

^^^^^^^^^^^^^^^^^^    i^^^i        -,       ^^^^^^^^H        I  1.1  ■ 

J.  And  hence  it  follows,  tbM  double  theliimof  all 
the  terms  in  the  fcries,  is  eqna!  to  the  fura  of  the  two 

cxtrtnics  irmltir'iccl  by  llit^  mimlicr  of  the  Irrins  ; 
and  tMiiftqjftiy,  thut  ihc  hneic  lum  ol  ail  the 
■.irnvs  of  the  ffrii'',  is  equal  tO  luuf  tb*  ilid  (codud. 

So  Uie  fum  of  the  7  termt 


PRO  [  ] 

t»  3»  >'  7.  0.  T'.  "..'^       «3  X  4 
And  the  fiim  of  i!h-  live  tctmi 

«r,  tf  +  </,  o  +  2</,  o  4-       «  +  f  A  i»  ,1  4-  4./  X  4- 
4.  Honce  alfn,  if  the  firft  term  of  the  PiogfcfTifin 
the  fum  of  the  (crinwill  be  eqna]  to  half  the 
pro4ttA  of  th«  bd  term  pnihipUcd  bj  tbe  bumber  of 
i.  e.thefam«f 

0+^-^  2i/  +  5i/  +  4/— —  \  .d=  \n.n^  \  .d, 
mjiere  n  i*  the  number  of  terou*  bippo&ng  o  to  be  ok 
ef  thetn.   That  w,  in  other  wordi,  the  fun  of  m 

an'ilimetiral  Pro^reflion,  whether  finite  at  infinite, 
wKofc  tirll  term  i*  o,  i«  to  the  fum  of  at  mmj  timet 

the  greateft  term,  in  the  ratid  af  i  t.j  ;. 

^.  In  like  manner,  <}w  i-.im  oi  tiie  i(|uares  of  the 
t'-r.'.sri^  I'uo'it  U'Ti<=,  bij^i;ii.,ni{  at  o,  is  to  the  fum 
ot  ak  many  terms  cacii  equal  to  the  greatcll,  iu  the  ratio 
of  I  to  J.  And 

_  6.  Tbe  fao  of  tbe  cubet  of  the  teroM  of  fuch  a  fe-. 
rin,  u  to  the  fum  of  M  many  timet  the  gfeateji  temif 
IB  the  ratio  of  1 10  4> 

— — .  j_.  2*  *      «  —  I 
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7.  And  univerfally,  !T  every  term  of  &ch  a  Projrrcf- 
IkwSeTatfed  to  the  m  po\«'er,'tlienthefinmof  all  thofc 
powers  will  be  to  the  fum  of  u  many  tcn&t  equal  to  the 
greateft,  in  the  lalio  of «  +  1  to  1.  That  11, 

the  fum  o   +  //   +  :V  +   /» 

if  to  +   

» themia  of  I  to  «+  I. 

8.  A  fynopfii'of  all  the  theorem*,  orrciationt,  ii« 

»n  arithmetical  Progreffion,  between  the  cittreme*  or 
li'l  siul  hill  torn),  tlu'  I'lim  <;f  I'lc  Iciks  tin-  iiuni1>crol 
tcrmtt  and  the  common  diffcrciicci  is  as  tullimt : 
vix,  if 

a  denote  tJie  !  i!l  leim, 
s  the  }jre.iSili  utiti, 
d  the  common  dirT-Tciue, 
n  the  n:iml»er  of  Ierii\», 
/  lllC  fum  of  the  fcritij 
then  will  each  of  tlicfc  five  quantllks  be  eXprcHed  to 
terms  of  the  olhcrs,  M  bdow : 


>|y  |.B_m. 


/  —  na 
w  —  I 


+  I 


2 
N 

u 


«»  -4-  » 


2  -2  </ 

AuJ  mofl  of  thcfe  cxprcflinns  will  become  much  fim- 
pior  if  the  firft  term  be  O  inlleaJ  of  a. 

Grett«(nr«/ PaoCtxatiON,  it  a  fcrieaof  qmntitics 

proeccding  tn  the  (ame  contJnnal  ratio  or  proportion, 

i'tlur  iiu  icr  l'ni^  or  r..::1;.^'  ;  m'  i;  i:  fcliesof  ijuan- 
titiei  tiiat  arc  CQiaii.uall',  [ji'.'puUiu;.^!  ;  oi-  which  iu- 
creafe  by  one  common  multiplier,  or  dccti;ifc  hv  one 
commo*  divifor  |  which  common  multipUer  ur  divilur 
u  csJkd  the  common  ratio.  Aai 

incrcafing,  1,  z,  4,  8,  16,  &c, 
dctreafin^,  81,         9,    3,  !»&«:; 

where  the  former  nros^refGoii  iBCRafea  contiBu:iily  by 
the  common  muUiplicr  a,  and  the  hitter  dcctvafct  by 

t^  common  divifor  3, 

Or  ■ftending't  «»  f«»  r*«,  r*«,'&e, 
or  4e&e^^  «i  ^,  kc  i 

where  the  firft  tetm  11  a,  and  cnhunon  raff  o  r. 

I.  Hence,  the  fame  priiu'p.it  piu]ni;iL .  <  "L.t!ii:i  in  a 
geometrical  Prtigrcllion,  ;»>  \.:i\c  l.t  i  )  r(.tUii.k.c.i  ,>i  iiie 
nrithintiical  one,  uiing  only  hcation  iu  tiu' ^cd- 

metricaU  fur  additiua  in  trie  antlimciuald,  and  di'^ 
vifion  in  the  fi>rmcr  for  fubtr.irtii>-i  in  the  btier.  So 
that,  tocoiilhuCk  a  geometrical  i'logiefliofl,  from  any 
given  firft  terai,  and  with  a  given  cummon4«t!o  1  mul« 
tiply  the  I  ft  term  continually  by  the  common  ntlo,  for 
the  reft  of  the  tetmi  when  the  feriet  it  M  afccitdiug  one  ; 


-  4*4.  2.L      y  +  X  -      'd  ^  xl»  —  z,U 

H  3  


-  1 .  / 


;r.   —  ;j 


a  a 

or  divide  continually  by  t'lc  common  ratio,  «      it  is  a 
dcfvcnding  Fragicffion. 

2.  In  mry  geometrical  Progrcfiion,  tltejmidiiA  of  . 
the  extreme  termi,  it  equal  to  the  prwhtdt  of  cttTf 
pair  of  the  intermediate  terms  that  nrc  cqnidillint  fi  <>n\ 
the  extremes,  and  aUo  cqiul  totlie  fqtiaic  of  the  mid- 
dl.  term  win II  tlicK  iai  midiileoiH-, or  anuntvcn  nwm* 
bcr  of  the  term*. 

Thua,    I,   2,   4,    8,  16, 
16    8    4    2  I 

prod.   16  16  16  16    16  ' 


Alfo 


prod. 


ra,    r'.i,    /Irf,  r*a. 


3.  Tiic  latl  term  uf  a  geometrical  i'roirtcflioit,  it 
cqu.il  tu  the  lirll  term  multiplied,  Of  divide^ by  the  ra> 
lio  raifcd  to  the  power  whole  exponent  is  Icfa  by  t  than 
the  number  of  tcrmi  io  the  ferka ;  (oi.~  iu*'*  when 

the  fcritt  ia  an  afceoding  onc,  or  »  =  -  ".  '^ .  when  it 

it  a  defcenjing  I'lugn  fTu  Q, 

4.  A«  the  fum  of  all  the  antecedcnta,  or  all  the 
termt  except  the  leaii,  u  to  tbe  fum  of  all  the  coo- 
fequcntt»  or  all  the  termt  CMepttkegrettcft,  ioii  'l.ta 
rtberatioi  I'ur, 
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ff  a  +  r/»  +  />,j  +  )  '  (  be  ,i1!(v.:  q.t  tlic 
tbtn  ra  +  r*a  +  rhi  +  r^j  arc  ail  tsct  iJt  the  lir.t; 
tvlkrc  !t  is  rvident  thut  the  former  U  to  the  latter  as  i  to 
w,  or  the  forintr  muhiplicd  by  r  gitx*  tllC  hUfSf,  iio 
that,  %  denoting  tlie  Uft  tcniif  «  the  6rft  tcm.  ud  r 
the  rui'c  ,  nlfo  J  tl.c  fiim  of  all  tlic  tcnns ;  ili-.n 

t  —  »  :  i  —  d  :  :  I  :  r,  or  -  —  .1  =  ^  —  s .  r,  Aud 
from  this  equation  all  the  rdntions  among  the  four 
quantities  a,  z,  r,  t,  arc  lafily  derived;  fucli  a?, 

i  =  —  —  ;  vr/.,  miif'iply  the  grtateft  ictm  l)y  tlic 

ratio,  fiibtract  tl  i  Uall  terra  from  the  product,  then  tlic 
iL-niaiiuk-r  tiivideJ  by  iSrfsthanthu  ratio,  will  give  the 
AiiHof  the  ferict.  And  if  the  kali  ici  m  a  be  Oy  which 
ftippm  wbcB  the  defceadiiig  Pic>^r<iljoaiaiiijS]utely 

CMttnned,  then  Ae  fiim  n  barely  At  in  the  iti- 

r  —  I 

finite  Frogrcffioa  I  +  4-  +  —  +4*  &c>  where 

r— I    2—1     I  " 

TI:c  ^irfl  or  !(.'aft  term  of  a  o etrical  Procrcf* 
iiuB,  is  to  the  fum  of  all  the  ternn,  as  tht  ratio  minut  i, 
to  the  n  power  of  tite  ratio  tamu  i  ;  that  it 

Otlier  rcIjitwm.mMn|r  the  fife  ftmoiitici  *,  r,  n,  t, 
vbere 

a  ^Botea  the  leaft  tcrn^ 
« the  greateft  term* 
r  the  comiuofl  ralto, 

K  til!'  nutnbfr  of  tcnu, 
/  llie  fuiu  of  the  Progrcflioq, 
Mti«bdo«rt  visp 

*  ,         »        r  —  r 


r  —  t 


f  at 


J  — «   '  •  I 


kg.  -    log  log.  r-^'  «« 


iog. 


i.   lot.-—  - 


J  —a 


fcg.l^" 


i—z 


And  the.  other  values  of  a,  and  r  arc  to  be  fjuod 
nam  thefe  eipntioiit)  triz. 


#  — 1 


For  other  foiti  of  Progrcflioni,  fe-cSEsirr. 
TtlOjECTILii,  orraojiiCT^iaMecUanio,  is  any 


body  whit.h,  being  put  into  a  r:'o'c.H  mclion  by  an  ei- 
tertnl  fi)i(c  laipicflld  iij.-uii  it,  is  difniiircd  from  I'tc 
agent,  jnd  IcU  to  fuiifuj  it:j  tuuifc.  Such  as  a  lUmc 
thrown  (Hit  ci'  tilt  Jijiid  oi  a  flin^,:,  an  arrow  frooi  a 
hnv.-,  a  b.  !r  .    ,.,  a  j^i;:,, 

I'iU>JEC'ri  LES,  the  fciiiice  of  ih<  motion^  veloci- 
ty, ftipii!,  range,  &c,  of  a  projv cliff  put  into  violent 
ttotion  by  foiiic  external  L-.mft.,  .o  liic  f.m  t  cf  g(jiij)t)w- 
der,  &c.  This  i»  liic  t^uiiddiiua  i>f  gunnciy,  under 
whicli  aitidc  may  he  found  aliihu  relati.8  pecidiatljr  ta 

thai  braiKli. 

All  bodi«  ;  ,  being  indifFi'vni  as  to  motion  or  tvff* 
will  iiectritinly  continue  the  flatethey  are  jtut  intOt  ei* 
cept  fo  far  ei  tl.cy  art  hindered,  and  forced  to  change 
ttby  fomc  newcaufc  Hence,  a  Projcftilc,  j  it  In  mo- 
tion, mull  continue  eternally  to  move  on  i:i  tlir  fame 
nj>Lt  Itrif-,  rii;J  \M[h  Uit  f;i:iit.-  '.u  I'l  i  ii)  or  ctinUnTit  ve« 
locity,  wttt  it  to  nictl  wita  no  rcijiiaiicc  irom  the  me- 
dium, nor  had  any  force  of  gravity  to  encounter. 

In  tlie  firft  cafe»  the  theory  of  Ftajcdiie*  woidd  be 
very  limplc  indeed  |  for  there  wonid  be  nothlnj[;  nunc 
to  do,  thin  to  compote  the  ijpace  paffed  over  in  a  ^ivto 
time  by  a  given  conftant  Telocity ;  or  cither  of  ihcfe, 
fiom  ill',  orker  two  being  given. 

Biu  Ly  the  cor.itin:  action  of  gravity,  the  Projec- 
tik*  ii  continujlly  deRfctrJ  more  aud  more  frtnn  its 
rigl.t-lined  Loiirfe,  and  that  with  an  accdciattd  vclo* 
City;  which,  being  conibincd  ivnh  its  Fro^cfb'le  im- 
puLTe,  caufcs  the  body  to  muve  in  a  curvilincal  nsuh* 
with  a  varidile  motion,  wJifeh  path  is  the  curve  dfapa- 
nhoh^  zz  «  lu-piovcd  LlIow;  and  the  determinatiou 
of  tberancte,  tune  of  il  t;ht,  angle  of  projcdion,  ami 
vKn'ihlc  siloeity,  car.tlii.utt9  what  i»  ufually  meant  by 
ihcdodrinc  of  PiojtiitilM,  ia  the  common  acceptation 
•f  the  vvi>rd. 

Wliat  is  faid  above-  howetpcr,  is  to  be  Dttderftood  of 
Projtdlilrs  iroviug  in  a  non-refiflj'n^  mednmcfor 
when  the  reiillaace  of  the  air  U  alfo  conffdciid,  vihioh 
is  cnormotifly  great,  atid  wht\-b  very  much  iir.ptdcs  ilie 
firil  rri.itv.\ilf  v.l  i^ity,  tV.cpath  deviates  f^reatly  fiom 
tht  pardiiol:.,  uiiii  the  deterniiiiatiou  of  liic  circiiiBllaocca 
nt  its  motion  become!  one  of  the  moll  Gompld  and 
diEciiIt  proUemt  in  nanuv. 

in  the  firll  place  thcivforc  it  will  be  proper  to  coai« 
dcr  the  fiomwon  dofirtne  of  Progcclilis,  or  that  ou  the 
parabolic  theory,  or  9$ depending  uuly  on  the  nature  of 
gravity  and  the  IV  v  t  k  motion,  la  abfttadcd  fton 
the  refinance  of  t  k  n^ciiit.m. 

Little  tniK  ih   ,  ic.T  -A'^^o,  philofophera  took 

the  line  dcfcribtU  ijy  a  body  projeAcd  hi>ri/untally, 
fuch  a«  a  bullet  out  of  a  cannon,  while  the  forxrcoflhe 
powder  greatly  exceeded  the  we-ight  of  the  bullet,  to  be 
a  right  line,  after  which  they  allowed  it  becnme  •  curve. 
Nicbola*  Tartagiia  was  the  firll  who  perceived  the  mif- 
tafce,  inaiotainiug  that  the  path  of  the  bullet  waji  a 
Corvcdlioe  through  the  whole  of  its  extent.  But  it  wm 
Galileo  who  firft  determined  what  particular  cufvc  it  ia 
that  a  FrojtAile  dcfcribes;  (hewing  that  the  path  of  a 
bullet  projeflcd  horizontally  from  an  eiuinenee,  was  a 
jj.iraLoIa;  the  vertex  of  which  is  the  point  where  tlie 
hnl'iet  quits  tbe  cannon.  And  the  £imc  it  proved  ge* 
nerally,  in  Ihc  2d  fciSion  following,  whoi  uie  projce* 
ti^n  it  nude  la  any  diiefUoa  whwcvcr,  ns,  tlwt  the 

carve' 
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curve  is  alwik^s  a  parabola»  fuppoAog  the  kod)-  moves 
in  •  non^fiiUa^  niwIfHiii. 

The  Laws  of  tht  Mtiion  ©/"Phojectilt  S. 

I.  If  a  beavy  body  bepnne&cd  perpcnJicuUiIy,  It  mil 
eontintie  to  afoend  or  dt&end  pvrpciidicul.itiv  t  bc- 
canfe  both  the  profcding  and  the  graviuting  lurce  are 
found  in  the  fame  fine  of  dircAtnn 

II  If  a  body  be  proje6lcJ  "n  fiix  fi^Ti  r,  ri"KfT  pa- 
rtlM  to  the  hiiiizun,  or  in  any  oIjIiijuc  iliicCtion  ;  it 
w  ill,  hy  ih; >  II'  •tioii,  in  coiijutiAion  with  tht  adion  of 
gravity,  defcribe  the  curve  line  of  a  parabola. 


For  Itt  thf  body  be  projefled  from  A,  in  llic  Jiroc- 
tion  ADf  with  any  uniforai  vckxity  |  tltcn  in  any  e«)ual 
poTttoni  ofriiTK  it  f*ould|  by  that  impullc  abmCi  dcfcribe 

the  equal  fpaco  AB,  BC,  CD,  &c,  ifi  the  line  AD, 
Wit  were  not  drawn  cor.tiiiiially  down  below  that  b'neby 
the  .i  -t:<  n  t  P  gravity.  Drair  DE,  CF,  DG,  Sic,  in  the 
diixtiioii  of  fravlty,  or  perpendicular  to  the  horizon  ; 
and  take  DE,  CF,  Dd,  &c,  equal  to  >\.c  i]  :ces 
thr>->n,'';h  whicli  the  body  would  dcfcend  by  its  jjrav;ty 
ill  tht  lAiiic  tiintsin  which  it  would  uniformly  pnfs  otCT 
the  fpacca  AB,  AC*  AD«  &c,  by  the  Pn>|eAik  mo- 
tion. Then,  fin«ebv  tbefe  motloiu,  the  body  it  car-' 
ried  over  the  fpace  AB  in  the  fame  itme  as  the  fpace 
BE,  and  the  fpace  AC  in  the  fame  time  as  I  he  fpace 
CF,  and  the  fpace  AD  in  the  fame  time  a*  tlie  (pncc 
DG,  ficc;  tlartfore,  hy  iht  cojnjvoiition  of  nK'ti'inf, 
at  the  end  ot  thofc  t!:tiis  the  body  will  be  foiitvd  rc- 
foedltvcly  in  the  points  F.,  F,  G,  Sic,  and  ri)nfc(]iKntly 
the  iral  j\;rli  of  the  Pri)jci'tilc  «ill  be  the  curve  lii:c 
A£FG  &c.  But  the  fpucii  AB,  AC,  AD,  cvc, 
being  defcribcd  by  uniform  mutiun,  an;  as  the  lioK-sof 
dcfcnptioD;  and  tficfpaces  BE,  CF.  DG,  &c,  dc- 
icribed  in  the  fame  time!  by  the  accderaitng  ibrcc  of 
gravity,  arc  as  the  f ;  uf  the  limes;  co'ifiquently 
llic  peipcndiculuf  ilticcuts  arc  ;ii  iLe  l<jiuies  o{  tlic 
fpaoe*  in  AU* 

that  it      .  •      KE,  CF,  DG, 

are  re(^>efti*ely  prnpiirtfonalto  AB*,  AC*,  AD»,  &C, 

whieh  is  the  Ciine  in  the  ]>ri);Hny  lA  tl.c  p  irnlinln. 
Tltcrcfure  tlic  path  of  th.e  l-'rojedtile  is  (iic  iKU-abuitc 
line  AEF6  &ci  to  which  Ap  ia  a  tangent  at  the 
point  A> 

'Hrnce,  I.  The  liori/oiitil  velocity  of  a' Projeflilc 
'is-always  the  faute  coullaot  quantityi  in  cfcry  point  of 
the  euTvet  brcaufc  the  liorizontad  wotiOB  «•  in  a  cos- 


flant  ratio  to  the  motion  iu  AD,  which  is  the  (tnifurm 
Projcf^ile  motion  i  viz,  the  conftant  horiront;:!  velocity 
beinj;  to  tlie  Projeclilc  velocity,  as  radius  to  tbccofioe 
of  the  angle  DAH,  or  anele  of  elevation  ordepref- 
fion  of  the  piece  above  or  below  the  hoiiiontal  line 
AH. 

2.  The  velocity  of  the  Fn.'t  in  the  dirc^i^n  nf 
the  curve,  or  of  its  tangent,  at  any  point  A,  is  .is  liic 
fecant  of  it»  angle  BAl  of  dircilion  nli  ncilie  hurir.on. 
For  the  motion  in  the  horizontal  direction  Ai  being 
ConiUnt,  and  AI  being  to  AU  at  radius  to  the  fecant 
of  the  angle  A  ;  therefore  tl;e  motion  at  A,  in  AB,  il 
as  the  fec44U  .>f  the  ancle  A. 

3-  The  velocity  in  the  direAton  DG  of  gravity,  or 
perpcndicukr  to  the  horizon,  at  any  point  <t  of  the 
curve,  is  to  the  firft  uniform  Pniitftdc  veloci;y  .it  A, 
as  2GD  to  AD.  For  the  times  of  defcribing  AD  an  J 
DG  being  t  i]i;al,  .-.nd  the  velocity  acquired  by  freely 
defcendiug  through  DG  being  fuch  as  wuuld  carry  the 
hiniv  uniformly  over  twice  DG  in  an  equal  lime,  and 
the  fpaces  dcfcribed  with  uniform  motions  being  as  the 
velocities,  it  follows  that  the  fpaee  AD  tj  to  the  fpace 
aDGt  as  the  Prajedile  vdoeky  at  A  is  to  the  per  pen-  . 
diciihr  velocity  at  G. 

III.  The  viloclty  iu  the  dircAion  of  the  COrve,  at 
any  point  of  it,  as  A,  is  equal  to  that  which  is  gene* 
rated  by  gr;r-  i-y  ir.  fictly  ileK  iiniinr;  lIirDugh  a  mace 
which  is  equal  to  one-fourth  of  tlie  piramtter  01  the 
diuneter  to  Ibe  ponbob  at  that  point. 


Let  PA  or  AB  be  the  height  due  to  the  velocity  of 
the  Projectile  at  any  point  A,  in  the  direction  of  the 
curyc  or  tangent  AC,  or  the  velocity  acq  lired  by 
filling  through  that  height;  and  oonpicte  the  paral'. 
lelojrram  ACDB.  Then  is  CD  «  AB  or  AP  the 
hei};ht  due  to  the  velocity  in  the  curve  at  A  J  OOd  CD 
is  ii'lo  the  height  due  to  the  per|>eiuticid8r  velocity  at 
D,  which  will  tluTcfure  be  equal  to  the  former:  but, 
by  the  lad  corollary,  the  veK)eity  at  A  is  to  the  p  r- 
peiii^ieular  velocity  at  D,  a»  AC  to  jCD  ;  unj  i.i  thife 
v(i>citie5  nrr  eqnal,  therefore  AC  or  RD  t»  equil  tu 
:CD  or  1  !'■ ;  1  id  hen<-e  AB  or  AP  n  equal  to  |BD 
<:r  J  of  the  parameter  ol  ihediametei  AD  by  the  naturc 
of  the  parubol.i. 

Hence,  1.  if  through  the  point  P,  the  line  PL  be 
drawn  perpendtciiUu-  to  APt  then  the  velocity  in  the 
curve  M  every  point,  will  be  equal  to  the  velocity  ne- 
eded by  falling  through  the  j>crpcudicular  diitaacc 
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«r  Uk  point  Snm  t]ie  fiid  line  PL  (  dial  i*»  ^bodj 

falling  freely  through 

PA,  acqiiiK*  the  vdocHy  in  tbe  com  at  A* 
EF,  -  •  -  « P, 
KT>,  '  *  -  «  -  «t  I), 
LH,     ■       -  •      -  fiH. 

The  Kafea  oF  whidi  h,  that  tlie  Itne  PL  it  «bat  !> 

cklleJ  the  DuLftrix  tif  ihf  pi-abola,  the  propeitjr  of 
wLx'n  ij,  tlitt  the  ptrpcndiculat  to  it, from  crcrjr  point 
uf  tl.t:  curve,  i:;  i         to  ouc-futirth  oftbe  pUklQCUrllf 

thv  (iiamdor  at  liat  puint,  yiZ| 

I'A  =  ^  the  parameter  of  the  diameter  at  A, 
EF  =  -  -        -      at  F, 

KD»  •  -        •  mU* 

LH  =  •  *       -  atH. 

r.  If  a  l)oJy,  -"vrirr  fi.n-n^;  l1.r<ni^r!,  tlit  Lr;^.l,t  PA, 
uliii'h  ii  (.-qiiil  ti)  AU,  ai;J  vvlicu  it  anivc4;u  A  if  m 
to  jifc  If  rl  .iiigr  ci,  by  reflection  from  a  firtn  plane  A  I, 
or  otiKTwiii.,  into  any  dlit^tion  AC,  witlioiit  altcrjng 
t\tc  vcltKity  ;  and  if  AC  he  tjkcn  cqnni  to  .•Al''i>r 
sAB*  and  the  paraUclnj^ram  be  cuiri|ilcicd ;  tlic  b<>d]^ 
ivill  dcfertbe  thepanboU  pafUng  tbrotigb  titc  point  D. 

3.  Becaafc  AC  =  aAB  or  2CI)  oriAP,  therefore 
AC»  =  lAP.iCD'or  AP.4CD;  and  bemife  all 
the  perpciidic(ilsi»  lil",  CD,  C>li  arc  as  Al.',  AC*, 
AG';  t !it  n  for*  nlfo  AP .  4E  V  =  A L and  A P .  4G  H  = 
Ati*,  ;  .Tii<l  Ulcaiifc  the  ncUn^jle  cf  the  tKirrmcs  is 
equal  to  the  rcCUii|(lc  of  the  rocaos*  of  four  propor« 
tionakb  tlwtvb*«it  walwa]ri» 

AP  :  AE  :  :  AF.  :  .^EF, 
and  AP  :  AC  : :  AC  :  4CI), 
ai.d  AP  :  AG  «:AGt4GHp 
and  fo  ua. 

IV.  Hamg  gt««ii  tlic  Dircdiw  of  a  PnjeAik,  aad 

the  Impetus  or  Altitude  due  to  th<?  firll  velocity}  to 
determine  the  GrcjUtiWUigbt  to  which  it  will  rife, 
and-thc  Random  or  Horiteanial  &«m{e. 


l-ci  AP  he  the  height  due  to  the  ProjtiSile  nlocity 
at  A,  or  the  height  which  a  body  tnuft  fall  to  acquire 
the  faitie  vi.'1'i.  ^f.  as  tin- pr(ij(C"ii'.t:  in  the  curfe  ct 
A  ;  alfo  Ait  liie  li  rc^tioii,  and  AH  tiie  horixon.  Upon 
AG  let  fall  the  pri-pcndicular  PQ,  and  on  AP  the  per- 
peBdicnlar  Qll  J  fo  <haU  AK.  be  equal  to  the  grcatell 
altitfldeCV,  aud  4KQ^eaual  to  the  horizonui  rnngc 
AH.  Or,. having  dtawD  PQ. perpendicular  _to  AG, 
take  AC  =  4AQ.  and  draw  OH  pifrprndictilai'  to 


AH;  then  AH  i.  t!) 
Foi  by  the  lall  cor. 
and  fajfiobUMnglest 

VoklL 


r7.V'Z''. 
-  -  A? 
.  -  AP 
Of  AP 


AG  AG  :  40ir, 
A(;      AQ.:  C.H, 


therefore  AO  a  4AO  ,  and,brfiatIhrtriaBck*,  Alf 

=S4RQ. 

Alfo,  if  V  be  the  vertex  of  the  parabola^  then  AB  or 
i  AG  -  2A(^,  or  A(^=  QB  ;  confequcntly  AR  a 
i>V  which  i«  —  CV  by  the  nature  of  the  parabola. 

Hencef  I.  BecauCe  the  anrle  m  a  right  nule, 
vV.irh  I?  the  ar^  in  a  feoicitdc,  thcrefercir apoa  AP 
ai  <>  aij::ie'.cr  a  fetntdrdc  bc  dcCEiibed*  it  tnK  paft 
tlwoHgli  the  point 


f.  If  the  Horiionul  Range  and  the  Projciine  Velo- 
city Ik  given,  the  Direction  of  the  piece  fo  as  to  hit 
tlic  objccl  H  \vi;i  tir  tlici  cifilv  f  ii::id:  Take  AD  = 
■J  AH,  and  d:uw  I><^  perpcndtcukr  to  AH,  merting 
tilt  1'.  r.iici  rcle  dtrlLribed  imi  ttiv  diarr.rtcT  AP  in  Qaftd 
q  ;  then  either  AQ^or  Ay  will  he  the  i^trt-ftion  of  the 
piece.  And  hence  it  appears,  that  tiirrr  me  two  di- 
fcfiions  AB  and  A^  which,  with  tbe  fame  ProjrAile 
velocity,  give  the  very  bmt  borisenta]  range  AHt 
ainl  ihefe  two  dirc^ions  make  eaual  angles  7AI)  a:id 
QAP  with  AH  and  AP,  becaufc  the  arc  PQ^is  equal 
to  the  arc  \q. 

3.  Or  if  the  Range  AT  I  nru!  Dlnrtton  ABbecIven; 
to  fiiiti  the  Altitude  anii  N'lha iiy  i)r  Iinjirii;*:  Take 
AD  =  f  AH,  and  cr«6t  the  perpendicul.ii  iK^mcrting 
i\V>  in  fo  fliall  DO  bc  equal  to  the  grcatcft  alti- 
tude CV.  Alio  ercd  A^  peipeadicotar  to  AH,  and 
q[P  to  fo  IbaU  AP  be  the  height  due  to  the  «eIo. 
city. 

4.  When  the  body  Is  projefted  with  the  fame  »eIo- 
citv,  )>ut  in  different  direftiunsj  the  hc>ruo:it.d  rsnget 
A[\  will  be  as  the  Anes  of  double  the  angles  of  elcviition. 
Or,  which  is  the  fame  thing,  as  the  rectangle  of  the 
ilnc  aad  cofine  of  rh'v-ation.  For  AD  or  RQ,  wfaida 
is  JAH,  is  the  :.<H  of  the  arc  AQ^wbidi  meafurca 
double  the  angle  Q^D  of  elevation. 

And  when  the  dircdion  ia  the  lanie,  but  the  tcIo- 
citics  diflferent,  the  horizontal  ranges  are  u  the  fijuare 
of  the  vtlociticf,  or  as  the  height  AP  which  it  as  the 
i(;  -  c  of  the  velocity;  for  the  fine  AD  or'RQ^,  or 
;AH,  is  as  the  radius,  or  as  the  diameter  AP 

Therefore,  when  both  are  different,  the  rangea  are 
in  il'.e  compound  ratio  of  the  fquares  of  the  velocities, 
and  the  fines  of  double  the  angles  of  elevation. 

5«  llie  f^reatcft  range  is  wncn  the  angle  of  elevation 
ft  half  a  right  angle,  or  4  j».  For  thr  double  of  45  is 
f;c"^,  v  hicli  has  the  grtatcll  fine.  Or  the  radilia  08> 
wh.cli  is  j  of  the  ranpc,  is  the  greatcil  fine. 

And  hence  the  grcatcft  range,  or  that  at  an  elevation 
of  45",  x$  juft  double  the  altitude  AP  which  i»  due  to 
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t%e  TrYoctty.  Or eqiul  to  4VC.  And  eonfcqucnily,  in 
ill  It  .  '.<.,  C  is  the  focus  uf  the  parabola,  »nd  AH  it* 

And  ilie  amgCB  wte  equal  it  azigin  eqnaDj  iboreMd 

below  4^°. 

6.  W  hen  tlic  clfvntion  i»  l  5",  tlir  tlouMc  of  which, 
or  jO*»  having  it^  fine  c<j»ul  to  l.ftll  the  nidius>  confc* 
fjHCfltljr  itt  range  will  be  equal  to  AJ'.  or  half  the  greateft 
mnge  at  the  clevaUon  «f  4$°  1  that  'u,  the  raage  at 

IS  equal  to  the  impetiii  or  height  due  to  the  pro* 
jcflilc  vtlocity. 

7.  The  piL-atcft  a'l.ti-Jt  C\  ,  hc'tig  ctjujl  to  AR,  is 
as  the  vcrlcd  fmr  of  double  the  angle  of  elevation,  and 

nlfo  as  AP  or  the  fqiiare  of  the  velocity.  Or  a«  the 
fquarr  of  tlic  fitic  of  elevation,  and  the  fquare  of  tiae 

velocity  ;  for  the  fquare  of  the  fine  it  at  the  vcrfcd  line 

«fthe  double  angle. 

■  8.  The  tine  of  fl^ht  of  the  pngeAile,  which  U 
equal  to  the  time  of  •  budy  falling  freely  through  GH 

or  4CV,  4  tJhir:.  t'ltr  ^iliitndt,  is  fic-refore  as  tin-  ftji.are 
root  of  tlis.  gkittitic,  ur  as  liic  j/i-ojefttlc  veluvit)  and 
liac  of  the  elevation. 

9.  And  hence  may  be  deduced  the  following  fct  of 
thcorcir.u,  for  finding  all  the  circumlUnccs  relating  to 
projcdiieavn  horizontal  planes,  having  any  -two  of  theaa 
gi«en>  Thud.  let 

't '  s  fiuci  cofioei  aji4-isur.  ofclration, 
8,  «  =  fitw  and  verT.  of  doable  ttie  elevation, 
R  the  hori/Dntdl  langc,  T  the  time  of  flight,  V  the 
|irojediie  velocity,  H  the  gic^tell  height  of  the  pro- 
jedile,  g  =  16/1  feet,  and  a  =  the  impetW  Of  the 
ultitude  due  to  the  Telocity  V.  Tlieii, 

_         _  SV*    «V»    g<-\^     rT^  4H 

*t       I         *         I  t 


i  'I  &  A' 

H  iiR=  =  iX!  ^    = i^i: 

¥       W       H  4 
And  from  uijof  thcfe»  the  «agk  of  dtreAioa  uay 

be  found, 

V.  To  determine  the  Range  on  an  oblique  plane  ; 
baring  given  the  Impetus  or  the  Vclochj,  a:)d  the 
Angle  of  Direftion. 

Let  A£  be  the  obliqiie  pbne,  at  a  given  sngle  above 
cr  betow  the  hottsoDtal  pboe  AH )  AG  the  direftion 
cF  the  piece  ;  and  AF  toe  ahittidc  doe  to  the  projeAik 
vclxity  at  A> 


I 


4 

By  the  UfV  prap.  find  the  hori«ont«l  range  AH  l<» 


til,'  j^'VLii  vclijcil)  ;uiu  JiieCtiiJLi 

Vac 
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lar  to  AH  rm t  c t 

parallel  to  tlic  <rit  .  iiijii  AG,  and  Fl  parallel  to  HE 
fo  fhall  the  projcctiie  pals  through  I,  and  the  range  on 
the  oblique  plane  will  be  AT.  Tliis  is  evident  fruna 
prob.  17  of  the  Parabola  in  wy  t:catifr  on  Conic  Seo 
tionat  where  it  is  pro«cd»  that  t  AH,  Al  be  anr  two- 
I^catermioatcd  M  theeurw*  IF,  1  i  1^  be  paTaUcI  t* 
the  «sh  I  thea  ta  EF  pimlkl  to  the  ungcia  AO* 


Hence,  I.  If  AO  be  dravm  perpernliciilar  to  the 


peqien 

plane  AI,  and  AP  be  bife^tcd  by  tlic  pcipcndicubr 
STO ;  then  with  the  ceatit  O  defcribine  a  circle 
through  A  and  P,  the  fame  will  al(b  pxft  thTough  7, 

becauTe  the  angle  GAT,  formed  by  the  tanj^cnt  AO 
and  AI,  is  equal  to  the  angle  AP?,  wi.uh  wiU  there- 
fore ftar-.  l  upon  till-  Lmt  arc  A7. 

2.  If  tLicie  be  given  the  Rauge  and  Velocity,  or  the 
Impetus,  the  Dircfiion  will  then  be  ealily  found  thus  : 
Take  hi  =  JAI,  dmw  perpendicular  to  AH,  meet- 
ia|^  the  circle  defcri'  cJ  vwth  the  radius  AO  in  l»-o 
points  q  and  « i  then  Ay  or  A;  will  be  the  direAioa  of 
the  pieee.  And  hence  it  appeara  that  there  ere  two 
directions,  which,  wiihtUc  \a:\w  impitus,  give  the  very 
fame  range  AI,  on  the  olUquc  p'sac.  And  thefe  tvK> 
dirrftii  us  nir.xe  tr,ii.il  onglcs  with  AI  and  AP,  the  plane 
and  the  perpendicular,  becaufe  the  arc  P.y  =  the  arc 
Ay.  llvey  alfu  make  equal  angles  with  a  Hue  drawn 
from  A  through  S,  becatife  the  art  S<y  r=  the  arc  Sy. 

3.  Or,  if  tlicrc  be  given  the  Range  AI,  and  the 
Dircdiion  t\q  \  to  find  the  Velocity  or  impetus^  Take 
Ai  sa  i  AI,  and  ereS  kq  peqiendicular  to  AH  meet- 
ing the  line  of  dire^\ion  in  y  ;  then  iJr.uv  ni.iki;ig  the 
angle  ArfP  =  the  angle  Ai^  ;  lo  i]:all  At'  be  t]iL  iiiipe- 
tU6,  or  altitude  i^.z  tu  tht  pn  u  (''lie  w  Ioi.i;y. 

4.  The  range  on  an  oblique  plane,  with  a  given 
elevation,  is  direftly  aj  the  rtdangle  of  the  cofine  of 
the  direction  of  the  piece  above  the  horizon  and  the 
line  of  the  direction  above  the  oblique  plane,  and  reci- 
proc^y  as  the  fquare  of  the  cofioe  of  tiie  angle  of  the 
pktte  Micvc  «r  bebw  the  horisoa. 
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for  put  i     fio.  d.  qK\  or  AP/, 

€  =  cof.  JL  f  AH  or  fin.  PAy, 
C  3=  cof.  t,  IAHoriia.Aii^«r  AiforAfP. 
Thea,!atlKtri. AP^,  •  •  •  C  :  / 1 1  AP :  Av. 
and  ni  the  tri.  Aiy,  -  -  -  C  :  f  : :  Ag  :  A*, 
thcrefbrt  bycompof.  -  -  -  C»  :  w  ::  AP  :  Ai  =  j  AI. 

So  that  llic  oblique  v 
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And  from  a«7  of  tbeCr,  the  asgk  ol  dirDSlioo  naj  ke 


ru,-e  AI       —  X  4AP, 


Hence  the  ranpL-  is  tin-  r^rcat'-il  when  Ai  ia  the 
gtcatt'il,  tli.1t  13  wIkii  L  j  tLijcliiji  the  circle  in  t5'C 
middle  poiiu  S,  and  liicri  the  line  of  dircdion  p«iU:« 
through  S,  n:)d  bifcd$  the  angle  fbnned  by  tbc  oUiqoe 
tilanc  iand  the  rcrtcx.  Alfo  the  nuiees  trc  equal  at 
equal  angki  aboie  aad  bdow  tbia  diredioD  for  the 


5*  The  gfCMcfl  height  <«  or  if  of  the  projcaHc, 

tbove  the  plaoe,  h  equal  to  —  x  AP.   And  t!icre- 

lore  it  ts  Mthe  impetti*  and  fqttare  of  the  fine  of  direc- 
tron  r.bo'.  c  (he  pliinc  ''irci^Iy,  and  fqiiare  of  tbc  COfilK 

et  tl.r  plaiic'si  n;clmaliou  ixtjjntjciilly. 

For  C  .'(in.  A^P)  :  »  ((in.  AP7)  :  :  AP  :  A7, 
and  C  (lin.  A?^)  :  /  (fin.  M7)  : :  Af  :  i;, 
thcrrforebycomp.  C*  :  j'  :  :  Ap  $  ig, 

6.  The  time  of  flight  in  the  cur»e  Awl  is  ~ 
tt  ,AP 

"TT  V  »  *^ncTc/  =r  i6t\  feet.    And  therefore  it  ia 

^  g 

at  the  velocity  and  Cnc  of  diicdioii  above  the  phne 
di^ecUy,  and  cofine  of  the  plaaell  WKKaatwin  reciplO- 
cally.   For  the  time  of  deicribing  the  curve,  U  equal  to 

the  time  of  fklllng  freely  through  GI  or  44f  or  ^  x 

AP.   Tbereibre,  the  time  herog  at  the  fquare  roue  of 

the  dUbno.VrJ'W-v'AP  I's^l^Hth. 

c  <^  ^  r 

time  of  flight. 

7.  From  the  foregoing  curuUarits  muy  Ik  col'ii^td 
the  following  ft:  <>t  theorem*,  relating  toprojcd*  nude 
on  any  given  inclined  planet,  cither  above  or  below  the 
horizontal  pbae.  In  which  the  lettciv  deooCe  aa  hefbre* 
namely, 

•    e  =  Cof.  of  diredion  above  the  horizon, 
C  ss.  oofrof  iacltnation  of  the  plane, 
t  £  fin.  of  dtreftioa  abo?e  t)ic  plane, 
K.     the  range  on  the  obliqaepLoe, 
T    the  time  of  flight, 

V  the  piojcftile  vcliictty , 

H    the  greateft  height  above  the  plane, 

a     the  impetus,  or  alt.  due  to  the  vdodtr  V. 

g  a  t6y^  feet.  Theo 

V  =  ^4.^  =  C  v^JL  «  ^  T  =  i£  ✓fH. 
T  -  il  /  *   -  '"^  >  H 


<y  /Af  ft/A      P»ojtcrii.is  as  depenJirg  q»  the 
Refjiance  ^  tbt  Jhr.  ' 

For  a  loBff  Uhk  after  Galilen,  phiToropliers  f^-rr.  J 
to  be  fatisfifd  with  the  parabolic  thcoiy  of  Projvoiiler., 
decmirg  ihe  cfTeft  of  t^r  aii's  tcllHarce  on  tlu  [  h  a» 
of  no  conf.'^ncncr.  In  piocef*  iif  time,  ho«-evct,  as 
true  philofophy  brran  to  d.iwn,  they  began  to 
fufptft  that  the  refiiUncc  the  medium  might 
have  foiiK-  tfi'cd  upon  th,-  I'rojedilc  curve,  and  the/ 
let  thcinfelvet  to  couiiUer  this  lubjedt  with  (bme  at^ 
tcotiott. 

Iluygeni,  fappofing  that  the  relUbnce  of  the  aii  vraa 
proportional  to  the  velodtr  of  the  moving  bed),  coo- 
clnded  that  the  line  deGMicd  bjr  k  Widil  be  « hind 
of  iofjanthmic  curve. 

Ikii  K. jutun,  hairing  c!^aily  proved,  that  the  rc- 
Cftance  to  the  body  in  not  proportional  to  the  rek|. 
citj  itfelf,  but  to  the  fquare  of  it,  ftewii,  ta  bia 
Pnncipia,  liiat  the  line  ■  Proj«£tile  dcfcnbea,  n- 
praochca  oearcr  to  «u  hypaboh  than  a  parabob. 
Schol  prop.  10,  lib.  2.  Thua«  if  AGK  be  a  cone  iif 


the  ?-^prr!M.!ic  kind,  one  of  whofe  afymptotes  is 
NX,  (i.rjx-iiiliculnr  to  the  horizon  A K,  and  the  oihtx 
IX  ificlined  to  the  £imc,  whete  VG  ia  recipmcaUx 
ys  DN»,  whofe  index  ta*.-  thtt  curve  wUI  oearrr  re- 
prefeot  the  path  of  a  Prwi^fllL-  tlinjwn  in  the  di- 
lefiion  AH  in  the  air,  ihau  a  p.uaWa.  Kcwtosi 
indeed  fays,  thiii  !l,  'l  hyperbolai  are  not  accutmtely 
the  curvt,  thst  a  I'lujcftile  makes  m  the  air;  for 
the  true  rm  s  ai<  curves  which  about  the  vertex  are 
more  diihint  from  the  afymplotea,  aitd  in  the  parte 
Ti  n 'ite  from  the  axis  appraacb  ucarer  to  the  afymp. 
tote*  than  tbefc  hypetbolaa  |  but  that  ia  aa^i«e 
tlicK  hyprrbohw  may  be  ofed  inllead  of  thofe  niore 
compounded  ones.  .Atid  if  a  Hodv  Ix  projLacJ  from 
A,  tn  the  right  line  AH,  and  A I  Lc  diavvji  ^mA- 
lei  to  ttic  :iiyifiptute  NX,  and  GT  a  tangent  to  the 
curve  at  the  vertex:  Then  the  dcnfjiy  of  lite  mt- 
dium  in  A  will  be  reciprocally  aa  the  tao^vta  AH, 

wiA  the  body*8  velocity  wiO  be  aa  v        «"!  ^ 

idSiUtioe*  of  the  medium  will  he  to  gravitj, 

■•  AH  to  — ----  X  AL 

M.  John  Eeinoiini  (  un!lnifted  this  curv^  by  mcaat 
of  the  qtiadratwc  of  fwoac  inmfccndental  curvc>,  at  the  • 
^  P  *  m|iiclt 
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irqticft  of  Dr.  KcH,  who  propofcd  th\n  pr<jWcm  to 
in  1718.    It  wai  alfo  icfulvvd  bj  Dr.  TaNlor  ; 
mm!  mother  folotioa  of  it  may  be  £i>uod  in  H«r« 
■Hiin'i  Phonniuiuifc 

The  cowm)tiit»tors  Le  Sijiir  ami  JacquSer  ftj,  that 
the  dtfcfi[>ti"n  of  the  curve  in  which  a  Pw^eftile 
moves,  IS  fo  very  pci-plcxt<],  thiit  it  tan  fLMrc^.Iy  be 
cxt>c£t<t)  nn^  il;.(!udiua  AtuuU  he  maJc  troui  It, 
cither  to  philolbplucal  or  mccliaitical  purjmfci :  vol. 
2.  pa.  I  iH. 

Dati.  Dt-moiillt  too  proTcdy  that  the  refiftancc  ot 
the  air  4utt  a  very  great  «ffcA  on  fwift  motions,  fuch 
m  tbole  of  eaanoii  fliut*  He  cnocludM  from  cxj>e- 
riiiient,  tliat  a  ball  which  arLcndcd  only  7819  led 
in  the  air,  would  have  afcendtU  iSjjo  feet  in  vncuo, 
bciog  near  etghttiflu»  Mhigb,  Comment.  AcwL  Pctr. 
tom.  2. 

M.  Eii'.cr  ha»  farther  invcn.igafcd  the  nature  of 
this  curve,,  and  dire^cd  ibc  cakulation  and  ufc  of  a 
ttumber  of  tablet  for  the  folutlon  of  all  c.i<V»  that 
oecyr  ia  gunncrf,  whid)  may  be  aepomplilltcd  with 
aearly  at  nucb  expedition  as  by  the  common  para* 
ImJic  priaci'pies.  Memuira  of  tae  Academy  of  Ber- 
lin, for  tli«  year  I'JJ. 

But  how  rafh  rrd  i.r:i  n;^i\ii  t'lC  rU  (  prior  of  the 
irrcotifidei^ible  reii!l.iiit;e  ot  tlrc  air  is,  «;U  c„i.ly  ap- 
pear from  the  txpcrimciUs  of  Mr.  Robics,  ivlio  has 
Ihewn  that,  in  fome  caks,  tliit  rditlancc  to  a  cannon 
ball,  .imoiyitt  to  more  than  20  liinc»  the  weight  uf 
the  ball}  and  I  tnyfclf,  having  profccuted  this  Uih- 
left  far  beyond  any  former  example,  bare  fuinctimea  . 
jbund  tbia  fcfiilance  amount  to  near  loo  ttme*  the 
weight  of  the  bill,  viz,  nhen  Jl  mowd  with  a  wlo- 
city  of  :o:"j  fctt  per  fecund,  v.Lk'i  a  r.rti'  ol  a!- 
moil  i3  milt*  in  a  minnte.  \Vl»ii  tirois  iht:j  nuy 
not  be  expeftcd  from  an  hypothefis  whicli  nigli-iSs  tlii» 
frrrr,  as  iiiconfidftablc  .'  Indeed  it  lit  cafy  to  flicw, 
tli.ir  the  path  of  fuch  PrwjcAilcs  is  neither  a  pata- 
boLt  nor  nearly  a  p.uabola.  Fur,  hy  that  theory,  if 
the  built  to  inllancc  iufl  mcncioncJ*  flew  in  the 
cum  of  a  parabola,  it*  horizontal  nn|p«  at  45°  elfr- 
Tatlooi  wilt  'be  Ibuod  to  be  almoft  24  milea  i  Vbere- 
as  it  oftin  happens  that  the  b.iU,  with  fuch  a  Velo- 
city, ranjjfi  fir  (hoit  of  even  one  mile. 

Indeed  the  falfentfs  of  this  h;  y^iilwf.i  ahnod  appcari 
at  fight,  even  iti  Prujc^tles  lUm  enouj^U  t«i  liave 
their  motion  traced  by  the  eye  ;  for  ilicy  aic  fccn 
to  dcfcend  through  3  curve  mauifcDIy  (hortcr  and 
roore  incUned  to  the  luiriaan  than  that  in  which 
they  afocndcd,  and  the  liigbcit  petnt  of  tlieir  Aigbt* 
or  t)ie  vertex  of  the  curve,  i«  much  nearer  to  the 
place  tvhetc  they  fall  on  the  ground,  than  to  that 
from  whence  they  were  at  firll  difchaij;ed.  Tbcfc 
things  cant)ot  for  a  moment  hv  tl  uuhtrd  of  bv  any 
rnc,  who  ia  a  proper  iituation  views  the  flight  of 
{toTica,  arrawtt  ftdfaif  thrown  to  lay  conudenblc 
diftancf. 

Mr.  Robins  has  not  only  dctcAcd  the  crrort  eif 
the  pacabohc  theory  of  ananefyf  vfaieb  take*  ao  «£• 
connt  of  the  refiftaitee  of  At  air.  bat  Aewt  bow  to 
cmi^ilte  tbe  real  range  of  refifled  bodies.  But  for 
the  netliad  wKidi  he  prupofes,  and  the  tablea  be  hat 
-cwBfoMd  lar  tbii  puspofe,  £ee  hitTniai  of Gmneryt 


ps.  I*';.  %.c,  vol.  I  ;  and  alfo  Ftder't  Commentinry  on 
till-  i,..  u-,  trandated  by  Mr.  Hugh  Brown,  iu  ly^f* 
There  it  an  odd 'cireumAafice  which  often  take* 
place  in  the  motion  of  trodict  prtjeftcd  with  con-' 

fidcraWe  force,  which  (hews  the  gre«  compKcailMin 

Bi'.d  difiicuhy  of  this  fi  bjcft ;  n»m«lT,  th«  buOeU  m 
tlitir  flij^lit  arc  not  only  dr  p- rfT  d  beneath  tbcir  ori- 
ginal tiircAion  by  the  aCt'  n  <><  ^ravliv,  but  arc  alfo 
frttjncntly  diivtn  to  llic  ri^l.t  w  ],  li  oi"  that  lditec« 
lion  by  the  aftion  of  fome  otiitr  force. 

Now  if  it  wrrc  true  that  bul'cts  varied  their  di- 
reftion  by  the  a£lion  of  gravity  only,  then  it  oiifjit 
to  Itipr^cn  thiit  the  ermrt  in  their  flt^jlit  to  the  tight 
r:r  U  fi  i  f  I  he  mark  thev  were  aimed  at,  flumld  Incrcafe 
in  the  proportion  of  the  diflance  of  the  mark  from 
the  piece  only.  Dut  thin  is  contrary  to  all  expe- 
rience; the  f.iine  piixe  which  will  carry  its  bullet 
within  an  inch  of  O.ic  intended  mark,  at  10  yarda 
dii'ance,  «-.innoi  he  vdied  on  to  to  inches  in  100 
yards,  much  lefi  to  30  in  300  yards. 

And  this  inrquahty  can  vtily  arife  from  the  track 
of  the  bullet  being  tncttrvitcd  fidewayi  tt  wdl  aa 
downwards ;  for  by  this  meant  tbe  tfiOimce  between . 
the  iitcurvated  line  and  the  line  of  direAiaov  will 
increafe  in  a  much  jni.-irr  ratio  than  t^wt  of  ilic 
dillance  ;  thefe  lines  coiiicidin;^  jt  the  mouth  ot  ihc 
piece,  and  aft/TWards  fcpanting  i;i  ti  c  onniaT  of  a 
cnrve  from  its  tangent,  if  the  oioiith  of  the  piece 
be  confidered  as  the  pi>int  of  contafl. 

This  is  put  be^-otKi  a  doubt  from  the  rxprrimentt 
made  by  mr.  Robins;  who  found  alfo  that  the  direc- 
tion of  the  (hot  in  the  jpcipewdictdar  line  was  not  left 
uncertain,  falling  foTiettmet  »00  yard*  flwrr  of  what 
it  did  at  other  tinu--,  Mtl;o.i.v,h  tKcrc  v,  ,  >  vifiMc 
cauft  of  difference  in  inakiiig  tlic  t-xpcriQico;.  Anri  I 
myfclf  linvf  ofit:i  experienced  a  diflLTcncc  ct"  <:t:c-li;tli 
or  onr-rixth  uf  the  whole  rai)|{e,  both  in  tbe  dcfic<^on 
to  the  tight  ur  lefty  and  alio  tn  the  emtent  of  the  range^ 

of  caution  fhot. 

If  it  he  atked,  what  can  he  the  caufc  of  a  motion  f» 
di&rent  from  wiiatbas  been  hitherto  foppofed  i  It  wMf 
be  anfwered,  that  tbe  delleAioa  ui  queHlmi  maft  be 

ow  inj;  to  fuiiit  po%ver  ad iog  obliquely  to  the  prognrffiwc 
ir^iti  os"  ihc  body,  which  power  can  be  no  other  than 
tin-  u  lilbiicc  of  the  air.  At»d  this  refiftancc  may  pcr- 
hap;*  ai't  oblinr.ily  to  the  pro^'rcffive  motion  of  the  l><Kly» 
from  inequalities  in  the  relilicd  furface  ;  hut  its  general 
caufc  is  doubtlcfs  a  whirling  motion  acquired  by  the 
hullet  about  an  axis,  by  its  friclion  againft  the  fides  of 
the  piece  ;  for  by  this  motion  of  mtation,  combined 
with  the  prugtcffive  motioii,  each  part  oFthe  hall*ii  far* 
face  will  (trike  the  air  in  a  direAion  very  dtiferent  from 
what  it  would  do  if  there  nts  no  fuch  whirl ;  and  the 
obliquay  of  tlic  :i'^ioi)  of  the  air,  arifiiig  from  this 
caufe,  will  be  gicatcr, according  as  the  rotatory  motioa 
of  the  bullet  is  greater  in  proportion  to  (jta  piOglcflim 
motion.    Tra£\s,  vol.  1,  p.  149,  &c. 

M.  Eulcf,  on  the  contrary,  attributes  this  dcfle^ioA^ 
of  the  bail  to  it*  figure,  and  very  k'ttle  to  its  rotation  r 
'for  if  the  baD'vni*  pvMHf  moad,  thmicli  ka  cantie  of 

gravity  did  not  coincide,  the  deftcftion  from  tbe  axis  of 
ic  cvIiDder,  or  line  of  dire^lion  iidcwayt,  would  be 

very  inoaafldendile;  Ait  when  it  ia  Rot  sound,  it  will 

generally 
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frnerally  go  to  the  n'ght  or  left  of  !ti  dircA'on,  «nd  fo' 

much  the  morCi  M  it»  range  m  grc.iicr.    Fr^r.n  his  tta- 
funin^onthis  fubjc<E^  he  infer*, ilui  car-.uon  lliot, 
arc  made  nt  iron,  uiul  -o.inri<:i-  and  lei's 


,inri<:i-  and  ki's  fuf 


C^un^e  of  tigurc  iii  |jiiirtu}r  along  the  cyluiJet  tliaii  ihoiti 
of  ]ead,  are  more  certain  than  muHcci  /hut.  True  ftin- 
cipk*  of  Gimncry  invtftigited,  iJTJ,  p.  t04t  4cc. 

PRUJtCTlON.  ia  Slcclanic*,  the  aa  of^*ing 
t  pnjeAile  it*  motion. 

if  (be  dinAwm  of  the  force,  hj  which  the  pro- 
jeAile  i*  put  in  motion,  be  perpendicular  to  ti  e  hm  r^  o^i, 
the  ProjeAion  h  laid  to  be  perpendicular ;  il  pirullc  I  to 
tbeappareat  hon'zon,  it  is  faid  to  be  an  hoii/  >iit^I  Pro- 
Jc£tiua  ;  and  if  it  make  an  ohl'(|uc  ao^Ie  with  the  hori- 
100,  the  Projection  is  ofili  j  ic.  Iii  all  cafes,  the  aii^lc 
Hrhich  the  line  cf  direftinn  mnkes  with  the  huiizoiiial 
line.  It  called  the  angle  of  Elevation  of  the  projectllo  or 
of  Deprcllioa  when  the  line  of  diredlioo^pointi  bdovr 
tlie  horitontil  line. 

PkojicTtox,  in  Perfpcdive,  denotes  the  appearance 
or  reprefentatiLn  of  an  objeft  on  the  pcrfpedtive  plane, 
{jo,  tfic  Pruit  cliiiri  ijfa  poir.t,  1;.  a  poiiit,  where  ihcopiic 
Tiy  pafie*  horn  the  clijccli.c;  puint  through  the  plane 
to  the  tyci.  or  1 1  is  the  point  \'.lic  rc  the  plane  cut^  the 
Optic  my.  —  And  hence  it  is  eafy  to  cooceivc  what 
k  iMMt  bjr  the  projefiion  qf  »  Une»  »  plaact  or  • 

_  PftojiCTiON  «/  the  S^tri  in  PUmo,  it  a  reprelcnti* 
ttou  of  the  {iereral  poinu  or  placn  of  the  furfacc  of  the 
fpherc,  and  of  the  cIrcTe*  defcribed  upon  it,  ujwn  a 

tran'p.-irrnt  ])!ane  },liccd  Kctwt  entiic  .vc  and  the  fpliere, 
or  fuch  as  they  ap[)Cjr  to  the  tyc  [ih-.tttl  Hi  a  given 
d  iiancc.  For  tlic  la'.'.is  cf  th'i  i'lt.jri-tii'ii,  ice  I'.  R- 
•  rscTivf  J  the  Projection  ot  the  iphcrc  being  only  a 
particular  cafe  of  peri'pedlvc. 

The  chief  ufc  of  the  Projcdlion  of  the  fpherCf  >•  in 
the  eoolUuAion  of  planifphcrc«,  map;,  and  cbHTtsi 
triiiA  wc  fiud  to  be  «( thik  or  that  Projedtion,  accordiof 

totheievenilfiniMmn*  of  the  eye,  and  the  pcrlpeAive        .  _    ,  .  , 

plane,  wi.h  rc^-ai  d  to  the  it  cri  Jiant,  panOdk  anMl  eqtuA  to  <»»  the  ri^llt  fine  of  that  arch ;  and  the  com- 
other  poiiits  cr  ;ik:  cs  ti>  h<  re,;:e  eiited.  pfemeotal  irc  fB  It  ptojedcd  into  eB,  jtb 

The  mull  ufuitl  PiojtLtion  of  ir.api  uf  thr  world,  is 
that  ciu  tiic  plane  of  the  mciidiaii,  whicli  c&hibiit  a 
right  fphere  {  the  hill  meridian  being  the  horizon. 
1  be  next  is  that  on  the  plane  of  the  ct^oator,  which 
has  the  pole  in  the  centre,  and  the  meridians  the  radii 
of  a  dfoe*  fte  {  and  thia  rcprefcMt  a  piralkl  fphere. 
See  MAr«~-The  piwntite  dicle  ia  that  gmt  onde. 

TTic  Proje^'on  of  the  fphere  is  ufna!.)'  dtviJtd  into 
Ortbo|rTaphic  and  Stereographic ;  to  wkicli  may  be 
added  Gnomonic. 

Orthojirafthic  Projection,  ts  that  ia  which  llie  fur- 
fjcc  of  the  fpherc  is  drawn  upon  a  pfame,  cutting  it  in 
the  middle ;  the  ere  being  pUced  at  an  inhaite  diitance 

tmiodliy  to  one  of  the  hcaiTpberet.    And  ^  .  . 

yrnmirt^M  PaojB«noN  of  the  fohere,  ia  that  iik   «dav  to  the  plane  of  Ftojefiion,  aad  paffi^g  tbraqgh 
iHuch  titeiui&ee  and  eni<di»  of  (he  ^heia  an  dnwn   the  cje,  ia  wojcdtod  inta  alaneof  hatf  taagenta, 
•poatbeplaiic  of  a  great  eiidct  the  eye  beiai;  ia  the      2.  Ttic  Projeaion  of  all  other  circles,  not  pnlTin^ 
|W  of  that  ardr.  _  thtough  the  proie&iog  point,  whether  par^Jaci  «>r 

-  y^iii^^jg^^gj^  aUiqwi are pnfjeaed iatoaiidcib 


the  forface  of  tlic  fpherc  is  drawn  upon  :>  plane  without 
flileo!  t,  commonly  toiichir-  i;,  -I  c  eye  Ixin^'  .1;  the 
CCDttc  of  the  fphpre.    Sec  Gkomomc  al  J'reJ^Buim 

LaKvs  tf  tbe  Ortt'grafbic  Prnj'ffion. 

1.  The  rays  coming  from  the  eye,  being  at  an  in- 
finite diHance,  and  makinj;  the  Projedion,  arc  parallci 
to  each  other,  and  popcn^icuiar  to  the  plaae  of  Pn>- 
jcditui.  _  ' 

2.  A  right  line  perpendicular  to  the  plane  of  Pro. 
}e£iion,  IS  projeded  into  a  point,  where  that  line  meets 
the  faid  pkne.  , 

%.  A  right  line,  a«  AB,  or  CD, 
nut  perpendicular,  but  e  tlur  pa- 
raUt;!  or  oblique  to  the  plane  of  the 
ProjcAion,  is  projected  into  a  n'ght 
line,  as  EF  or  OH,  and  is  always 
comprehcaded  between  the  ex- 
tmneperpeadiettbn  AE aod  BF* 
or  CG  and  DH. 

4.  Tlie   Pt(iief\ion  of  tlie  i 
(frcateQ,  whtii  A  f!  ia  parallel  to  the  plan 
jcction. 

5.  1  If  nrr  it  evident ,  that  a  line  parallel  to  the  plaoc 
of  the  Tr 'i?dion,  is  proje'tcd  into  a  right  line  et^ualtO 
itfelf ;  b>it  :i  line  l.'ut  ii  ohHrj lie  tO  Ue  plane  of  1^1^ 
jec^inn,  is  piujedcd  into  one  that  w left  thaR  Itttlf* 

6.  A^aefurfaoe,aaAiCBD, 
perpendtcnhr  to  the  phme  of  the 
Projeftion,  is  projet^ed  into  the 
riglit  line,  .u  A  15,  in  which  it  cntt 
that  plane  — Mcnce  it  is  evident, 
thnt  the  circle  AC14D  perpcndi- 
cidar  to  the  plane  of  Pntje^ion, 
pafling  through  it*  centre,  it  pro  ■ 
jelled  into  that  diameter  AB  in 
which  it  CPU  the  plane  of  tbe 
PinojeAioR«   Alfo  any  arch  at  Cr  it  projected  into  O9, 


c  verfcd  fine 

of  the  fame  r.rc  rB. 

7.  A  circle  par.iltd  to  |}:r-  jilr.nc  [if  tlie  ProjtCttOll,  i* 
p-r.'-cud  into  a  circle  cqi.:.il  to  it  lelr,  iiaving  its  centre 
the  fame  with  the  centre  of  the  Projc^.iuii,  and  its 
(.idius  et^ual  to  the  cofiae  of  its  diflance  from  the  pbiie. 
And  a  ciiclc  oblioue  to  the  plane  of  the  Proje^hon,  it 
projeftcd  into  an  cUipfis,  whole  greater  axis  is  equal  to 
the  diameter  of  the  circle,  and  iu  Icfs  avis  equal  to 
doaUe  the  oofiac  of  the  obliquity  of  the  drdc,  to  A 
ladtaa  equal  to  half  iIk  greater  asta. 

In  this  Projcdion  a  right  circle,  or  one  pcrpCDdJ- 
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Thill,  let  ACEDlB  Veprefent  a  rpberc,  rut  >  y  i  plane 

RS,  paiTinpr  thrbogh  ibe  centre  I,  prrj  <  i  ilii  il.u  tj  ihc 
«l'an>fier  EH,  drawn  from  E  the  j  1  ai  <  t  ilic  tyc  ;  and 
Ift  thr  fcftion  of  the  fj-lic.c  bv  ihc  pLiisi:  K.S  Uc  the 
circle  CFDL,  wiiofc  poles  arc  H  K.  Siippofc 

now  A(»B  is  a  circle  on  the  fplierc  to  be  pvo  i«ed, 
whofe  pole  mui>  rcn^otc  from  the  eye  ii  P;  aod  the 
viAat  ra}i  from  the  ciicle  AGB  nieetinff  in  rorm 
the  cone  AG&£»  of  which  the  triugte  AEB  i*  a 
£e&iaa  throng  the  mtex  E.  and  diameter  of  the  bafe 
AB  :  then  will  the  figure  r?  '/".  whu'i  i;i  the  Proj;ciion 
of  the  circle  AGB,  be  itklf  a  cln  lc.  H<  r.oj,  the 
%,inic!cile  nf  the  projcdlcJ  d'amctir  ii  cr:;tii.-  of  tlic 
projcd'd  circle,  whether  it  be  a  great  circle  or  a  fmall 
one  :  Alfo  the  pole*  and  centres  of  all  circle*,  parallel 
to  the  plane  of  Proje^lion,  fall  in  the  centre  of  the 
Frojeiflion  :  And  all  oblique  great  circles  cut  the  priiai* 
tivc  circle  in  twopoiMi  diaaeuically  opfM»fitc» 

a.  The  projeded  dwiBeter  of  any  circle  rabtendt  an 
angle  at  the  eye  equal  to  the  didar.cc  of  that  ciicIe  from 
ft*  nearcft  pole,  taken  on  the  fphcre  ;  and  that  angle  is 
Mfti'tc  l  hy  a  light  line  joining  the  eye  and  i!.:u  poU. 
'L'huif  kt  the  plane  RS  cut  the  fphcre  HF£G  tkrou^jh 


'  '  "Clique  great  rirdr, 

^ftfe  diameter  AC  is  prrVrtfd  into  a/:;  and  KOL 
r.ny  fmall  circle  parallel  to  A  DC.  v»l  <,fe  diameter  KL 
IS  projeatd  in  The  di;lancf  9  of  thofe  circles  from 
their  pole  P,  beinjr  the  arcs  AHP,  KHPj  and  the 
angle!.  aEc,  /E/,  are  the  angles  at  the  eye«  fubtended 
by  their  proj^^ed  diameteia,  ae  and  IK  Then  w  the 
Migrle  4Er  iheafuml  bjr  the  are  AHP,  and  the  angle 

f^^"'"*»^  *y  *e  KHP;  and  thofc  a.^Kles  are 
biftfted  by  EP.  *^ 

3.  Any  point  of  a  fpherc  is  projcfted  at  fiich  a  dif- 

tancc  ftom  the  centre  of  ProjefVon,  as  la  equal  to  the 

tnnjjrrrit  of  half  the  arc  intercepted  hutweeo  that  point 

ar.d  the  pole  oppofite  to  t!u-  evt,  the  frmidiameter  of 

the  fphcre  beins;  radius.    Thus,  kt  CiEW  be  a  great 

circle  of  the  fphcre,  whofe  centre  i*  f,  GH  the  plane 

of  Projcaioa  cuuiag  the  diameter  of  the  fphcM  ia  i 


and  B  |  alfo  E  and  C  tKe  poles  of  tite  feftion  by  that 
plane }  and  «  the  prajcCtioa  of  A.  Then  tm  it  e^oal 


the  tangent  of  half  the  arc  AC,  as  is  evident  br 
drawing  CF  s  the  tMgctt  of  half  that  are^  and  jolo. 

ing  {¥. 

4.  The  angle  made  br  two  projeAed  ciide^tscqanl 
to  the  angle  whidi  thele  cireloa  ndce  on  the  fiihm. 
For  kt  L^C&  and  ABL  be  two  ciraka  oaafphoc 


interfefiing  In  A;  E  the  projefting  point;  and  RS 
the  plane  of  Projcftion,  in  which  the  point  A  is  pro- 
jected in  c,  in  the  line  IC,  the  diameter  of  the  cirde 
AC  !„  Alio  let  DH  and  FA  be  tangenta  to  the 
circles  ACE  and  ABL.  Then  will  Ae  pn^eacd 
augle  i/n/  be  equal  to  the  rphcrfcal  angle  BAC 

5»  The  diilince  bctwecr  the  poles  of  the  primitive 
Circle  and  an  oblique  clrt  ie,  is  etjual  to  t!ie  tanfreiit  of 
half  the  inclination  of  ihoft  cii-clts ;  and  the  diftancc  of 
their  centres,  is  tqnal  to  the  tangent  of  their  inclina- 
tion  ,  the  femidiameter  of  the  primitive  being  radius* 
For  let  Ac  be  the  di.imtter  of  a  circle,  whofe  poks  are 
P  and  Q.  and  inclined  to  the  plane  of  Projcdiion  in  the 
an|rle  aTF  ;  and  kt  a,  e,/  be  the  Projeaions  of  tiie 
{Mints  A,     P I  alio  let  iCaE  be  the  projccled  oblique 
circle,  wliofe  centre  is  y.    Now  when  the  jilat.t  of  Pro- 
jeAion  hecomcs  ihc  primitive  circle,  wiiofc  pole  11  I  ; 
tba  k  ^  ss  tangent  c ;  h  ili  the  a^glc  AIF,  or  of  half 
a  the 
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I  -Ae  arch  AF}  and  If  =  taogeat  of  AF,  or  of  tbe 

I  Mi^FHasAIF. 


6.  If  throu|fli  any  gitcn  point  in  tlic  primitive  circltv 
aa  oblique  circle  be  Uc-fcribed  ;  then  tbe  centres  of  all 
Other  oUioue  circln  pafling  throofh  that  point,  will  be 
IB  a  ri^  line  drawn  through  the  ceatre  of  the  firft  ob- 
lique cvde*  and  perpcadict^u'  to  a  line  paS^y  throMgfai 
iMtocntie,  thegitrea  potut,  aod  the  centre  « the  pci- 


^^^-^  •••• 

nitbe  cirde.  Thus,  let  GACE  be  the  primitne  cirde, 
a  great  circle  defcribcd  through  D,  its  centre 
•  bc'iig  B.    HlC  is  a  right  line  drawn  through  B  jkt- 

pcn  iicular  to  a  right  line  CI  paffing  throuph  D  and  fj 
and  the  centre  of  t!ic  primitive  circle.  Then  l!ic  cc  ,tic» 
of  all  other  great  circles,  as  FDG,  paifing  througli  D, 
"Win  fall  in  the  line  HK. 

7.  Equal  arcs  of  any  two  great  circles  of  the  fphere 
be  inCL-Tcepted  between  two  other  circles  dnwn  00 
the  Iphere  thioogh  the  retnoted  poles  of  thofe  great 
tiidcfc  ForletFBEA  be  a  fi>lu:re,oa  which  AGfi  and 


CVDiR  torn  great  circle?,  whole  remote'!  poles  nrr 
E  iDd  P  \  and  ihronfjh  ilitfe  poles  let  th<*  grt.it  circle 
PB£C  and  the  fmallcirdc  PGE  be  dr^wn,  cuttingthc 
great  ^inks  AGB  and  Cf  D  in  the  poinu  B,  G,  D,  F. 
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Then  arc  the  intercepted  arcs  BG  aod  DF  eq;ualto  Ode 
Mother. 

S.  If  Hnei  be  drawn  from  the  projeAed  pole  of  any 
great  ctrclc>  cutting  the  peripherics  of  the  projcded 

circle  anJ  plar.e  i  f  Firr.:i-t;<jii  ;  the  intercepted  arcs  of 
ihofe  pcripher  11  5  air  ct(ujl  ;  lliat  is,  tlie  arc  UG  — 

The  raft ajs  cjt  rwiV  lelicr  cin  li-,  wliofe  plariC  is  per- 
pendictilar  to  that  of  the  primitive  circle,  is  equal  to 
the  tangent  of  that  leflcr  circle's diftaoce  from  ita  pole}' 
and  the  fccant  of  that  diOance  is  equal  to  the  dillancc 
of  the  centres  of  the  primitive  and  leflcr  circle.  For 
kt  1'  be  the  pole,  and  AB  the  diameter  of  a  kfFer  cir* 
.  de,  its  plane  being  perpcndiGiilvt9  Att  of  the  pfimi- 


live  circle,  whofe  centre  is  C  :  then  d  being  the  centre 
of  the  projected  leflcr  circle,  da  is  equal  to  the  tangent' 
af  the-  are  PA,  and  t/C  s  the  feceet  of  FA.  See- 
STgBBoaaAfHic  Pr^iditih 

Mtnatm*t  PtojacrioH.  See  MncATok  aai 
Graet. 

PaojBCTioN  of  Globes,  &c.   See  Globe,  &c. 

Polar  Projection.    See  Polar. 

V%0]tCTiov  of  Shadoivt.    £ec  Shadow. 

1'rojfction,  or  Pkojectvrf,  in  iiiillding,  the 
outjcttiiig  or  prominencj  which  the  mouldings  and 
members  hav^  beyoed  the  plane  or  eekcd  of  the  inJl|. 
column,  &c. 

Mimjinut  PaojiCTiOM.  See  ANAMOarnosis. 

PROJECTIVE  mOhqt  «  nanner  of  dmwing  the 
hour  lines,  the  furniture  8tc  of  dTals,  by  a  method  oF 
ppojcflion  on  any  kiiu!  u(  iuiTaco  whatever,  w-ithout 
regard  to  the  iituatiun  of  thofc  liirlaccs,  cither  at  to 
declinatioo*  redinatioB«  or  iacUnatioDr  See  Dial- 
ling. 

PitOLATE,  or  Oblono  SphtrolJ^  is  a  fpheroid 

E reduced  by  the  revolution  of  a  icnklUplk  aooat  its 
inger  diameter ;  bcing-longaft  iatheiHfeAiaB  of  that 
aaisi  and  refembting  an  (wg*  or  ■  teoaon. 

It  is  fo  called  in  oppofitioo  te-the  oblate  or  flwrt  fphe« 
retd,  which  ii  formed  br  the  rotation  of  a  femirilipfiv 
about  its  fhortcr  axis ;  being  therefore  Ihortcft  in  the 
dircftion  of  its  axis,  or  flitted  at  the  poles,  and  fo  rc- 
femhling  an  orange,  or  pt-rhaps  a  turnip,  according  to 
the  degree  of  flatntfs;  and  which  is  the  figure  of 
the  earth  we  inhabit^  and  perhaps  of  tbe  phnets  alio  { 
bavins'  their  eqoatorml  dhuaeter  koger  tmn  the  pofanv 
See  SrHieoi9>  . 

PROItfONTORY,  mGeographyruarockorhigh 
point  of  land  projeAing  out  into  the  fca.  The  extre> 
mity  of  which  towards  the  fea  is  ufually  called  a  Cape, 
or  HcadlritiJ. 

PROPORTION,  ill  Arithmetic  &c,  the  equality 
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or  fimiiiimle  of  rjlioi.  Ai  Oic  nuiubos  4,  8, 1 30 
Arc  propr.uioiiaU,  or  in  pmpoiiiou,  biv:  i  ifc  the  ratio 
itf  4  to  K  w  tqukl  ox  Hmibr  10  the  r^tK>  of  1  5  to  30, 
both  ^tliMkl>eta|{  tlt«  Ua\e  a»  tin-  r<itsct  uf  t  to 

£nv:(4.  in  tbe  «kri;iiiiou  0/  ih«  jili  book,  gir«« 
•«  itcncral  ^eiwtioa  of  four  proporliooali,  or  when,  of 
iMir  t  I  t!i.  t''.'X  i-ic  fame  ratio  to  t!.;  :  !,  a« 
iiji  tu  tilt;  4ti»,  wlicn  any  eq.n  mul;i';l--a 
w  liattvcr  of  llic  firR  and  third  bting  taken,  a»d  anj 
eiimmitlti],les  whatever  of  the  id  aud  41!)  ;  if  the  nmlli- 
ple  of  t»K  full  bt  Iclilhan  that  of  the  zd,  liu  mukiplc 
i»(  iht  3J  i*  alfo  ltf»  tliaa  that  of  the  4th  }  or  if  tl.c 
muihiplcof  the  Jlrft  Ik  equal  to  that  of  the  »d,  tlvc  inul- 
upte  of  the  iialfn  equal  to  iW:  of  the  4th ;  or  if  tlie 
multiple  of  lur  firft  be  greater  than  tbat  of  the  ad,  the 
nuiltiple  of  the  3<1  is  alfo  greater  thiii  that  of  the  4tll. 
And  till:"  di  fiiution  is  gcncial  far»n  kindaof  mtgdtittdei 
or  quantities  \*rhatcvor,  though  a  very  obfcure  one. 

Alfo,  ill  the  -jth  book,  Iluchd  givct  another  dtfioi- 
tion  of  propuitionals,  via,  when  the  fiiil  ii  the  fame 
eqiiimiiUipie  of  the  .-d,  a»  tJic  3J  is  of  the  41b,  or  die 
fame  pa.  t  01  parts  of  it.  Hat  this  doflllitioA  appCTtaiat 
only  to  ntMnberaiwl  coauaeoi'iirablequafititiei. 

Proportion  t«  ofteitcoafoaiideAwjtik  ntio}  W  they 
nr^-  quite  d'RVri-iit  thing*.  FoT,  rati©  hoiOpcAf  HuB 
i  l  iti  I  of  two  rn.(j;nitude«  or  quantlttet  of  one  andthe 
fame  kiiul  ;  as  ilic  latro  of  4  to  8,  or  of  1 to  5:.  "i" 
of  I  to  J  {  and  foimpiiea  or  rcfpcci*  oniy  twc  unut  oi- 
Ihingi.  But  Proportion  rcfp  .  h  term!,  or  thing*, 
or  two  ratios  which  have  each  two  icrma.  _  Though  tiie 
Olityic  term  may  be  commun  to  b'jth  iitiot,  at«d  then 
the  Proportion  h  cspreiUd  by  iLrce  tami  only,  M 
4,  8,  64.  where  4  is  t»  8  M  8  to  64. 

Pn)poii!(i".  i'.  ulfo  fjmetimcs  confounded  with  pn»» 
grcni.)n.  In  hiu  the  two  often  coincide  ;  the  differ- 
e»ice  between  t^Kir.  iv,l>  ciidilting  in  this,  that  progrcf' 
(iun  is  a  particiiivir  Ipccici  oi  Proportion,  being  indeed 
^  continued  Ptoponion,  or  futh  a*  has  all  ihc  tciina 
in  the  fame  ratio,  viz,  the  ill  to  the  id,  the  ;()  to  the 
3d,  the  jd  to  the  41b",  Ac  ;  at  tlie  UriM  2,  At  ^' 
ftc ;  ib  that  pisfneffwa  J«  a  leriet  or  continuation  of 
Proportion!. 

Proputtioab  cither  coMimul,  ordifcrete  or  inter- 
rupted. 

i  hc  Proportion  it  continual  when  every  two  .  (f^i- 
cenl  ttrms  have  the  fume  t.uiti,  or  \vhc;i  flic  i ...  i-  - 
queot  of  c«ch  tiiiio  is  the  anieccdtni  ot  the  nt\t  tul- 
knring  ntlvt  and  fo  all  the  Icrina  foiro  a  pnwrcfiion ;  a» 

4^  8t  16,  Mc  t  where  a  it  to  4  aa  4  6,  and  a«  8 
to  16,  &c« 

Dtfcrae  or,  interrupted  Pmportion,  ia  when  the  con- 

fcqucin  u^t^e  tird  ratio  it  different  fiotn  the  MUCCdCBt 

fct  tiic  ."il,       ;  a»  ?,  4,  and  3,  6.  ^ 

Pii'pouit  ii  ii  iiitu  call'  r  Direft  orlnverfe. 
Dirt3  i"*»OFi.m  r  toK  is  when  more  requires  more,  or 
left  requirti  lcf».    As  it  will  require  more  men  to  per- 
form more  work,  Or  fewer  men  for  leta  work,  ia  the 
fame  time. 

Jmtr/t  or  Ritifrteai  Paofoanoji,  iawbtn  more  re» 
'qnirea  left,  or  klf  rctjotrcs  more.    As  it  win  require 

more  men  to  perfoiui  the  fjimc  "'ork  ii>  lefs  time,  or 
fewer  men  iu  mo*e  time.    Ex.   If  6  .ncn  can  perform  a 

fiicce  of  vvoi  k  in  i(  day«,  bow  Btuiy  men  can  iSo  tbc 
■me  ia  10  days*  Tbcii« 
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reciprocally       •       a«  A  to      1«  U  6  1  9  )  the 

or  invetfely       •       at  10  to  1 5  fo  ii  6  :  9  /  anfwer. 

Proportion,  ag:;iiB,  ia  diftinguifhcd  into  Arithmeti* 
cal,  Geometrical,  and  Hannooical< 

Aritlmtt^al  PaoPOKTlON  M  the  eqw^ty  of  two  arith- 
metical ratios,  or  diflerenee*.   A*  in  the  miraben 

I  J,  9,  6  i  where  llie  difletence  between  12  and  9,  ia 
l.ic  fame  at  the  dlfTcrenee  between  9  and  6,  viz  j. 

And  here  the  funj  of  t  lie  i  xtrcn»e  terms  it  equ.il  to  the 
fum  of  the  means,  or  to  double  the  fingle  mean  when 
tliere  it  but  one.    At  >  J  +  6  =:  9  +  y  —  18. 

Cromrtnca^  Proportion  is  the  equality  between  two 
geometrical  ratios,  or^ktwccn  the  quotieiitk  of  the 
termi.  A*  in  tlie  ihicc^  6,  4,  when-  9 'm  to  6  a>  6  ii 
to  4,  thus  denoted  9  ;  6  : :  6  :  4  ;  for  ^  =  J,  being 
each  equal  \ot  i\. 

And  in  this  Propottion,  the  reftangle  or  proflnA  of 
the  extret!)c  tcir.-i,  ripul  ti>  tfu!  ot  the  two  mean*i  or 
the  fqitare  oi  tiic  iiitgk  mcati  wlsea  there  it  but  one. 
For  9  X  4  =  6  X  6  IT  36. 

J/armmitaJ  PaoroarioM,  is  when  the  firft  term  is  to 
the  third,  at  the  difference  between  the  I 'I  and  ad  iat<S 
the  diffireiiec  between  the  aiiand  jd ;  or  in  fiiartcnw 
when  the  tft  is  to  the  4th,  as  the  dtffenrace  between 
the  ill  and  id  it  to  the  difference  between  the  3d  and 
4th  ;  or  the  reciprocals  of  an  arithmetical  Proportion 
.lie  in  harmonical  Proportion.  As  6,  4,  3;  becatife 
0:3::  6  —  4  ==  :  :  4  —  3  =  I  ;  or  becaufe  |,  i,  * 
are  in  arithmetical  Proportion,  mikin^r  |  -{'  )  — 
i  +  i  =:  4.  Alio  the  four  24,  16^  li,  9  are  in  haiw 
monical  Prapoition,  becanfe  14 1  9  :  j  t :  3, 

See  pRoroftTIOHAta. 

Ctmfaft  e/"  PaopoartON.  a  name  hy  a^ich  the 

French,  and  fome  Englidi  authors,  call  the  Senior. 

RuU  cj  Proportion,  in  Arithmetic,  a  rule  by  which 
a  4th  term  it  found  in  Pro|>ortion  to  three  givtii  i  nns. 
And  it  popularly  called  the  Golden  Rule,  ur  Rale  of 
Three. 

PKOPORTIONAL.  rtUting  to  Proportion.  As, 
Proportional  CompaflcB,  Farts,  Scales,  Sfiia|%  &c» 
Sev  the  fevcral  terms. 

PaopoaTiotf  AL  d^mj-^jfe},  are  compafTes  witTi  two 

pair  of  oppofite  L-;;9,  liL'-  a  St.  .Ahmvc.v'.s  c.-ofs,  liy 
which  any  fpacc  is  cnlar^jtd  or  dimiiiiliitJ  iu  iiuj-  pru- 
potti«n. 

Proportion  Ai.  P,irt,  i»  a  p.irt  of  fome  number  tfial 
is  analogous  to  fome  other  p.ii  t  or  number  ;  fuch  as  the 
Proportional  parts  in  the  logarithms,  and  other  ta- 
blet. 

PaopORTiOM  At,  &«frj,Ga]kd  aUbLogarithmic  Scales^ 
ere  the  logarithms,  or  artificial  nunwers,  placed  on 

lints,  for  the  eafc  atul  aJvanisge  of  nniltiplvinjj  nviJ  di- 
vidinR  &c,  by  mciins  of  c.^mpafTcs,  or  of  fllding  lulcrs. 
TIkIl-.uc  111  liKit  fo  many  lines  of  numbers,  at  .they 
arc  called  by  Ciunter,  but  made  tiosle,  doubk,  tiiple, 
or  qii.idruple ;  beyond  which  thef  fcHomgo,  Se;  GvM- 
T£X.'s  Sc-jt.t,  Ac. 

PROPORrlONAL  SbiraL  StrSpiRAL. 

^  PROJjORTlONALlTY,  the  quality  of  Propoiw 
tionals.  lliia  term  ia  ulcd  by  Gregory  St.  Vtnceui,  far 
the  proponioo  that  n, between  the  e^^mentaof  fianr 

ratii>t. 

PROPORTIONALS,  are  the  tfrm-i  of  a  propor-* 
tioD  I  conltiUng  of  twg  aOrcnKs,  wiuch  are  tW  li^ 
S  and 
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and  lull  tfrmj  of  (lie  fet,  and  the  mfans,  w}iicl)  are  the 
■irft  of  the  tfir:  -.  I iicfc  Proportionals  may  be  eilhcr 
arith  me  locals,  ^comctncalit  or  hanaoaictltt  and  icMijr 
niin.hcr  above  tiro,  and  atA»  either  coBtianed or difimt* 
tinucd. 

Pappus  j^vea  thti  beautiful  and  fimple  companfoaof 
the  tliKC  ktndt  of  Propoitionalu,  ariihtnctical,  geome* 
irieri,  and  harmonical,  viz,  a,  *,  c  being  the  firft,  fe- 
cond  and  ihinl  ternii  in  any  fuch  ' —  — 

In  the  an'thmcticali, 
in  the  gciMncrr:i_-; 
in  the  harmonicaia, 

Sec  M>  AN /'ro^rt/wrai  * 

CuiuciuLvl  Proportionah  form  what  ij  called  a  pro- 
grefliuQ ;  fur  the  profcrtica  of  which  £ee  PaooMt. 
■M«*  . 

I.  Priyftrrlif!        f -)/.?)»l.-/;V.i/ PnofO^TlOK  ALS. 
(For  what  rdjiccta  PjogrctSoot  and  Mean  Propor- 
t«onl«  of  a(l  Torts,  Tee  Mean,  and  PaoottatiM.) 

li  Four  Artthaetical  Proportionnl^  at  a,  3,  4,  j;, 

are  finiPnM)orttotia!««-hen  mTcrfely,  5,  4.  3,  21 
©r  ajtcrnatilv,  thus.  -        *»  4»  3»  J| 

Or  inveruly  auJ  akcrnatci)  ,  thus       •       ^,  3,  ^,  j, 
z.  If  two  Arithmeticalt  be  added  tu  the  h'ke  tom 
•f  other  two  Arithmeticalii  of  the  iiune  differcoeeor 

.  arithnetictl  ratio,  the  funu  wiD  have  donfale  the  ihme 

,difreTcn«  or  arirhmctical  ratio. 

So,  to     3  and    5,  whofc  diffi!m»ce  i«  3, 
add         7  and   9,  whofc  difference  is  alfo  2^ 
the  fuou  10  and  14  have  a  double  diff.  via  4. 
And  tf  to  theft  ftunt  be  added  two  other  nunhen  alio 
in  the  (ame  difference,  the  next  funta  sriU  have  a  triple 
ntio  or  difference  ;  and  fo  on,   Alfo,  whatever  be  the 
ratioaof  the  terms  that  arc  added,  whrthcr  the  fatneor 
different,  the  funu  of  the  terms  wiU  have  fuch  arithme- 
tical ratio  aaiacoBiipolcdof  the fiimtoftheothen that 
«rc  added. 

80  3  ,  ^1  whofc  dif.  is  1 
and  7  ,  lO,  whofc  dif,  is  I 
aod  la       1 6,  wboie  dif.  is  4 


aohe  la      |i,  whole  dif.  ii  9. 

Onthe  CC:itrary,  if  froMl  two  Arithmeticils  bc  fub- 
traficd  others,  the  diirrrc  nee  will  have  fuch  anthmetkal 
latw  aa  ie  equal  t»  the  differences  of  thofe. 
So  horn  It  and  i6a  whole  dif.  ia  4 
take       7  aad  ie»  whofc  dif.  is  3 

leavea      5  and  6,  whole  dif.  is  1 

Alfo  from  7  aad  9,  whofc  dif.  ia  » 
take       sand  s,whofcdiCti  s 


4  aad  4,  ^ofc  dif.  k  • 


.  ?.*  ^'"*^*»  »^  Arithmetical  Prouortionals  be  mnltU 
tipJied  or  divided  by  the  fame  number,  their  diffcreacei 
or  arithmetical  niiQi  ii  aUv  wdtvlied  or  difided  bj  die 

fcmc  number. 


The  ptopcTtm  relating  to  mean  PtofHmionals 
■»*  K'»«»  under  the  term  RIean  PmforhfKal ;  foaie 
are  alfo  given  un  Jcr  the  article  I'roportion  ;  aiii  fotne 
addititmal  oncj  art-  as  bclmv  : 

I.  To  find  a  jd  Proportional  to  two  ^vea  namb;ri, 
or  a  4ili  Proportional  to  threei  In  the  former  cafe,  mol- 
tiplf  the  2d  term  by  iifelf,  and  divide  the  produd  1^ 
the  I  ft  :  and  in  the  latter  cafe,  multiply  the  sd  tem 
by  the  jd,  and  divide  the  ptodud  by  the  ift. 

So  z  :  6  :  :  6  :  18,  the  3d  prop,  to  2  and  6: 
aad  a  :  6  :  :  5  :  i{,  thc^^prop.  to  S,6,aild5. 
a.  If  the  term*  of  any  geometrical  ratio  bc  aug> 
OWBtcd  or  dieainilbed  by  any  othen  in  the  £unc  ratio* 
or  profNntion,  the  fums  or  difilTrwrira  will  ftU  be  ia 
the  (kmc  ratio  or  proportion. 

So  if  m  xl  \  %  t  \  4, 

then  \%  a  '.  h  :  :  a  it  c :  h  ±.  d  :  .  c  :  i. 
And  if  the  terms  of  a  ratio,  or  proportion,  be  multi- 
plied or  divided  by  any  one  and  tlic  Ii  ir  number,  the 
produ^  and  quotients  will  dill  bc  in  the  fame  ratio|  or 


ThMs  «  I  1 1 1  M  1  al  t  i  ~  :  — , 

n  m 

I.  If  a  frt  of  continued  Proportionals  be  either  aiW" 
mentcd  or  dimioiihed  by  the  fcme  pott  orpaita  of  thcai- 
felves,  the  finna  or  difleieacn  «iD  aUo  be  honortU 

onals. 

Thus  if  a,         I,         e,      d,  ^.c  bc  Propors. 
then  are  «  i;  — ,  ^  ±  — ,  r  ±  — ,  &c  all»»  Pr oporj. 


where  the 


ratio  ia  1  d:-** 


And  if  any  fingle  qiiantity  !  ■  ■  [-'tlier  augmented  cr 
dimioifhcd  by  fomc  part  of  itieif,  and  the  refuh  be  alfs 
iticrcafed  Or  dmiiniibcd  by  the  fame  part  of  itfelf,  and 
this  third  quantity  treated  in  the  fame  manner,  aod  fo 
on  ;  then  fliall  aU  thefe  quantities  be  continued  Propor. 
tionals.  So,  bcgiaaiag  with  the  qoaatitj  aad  takiv 
attra7»theatbpait,  thnfcatt  ' 


#,  «±^«d:--  +  — ,  tut  be  Proportlonalii 


4.  If  one  fct  of  Proportionals  be  muhiplied  or  divi. 
dcd  hjrtBjr  other  fct  of  Praportieoali^  each  tcffli  hr  cacha 


1 1 


Thu% 
and 

then  ii 

and 


if  «  :  m 


€ 

m 

c 


«  I  alb  ^ 

J  ;  m</| 
U  :  imM 

i.  ^ 
J  '  mi' 


f»  If  there  be  ieveial  coouBned  Flwpoitioiiali^  tbca 
rbateverntiQ  tlie  it  bn  to  the  2^  UiciftMAesd 
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a>iU  have  the  dnplicatc  of  the  ratio,  tbe  1&  to  the  4tb 
'the  tripitcne  of  it,  uhI  fo  on. 

So  in  ij,  rit,  n''a,  '.'./,  &r,  tlir  ratio  hrini;  h  ; 
thin  .J :  »*«,  or  i  to**,  liit;  linplicuct:  ratio, 
a-,d    a  :        ot  1  to  «'»  tbeuiplicate  iMiOy 
^nd  fo  oti. 

6.  Ifi  tlirif  loii'.iiiiiCil  I'rfipoitionals,  t)ir  dincrence 
lj»-l«<tn  llie  111  .Hid  id  Icini,  is  n  inran  I'li  juirtUfii.Tl 
between  ihc  ilttcrmaoU  die  Ucoii^i  diilcrcuce  ui  «U 
the  irroM. 

T  IniS,  ill  'J  f  idric  P.tijj  r,  tf,  Ml 


H'4j  —  Ml 


id  aif. 


tilt  n  a  :  na  —  a  :  :  na  —  a 
Or  in  the  numbcii  2,  6)  l8 } 
i8 


>i'j  —  2M  -I-  «. 


8  the  >d  dillereacei 


then  3,  4>  8  are  Proportiooiln. 

7.  When  fourmiJititiiiei  arc  in  proportion,  ihty  are 
aliu  in  piuportion  by  inveriioDt  cumpofitton,  divition. 
Sic  I  thut,     M*  h  Hairing  in  prapovtioiii  viz. 

b  ini  i  then  by 

nh.i: 


I 
3- 

6. 


«  :  na 

Iiiveifion       .        na  :  a 
Alternalion  a  \   h  \  :  r,a  ;  tii 

Compofilion  a  ■\-  r.a  :  na  : :  h  +  t;b 
Conv«rihMI      «  +  »a  :  a  : :  A  + 


III,  Pf^trtkt  tf  Harmtmeat  Pn^urtumalr 


b  : 


extrcoie  ami  ttic  fame  middle  term*  arc  in  HarmonkB) 
Proporttdii ;  thru  arc  the  faw  teyow  in  GcoBeiriokl , 

Froj  ortioti :  fo  here 

till'  tlircc  3,  4  ate  aritl.inctir.iU, 

j.ixl  li.c  llirse  3,  4«  6  arc  tiai:))onii:al-, 
tluii  tl.c  fu.ir  ?,  3,  4,  6  ate  gtoinclriials. 

^.  If  httvvnii  any  two  ntimbcrtt  u  x  and  6,  there 
|}c  Mtcrpofv-d  ail  arithnkctical  mean  4.  •o'latfo  a  har- 
moiHcal  mean  3,  the  foitf  nrill  then  be  geometrical^,  viz, 

8  :  3  :  :  4  : 

6.  Btt.-.L'tii  l!ic  tlifce  kl;i.'»  cf  p'.opuitiiJii,  ihcre  it 
this  remarkai)!e  dilTcrei  cc  ;  v;,',  t!;ar.  fn  -ii  any  i;i»en 
auntWr  ihtrccan  l;c  railed  a  coiitiiiUi-t!  iii  itlinii-:ic;il  f^:.- 
ries  increiHiij;  id  iiifiu-iuin,  luit  nol  t!t»-r  .<linj^  ;  whiL- 
the  hnrir'.iitiit.ii  \:ar»  he  d^crcaifd  ad  isifiiiini;)!,  but  wot 
ilicrcatcd  ;  ai.d  the  f;iOinrlntill  admits  of  Sodr. 

PROPOSlTiON.  i>  either  fame  truth  adTanced, 
and  Ibevrn  to  be  fucli  by  deinonftratioo ;  or  tmt  ope* 

rati  )n  ( t  jpofed,  and  its  folution  ihcu'n.  In  (bort,  it 
i}  fcjinctliiii;^  propof:<1  citiicr  to  be  dcniociftrated,  or  to 
be  done  or  -Hrfonncd.  Hie  fonnvr  i»  a  (beorcDi*  and 
the  la!t..  r  Is  a  prt)hlem. 

PROSTHAPHEKE^lS.in  Aftn  tiomy,  the  difTer- 
enoc  b<.f.vci.'n  the  tiue  and  mean  motion,  or  between 
tlie  true  and  mca«  {ji-ic^-,  of  a  plautt,  or  between  the 
tmcand  equated  anomaly  ;  callol  alfo  E<]-.i.ition  of  the 
CMfilt  or  EqMllM  of  the  Centre,  orfim|i!y  tlie  E<|«a* 
tion ;  and  k  ia  equal  to  tbean^  formed  at  the  pkactf, 
ajtd  fiibtend^  by  the  cxcentricitr  of  itt  orfaiu 

Thu^,  if  S  he       'rn,  ..i.u  P  t'lc  place  of  »] 
ia  it^  orbit  Ai^D,  whuic  centre  w  C. 


I.  ir  tT  ric  or  four  n\imbcr«  in  Kar:;ion!c.il  Pro- 
portii>ii,  be  cither  multiplied  cr  dividtd  by  any  niini- 

brr,  the  produ^  or  quotteat*  will  alfo  be  Haratosical 
ProportioiiaU. 

,  Thu«i  6»  3,  z  being  harmon.  Proper. 

llicTi  I!,  6,  4  arc  alio  hariiiun.  Propur. 

a.)d     i»  \t  1  arc  alfo  Laf mull.  Pi oj  .ir. 

a.  In  tbe  tlitce  Hannonical  Proportioasls  a.  it  t, 
when  any  t«-o  of  thefe  are  ^rivcn,  the  3d  caa  he  found 
from  the  definition  of  them,  \h,  that«:  c  :t«— ^t  k-^c, 
for  hence 


2M 

oh 


the  hamunkat  meaii,  and 


the  jJ  harmon.  to  a  ar,d  I. 


J.  And  cf  the  four  H.umoiiic«l«,  <?,  h,  Cy  il,  any 
thicc  being  ;nvcn,  the  fourth  can  be  foui.dfro:.!  •.!  t- 
definitioo  of  litcoi,  viz,  that  a  i  J  i;  a  —  b  t  —  d  i 
for  thence  the  three    r,     will  be  thua  ibond, 

esz:  iJss 


.      ud  —  at 
*=s — —  t 


4*      there  be  f«ur 

$»  4»  *f  of  which  one  extreme  and  the  two  mid- 

.^le  tenui  an  m  AtkhoietJad  Pf  uponion,  aud  tlic  uiLcr 


nwnbert  diipoled  ra  order,  mt 


Then  the  Bean  anotnafy  ia  the  ^  ACF, 
and  the  true  anomaly       tlie  z.  ASP, 
,  the  difference  of  whicKis  the  ^  CPj, 

wl;ii-!i  is  the  PrcUhiphcie's  ;  wiucti  is  fo  called,  be- 
caufc  it  is  f'nnu'iin  e>  to  bi.  .nddcd  ty>,  and foractimca  to 
be  fubcrahed  from  the  mean  motioui  to  give  the  true 
one ;  as  t$  evidrot  from  the  figure. 

PROTRACTING,  orPaoraacTtOM,  in  Sarveying, 
the  aft  of  |>lottiui^  or  I.ivinj^  dow  11  the dioicn(ioD» taken 
in  the  field,  by  irnnrw  of  a  Protraiftor,  Stc  ;  Protrafting 
makes  one  part  of  fiirTtying. 

PknTRAcriNG-fj/f,  a  line  pointed  pin,  or  iitedlf, 
fi^i  1  into  a  hiiiidlc,  ufcd  to  prick  off  diegfec* and  tlU> 
mites  from  the  iito!)  of  the  Pt<  rr:.<*>f>r. 

PROTRACTOR,  a  mnho  i.,t\,,!  i,,tlni,' ent, 
chiefly  ufed  in  furveymg,  fur  laying  down  angles 
upon  paper,  ttc 

The  umplcftt  and  moft  natural  Protrs^or  confiAa 
of  a  ftmJcircolar  l»mb  ADB  (lig.  7,  i>l.  xu'  common* 
!v  ufr.v.fJ,  .'iMiiii'  ill':,  i":'-,  IaI,-:  '  !  '  dla- 
luclcr  AD  ;  m  the  middle  ut  wiiivii  it  u  taioU  uulck  C, 

4  calM 


P  T  O 


[  m  ] 


P  T  O 


■calted  thr  rtntre  of  the  ProlMif^or.  ^iiJ  for  t!>«  con- 
VeiiieiR-c  t>(  rci"!f>ning  both  wnyn,  the  ilcLjrcr!!  ate  m:m- 
bcrnl  iVom  tlii^  K-tt  ii.^nd  ton-Brd«  tbc  right^  and  ham 
tlic  right,  hand  :o\var<i>  the  left. 

But  thi*  iuilrutncnt  is  mademneh  nove  eommodtnat 
by  traiufcrriflg  ti<e  dmHon*  from  the  ciicum(«rence  to 
the  ed^'c  of  2  ;  ii!i.  r,  v.  li.  ff  (ic!c  KF  is  p lile!  to  Ali, 
which  is  c;ilily  li.  r.o  hv  li.yiii;^  a  n;lrr  om  il.i- oct.trc  C, 
and  over  llic  livtial  diiiiioii*  on  tho  inv.  circuinfLi'iiicc 
ADB,  and  iti^ivkinj^  l!.c  ii:tt  rti  clions  i-l  t!i:U  i  iikroii 
the  line  V.V  :  t'u  thni  a  n.lcr  with  thcfc  diviiir:>  i  :n:>rk'  d 
tin  one  of  ii^  >  above,  and  rcturr.-ii  Ji?»V!i  'lu-  r\v(i 
erJ».  and  mitr.i  ficd  botli  nay^  m  in  tH.-  t.'ii'!l,'r  l'r;>- 
tradur,  the  fourth  or  blank  iide  repri'fvntin'^.the  dia< 
im-ter  of  the  circle,  h  both  a  more  ufi-ftit  :<>ri)i  than 
the  circvUr  ProtrAftiMTi  Mid  better  adapud  fur  {jttutag 
into  a  cafe. 

To  ftty  jIi'z!'  w'llf  the  Pritr.}3<7r.—} .ay  the 

drarr.rter  <  f  the  Prulrai\<>r  ^ilonjj  the  pivc  n  hiir  vvKioh  is 
to  hi-  cue  ii<5c  lit  tlie  Jilj^le,  and  its  i  .  i  rc  it  ihc  given 
ao^nlar  puiitt ;  ibc"  r.iikc  a  tnark  i  iipoiiie  lUc  ^ivcn 
dcjfree  Of  thb  angle  lonnd  tm  tlic  lin.b  of  th- iufi.  ii- 
turat,  ar.d,  n moving  tlt«  I'lotiador,  by  «  piano  ruler 
bid  over  that  poiui  and  the  centre,  draw  a  hoe,  which 
wiillbnnthe  anyle  four;ht. 

Id  the  fame  way  ijany  given  angle  ttieafurcd,  to  find 
the  number  of  dej^rccs  it  contains. 

This  Protrjf\t>r  it  alfo  very  iifeful  in  drawing  one 
line  pcipcndicular  to  another  ;  which  is  readily  done 
by  laving  tlic  I'rotrae^or  acrofs  the  given  line,  lo  that 
both  iiR  centre  ynd  the  <;oth  degree  on  the  oppi^fite 
edge  hU  upon  the  line,  alio  one  of  the  edges  {NdTing 
oTcr  ibe  |;iveiipoiitt|  by  which  then  let  thepc(peodkn< 
ki  be  dnirn. 

Tht  Impnvti  PkOTRACrOR  it  an  infiniment  much 
like  the  fonnrr,  only  fumiflied  willi  a  little  more  xppa- 
TBtus,  liy  which  an  angle  may  be  ftt  off  to  a  fingle  mi- 
nute. 

The  chief  ad(!ition  li  an  index  attached  to  the  centre, 
about  which  it  is  moveable,  fo  as  to  play  freely  and 
#cadilv  o'.  t  r  the  llrnb.  Beyond  the  litrb  the  index  is 
dividttl,  (  ■:'  '  til  edges,  into  6  ■  cfjual  pamof  the  por- 
tion*  oir  circles,  intticepted  by  two  other  nght  line* 
drawn  frotn  the  centre,  lb  that  ench  imkcaao  angle  of 
one  degree  with  tinea  drtwo  to  the  aflbmed  ptiitla  from 
the  centre. 

To  fct  off  an  angle  of  any  niimbern'  ilr-r-fei  nnil  -ir- 

init?<  with  thi»  Protraftor,  move  tl-:  jiJix,  lo  rnat  ■ 

tit  the  h'nes  Hrnwn  on  the  limb,  In  ir.  niic  ot  the  kr:- 
jaentio-tfd  pfjirts,  may  fall  ii}>on  the  number  of  degree* 
l^veti ;  »iid  prii  k  I  li  a,  many  of  the  equal  pana«»  the 
proper  tdgc  of  the  index  as  there  arc  minute*  given  | 
then  drawing  a  line  from  the  centre  to  that  point  fo 
prkked  oi^  the  required  angle  la  thua  formed  withtlie 
giTcii  Kne  or  diameter  f>f  the  Pnitn£kar> 

PKOVIN'O  of  Qvt^tnedtr,  See  EtROVTBTTB,  and 

GvVJ'  •■,e:'Ck. 

i';iF,UI)0  Ste:.la,  any  kind  of  meteor  or  phcno> 
oicnon,  iipitiiifg  in  the  heavens,  and  rcfembling  a 


PTOLEMY,  or  Ptolomy,  (CtAVOtus),  a  very 
edcfantcd  geographer,  allronomer,  and  ronthem.iu- 

ctan.  Among  the  Ancient*,  wa«  bom  at  Pelufium  in 
lC}:ypt,  2U>ut  the  ;oih  year  of  the  Chriitian  e»|  and 
died*  it  haabeco  (wd,  in  the  79th  year  of  hi*  age,  and 
in  the  year  'of  Chritt  147.    He  taught  aftronomy  at 

Alexandria  i.)  F.gvj-t,  wliere  he  mnJ.  n.-.v-.y  allrosiomi- 
cal  obieiv.itiori),  m\  ciimpofed  his  oLher  works.  It  is 
ceiuiin  that  he  fli>uriihed  in  the  reigns  ot  Marcus  Anto- 
ni;iuii  and  Ailriaii  :  (or  it  is  noted  in  hi»  Canon,  that 
Antoiiiiuis  Plirs  i\-..ni-d  23  years,  which  (he«s  that  he 
himlelf  fiiivivcd  hun  ;  be  alfo  lellit  us  in  one  p'acc,  that 
h»"  niiidc  a  great  many  obren;:tii)ni  upon  the  fixed  il^it 
at  Alexandria,  in  the  fecond  year  of  Autoainus  Pius  \ 
and  ui  another,  that  he  obferved  an  eclipfr  of  the  moon, . 
.in  thf  ninfh  year  of  Adrian  ;  from  which  it  realbnablc 
to  et;:),^uik- il)»t  ihisaiirononier'sob&rtaiiunsi  npoathe 
heave  Hi  v.xrc  many  of  them  made  bciwecft  the  year 

Pioloiny  has  always  been  r'.ckonr d  the  prince  of  aflro« 
pomcrs  amoii.f  the  Anciei'ti,  and  in  Ilia  woiks  has  left 
IIS  an  entire  body  of  that  fcience.  He  has  prcfervcd  and 
tranfmittcd  to  -m  \\\t  ohfe:v4tions  and  ]^rincip^l  difcove- 
rics  of  the  Ancients,  and  at  the  fame  time  augmented 
and  enriched  them  with  hit  own.  He  odrred«d,Hip< 
parchus**  catalogue  of  the  fixed  liar*  \  and  formed  u> 
blc»,  by  whieh  the  motiomof  the  Inn,  moim,  an  !  pla- 
nets, might  bi  calculated  and  lepidattd.  He  was  in- 
deed the  fiiil  who  col!e^te<!  the  Icaitered  and  dvtachtd 
obfervations  of  the  Ancicnta,  and  digcHcd  ihcm  into  a 
fyftcm  ;  which  he  fet  forth  in  his  Miya>.i|  Xm.- thi, 
magna  Oisfiiuil'tQ^  divided  into  13  Iwok*.  iJe  adopt* 
and  eahibits  here  the  ancteat  fyftem  of  the  world, »  hich 
sbwed  the  earth  in  the  ceatre  of  the  univerCe  1  and  thia 
nas  bcctt  raUed  fnsm  himt  the  Ptolomaie  Syfiem,  to 
diilingtiift  it  from  thofe  of  Ctipeniiciia  and  Tycho 
Brahe. 

About  the  year  8:7  this  work  was  tranflated  by  the 
Anil>ianf!  into  llitir  l.mgiiage,  in  which  it  wa^callrd  Al- 
mij^tpumy  by  order  «>f  one  of  tlu  ir  t.i  'L;  -  ;  rsn  l  fjc^n  Ata- 
bic  into  Latin,  .ibout  1:30,  by  the  encouragement  of 
the  emperor  Frederic  the  jd.  'llirrc  were  alfo  other 
ver&ou*  fi'oiii  the  Arabic  into  Latia  ;  a»d  a  nuaufcript 
ofotie,  done  C^irardus  Cremonenfi*,  who  floiiriflied 
about  the  middle  of  tbc  l^th  century*  Fnbeicins  fays,  ia 
fttit  extant  in  the  library  of  All  Soots  College  ui  0«« 
firj.    The  CTrccktt^i  r  rt'iii     . I •.  \,  jfau !i)  bcreadin 

Eriopi-  in  t!ii:  I  .til  reiiturj  ;  auJ  v.u:.  tiril  publilhcd  by 
o.ir :  11  ( II  \  ii ; -  .!•  H;i|il,  1  ^  jS,  in  t'olio,  wit li  thc«.l<  vv-n 
books  ot  c.immentariet  by  Theon,  who  floiiiinied  at 
Alexandria  in  the  reign  of  tiic  elder  Thcodofiu*.  In 
1541  it  was  reprinted  at  Halil,  with  a  Luin  vtrfion  by 
George  Tnipc/ond ;  and  agani  at  the  fatne  place  ia 


1 5; I,  with  the  addition  of  other  wotka  of  Ptolamyt 
^nd  Latin  verfiontby  Camerarina.  Welearafrom  Kep^ 


ler,  that  this  tail  edition  was  ufedby  Fyeho. 

Of  this  principal  work  of  the  ancient  allronomer*, 
it  may  not  be  improper  10  give  here  a  more  particuiai* 
account.  In  general,  it  m.iy  b«  ohkived,  that  the  work 
is  fo-jnded  upuii  the  hy|X)the(ls  of  the  earth's  being  at 
PTOI  KMAIC,  or  Ptoiomaic,  fomtthiug  relating    reft  in  the  centre  of  the  univ-irfe,  and  that  the  hiavenljr 
to  Ptolomy  }  as  the  Ptolomuic  Syilem,  the  PtoioDHHC    bodies,  the  Aari  and  planets,  all  move  arouud  it  in  f<jJid 

SphetCf  (»•  Se«Sy»TKii»  SriiKHK*  &c.  orb<,  wlK>fe  spoUooa  ai«  all  diieded  by  ooe,  whkh  Fto> 
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iomr  called  the  Vrimum  /II  ur  F-<ill  Mover,  of 
vi-iiicli  he  difcourft-t at  b'. ^e.  in  !,  t  I,'  more  pMrtko* 
i»T,  thil  grcal  work  i»  ilivni'.d  into  1  j  buuki. 

In  thv  firft  book,  Ptolotr.y  (hcwi,  (hat  the  earth  it  in 
the  centre  of  thote  orbii  and  of  tht  untverfe  itfcif,  as 
he  undevlood  tt  s  lie  ttfttkat*  the  «i>tK  as  of  a  fphe- 
ricat  fiffttrr.  «ad  but  m  *  pwiai  in  comparifoik  of  the 
rB  of  tne  btavenly  bodies:  br  tTcsu  cuiK^rnSnj;  the 
fcveral  c"rcle»  of  ilic  euith,  and  tlicir  (Kllan  i--  ft.  rl.-- 
Vqiinlor;  ai>  alfo  uf  the  right  and  oblique  akcal'ion  ol  titc 
heavenly  bddica  m  a'ijjht  l']>hfre. 

In  the  id  hook,  he  trcatj  of  the  h;>hit:d)!c  paits  of 
the  earth  ;  of  tlie  ckvaiion  of  tho  j  p1>-  m  ;•.«  oblique 
fphere,  and  the  variuiis  anjjlci  wkkh  the  f»?vcral  circle* 
makewilh  the  lunir.Dn,  according  tO-Che  ditlerciit  lati* 
tude  of  places ;  alfo  of  the  plienomcm  of  the  hcaTntly 
faodl<id;prnding  on  the  f«mc. 

In  the  3d  book,  lie  ticali  of  the  aoantiiy  of  the 
yenr,  and  of  the  unequal  notion  of  the  lua  through  the 
aofiiic  :  Ik-  lint  ^;ivcs  the  mrthiKl  of  crciiputiag  the 
meaii  itiotiuu  ui  the  fun,  with  t^ihlen  I  hi-  ume  ;  and 
Ukcwifc  treats  ofthr  inequality  of  iliv  -  am;  ni/K-v 

In  the 4th  book,  he  trer.ts  of  the  Iuikm  Muition^  and 
their fHWibpheDoinena  :  he  givet  tabK  .  for  hrJmg  ilie 
noon**  mean  inolinn>,  with  her  latitude  ar.d  longitude  : 
he  difeourrcs  largi  lj  concerning  lunar  rpicydet ;  and 
bf  eooipBring  the  tiinetof  a  great  nunnber  of  eclipfeit- 
menticiMd  by  Hip|>archui,  Calipput,  and  other*,  be 
has  computed  the  places  ot  the  iu:i  ami  moon,  accord* 
ing  tti  their  mean  raotionj,  frorrt  the  Un\  year  of  Na- 
boni/ar,  king  of  Ej^pt,to  liis  owa  time. 

In  the  sth  bouL,  he  treat*  of  the  iuilrument  called 
the  Aftrulabe  :  he  treats  alfo  of  the  eccentricity  of  the 
lunar  orbit,  and  the  ineqaality  of  the  ntoon't  motion, 
according  to  bcr  diilancc  from  the  fun  :  he  alfo  gives 
tablet*  and  an  miiwrlil  cuuw  for  the  ioequalitj  of.  the 
liniir  notiona ;  he  then  tmts  of  the  diflereot  i^peAa  or 

pltafcs  of  the  moan,  and  gives  a  computation  of  the 
diameter  of  the  fun  and  uu)gi),  with  the  magnitude  of 
the  fun,  moon  and  earth  compared  to^eiiicr ;  ht  dates 
alfo  the  different  iiK:aiui  c&  of  the  diftance  of  the  fun  and 
moon,  according  at  they  are  deterauned  bj  Mcicit 
matbematiciana  and  philufophers. 

In  the  6th  book,  he  treau  of  iSkt  eonjundiont 
•Dd  oppoCtioM  of  tlie  fun  and  moon,  with  tablca  for 
eomputing  the  lacu  tune  wbeo  they  hapfica  |  of  the 
boQodariea  of  fofatr  and  lunar  edipfei ;  of  the  tabie$  md 
methods  of  computing  the  ecb'pfet  of  the  fun  and  mooa, 
with  many  otK:  I  [ir  t'.Mhr^. 

la  the  7th  uowt;,  iic  treat*  of  the  fixed  fiart;  and 
ftewt  the  methods  of  defcribing  them,  in  their  various 
confteUationa,  on  the  furface  of  an  artiAdal  fpherc  or 
globes  he  redifies  the  places  of  the  Itarsto  his  own 
tiUKf  md  Ihcws  how  diflcreot  tbo£c  places  were  then, 
fioni  whet  they  bad  beco  in  the  tinet  of  Timocbaris, 
Hippwdua,  AnKBm»XkiSfmm,  md  «ibm ;  be  theo 
hys  down  e  catatogw  w  ^  mn  »  ttA  «f  the  nor- 
thern confteOatkMU^  villi  their  Itthnde,  Inagbndcktiid 
magnitudes. 

In  the  8th  book,  he  gi»e»  a  like  catalogue  of  the 
Aart  io  the  conftellatioot  of  the  fouthera  hetnifphere, 
and  inthe  12  figns  orconfteUatiooiof  the  aodiac.  This 
« the  filfk  cMawgHC  «f  the  Am  R0W  Quaot^  aod  fotm- 


the  moll  v.;!iiul)le  part  of  Ptolomy's  work,-.  He  then 
treats  of  lln  j;.ih.\y,  or  milkv-«ay  ;  «U  >  ot  the  plane- 
tary afpecis,  with  the  riling  and  Utti.i^'  of  the  fun, 
noon,  and  ftan. 

In  the  9th  bookf  he  treats  of  the  order  of  the  fua, 
moon,  aod  flancta,  with  the  periodical  iwdutiont  of 
the  five  planets ;  thai  he  giWi  tables  of  the  mean  mo* 
ttont,  be^itiiiin^  witb  the  theory  of  Mercury,'  and 
Viewing  It*  f«nom  pbenameRt  with  lefpad  t»  the 

earth, 

'I'tic  loili  bi^ok  S<'glii'i  witli  t1',(?  theory  of  t!ic  planet 
\'e'ms;  trriUn^j  of  lu  grealeft  diftance  from  the  fun  ; 
of  itj  cpio^  cle,  ctxeiitrici;y,  and  periodical  motions: 
it  then  tv.Aisi  of  ttie  fame  particulars  in  the  plauct 
Mart. 

Tbe  I  ith  book  trfats  of  the  fame  circumikmoM  in- 
the tbcmy  of  tbe  piaitci*  Jupiter  and  Satttni.  It  alfo 
corrrcls  all  the  planetary  motions  from  obfiwntioiie 
made  from  the  time  of  Nabona/ar  to  his  own. 

The  12th  bonk  treats  ot'tiie  rc-tro^refiiu-  moticin  of 
the  ferer^l  planets  (  giving  aUo  tables  of  their  llations, 
and  of  the  grtatcft  diflaaeca' of  Vcnui  and  Mmatf 

from  the  fun. 

Th^  I  jth  book  treats  of  the  feteral  hypothefes  of  the 
latitude  of  the  ti«c  planett  {  of  the  grcaiell  latitude,  or 
inclmation  of  tbe  orbsta  of  the  five  ph nets,  which  are 
computed  and  diTpnfed  ia  idtkat  of  the  fifing  «ad  fet* 
ting  of  the  planet  .,  with  taibleaor  tliem.  Then  foBowa 
a  coiiclutioii  or  wmdiiij^  up'of  the  wh:>le  work. 

great  work  ot  I'tolomy  will  always  be  valuable 
on  account  of  the  obfervations  he  giTes  of  the  places  of 
the  ftars  and  planets  in  former  timet,  and  acctmling  to. 
ancient  philo^phert  and  aftronomers  that  were  then, 
extant ;  but  pnodpaUy  on  account  of  the  large  andcit> 
rious  cataIog|IK<r  Ue  <Um»  which  being  compared 
with  their  dMCatt  prefent,  thenoe  deduce  the  troe^ 
quantity  Jt  their  flow  pragrcllire  ttotiaa  aeeordinig  l»- 
the  order  «f  tbe  ^goH  or  ^  the  pracdEea  of  theoqiii^ 

noxcs. 

••Another  j^reat  and  important  work  of  PtoTomy  was,, 
his  Ge'!^r,jp!-\,  in  7  books;  in  which,  with  his  ufual, 
fajaclty,  he  fcarchcs  out  and  maik$  the  fituition  of, 

E laces  according;  to  their  latitudes  and  longitudes  {  and 
e  was  the  hHl  that  did  fo.    Though  this  work  muftv 
needs  fitU  far  ihort  of  pcrfe^'on*  throiKb  the  want  of. 
acceflkry  obtervaticmt,  yet  it  is  of  eoafiderable  merit, . 
aad  has  beca  very  ufeful  to  tiioden> geographers.  Cdlap 
rnia  indeed  fufpcAs,  and.  be  was  a  very  competenti 
judge,  that  Ptolomy  did  not  ufe  all  the  care  aci!  af  pli- 
catiOT  which  the  nature  of  hit  work  required  ;  mA  liis 
reafon  is,  tiiat  lh(  author  delivers  himfclf  with  the  fame 
fluency  aud  appearaoceof  certainty,  concerning  things 
aad  places  at  the  rcmoteft  diftance,  which  it  was  iropM- 
iibie  he  could  know  any  thing  of,  that  he  does  coo-- 
cerniogthofe  which  lay  the  uearcit  to  him,  and  fall  the. 
mollnaderbis  cagaisaace*  Saimaiiushad  before  made.' 
feme  remirfca  to  tbe  ftnie  purpofe  vpoa  thrt  work  of: 
Pto!n  my.    The  Greek  text  of  this  work  was  firft  pub- 
lithed  by  lifclf  atBaGl  in  1533,  in  410  :  afterward  with . 
a  Latin  verfion  and  notes  by  1  Jiiu  t!  Mercator  a[  Ai:v- 
Aerdam,  i6oj  ;  wliich  lalicditiou  was  reprinted  at  i^- 
fame  place,  1 6 1  3,  U.  Jbli0|  with  BCtt  (MjplpbkaLllr^ 
blct,  bj  Scrtiua.  . 
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Other  wotki  of  Ptolomy,  though  left  conGdenble 
than  tbefe  two,  are  ftitl  estaot.  A^s  Likri  quatuw  J* 
y»dicmt  Afinrum^  upon  the  firft  two  book*  of  which 
Cardin  wrote  acomincntaiy.-^i^niAK  Litrorum  fuarwmi 
«  kiad  of  fupjdefnait  to  the  fanner  work.— iZiMisIt* 
Ctrwnt^km  Rt^umt  thw,  with motlwrivork  of  Fie« 
lomy,  De  liyptthej.hui  Planttanmt  wis  publilhed  in 
f/>20.  4to,  by  John  Baitibridfre,  the  Savilian  profeflbr 
of  Aftronomy  at  Ozfoid  :  An-l  Scalieer,  Petaviu*, 
DodwdU  »»<1  t'le  other  chnjoolopical  writeri,  ha»c 
made  great  ufe  of  \\.—Af>fnn'rntU  SltUamm  Jncrrantium  : 
Ihu  wa<  publilhed  at  Parn  by  Fcu*iiu,  with  a  Latin 
veiiton,  163O1  in  folio ;  but  frotn  a  mutilated  copy^ 
the  dcfcds  of  wkicb  have  fiace  been  fufBlied  from  a 
pcrfed  one»  whidi  Sir  Hcmy  Saville  MM  aMWwnu> 
cattd  to  archbiOkop  Uflwr,  bf  Fabricim,  n  the  jdfo- 
lutnc  of  his  BMielbeea  Gr^fa.—Elnmmtnm  Hnrnumc*' 
ru't  i:>ni  trti  ;  piiblifhcd  in  Greek  and  Latin,  with  a 
crimmeulary  by  Porphyry  the  philofopher,  by  Dr.  Wal- 
Ii«  at  Oxford,  i68z,  in  4.to  ;  and  afterward*  reprinted 
there,  and  infcrtcd  intbe  3d  volume  of  Wallii'i  work*, 
1699,  in  folio. 

Alabilion  exhAttSt  m  bia  Gtrmam  Trawlt,  an  eSfj 
•f  fkolomy  looluM  at  the  tan  throogh  an  opticai  tabei 
which  effigy,  he  Sttp.  he  found  in  a  mauufcript  of  the 
Ijdi  century,  made  by  Con  rod  u*  a  monk.  Hence 
fome  have  fantiet],  that  the  life  of  the  tclcfc<jpc  wa» 
known  to  Conradiu.  Uot  thi*  i*  only  matter  of  mere 
conjeAure,  tiicrc  being  no  f»£U  or  teilimoaie^aorCKB 
probabilitieat  to  fumort  fucb  an  opinion. 

It  ia  radicr  lik^  that  the  tube  was  nothing  mora 
lhaaapfauaopca  ooCt  enphinf ed  to  (beaythen  and de> 
faid  the  eye-bghtf  whcaloekuif  at  paflicttUr  Aan,  by 
excluding  adfcotitioua  rajafima  odMrllan  andofaieAai 
a  cootri ranee  which  ao  ooCerm  of  dM  hciveas  can  ever 
be  fuppofed  to  have  been  wiihovK*. 

PULLEY,  one  of  the  tire  nMchanical  powers ;  con- 
Cfting  of  a  little  wliecl,  being  a  tiiciilar  piece  of  wood 
or  metal,  turning  on  an  axit,  and  having  a  chaaacl 
anwid  it,  in  iu  edge  or  circumfiefOMCf  in-  whidl  • 
•and  ilideaaM  £>  taiiet  VB  weig^  . 


Pulleys  it  called  a  Syftem  of  Pulleyi,  or  Polyrpafton  ; 
fome  of  which  are  in  a  block  or  cafe,  wliich  is  fiicd  ; 
and  othcTi  in  a  block  which  is  moveable,  and  rifes  witlt 
the  weight.  The  wheel  or  rundle  i*  called  the  SheM 
or  Shiwi  the  axis  on  which  it  tUTM^  theGadpaaai 
and  the  Ined  piece  of  wood  or  mu,  iato  widai  k  it 
pot,  the  Block. 

DoSrint  e/  the  Pulliy. —  I.  If  the  equal  weighu 
P  and  \V  h,n>;  by  the  cord  DB  upon  the  pulley  A, 
whofc  block  b  is  fixed  to  the  beam  HI,  they  will  couQ. 
lerpoife  each  other,  juH  in  the  fame  manner  ai  if  the 
cord  were  cut  in  the  middle,  and  its  two  ends  huac  upoa 
the  hooks  fixed  in  the  Pdkj  at  A  aad  A»  ^UHlf  dU^ 
taat  from  the  oentce.  . 

Hence,  a  finxk  PnUey,  if  the  Kim  of  dncAiOB  of 
the  power  and  the  weight  be  tangents  to  the  peripheral 
neither  affids  nor  impedes  the  pou'cr,  hut  only  changes 
it*  direftion.  The  ufc  d:  1!  -  PulL-y  t';  -Ti-fr,rr,  is  when 
the  vertical  direction  of'  2  p<ivver  it  tu  be  chiti^'ed  into  an 
horizontal  oiie ;  or  an  af<:endin;r  Jircrtion  into  a  defcend- 
ing  one  ;  tec.  This  is  found  a  good  proviiion  for  the 
fafety  of  the  workmen  employed  in  drawing  with  the 
Pulley.  Aad  this  cfaaage  of  direAion  by  meant  of  < 
Pulley  haa  this  Urtbcr  advantage ;  that  if  any 


Hie  LatifH  caS  it  Trochlea ;  and  the  feamen,  when 


can  exert  more  force  ia  oae  direAion  than  anotner,  we 
are  hence  enabled  to-employ  it  with  its  greateft  efieft  ; 
as  for  the  convenience  of  a  hoffc  lO  dcaw  in  a  horison* 

tal  HireAion,  or  luch  like. 

But  (he  ijrcat  ufc  tit  tlic  Pulley  ii  in  combining  fevc- 
lal  of  them  together ;  inat  forming  what  Vitnnrius 
aad  •thcTS  call  Pnlyfpafla  ;  the  advantages  of  whteh 
are,  that  the  aMKhinc  take*  up  but  little  rooa,  aa  cafi- 
ly  fcmoved^  aad  niiet  a  very  great  weight  iridi-a  bo- 
derate -fiirce. 

2.  When  a  weight  W  hangs  at  the  lower  end  of  the 

moveable  block  />of  tlie  Pulley  D,  and  the  chord  GK 
goes  under  the  Pulley,  it  is  plain  that  the  part  G  of 
the  cord  bears  one  half  of  the  weight  \V,  and  the  part 
F  the  other  half  of  it  ;  for  they  bear  the  whole  between 
them  %  therefore  whatever  holds  the  upper  end  of  either 
rope,  fdkaiaa  one  half  of  the  weight ;  and  thiu  the 
power  P,  viUch  dnwa  tbeeord  F  by  meaaa  of  the  cord 
paffiajr  over  the  fixed  {Milley  C,  will  fnftaia  the 
weight  W  when  itsintenfity  isonJy  equal  to  the  half  of 
Wi  that  is,  ill  the  cafe  of  one  moveable  Pulley,  the 
power  gained  is  as  2  to  1,  or  as  the  number  of  ropes 
G  and  r  to  the  one  rope  £. 

la  like  manner,  in  toe  cafe  of  two  moveable  PuUep 
PandLi  each  of  thefoaUbdaeihlea  the  power,  and  pea* 
doeca  a  nna  of  4  to  1,  or  as  the  number  of  the  ropea 
Q,  M,  S,  K,  nftaining  the  weight  W,  to  the  ■  npe 
O  fiiftaining  the  power  T  |  that  ia»  Wttt»Tas4tO' 
I.  And  fo  on,  for  any  number  moveable  Pulleys, 
Tlx,  3  fuch  Pulley*  producing- an  increafeof  pnwerns  6 
to  I  ;  4  PuUeyi,  as  8  to  1  J  ic  ;  rath  power  addjnr  a 
to  the  number.  Alfb  the  effcA  is  the  lamr,  when  Ae 
Pulleys  are  difpofcd  aa  in  the  fixed  bk>ck  X,  and  the 
other  two  as  in  the  moveable  block  Y;  thdie  ia  tlw 
bwer  block  givinc  the  lame  adsnmtq^e  to  the  powei^. 
when  thtf  iSt  afl  tafcthcr<  Is  one  hloek  vMh 

*^rt  if  the  lovrerPuHeys  do  not  rife  an  together  hi  eat- 

block  with  the  weight,  but  ad  upon  one  another,  hav»- 


Itocd  "ffith  a  rgft  a  Tackk.  AaaficoM^  of  icvetal    io{  tbc  vreight  only. Mcncd  to  toe  lowcft  of  tha^jh»- 
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force  of  tlie  power  U  flill  more  iiicrcafeil,  Mch 
d<uiWIii};  llie  former  number*,  tlicgRiiiol  powcmthw 
cafe  proceeding  in  llic  '^loncliiial  j;iop;r(.fliJii,  I, 
4,  8,  16,  &c,  accoidinp  to  the  puwct*  <.f  :  ;  where- 
at in  ihe  former  caff,  tin'  wa..  only  in  arithmetical 
progidSon,  increafing  by  tUc  ai"1<lit'oti  of  1  'lliui,  a 
power  whoft-  iiitL-lifrty  is  cqinl  !u  8'."')  rpj-IiL'l  at  Will* 

by  means  of  the  lower  PuUcy  A,  fuli«in  ibibj  ind  m 
power  equal  to  41b  at  t,  hj  mcaai 
of-  the  Pulley,  will  fnOain  tli« 
power  of  81b  lialn^  at  ti,  and  can- 
iequently  the  weight  of  iMh  at 
W;  alfo  a  third  poivcr  r<n;al  lu 
jlb  at  r,  by  ii>'.  J!is  I  if  t!u-  l'.:'.Ky 
C,  wiUliiliaia  the  po  wer  <»f  41b  at 
uda  4th  power  of  lib  at  //,  by 
flieani  of  the  Pulley  D,  will  f  if- 
tiin  the  power  lat^t  and  confe- 
^uently  tlic  power  4  at  B,  and 
the  power  8  at  A,  and  the  weight 
I  Oat  W. 

3.  It  ii  to  be  noted  however, 
that,  in  wiiatcvtr  propiirtimi  the 
power  is  gjiiird,  in  tliat  ver^  (ame 
proportion  is  the  leiij;th  ni  imic 
mcreafed  to  produce  the  fame  cf- 
(ei\.  For  when  ■  powtr  move*  • 
weigtit  by  meMt  of  leverii  Ptilky^ 
tbe  fpacc  pafled  over  by  tlic  power 
{•  to  the  fpace  paffed  otter  hf  the 
weight,  as  the  weight  U  to  the 
|iower.  Htnce,  tbc  fmallcr  a  force  , 
jt  that  fuilaius  n  weight  by  mcnni 

of  Pulleys,  the  lloxvtr  is  thr  weight  laif-i?  ;  fo  that  what 
is  faved  or  gained  in  force,  i«  always  ipciit  or  loft  in 
'tinei  which  Mthegcoeial  property  of  all  the  meehtnU 
cilpBverti 

The  ufnil  nethodt  .of  omnginff  PttUert  ia  thetr 
blocks,  may  be  reduced  to  two.  1m  firit  confifts  io 
pulling  then  one  by  the  fide  of  tnotlier,  upon  the  fame 

pin  ;  the  other,  In  placin;^  th<'n\  lilrcdly  umler  one  ano- 
thi.T,  upon  fcpanitt  pins.  Lat  li  oi  lh<.;e  (r.clhods  how- 
ever is  liib!''  to  iriionvtniencc  ;  u!  Mr.  Srneaton,  10 
avoid  tin.'  iiiipe dimcntii  to  uLich  thrfc  combiiiationsare 
fubje^^,  propofcs  locomhinc  th-.fe  two  incthodi  jv one, 
tee  the  Philof.  'I'lanf  vol.  47,  pa.  ^94. 

Some  inAaiices  of  fuch  combinations  of  Pulleys  are 
exhibited  in  the  following  figures  f  bcfide  ivfaicb,  there 
lire  alfo  othemriettetojf  fomu. 

A  vrrv  eonfidenble  impiovieiBeait  in  tbe  conflniAton 
of  Piillcvs  ha*  been  made  by  Mr.  James  White,  who 
h:>o  I'bt.iiiK'd  a  inlt  r;t  for  his  invention,  and  of  which 
he  givt«  tiic  loliowinjf  dcfcription.  The  laft  of  the 
three  foHi.wl">,  ii;;iircs  Iht-vvs  the  macliinr,  confiding  of 
two  PuUrjn  Q^nd  R.  one  fi  vcJ  and  the  otiier  move- 
able. Each  at  thefe  hn  fix  concentric  pvovcs,  capa- 
ble of  bavioga  line  pnt  touad  than,  and  tfauaaduip 
Kke  as  many  different  Pidleys,  having  diameten  eqnu 
to  thoie  of  tbe  grooves.  Suppofing  then  each  of  the 
grooves  to  be  a  dtilind  Puller,  and  that  all  their  dia. 
nirit;8  wcrf  c(nia!,  it  ii  i  vijcnt  that  if  the  weight  144. 
were  to  be  railcJ  by  pullinfj  at  S  till  the  PuUov.?  tnut  h 
«ach  other,  the  firft  Pulley  mull  receive  tli  ■  icn  .ih  of 

Jine  a<nkao]r  timca  u  tiiae  are  putt  of  the  line  baogiag 


bethnm  it  and  the  lower  Pnlley.  Tn  the  pivfcnt  cafes 
there  aic  it  lines,  ^,  </,  /,  &c,  luaging  between  the 
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two  pidleys,  fermr^  by  it*  reveihition  4>ont  the  fix  upper 

louvr  {grooves.  Hem  e  a'!  m-icii  line  mu^l  pafj  over  the 
ti[)p!  iin"ll  i'lilley  as  is  cqi.nl  to  twelve  times  the  ditlance 
of  [he  two.    Biit,  fr.mi  an  inlpcftio:)  of  the  figure,  it 

fne  fiC!) 


Ii 


quantity 


that 

of  lil 


.•!>iid  I'lillcv  cuimot  receive  the  full 


I, 


■M  inuLl*  as  in  i  cjual  to  the  dillance 
betwixt  it  and  the  tirft.  In  like  rnann.-r,  the  third 
PnOey  ncdfCllcrt  than  the  fit  It  b)  much  as  i.i  the 
dillniMie  between  the  firft  and  third  }  and  fo  pn  to  the 
hft,  which  reocivcs  only  one  twelfth  of  the  wnolr.  For 
this  receives  its  fhaie  of  Une  n  from  a  fixed  point  in  the 
upper  frame,  which  gives  it  nothinfr  ;  while  all  the 
others  in  the  fame  frame  receive-  the  line  pnrtly  by  t  iirn- 
iiif;  io  meet  it,  and  partly  by  the  lint;  c«miii_^  to  meet 
ihcin. 

Siippofing  now  thcfo  PuUrys  to  be  tniial  in  l\fe,  and 
to  move  frctly  as  tlic  line  ditcuiiini-s  them,  it  appears 
evident,  from  the  nature  of  ilic  fyilcm,  that  the  num- 
ber of  their  revolution*,  and  coafcqucutly  their  vc1ix-i- 
ties.  muA  be  in  proportion  to  tbe  number  of  I'ufpend* 
'  ing  p^ns  that  are  between  tbe  fixed  point  above  men- 
tioiK-d  and  each  Pulley  refpeitivcly.  Thus  the  outer- 
moll  Pulli-y  woiild  (TO  twibc  times  round  in  the  time 
thai  the  Pulley  unLler  which  the  part  t  of  tlie  linr,  if 
equal  to  It,  woulJ  rtvuKc  unlv  once  ;  and  the  inicrmt- 
diate  timet  an<l  vilocitien  wo  ild  be  a  Ifms  of  .mtlrn?- 
tical  proportionals,  of  which,  if  the  tiril  numbtr  were 
I,  the  lalt  would  alwayj  be  equal  to  the  wholr  mmber 
of  teriM.  Since  then  ihe  revolutioaa  of  equal  and  difUnA 
Pdkya  an  menfnred  by  their  velocities,  and  that  It  ii 
poffible  to  find  any  pro[iortion  of  velocity,  on  a  fingle 
body  running  on  a  ceotie,  viz,  by  finding  proportionate 
didances  from  tliai  centre;  it  follows,  that  if  the  dia- 
mrter»  of  certain  grooves  in  the  fame  fubllaiuv-  le  ex- 
actly adapted  to  the  abos-e  feric*  (the  lice  itfclf  1 

(uppokd  ifidattk*  and  of  no  nugoitudc)  the  necci&t/ 
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^•r  "dMg  ievenl  P»^i  fn  odi  frmie  will  ¥e  alhrlMcd, 
■vA  wim  thkt  feme  <n  the  iucoDTnricadcs  tb  wliidi  the 

tit  of  the  Pullry  is  llublc. 

.    la  the  fij^<rre  rt;rcrTt.<!  to,  tlie  coils  of  rope  by  which 
the  wciijhl  is  fupportcd,  arc  rcprcfcnttd  by  the  lines 
it  t  £tc  ;  a     ^A/  A>f  0/  Iriuliont  ccminonly  calletl 
the  falli  whii  U  paiTes  d«ct  ai  d  under  the  proper  grooves, 
-■mil  It  W  fodenvd  to  the  t)i;]>f  r  frame  juft  ahm c  n.  In 
'ftracttce,  howefrr,  the  grooves  are  not  :i.-ilhmrtical 
•pnifronioiiS,  nur  can  ihey^  befo;  for  the  diuneterof 
the  DP'-  implxyi  cl  mod  in  dl  cmt  be  deduded  from 
each  ;    ;i  ;   vv:tliout  ul.ich  the  ftnaUcr  >;rok.vcs,  tO 
.wliich  ;!.t  ii.J  dianictirr  bc.rs  a  larj-^cr  projinition  than 
to  ihc  Isrcrt-t  Sines,  w  .U  tend  to  rtft'  nnd  fall  tilK-r  than 
they,  avid  ihii;  intr<i  ?iice  worfe  dcfcfts  tl.an  thofc  whicli 
ifaef  \v«te  intended  to  obviate. 

Tilt  principal  adrjntAffc  «f  this  kird  of  Pulley  il, 
tbst  it  delirDvtt  L-teral  frioion*  Oud  that  k'.m\  cf  ihak- 
ing  motion  which  ii  ib  iuconnwicat  it^  -the  ocimmoa 
tWef.  Amiled  (fays  Mr.  WMte)  thit  eirtumllifice 
fliou!il  give  the  idi-a  of  weafenefi,  I  v/ou'd  oblcTvet  tbat 
to  h^ivc  pin*  for  the  pullvys  to  run  oti,  ti  not  the  Oliljr 
nor  peihiip*  the  beft  method  ;  -l>ut  that  1  fi.-:r.ctimc4  ulc 
centies  fixtd  to  ihc  Pu'Jcvs,  aiul  rrvuKing  on  a  very 
4kort  bearing  iii  tiic  cf  I'.'.c  fri-:.'c,  hy  wliifh  ftrcngth 
j(incremfcd«  'and  irictton  very  mndi  dimin-fhfd  ;  f"f  to 
the  kit  mutnent  the  motion  of  the  I'lillfv  i»  jicrlftfly 
dmilwi  nad'  tbia  vm  cncunftaaee  if  ihe  oiufe'ol  its 
•at  .ircanng  «ttt  in  tlie  vtHUt  m  Iboa  u  H  i*aoM,  af- 
filed by  the  ever  increafing  iTTrgnkrittes  vf  a  ^iil1ie<l 
bearing.  Thtfe  Pulleys,  when  w^H executed,  upply  tb 
jacks  and  ether  machines  of  that  riSlurc  with  peculiar 
advai)tage,  both  sito  the  time  of  going  and  their  own 
duiability  ;  and  it  is  poflibk  to  produce  a  fyltemof  Pul- 
Jeya  of  lhi«  kind  of  lix  or  eight  parts  only,  and  adapted 
to  the  pockc ta,  tt-hirt>,  by  nuHi»nfa  fl<:iin  of  fcvvin;j 
jlkt  or  a  cIhc  of  comiaoa  thread)  will  raiie  tipwiirda  of 
jm  blmdfcd  wciolit.,' 

.  . .  Aa  a  fitftem  cw  PidleT*  has  no  jTrat  weight,  and  Bet 
in  a  fmal!  compaf*,  it  t«  e*fily  cr.rritd  jihcmt,  and  can 
'be  applied  fiir  raihii;;  vie ip;:!':i  in  a  >:•f^1t  nany  cifei", 
where  other  erf;iiicb  cannot  he  iMcd.  But  tl  ry  are  lub- 
\<it  to  a  great  de;d  <if  friOiio!?,  cn  fr.i  tVll  rt  'r.i'; 
counti ;  viz.  111,  becaufe  ti  e  riar'eteri  of  their  axes 
iiear  a  rtvy  ciiiiiiilerahle  propi.rtion  tc  their  oiht  diamc- 
ten;  ad,  becaule  in  work i Kg  they-  ant  apt  to  rub 
jgsiaft  one  another,  or  againtt  the  ndes  of  the  block  ; 
3dlf»  becasfc  of  the  itiffnefs  cf  the  t<^\  v  that  orer 
«D(i  Boder them.-  See  Prr^\tfun'a  M.th.  pa.  37,  410. 

Bin  the  frlition  of  the  Piiitty  is>  n-w  rt^'urtd  to  no- 
thing as  it  vieit,  i>y  t!\c  ini'mlous  Mr.  (Jair.eU's  pa- 
tent triclioii  rolIiTb,  «hich  prtHiutc  n  prcat  fafng  of  la- 
bour am!  txpcnrr,  well  ui  in  the  'Vi'.ir  ot  jhc  nw- 
chine,  buth  wi 't  ,.!^il:rd  to  Pulleys  and  to  the  axl«  of 
wheel-carriages.  Hi»  general  principk  ti  tbi» ;  between 
tbc^axk  and  nave,  orcentrepiA  and  box,  a  hoflow  fpacc 
ia  left*  10  be  filled  up  hr  Golid  eqtial  rollers  nearly 
toudiin^  each  other.  TKefe  are  fitmtllcd  with  aylet 
iurt  t'  li  into  a  circi.I  ir  riM^  t  ■  ich  end,  by  which  their 
rtUtiic  dillancis  arc  prtRf.cJ  ;  snd  they  are  kept  pa- 
rallel by  means  of  wires  fanc-u'd  :o  the  rings  bctVCCn 
tiie  rollers,  raid  which  are  rivtitf^d  to  them. 

Tlw  above  contrivance  is  ejchibitcd  in  the  annexed 

«hae  A£C£)  fcpidcBt^  a  piece  of  metal  to 
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lie  infeited  into  Ac  box  or  gave,  ofwfaicb  E  ii  the  centre- 
pin  or  lakt  nnd  1,     I,  Ac,  raUert  oF  metal  baviag 


axea  in&rted  in  the  braxen  circle  which  paiTes  throuj^h 
tbcir  centres ;  and  both  circles  beta?  rivcttcd  together 

by  in  :aiij  of  bolts  p:^irinj^  between  lue  rtllt  il  fi  oiu  one 
fidi:  of  tile  nave  to  t'lc  othtr;  and  tiiui  tlity  avc  ilways 
kept  foparati-  ;inj  p.i  dLl. 

PUMI',  ill  Hydiaulics,  a  machine  for  luifing  s^.i'.cr, 
and  other  fluids. 

.   Pomps  r.re  probably  of  veiy  ancient  life.  Vitnivius 

nfcribcs  the  !r,viiiti,>n  laCtchrbesof  A'hers  fome  faf 

of  Alexandt     abont  \to  year*  before  CirUh  They 

are  now  of  variuus  kinds.    As  the  Suekli.if  I'ump,  tlie 

Lifting  Pum|j,  the  Fi.Tcin^  Pump,  Ship  PainM,  Chain 

Pump*,  &c.    By  n.j.a.s  of  the  lifi.ng  and  fotcin]^ 

Pumps,  water  ni.iy  be  r;.iicd  to  any  hiitjht,  with  a  fut- 

ficiciit  power,  and  ati  aJc  j  iate  apparatus  :  but  by  tli: 

fuckinjf  Pump  tilt  water  may,  by  the  geurr.ilpreliui  e  of  * 

the  atmofpheie  ou  the  lurtiKc  of  the  well,  be  railed 

only  about  33  or  54  feet  j  though  in  practice  it  is  ki-  « 

dooa  applied  to  the  railing  it  nincb  above     ;  bccatifc, 

from  the  ntiatimis  oibfcrvcd  iti  the  banHnctcr,  it  appears 

thdt  the  air  it  ly  fometimet  be  lighter  tlian  3^  feet  of 

water;  and  v.licnever  that  happens,  Smt  want  of  the 

d«ic  counlerpoi&»  tbia  Pump  may  fiiil  is  it«  pcrfoifa* 

ance.  "    '  , 

T/:/  CifmmoTi  ^.  eltin^  PuMi'.— -This  confifta  ofapipe, 
of  woud  or  nittjl,  op',n  at  butli  ends,  having  a  Used 
valve  in  the  lower  pail  of  il  opcv.injj  upwards,  snd  a 
'moveable  valve  or  bucket  by  which  the  water  is  drawn 
or  lifted  up.  This  bucket  u  juft  the  iizcof  the  bore  of 
the  Punp-pipe,  in  tlut  pnrt  ivhe  c  itwavk%  aadJca* 
thered  round  lo  as  to  fit  it  viry  tl  ji'c,  thst  no  air  may 
p.nfs  by  tl-.e  fidtsci'it  ;  the  salve  hole  I.'.-:!^  1^1  tli'J  mid- 
dic<jf  iht  bucket.  Tb.c  bucket  is  tnti nuniy  wot  ki  d  in 
till'  II]  j  rr  pint  f  f  t' t  l.-iril  iiy  a  fl.cjrl  io<!,  «ud  ;ti.orlnrr 
fi;^.  d  \.i!vc  place'^  juU  below  the  licl'  cut  of  t!ic  lincki.t. 
Thiij,  ((ig.  I,  pi.  jj),  AOii  the  Puinp-pij-e,  C  the 
lower  fixed  ^..1:^,  ^.pcning  upwards,  &(.J  D  is  the 
l>uckct,  or  tto.in^r  valve,  aifo  opening  upward;. 

Ill  uoviiin,'  the  Pump;  draw  up  the  lAlcket  D,  b» 
nriean*  of  ili.  Pump  lod,  haviiijf  ;;i.y  fort  of  a  liandk 
flxtd  !■>  :  ihi*  drJW^  Up  the  walei  that  is  aiiove  it,  nr 
if  not,  the  air;  in  eillnrcafc  the  w.ittr  pulhes  i;p  ibe 
valve  C,  and  i  ii;-^.  s  to  1:  i  t'ly  the  vi.id  Ittt  liftwet:.  C 
and  D,  being  ;  ulhcd  up  by  tiic  prriTure  ol  ti  e  sitn  o- 
fphcre  on  the  furfuce  of  the  watci  li.  the  veil  Lilowr. 
^cxtf  the  bucket  D  ia  pufliicd  down,  w^cb  ibuta  the 

lalve 
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T«Jve  Cand  prewnUthe  return  of  ihe  water  downward!, 
wluA  OpCDi  the  vrUc  D,  by  whicli  the  water  afccadt 
above  it.  And  thus,  by  repeating  the  iUokcs  of  the 
Ftiirip-rod  liaiiJIe,  the  valve*  altrmatcly  open  and  ihut, 
and  ihe  water  i»  drawn  tip  at  every  llroke,  aad  rum  out 
*l  the  noxle  or  fpou;  neat  the  lop. 

Tie  MfifV  ^UNr  diffeia  mm  the  ftickiag  Piunp 
only  itt  tbe  difpofitioa  of  its  valves  and  ilte  (btm  «f  itt 
pifton  frame.  Thia  kind  of  Pump  ia  reprcfenied  in  fig. 
2,  pi.  2  3  ;  where  the  lower  valve  D  is  moveable,  being 
»*ork<.d  up  and  down  with  the  I'un'p  rod,  wlrcli  lifts 
the  water  up,  and  fo  oj>crn  tlic  upper  valve  C,  which  i« 
fixed,  and  pc:n;it<  the  uiter  to  ilFuc  thripu^h  it,  and 
•run  out  at  top.  Then  as  the  piiicn  D  dckcnda,  the 
iwcigbt  of  tlic  water  above  C  fiiuts  that  valve  C,  and  fo 
pnmau  it*  retors,  till  tint  valve  be  opoied  again  by 
JMotber  lift  of  tbe  piftoa  D.   And  fa  altemattlT. 

The FtroagVvMt  raifcstbe  water  thiough  the  Ibck* 
er,  «r  lower  valve  C  (fi^.  5,  pi  jj),  in  the  fame  rea«> 
ncr  at  the  ftjcklt  j  I'hti.;;  ,  h  :t  hs  the  piftoti  or  phingcr 
D  hai  no  Tjlic  ui  it,  the  \v;<ti-r  cannot  ^rt  above  it 
when  thia  is  pufhcd  down  agmn;  it  fttad  of  which,  a 
fide  pipe  is  iniertid  between  C  aiid  D,  having  u  li>i«jd 
rrlve  at  E  openiojp^  upwards,  tbrongTi  which  the  water 
is  forced  out  of  toe  Pump  by  pulhing  down  the 
l^lunger  13. 

oS/tnttiioet  M  Aieriif,— Tbe  Ante  rcqnirad  to  woik 
•  Ptunp,  is  equal  to  tfie  weieht  of  water  nifed  at  each 

llroke,  or  equal  to  the  weight  ofwater  fruuij;  the  cavity 

«f  the  pipe,  attd  its  height  eqii.d  to  the  length  of  the 

ftrokc  jiiatlt  hy  tlic  pilKsn.   IJcncc  if  </  denote  the  dia- 

nirter  of  the  pijic,  and  /  the  Ifnj;ih  of  the  ftroke,  both 

in  intlicji;  tlicn  is  -'.^^^li^l  xX'.c  content  of  the  water 

ruifcd  at  :v  !<njke,  in  ii.cht-«,  or  -ooibJ*/  in  ale  gallons  ; 

■      ^.   .    d^l                 t"/  „  „ 

and  itic  wcigiii  ot  It  IS  —  ounces  or  II).     But  if 

the  handle  of  the  pump  be  a  lever  which  gain*  in  tbe 
IWMr  of  /  to  I,  die  font  of  ifaelund  to  woik  tbe 

?uap  wOlIx  ooly  "^^^  «V  wheo/  it  j  ibr  it. 
iaiiM,  it  win  be  ^^^tk  And  an  diefeover  aad 

jdieve  the  filf'tion  of  the  moving  paits  of  the  Pun-,p. 

To  the  forcing  Pun*p  is  fomctimes  adapted  aualrvef. 
fel,  which,  being comprcflcd  by  the  water,  by  b»  daf* 
ticity  t:pon  the  water  again,  and  fiiieea  it  Ottt  to  a 
jpreat  diltaiica,  and  in  j  continued  ftnini)  illftead  of  by 
jerltt  orieia.  So,  Mr.  Mc«rfliMn*a  wMcr  engine,  for 
eMMguiftiog  fire,  cmfifta  of  tvro  forcing  Pumps, 
wbicn  alternately  <irivc  water  i  t  ^  > "  f t  vdTtl  of  air, 
by  which  means  the  air  in  it  i>  coikJcnfcJ,  and  com- 
prrDes  the  water  fo  flrongly,  that  it  ruflie*  out  uith 

Sreat  impetuofity  and  force  through  a  pipe  that  comes 
own  iatoit,  making  a  continued  uniforai  ilream. 
Bv  neana  of  forcing  Pampa,  water  may  be  raifed  to 
any  heigttt  whatever  above  the  level  of  a  river  or  fpring  { 
and  machines  may  be  oontmed  to  mxk  ihefe  Pump*, 
«ither  bv  a  running  llfnm*  »  fidi  of  water,  or  by  horfca. 

CujiAuf%  Pomp,  ads  both  by  fuaion  and  by  prcfGun. 
-Ttatt.  •  brdt  cylinder  A  BCD  (fig.  5,  p|.  ij)  f„r. 
ttflied  with  a  valve  at  I.,  is  placed  in  Uie  water.  In  this 
it  fitted  the  Difton  KM,  aaadc  of  green  wood,  which 
•iU  aoi  M  »thc  wMcr,  ntd  it  adjuftid  t»  |lw 


apettjire  of  the  cylinder  with  a  eoverin(»  of  trather. 
but  without  any  valve.  .Another  tuln:  NH  is  fitted 
on  at  H,  wttb  a  valve  i  opening  upwards. —  Now  ihepif- 
ton  being  raifed,  the  water  opens  the  valve  L,  and  rifea 
into  the  cavity  of  the  cylinder.  Wbca  the  piftoa  ilde* 
preflcd  again,  the  valve  1  ia  opeocd*  tad  the  mtcrit 
drivaa  up  throi^h  the  tube  Hn. 

Thii  wit  the  Pump  ufed  anong  the  Aaoent*,  and 
that  from  which  both  tbe  othert  have  been  drducrd.  Sir 
Samuel  Morland  lias  endeavotired  to  increafc  its  force 
by  leflening  the  fridtion  (  which  he  Itas  done  to  good 
eiFe^t,  fo      to  make  it  woik  with  vcrv  little. 

Ihcic  arc  vaiiouj  k;iid<  of  I'utnps  ufed  111  fliipi,  for 
throwing  the  water  out  of  the  hold,  and  upon  other  oc> 
caJions,  as  the  Chain  Pimip,  &C. 

^ir-^vut^  in  Pneunwtict,  it  a  machiat^  hf  wmm 
of  whidi  the  air  ia  emptied  out  of  vcflilik  Md  a  kind 
of  vacuum  prodoced  in  them.  Ftr  dbepflttkufan  of 
which,  fee  AttL-Pumfi. 

PUNCHl'.ON,  a  nirarmc  for  liijiifdi,  contaJni^g 
■J  of  a  tun,  O!     hoy,ll:rad  and  ^,  or  84  gallons. 

PUNCHINS,  or  PuacMiowj,  in  Budding,  Ibort 
piece*  of  timber  piaccd  to  fapport  ^ooic  couuidetablc 
weight. 

PUNCTATED  HsperkAn  in  theh^hergcooietiT* 
an  b^perboU  wboiie  conjugate  oval  it  taiiMtdy  finl^ 
thatij,  ipwat. 

PUNCTUM  or  CbaqpnrariiMir,  it  either  foeot,  in 

the  ellipfe  c:  h  .  ;u  'b"!a  ;  fo  c.dlcd  by  Apolloniuj,  be- 
caufe  the  ttCUngic  under  iv^o  abfcitTcs  made  at  the  fo- 
cus, is  equal  to  one  fourth  p^rt  of  w  liat  he  cidi  the  fi« 
gUrc,  which  is  the  icjuarc  of  the  conjii|pce  axis,  or  the 
rcdangle  under  the  tranfvcrfc  and  the  parameter. 

PURBACH  (GaoSGfe),  avery  eminent  matbema- 
tician  and  aAronumcr,  was  bom  at  Purbach,  a  town 

3 on  the  confines  of  Bavaria  and  Auftria,  in  14a),  and 
Bcated  at  Vienna.  He  aftensaidi  vifited  the  moft  ce- 
lebrated univerfities  in  Germany,  France,  and  Italy  t 
and  found  a  particular  friend  and  patron  in  cardinal 
Cufa  at  Rome.  Returning  to  Vienna,  he  was  appointed 
mathematical  profrfll>r,  in  which  office  he  cuntinucdliU 
hitdcalli,  which  lia[ipened  in  1461,  in  the  Ji/th  ycwof 
bi*  age  ouly,  to  the  i^reat  iofsof  the  learned  world. 

Puibach  compofed  a  great  number  of  piece*,  upon 
tntthcmatical  and  aftrononu'cal  fubjc^  1  and  hit  &flw 
bnnight  aMwy  ftudenta  to  Vienat  and  aaaong  than, 
the  cekbiated  R«|iniBiiaitn— %  between  «-lu>m  and 
Puibacfa  there  fubfiSedtbeflnAm  friendthip  and  union 
of  Audiei  t  .I!  t  Kc  ;i  Mill  of  the  latter.  1'hefe  two  la- 
boured  together  improve  every  brunch  of  learning, 
by  all  the  means  in  tlveir  power,  though  allronomy 
feems  to  have  been  the  favourite  of  both  ;  and  had  not 
the  immature  death  of  Purbach  prevented  hit  fiiitbcr 
purfuits,  there  is  no  doubt  but  tiMt,  by  their  joint  in- 
durtry,  aftrooomy  would  have  been  canned  to  very  great 
fcricoioa.  That  thia  is  not  incicfy  fiinpiifci  nay  be 
Icarat  fraratbofe  improvemaitt  which  PmbnnaAnally 
did  make,  to  render  tlie  Hud}-  of  it  more  eafy  and  prac* 
ticable.  Hit  Aril  cITav  was,  to  amend  the  Latin  traof- 
htion  of  Ptoloiry's  Alrewgcft,  which  had  been  n^adc 
from  the  Arabic  verfiou  :  this  he  did,  not  by  the  hdp 
of  the  deck  text,  for  he  was  unacquainted  with  that 
language,  but  by  drawii^  tlx  moft  probal^  cotyjeAum 
iiw  allrift  MMatm  iBtiK  ftafe  af  tbcMttbor. 

He 
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Ht  thea  proMededt«  other  wortkst  and  among  them, 

he  wrote  a  iraQ,  which  he  entitled,  yfit  Introthflion  to 
Ar'i/i'vrif/ic  ;  tli /n  a  trcatifc  nn  GnoTil/ti't,  m  Dui'ing, 
with  tjbli.  H  fiiltrd  to  the  difTirrncc  of  cIhujU  .  oi  laii- 
tiid>'s  ;  Iikf.vllc  T  u.irt  (.(li'ccrntiig  the  AlsUadts  of 
the  Sunt  with  a  table}  alfu,  A/lrdabie  Caam*t  with  a 
tiib'.e  of  the  patalleb*  proportioned  to  cverjr  d(;gree  of 
the  eqaioo^iali 

After  tbn*  he  coaftmAed  Solid  Spheres,  or  Cdellbl 
Glnhcit  and  eompofed  a  new  table  of  lixed  fUn,  add- 
fng  the  longitude  t>7  which  every  lUr,  finee  the  time 
of  Piolomy,  bad  increafcd.  He  likewifc  invL-ntid  va- 
rioui  other  indruitscuts,  among  which  was  the  Giio> 
mon,  or  Gr-or:.<-tiical  S(|tMre»  with  caoont and  a  t^blo. 

for  the  life  af  u. 

He  not  only  coHf^fJ  ilic  virious  t  iLlu*  of  the 
Prirriu  ti  Mobile,  but  added  new  ones.  lie  made  very 
|;rtai  iiiiprovement*  in  Trigonometry,  and  hy  intro- 
ducing the  table  of  Sinea,  by  a  decimal  divilion  of  the 
radtnt,  he  aoite  changed  the  appearance  of  that  icieaoe : 
he  fuppofed  the  radius  to  be  divided  UHO  fiooooo  equal 
parts,  and  computed  the  fines  of  the  arcvt  for  every 
tfti  minuii.-:.  Ill  fiv  'i  c(]'ij!  parts  of  the  radius,  by  the 
dtciinal  notLit^LiU,  uf  •.lit  Juudccimal  one  deli- 

vered bv  th^-  (.Jrceks,  and  preffncti  even  by  the  Ara- 
bians till  our  author't  time  ;  a  projcdt  which  was  com- 
pleted by  his  friend  Kegiomontaniis,  who  computed 
the  Gnesto  cverjr  minute  of  the  quadrant,  in  loooeooth 
parts  of  the  radiut. 

Having  pftpared  the  tables  of  the  fiaed  ikan,  he 
next  anoeitooK  to  veTorm  thofc  of  die  pfameta,  andcon* 
ftruded  fome  entirdjr  new  ones.  Having  finifhed  his 
tables,  he  wrote  a  hind  of  Perpetual  Almanac,  but 
c^iicfly  for  the  moon,  aofwering  to  the  periods  of  Me- 
lon and  Caiijipus  ;  alfo  an  Almanac  for  tne  Planets,  or, 
IS  Rcgiomontanns  afterwards  calif;!  it,  an  EpiicnRris, 
for  many  years.  Rut  obferving  tliere  were  fome  pla- 
i^eta  In  the  heavens  at  a  great  diftance  from  the  placet 
where  they  were  defcrihed  to  be  in  the  tables,  particu- 
larly the  fun  and  moon  (the  cclipfes  of  which  weft  ob- 
ferved  frequently  to  happen  verydiffcKtitfroiB  the  time* 
prcdiAed),  he  applied  nimMf  to  conftnift  new  tiblei, 
particularly  adapted  to  et!:pfoji  ;  wIi'lI  \v(.  rt  hjn;;  ufier 
fanious  for  their  exaftnefa.  To  iht;  fame  tunt  n;i»y  be 
rcfLirrd  his  fiuiniing  that  eel',  brat  til  work,  rntitkd, 
j1  New  Tteory  of  lit  Phmttt,  whifli  Kcgiomontsnus 
afterwards  ptibliOied  the  firft  of  all  tlie  ivorkaeiwcuted 
n  hii  new  printing-houfe. 

PURE  Hyptrhila,  is  an  Hyperbola  without  any 
o«aI,  Rode»  cufp,  or  conjaeate  point  {  which  happefl* 
thrangh  the  impoflibility  of  two  of  itt  nmta. 

Pure  M^tbtm^t^  PrwftfUmt  ^jftuirwlkt,  &e. 
Sec  the  fevcral  nrticlei 

PURLINl.S,  i:i  Archl^rflurr,  thofe  pieces  of  tim- 
ber that  lie  acr  ils  tin;  rjftns  on  the  infidc,  to  keep 
them  from  linking  in  the  niiM'llc  of  tltci  Icn^^th. 

PYRAMID,  a  foiid  having  any  plane  figure  for 
Stabafct  and  itt  fides  triangles  whofeverticet  tdl  meet  in 
1  point  at  the  top,  called  t  he  vcrtcK  of  the  pyramid  ; 
titcbafc  of  each  triangle  being  the  fide*  of  the  plane 
hafe  of  ibc  Bjrtamid.— 1^  tHHaiberof  triangleaia  e^ual 
to  the  number  of  the  (ides  of  the  bafe  ;  and  a  cone  i$  a 
touTu!  Pvrnmid.or  hul-  Iias  lnj  ;it;  'nfiiiite  minihcr  of  iMr  j. 
—The  Pyramid  i«  aifo  denominated  from  its  bale. 
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being  triangular  when  the  bafc  ■!«  tllBIt^  «|idiM> 

gular  when  a         1  ;;nj;i'_',  •  c. 

The  i).<it  ot  thf  ryracnii],  is  the  lin!  drawn  from  the 
vertex  to  tlic  ccsitrt  oi  the  baie.  When  this  a«is  it 
perpendicular  to  the  b^fe,  the  Pyiamid  il  £lid  tO  h*  « 
r^got  one ;  otherwiie  it  it  aHiftu, 

1.  A  Pyramid  may  be'oonceived  to  be  generated  hf 
alme  novcd  about  the  vettca,  aadfii  earned  (otind  the 
penmeter  «f  the  bale. 

2.  AU  Pyvtmidi  having  equal  bafr?  a  i.i  sTtituiIe*, 
•re  equal  to  one  another  :  though  the  iigu:cs  li  their 
bafes  /hould  even  be  diiH-r^Mt. 

3.  Every  Pyraniiti      i.juji  to  one-third  of  the  cir* 
cumfcribcd  jir.fm,  or  a  \,\  \i,v      the  fame  bafe  and  alti- 
tude }  and  theiefurc  the  folid  content  of  the  Pri^mid. 
is  found  hy  multiplying  the  bafe  by  the  pcrpeodictdiir 
altitude,  and  taking  |  of  thcprodao. 

4.  The  upright  fttrfitce  of  a  Pyramid,  itfomdbr 
adding  toeetber  the  aieas  of  all  the  trianfleB  wUcb 
fora  thatTnrlace. 

J.  If  a  Pyramid  be  cut  hy  3.  [  l.tno  pamHcl  t.T  thr 
bafe,  the  feftion  will  be  a  pUni  fi^'uic  liuajlir  to  ihc 
hiiic  ;  and  thcfc  two  ftjjun  j  will  bu  in  propnrt:'i-!t  to 
e.'ich  ullicras  the  l(|uares  ot  tliLir  d^llauccs  from  the 
vli  tc\  of  the  V)  i.imid. 

6.  The  centre  of  gravity  of  a  Fjfnimid  it  diftaat 
from  the  vertex  J  of  tbeaxia, 

Fnjfium  •/ a  PvaAVi»t  u  the  pan  left  at  the 
when  the  top  il  cut  off  by  a  plane  parallel  to  the 
bafe. 

The  folid  content  of  the  Fruftum  of  a  PyrarrM  if' 
found,  by  fitfi  atUbn;^'  into  one  fum  the  aiias  el  ilu 
two  ends  and  the  mean  proportional  between  them,  the 
jd  pait  of  which  fum  is  a  medium  fed  ion,  or  is  the  bafe 
of  an  equal  prifm  of  the  fame  altitude  ;  and  thcicfore 
this  medium  area  or  fedion  midtiplied  by  the  aUitade< 
give*  the  folid  content.  So^  if  A  denote  Iflc  area  of  one 
end,  a  the  area  of  the  other  end,  and  h  the  height  1 
ihjn  \  (A  -f  o  -J-  '/Au)  is  the  medium  area  or  fee- 

tioa,  and^  (A  -1-  «  V'Aff)  X  A  m  the  £alid  con- 
teat. 

PYRAMtn?  rif  F.^yf.\  are  very  numfrons,  roi:nt"ng 
both  great  and  fuuU  ;  but  the  itwiX  rerii.itkjble  ate 
the  three  Pyramids  of  Memphis,  or,  at  they  are  now 
called,  ofGheifa  or  Gijte.  ITicy  are  fquare  Pyntroidi, 
and  the  dimenfions  of  the  greateft  of  them,  aix  700 
feet  00  e4ch  iidcof  the  bafe,  and  theoblltjuc  height  or' 
flant  lide  the  lanei  its  bafc  covers,  or  tiands  upoo* 
ncarlf  1 1  acrci  of  gmund.  It  i«  thought  by  fome  that 
theic  Pyramidi  weredefigned  and  f  fed  as  gnomoni,  for 
atlronomtcal  ptirpnfcs ;  and  it  it  remarkable  that  their 
fiitfr  fidea  are  Accurately  in  the  dirc^Uon  of  the  four 
cardinal  potntt  of  the  coispali,  eafly,  ]iveft«  nortbt  Md 
fouih. 

PYRAMIDAL  Nundxr^,  are  tlie  fumsof  polygonal 
nombcrtt  colle&ed  after-  the  fame  manner  at  the  pply< 
gooal  nomhera  tbcafeHea  are  found  from  nrithnetical- 
prasreBkma. 

tticfe  »iv  mrtictthMly  cdicd  Firft  Pynmidala.  Tlie 
Turns  of  FirArynmidaltsre called  Sccund  PyramiJ:ik  i 
nnd  the  fums  of  the  3d  are  3d  Pyiamidals  1  and  io, 

Oil.  I'.i'in.     r  iv,  ihofe  arifiiig  fri  .n  f  rJnn^hl.it  numbers, 
are  called  Priijic  Trian^uUf  Pyramidals ;  tbofe  arifatg 
K  r  ,  ftam 
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PyrdiniibU  i  aad  lu  on. 
Thr  nnmbert  t,  4^ 

fim;ilv  by 


6. 


to. 


35» 

Iff 


tniJal 


the  n^me  of  Pyra- 
for  fitirlmji  thim  is 


n.  X 


a'lt!  tilt'  (^i-ncr.il  formula 
— I  X   i  fo  ilie  4i!i  Pyramidal  is  found 


bv  rii'jftituliiig  4  ?or  »;  the  5U1  by  fuLHiniiin^  j  for 
n  ,-  .\>-.   Svtf  FiotfiiAT«  Numkrit  md  Polygon al 

PYRAMIDOII"),  i?  f;>mrtimc»  uTcd  for  ihc  para. 
h<Mc  rptio'.l) ,  or  the  fuiid  r<>rmcd  hj  the  rotation  of  a 
fcatijia  jbuU  abuiti  it«  bafe  OF  gicatcll  ordinnU.  See 

PYAONfETER,  or  firr-mtarnrcr.  *  machine  for 

ir.oafiirin)^  thi:  cxpaiinuti  of  fi'!ia  bodifj  by  beat. 

Moftclicnbiock  win  til-:  full  it)vt-uior  of  thil  inflrU' 
mcni  i  •!.  V  .jli  it  hsi  fnicc  n-ctivcij  I'tvcral  imjjrovtment* 
by  o^htf  piiilofiiplnTs.  He  has  j;iveii  a  tible  ol  the 
t>u-jiifioii»  fif  ihc  tlifterfiit  mtliils,  w-iih  various  dcprcei 
cf  Ileal  Hiving  prepared  cyliniJric  r<Kl»  of  in>n,  l!c<,t, 
copper,  brafti,  tia,  aitd  lead,  he  cx|>ofed  them  firil  to  a 
PyroBMler  with  one  flame  in  the  middle  ;  then  with 
two  flames  ;  then  fuecellivtly  with  three,  four,  and  fi»e 
flamet.  The  cfiedt  were  aa  ,ia  the  liullowiag_  Table, 
vtwre  tlie  ikgrees  of  czpanfion  aw  aiirkcd  in  |iMU 
rqiid  to  the  1 2300th  pan  of  an  iocb. 


r.xpjjiCM  of 

Iron 

Steel 

Tin 

Ujr  1  AaiDC 

80 

8S 

'53 

>)5 

By  t   flame*:  1 

|I10 

placed  clofe  > 

"7 

'  =  3 

"5 

Z20 

274 

ti)getl)er     "  3 

t 

■  '■y  :      viri  .ii  1 

a|inchetrfif  > 

92 

141 

tani  J 

BynflHinesclotc  i 
toirtther  ( 

M» 

•91 

*75 

i)y4llame*ciofe1 
together  j 

21 1 

J  70 

361 

Ry  «  flaiffl«* 

310 

<|tO 

1177 

Tin  rafily  rnelf*  ^vhen  heated  by  two  flsmes  placed 
clofc  tdj^cthcr  ;  jnd  lead  with  thrW  fl«m«tclofe  lOgC* 
tlier,  when  they  burn  long. 

It  hence  appeal"  that  the  expanP.on*  of  any  metal 
m  in  a  h  fn  Attptc  than  the  number  of  Aamci;  fo  two 
llamen  give  k»  than  a  double  rxpanlion,  ibree  flamet 
lefsthnn  a  triple Mpanfion,  and  fo  on,  ,-tlu-ays  more  and 
inofe  below  the  r»tio  of  the  number  of  flame*.  And  the 
flames  fi<crd  tojrriher  caufe  a  greater  cxpanfioii,  tliaa 
with  an  ituerva!  between  them. 

For  the  conflru^^ion  of  MufTchcnbroek's  P.  -nn-i  tt  r, 
with  alterations  and  improvements  upon  it  by  Defflgu- 
liers,  fee  Defaj;.  Expcr.  Philof.  vol,  I,  pa.  421  ;  ice 
■Ub  MufTchenbroek'a  tranflation  of  the  Expcrimenta  of 
tbe  Academj  delCiiiicoto>ivnilcd  at  Lejdea  in  1 731 ; 


and  for  a  Pyrometer  of  a  new  conAr«flion,  by  which 
the  expanficii»  of  meta!'!  in  boiiMi^  fl.i  d'  may  be  ex- 
amined and  cnrnjiared  with  Fahrenheit's  tlicimomctcr» 
fee  MiiiTchenb.  Introd.  ad  Philof.  Nit.  4to,  i76j,vcL  J, 
pa.Olo. 

lii.t  as  it  his  been  obfcrved,  that  Mnflchenbroek'a 
Prrorreicr  w.iS  liable  to  fortu-  cbjcftionf,  tllcfe  have 
been  removed  in  a  good  meafure  by  £Uicott,  wbu  h*% 
civen  a  defcHplion  of  hU  improved  Pyruinetcr  in  the 
rhiiof.  Tranf.  numb  445  ;  and  the  fame  maybe  fcen  »n 
the  .Abridff.  wl.  8,  p,i.  464.  This  inllrtiment  rata- 
fures  the  expM  i'  .  '.o  The  7;ccth  part  .\<i  .  li  ; 
and  by  miansul  lE,  Mr.  L!l  lu'.i  f  >i,'nd,  upon  a  me  liiim, 
that  tiie  exp.tnfions  of  bars  ■■>(  tiilJerent  metali,  as  nrarly 
of  the  fame  dimenfionf  atpoflUiic.by  tbe  Ume  degree  of 
hcai,  were  aa  below :  * 

Gold,   Silver,   Brafs,  Copper,    Iron,   Siecl,  Lead* 
7J       t03       95        89       60      j6  149 

The  ffrcat  diflfrence  between  the  expaf>fions  of  iron 

and  brafs,  has  been  applied  with  good  fucecfs  to  re- 
iv.Kve  the  irregularitits  in  pendulum*  d.riljng  from  heat. 
Philof,  Tianf.  vn!,  17,  ^-'j. 

Mr.  Graf.im  uted  to  meauire  the  nr.r.  i'e  rtpanfMns 
of  metal  bais,  by  advaiieln;;  tlie  poir.t  ol  .1  in  cro:retcr 
fcrrw,  till  It  feiifjbly  Itoppcd  a^ain'\  the  end  of  the  bar 
to  be  iDeafared.  This  fcrewybetng  Imall  and  rcrylrglNljf 
hunj^,  was  capable  of  agreement  within  tbe  «009  or 
4ocoth  part  of  an  inch.  And  on  tb!f  general  prind* 
pie  Mr,  Smeaton  contrived  I. is  Pyrometer,  in  which  the  * 
meafure*  are  delennined  by  the  contacl  of  a  piece  of 
metal  with  the  p  iiiit  of  a  miciomtter-fcrcw.  This  in- 
(Irument  n  akes  the  expanfions  fenfib'e  to  the  2  ;4)th 
p  ut  of  an  inch.  And  when  it  is  tiled,  both  the  inllnl- 
inent  and  the  bar,  t<>  he  meafurcd,  arc  immerged  in  a 
ciflein  of  \\i'<.r,  lua:'  1  t,>  any  degree,  up  to  boiling'^ 
by  means  of  lamps  |il.tccd  under  the  citiern  ;  and  the 
water  communicates  the  fame  degree  of  heat  to  the  in« 
flrument  and  bar,  and  to  a  mercurial  ihennomeler  ira« 
mcr^jcd  in  ft,  forafcertaining  th-.  T  lU-gree. 

Wilhtt^i-i  P\i mietcr  Mr.  .•inn  Mtdii  iii  uIi.  frietal  ex- 
pciimeras,  wl  Ii  li  aic  urrangcii  iu  a  l«Ue  ;  a:id  he  re- 
niarkf,  tiijst  ilair  refult  ajriees  very  well  with  the  pro- 
portions of  cxpanfioDs  of  feveial  metaU  given  by  Mr. 
Ellicott.  llie  following  Table  ftiews  how  much  a  foot 
in  length  of  each  metal  expands  by  an  increalcof  heat 
OMreipondiog  til  180  degree*  of  Fahrenheit*!  tberino* 
meter,  or  to  tbe  diScteoce  between  thetemMratureaof 
freezing  and  boiling  Water,  cxprcffed  m  the  loOQOih 
pait  of  an  inch. 

White  glaff  barometer  tube 


2. .  M  a  1 1  i  al  reg  ulua  of  antimonjr 

5.  Miflercd  Reel      •      •  -  • 

4.  Hardfted         «         •  .  . 

5.  Iron           •            •  •  a 

6.  Hifmuth             •  . 

7.  Copper,  hammered 

8.  Copper  8  partf,  infxed  wi»h  r  part  tin 

q.  (;:i!t  bT-;.f:: 

to.  Brafs  xfi  parts,  with  I  of  tin  • 
II.  Braf^wire  .  *'  > 

la.  Speculum  metal  »  • 

13.  iipelter  folder,  vis  t  porta bralMnd  (  aiiM 


lOQ 

»J» 

•♦7 

167 

204 

14*  Fmm 
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398 

323 

3S3 
373 


14.  Fin«peiMcr        •  •  • 

Grrintm  • 

16.  Saft  folder,  VIZ  !e»d  2  and  tin  i 

1 7.  Zinc  8  parts  with  tin  1 ,  a  little  hammered 
|3.  Lead  .... 
19.  Zinc  or  fpclter  ... 
30.  Zinc  hatnmeitd  half  an  inch  per  faM 

For  «  farther  icconnt  of  thi«  inftrumeiitt  witb  it*  ufe, 
fccPh!|«f.  'niiir.«o1.  48,  pa.  5(;8.  • 

Ml*.  Feipifon  hat  conflrudted,  and  defcribed  a  Pf- 
tomettr  (LeA,  on  Mechanic*,  Suppl.  pa.  7,  4to), 
which  makc  t  the  cxpanllon  of  tnctaU  by  heat  viltble  to 
the450ccith  part  of  an  inch.  And  another  pbn  of  a 
Pyrometer  li.islauly  been  iDvcrit(cl  by  M.  Uc  Luc,  in 
confcquence  of  a  hint  fuggefted  to  him  by  Mr.  Ramf* 
dm  :  for  an  account  of  wfiirh,  with  the  principle  of  iti 
Conflruftion  and  ufe,  both  in  the  comparative  mcafurc 
of  the  cxpanfioni  of  bodies  by  licat,  and  the  mcafurc 
•f  their  tiUialHte  cxpmfiM,  ■»  veil  «a  the  experiments ' 
made  with  St>  fiee  M.  Dt  Juic*i  dibonte  cffay  on  Py- 
lametry  ftc»  in  the  Phflof.  TrjnL  vol.  6ll«  |n>  419^ 

0:her  very  nlc  •  anfl  iii-j-Ln'ous  contrivances,  for  the 
mo^ifiiring  of  cxpantioiis  Isy  heat,  liave  been  made  by 
Mr.  RamTdcn  ;  which  he  has  fuccefstiiUy  applied  in  the 
cafe  of  the  moafuring  rods  and  chains  lately  employed, 
by  General  Roy  and  Col.  WiBtaiiu,  in  meafuriiig  the 
bafe  on  Hounl^ow  Heath,  teei  which  determine  the 
expanfioni,  to  great  flu'nutencra,  for  each  degree  of  the 
'  themometn.   See  Philoll  Tnnt  1 7^  5 ,  &c. 

PYROPHORUS.  the  name  ufually  given  to  that 

f  .'iflsiiL-'c  Iiy  f  in-.;-  liillc'l  1/Irirk  p}iMfp!iti: lis  ;  turiu:^  a 
tht-nilcal  prfpaialjoii  pufH-IIiug  tiie  ftngiilar  ptopttsy  of 
k.  I  >^:ing  fpontaneoiifly  when  expofed  to  the  airj  ivhich 
accidentally  difcovered  by  M.  Hombcrg,  who  pre- 
pared  it  of  alum  and  human  fxccs.  Though  it  has  fmco 
Itecu  Ibundi  by  the  foo  of  M.  Lcmcri,  that  the  fxccs 
are  not  ucKdSaj  to  it»  but  that  honey,  fugar,  flour, 
and  anr  ammal  or  wgetabk  macter,  may  be  iifed  m- 
lead  of  the  feces ;  and  M.  De  SuWgny  ha*  Aieirn  that 

mod  vitriolic  falttmay  be  fabftitiited  for  the  alum.  Sec 
Prirrtlcy's  Obferv.  on  Air,  vol.  Apj^nd.  p.  386, 
and  vol.  4,  Append,  p.  479. 

PYROTECHNY,  tlie  art  of  fire,  or  the  fcience 
Vrhich  teaches  the  applicttioB  and  maaag^ment  of  fire 
In  ff  vcral  operations. 

Pyrotechny  is  oftmi  kinds,  military  and  chemical. 

Military  rvROTKCHnr*  is  the  fcicnce  of  artificial 
fire-worki,  and  fire  arma,  teaching  the  ftniAure  and 
nic  both  of  thofe  ennlaytd  in  war*  as  gunpou-der, 
cannon,  (ht.lls,  carCaffi:!*  mine^  fiifeei,  &c;  and  uf 
tli.ife  n.  .ic  hr  annfemcntt  ai  rocketSt  tm.  Set* 

pcnts.  &.C. 

Sotnt  (.alt  Pyrotechny  by  the  :i2irc  Artillery;  though 
that  word  is  ufually  confined  tu  the  inttniments  em- 
ployed in  war.  Others  choofe  to  call  it  Pyrobolog}*, 
sr  rather  Pyioballogyt  or  the  art  of  mitfile  (ires. 

Woliius  h?s  reduced  ^rotechnj'  into  a  kind  of  mist 
mathematical  att.  Indeed  it  will  not  allow  of  seonc* 
6ted  dciinonllnttoas;  but  he  brings  k  to  toIeraUe  rules 
and  reafons  ;  whereas  it  had  formerly  been  treated  by 
authors  at  random,  and  without  regard  to  any  reafons.' 
at  all.  Seethe  ftrvenil  art  idea  CAnnOKt  GVMfdVMa, 
Rocket^  Suai-L}  &c. 
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C-I'trnkn!  PvaoTBctiN    is  the  ait  of.man^gh)g  nd 
applying  fire  in  diiiillaiionSf  calciBatiani^  and  otiiar 
operations  of  chemiftry. 
Some  reckon  a  third  kind  of  Pyratet^tny,  vis,  the 

art  of  fuliug,  refilling,  and  preparing  metals. 

PYTHAGORAS,  one  of  the  grcateft  phi!ofopher$ 
of  antiquity,  was  born  abor.t  the  47th  Oiympiad,  or 
$90  years  before  Chriii.  His  father's  principal  re(t* 
dcncc  was  at  Samaa»  but  being  a  traveiling  merchant* 
his  fon  Pfthagom  waa  born  at  Sidoa  in  Syria;  bat 
foon  returning  home  agaiut  our  phitufopherwubrooght 
up  at  Samos,  where  he  was  educated  in  a  manner  ^at 
was  anfwcrable  to  the  great  hopes  that  were  coocei^^cd 
u(  him.  Kf  was  called  "  the  youth  with  a  line  head 
of  hail ;"  and  trjm  the  frrcat  qiiaiitits  that  foon  appeared 
in  him,  Iiu  w.ij  rc}^,trJk.<l  .m  a  good  genius  feat  into  thf 
world  for  the  benefit  oi  mankind. 

Samoa  however  afforded  no  philofophers  capable  of 
(atisfy  ing  his  thirfl  fur  knowledge ;  aud  therefore,  at 
1 8  years  of  a^e,  he  refolved  to  tiavcl  in  quell  of  then 
clfewfaere.  Tiic  fame  of  Fherecydcs  drew  hin  firil  to 
the  iiland  of  Syros :  ironi  hence  be  went  to  Miletos, 
where  heconverfed  with  Thales.  He  then  iiavctlid  m 
Ilioein'cia,  and  (taytd  Tome  time  at  Sidon,  the  pLce  of 
his  birth  ;  atii!  fi  '.nn  hoiKc  he  pnlTcd  i n to  Egypt,  whcn 
Thales  and  SoIlmi  had  Ijtcii  httorc 

Having  I'pciis  1;  vean  -n  Ejjypi,  to  a'-quire  all  the 
learning  and  knowledge  he  cauid  procure  io  that  coun« 
try,  with  tlir  hinic  v!cw  he  travelled  through  Chaldea, 
and  vifited  li.ibyloii.  Returning  after  fomc  time,  he 
went  to  Crete ;  and  fi  om  hence  to  Sparta,  to  be  in> 
flntdcd  in  the  laws  of  Minos  and  Lycurgus.  He  thef 
returned  to  ilamo* ;  which,  finding  uudervlic  tyninay 
of  Polycraies,  he  quitted  sigain,  and  villted  the  fevrral 
countries  of  Greece.  P<ifUog  through  Pcluponnclus, 
liL-  llopped  at  Phliils  whcTk.'  i,iu  then  rci^ucd  ;  .iiid  rt) 
his  converfaiion  witii  that  prince,  he  ipoke  wuii  fv) 
much  eluq'ience  and  wifdoo,  that  l,eo  waa  at  onoa  lai? 
vifhed  and  furprifed. 

From  Pcloponnefus  be  went  into  Italy,  and  pafl^d 
fome  time  at  Hendea,  and  at  Taceotuxn,  but  nude  his 
chief  rc&deace  at  C  rot  on  %  where,-  after  reforming  the 
maaocra  of  ,the  citixens  by  pfcadiing,  and  ciUbliwiog 
the  dty  by  wife  and  pradent  counfels,  he  opened  n 
fchooj,  to  difplay  the  treaftires  of  v»ildom  and  ig  nit- 
ing he  pofFefied.  It  h  not  to  be  wondered,  that  he  was 
foouatit  ndcd  by  >\  crow  d  of  difciplcs,  who  repaired  lO 
him  fnmi  dulcrcni  parts  of  Gieecc  and  Italy. 

He  gave  his  fcholars  the  rules  of  the  Egyptian 
priclls,  and  made  them  pafs  through  the  ■uttcritiei 
which  he  himfcif  had  endured.  He  at  tii  ft  eiijomrd 
them  a  five  years  filcnce  in  the  ichoul,  durii^  wbicli 
they  srere  only  to  hearj  after  which,  kafc  was  given 
them  to  Hart  quedioiia,  and  to  propofc doubls,  under  the 
caution  however,  to  fay,  **  not  a  little  in  matvy  woix's, 
but  much  in  a  few."  H.iwintr  gi>iic  throujrii  their 
probation,  they  were  obliged,  btiuic  li>cy  v'.ci.-  ad- 
mitted, to  bring  all  their  fortune  into  the  l  1.  n 
flock,  which  was  mani^^  by  perfons  chofro  on  pur- 
pofe,  and  called  eeomnmiftsb  ana  the  whole  eommtuiity 
had  aU  things  in  nommoo. 

The  neceflity  of  concealing  their  myfleries  induced  " 
tilt  Kgv|itiansio  make  ufc  ni  tluce  I'otts  ofllvlts,  i,r 
ways  of  cxprcflwg  tbeir  ttiougUls ;  the  fimple,  the 
9iJ%  biem^yphical. 


Digitized  by  Google 


P  Y  T 


L  308  ] 


P  Y  T 


li'treglyphical,  md  th«  fymbolical*  Iiitb«fiBple,t]iey 
fpckc  pUinly  and  inteUigiblj,  u  i»  common  eonveiit' 
tion)  ia  the  hieroglyplncal,  thej  concealed  tliehr 
tlionjrhls  \inf!cr  cfrtnin  Jmagej  and  chara^^era  ;  and  IB 

iht  fvmSf)lic3l,  they  cxpl  .i:.ft5  tV.rm  l'\  f?.  ;t  r  iptcf- 
fi<jn»,  which,  under  a  i'cnic  _pl«iti  »n<l  timplc,  iiicimicJ 
atiothtT  wholly  figurative,  Pythagora*  borrowed  thefe 
ihne  diffcreni  way»  from  the  F.f'yptian.'i,  in  all  the  in- 
ftriiftions  he  gave  ;  but  chledy  imitated  thv  I'ymlHilical 
flylc,  which  he  thought  toy  proper  to  irrulcate  the 
^reatrft  and  muit  impoitut  troths  :  for  a  f\ti)bol,  by 
It  J  doable  ienfr,  the  pvopcrtaid  ihefijanliw*  tMcboi 
^tvo  tilings  ait  diMe;  ind  noriiuigiileilntlw  mind  aioiv» 
thm  tlie doable ina^  it  reprefcnta  to«ar«tewr. 

In  thb  nmmcr  Py  1 1 ui>    t  delivered  many  exedknt 

things  conceriiiti;^  <jod  .,r.i  tlic  human  foul,  and  a  great 
variety  of  prcctpr^,  rtl.iuii^  to  ihc  condiift  tif  life,  p»- 
litic;;!  as  v,rli  ai  civil  ;  hi  iiiailc  ■••.llo  U>inc  confiderahle 
ditcoveri(e  and  advancci>  nt  llic  arli  aiui  ^icnccs-  Thiit, 
among  the  works  afcribcd  to  him,  there  ane  not  only 
l>ook«  of  phytic,  and  bodks  of  momlity,  like  ti.at 
contained  in  what  arc  called  hii  Go/tten  ffr/rj,  but 
treatifci  on  politic*  and  theology.  All  thefe  worka  are 
IbR :  but  the  Taftnefa  of  hit  mind  appean  from  the 
votu1i;rful  thin^fs  he  perfoBRied.  He  dclivmd,  at 
ti  I  ii:y  relate*,  fevetal  cities  of  Italy  and  Sicily  from 

the  ynki-  o.'  fl.tvi  rv  ;  ht  iiT)pc.i!Vii  ftditioiig  in  othL-r?  ; 
and  lie  tii!icni't!  t'tic  manners,  and  brought  lu  Lemper  the 
ciKill  fsv.i;  L-  and  unruly  fpirits,  of  feveral  people  and 
tvrafit<>.  I'halaris,  the  tyrant  of  iMcily,  it  it  faid,  waa 
the  only  one  who  couM  withftand  the  remonftrances  of 
PylhagonM  ;  and  he  it  feems  was  fo  enraged  at  hia  dif* 
conrfes,  that  he  ordered  him  to  be  pot  to  death.  But 
thongh  the  IcAorca  of  the  pbOofepher  iMvId  make  so 
'AaipRffloA  OB  the  tyiiat«  fci-they  mtic  fnficictt  to  re* 
■mmNe  theSicflinUt  Md  to  pnt  them  npon  a  bold  ac> 
lioa.  In  (hert,  PbiHarit  waa  kdled  the  feme  day  that 
he  ha'l  fixed  fur  the  death  of  tlic  phtlofopher. 

Pythajjoras  had  n  j.ntat  veneration  for  marriage  { 
anci  thrretore  hlrnfvli  ;,4:irrii>l  at  Crtjtoi!,  a  daughter 
of  011c  cjf  the  chief  men  of  that  city,  by  whom  he 
hail  two  fonsand  a  daughter:  one  of  the  fons  furceedcd 
hit  father  in  the  fchool,  and  bcv.imo  the  malter  of 
Enipedoclef :  the  daughter,  named  Damo,  waa  dif* 
tinpiiihed  both  by  her  kaiming  and  her  tiitucat  *inI 
wrote  an  excellent  coaneotary  upon  Homer*  It  fa 
MlatMit  that  Pytbworaa  had  ^nn  her  fomc  of  hia 
writfngi,  with  exprd«  command!  not  to  impart  them 

tQ  any  but  ihufc  cf  liij  own  fiimilv  ;  to  wliiih  Daiiio 
was  lo  fcrupiilcuily  obedient,  that  even  u  hen  iho  waa 
icduced  t'l  extreme  poverty,  flic  rdiifcda  great  fom 
of  money  for  tl>em. 

From  the  country  in  which  Pythagora*  thoa  fettled 
and  gave  hit  in  Ani£iion»,his  fuciety  of  difeiplesvi-aicalled 
the  Italic  fed  of  philoTofhcra,  and  their  reputation  cun- 
tioucd  for  Ibmeigck  afterwardi,  when  the  Academy  and 
the  Lycauoi  united  to  obfcure  and  fwaOow  up  the  ItaUc 
#e&.  Pythanm'a  difeiplct  regarded  the  words  of  tlx  ir 
milirw  the  eraclet  of  a  goii;  hit  amhority  alone, 
though  imftioporttd  hy  renf  n,  T  afltd  with  them  for  rva- 
fbn  itfelf:  ihey  looked  on  him  as  the  moll  pcrfif  t  linage 
of  Ciod  among  men.  Hia  houfe  calltil  the  tem- 
ple of  Cent,  and  hia  court  yard  the  temple  of  the 
fatifctt  «d  wkn^hm  «cBt  iMB  MMH^  k  ww lUd  he 
•.  •  » 


went  thhher,  **  Mt.  to  Uacb  men,  hot  to  heat 
thcuit" 

Ihrthagora*  howmr  mt  pctlecated  by  bad  aaen  hi 
the  uft  yean  of  hit  lift  1  and  forae  hj  he  wa»  killed  in 

a  tumult  r.i-fcj  1)V  tlum  ,i;,;  )iri(l  him  ;  '  .x'c()rd:r^  tO 
other*,  ]w  Olid  a  imtcijl  dc'iih,  at  ')o  yeats  of  age, 
about  497  \eais  bifurc  t.  hnll. 

Bcfide  tiie  hi^h  refpecl  and  veaeration  the  world  ha> 
always  had  for  Pythagoras,  on  account  of  the  txceiiciii-« 
of  his  wildom,  his  morality,  bis  theology,  and  politic*,  he 
was  renowned  n  learned  in  all  the  fciencett  and  a  conll* 
denble inventor  of  maoy  thiugs  in  them  ;  at  arithmetic* 
geometnr^aftroDoaiy^muflc,  &c.  InaritUuicticthecom- 
nkon  mo  ftipiicacioo  table  it,  to  {jiii  ^y*  ftill  called  Pytha- 
goras't  taible.  In  geometry,  it  it  faid  he  invented  many 
theorem!!,  piirti.  .il.rt-,'  tlu-R-  tlncc;  ift,  Ouly  three 
polygons,  or  rcguLr  yhuc  li,  •.iic  .,  ciu  fill  ■  p  the  fp,icc 
about  a  |x>int,  viz,  the  et^niLitcr.il  tiiaii^lc,  liie  fi^ua.c.-, 
and  the  hexagon  :  2d,  The  lum  ot  the  liiree  angles  uf 
every  trianj^^Ie,  h  et^ual  to  two  right  angles :  jd,  lo 
any  riglit-ar j'lcd  triangle,  the  fquare  ou  the  longcft 
lii'<  ,  I,  i  .j  i  il  to  both  the  fquarrj  on  the  two  fliortcr 
iidea :  for  the  difcovcry  of  thia  faui  theofcOt  feme  aa» 
thon  lay  he  olleied  totbejEoda  «  hecatomb^  or  a  iacrif 
Am  of  a  hundred  ann  j  IlutafGh  howeaer  fa^  it  mp 
only  one  ox,  and  even  that  it  queftioned  by  Cicera,  an 
ill .inifircnt  with  Jac^rinc,  vslw.Vh  forbade  Lluody  fa- 
tnJices ;  the  more  a^ciiiatc  tUereforc  fay,  he  fucriticed 
an  ox  made  oi  llojr,  or  ol  ila}  ;  and  I'luturi-li  even 
doubts  whether  luch  lacrifsce,  wiiatcvcr  it  was,  waa 
made  for  the  faid  theorem,  or  for  the  area  of  the  para* 
bola,  which  it  was  faid  Pythagoras  atfo  found  out. 

In  atlronomy  his  inventions  were  piany  and  greats 
It  ia  reported  he  difcovercd,  or  maintained  the  tme  fyf* 
tern  ot  the  woiMt  which  places  the  fnn  tn  the  centra 
and  makes  all  the  plaaetaKff«l«e  about  him  {  bam  lum 
it  is  to  thia  day  called  the  old  or  Pythagorean  fyftetn  t 
and  it  the  famcastliat  lately  revived  by  Copernicus  H; 
firll  difcovcred,  that  Lucifer  ami  Iklpenri  were  but 
one  and  tlie  i.mu-,  hiinp  the  planet  Venus,  though- 
formerly  thought  to  be  two  ditk-rent  dart.  The  in> 
vention  of  the  obliquity  of  the  zodiac  it  likcwife  af> 
Cribed  to  him.  lie  iiril  gave  to  the  world  the  name 
SUjfi0 ,  Ke/mai,  fmm  the  order  and  beauty  of  all. 
tU«ga  compichcnded  in  it ;  alfertiag  that  it  waa  made 
aceordioff  to  tmifical  proportion:  fmr  aa  hehdd  thxt 
the  fiui,  by  him  and  hit  followers  termed  the  fiery 
globe  of  unity,  was  featcd  in  the  midll  of  the  univcife, 
:.iid  tt.c  c.iitii  diid  pl.'iiuth  ;nuviiip;  ,Trouii«i  li  m,  lo  ]tt 
hiiJ  ihaitiic  fevcn  pi.'.iiets  l,,id  an  li jrr.iuniouj  motion^ 
and  their  ilill.iiici>  In.imthe  luii  curn.  Ipi.iiJid  to  the 
mufieal  tntetvaiii  or  dtvilious  uf  the  mouochord. 

Pythagoras  and  his  followers  held  the  tranfmigratioo 
of  fouls,  making  them  fuccefllvely  occupy  oncbody  af^ 
ter  another:  on  which  account  tbcy  abftninod  Utat 
flcftit  and  lived  chie%  on  vcgetnbleib 
^  PirTHAOOMt'a  Tadiilr,  the  (amc  ai  the  mdlipUcxt 
lion-tabtc ;  which  Cet, 

PYTHAGOREAN,    or  PvTMAcoatc 
among  the  Ancients,  \vas  the  umie     the  Copernicao 
fylkm  atmoug  the  Moiiirns.    In  this  i>  lU  n,  the  fuo  is 
luppcileJ  at  rclt  m         ec:itre,  witli  the  CJrth  and  all 

the  pUuKit  revolvii^         him,  eadi  la  their  orbiu. 

It 


P  Y  T 
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PYX 


godi,  for  infoirinp  tiiin  with  the  difcoTfry  off©  r*« 
markable  a  pr  i  t  i  ■ , . 

rYTHACiOREANS,  a  kS.  of  ancient  jAiMo- 
plier*,   who  followed  the  dodrinet  of  Pythagormi. 
P»THAa«»iiMi  Tiitmh  btliit&i  the  47U1  prafp>    Tbey  wm  otberwife  called  the  lulic  fed,  from  the 
HdH  Bkmrnti  1  rit,  uiat    drainBinoe  of  hit  having  fettled  in  Itafy.   Out  of  hia 


'  It  «U  fo  colled,  u  havii^  been  maintained 
tad  cnltmud  by  Pytharnraa,  and  hit  foiloweit ; 
■M.lk9t  '  it  Mt  MvcMed  vr  Uok,  for  ti  «•>  mock 


Ctioo  of  the  ift  book  of  EnckdH 

i:.  a  ri,  !  ■  ai  1  lod  triangle,  the  Tq-jare  of  the  longell 
Cdc,  i>  tijual  10  the  fum  of  lioth  the  (qijariri  of  the 
two  fhorter  Gdcs.  li  r  is  brtn  faid  thai  Pythar^ords 
s/kni*  bccatomht  «t  iiaciilice  of  100  oscat  to  the 


fchuulproceeded  ihe  gnateK  philorophen  aod  Iq^iila- 
tori,  Zaleuctts,  Charondai,  ArLliytat,  &c.   flee  tht 

art  id-  Pyt  h-  a,  -  op  •, 

I'YXIS  A'^iti,  Utclatinau't  couipaft. 


Q^U  A 


Q^U  A 


0UAORAGE6IMA,  a  dcMViMtiM  given  to  the 
time  of  Lcat,  from  itt  ooafftiag  of  dmvt  40  day* ; 

cgmtneiiciiig  on  Aih  Wcdneiiday. 

(^AiiUAGESlMA  ii*«rf*y,  it  the  fir.l  Sunday  in  Lent, 
*«•  the  I  ll  Sunday  after  Afh  Wednelii 

QUADRANGLE,  or  Qu«i»aANuvi,*R  _yf^ure,  in 
Geouetry,  is  a  f>Un;  tlfurc  limiiif  biiriiqgM|  aad 
coafaqwiillv  four  lidct  alio. 

To  the  cub  oC  C^ifedrangles  beloa^  the  fquare.  pa- 
■BdOignBt  tnpesiunt,  rliombus,  and  rhomb«idea.-^ 
■A  fumc  i*>  r^ular  Quadrangle  ;  a  tiapeuan  an 
•nnuiir  <nic* 

(JUADRANT,  ill  Geotnetry,  it  either  the  qiurter 

or4th  pait  of  a  ■circle,  ortlif  4th  part  of  it>  citciimfc- 
reuce  ;  the  arch  of  which  lUcrctorc  i.oiilaiiiB  90  dp;;rx'e«. 

QuAoaANT  alfo  denoteta  maihematicHl  iiillrtinKnt, 
«f  great  uCe  in  aflronomy  and  navigation,  for  taking  the 
'■hitadct  of  the  fun  and  Hart,  at  alfo  takitg  tmgSe*  m 
-ibrvrying,  beight»Md-4itoBC<»,  Ccc. 

Thit  lullrumcnt  if  tr4rioa%  eimtrived,  and  furnifh- 
'«daritk4|iAMat  maratiMp  aecordiaf  to  the  variou 
•eicf  tt  w  iBtendra>for|  bat  thcflnve  alt  ttiit  » 
common,  that  they  confitl  of  the  quarter  of  a  circle, 
-trhofe  hfflb  or  arch  is  divided  into  gcfi  tec.  ^>omc  have 
8  plummet  fufpcriticd  from  tlic  cftitrc,  and  arc  furnilhed 
eithef  with  plain  lig.its,  ot  a  tcUfcopo,  to  look 
throogii. 

The  principal  and  inoft  udfid  (^ndranti,  are  the 
4iniiDon  Surveying;  QM^adrant,  t!'ir  A  itrunomic-al  Qiia- 
-inmlt  Adaau't  Quadrant,  Culc'a  Qiwdrantt  Col- 
Jlai^s  or  SaMon'a  Qt^radrantf  Davit't  Quadrant,  Oun- 
Ut's  Qtwdrmip  Htf^f*  Qnednnt*  tbe  Honiliakat 
<^ttdnuit,  and  the  StirioBi  Quadrant,  fcc  Of  ttiefe 
ia  their  orJcr. 

I.  Ti'i  Cemmcr,,  sr  Sumyiny  (J)v  xuhAht. — Thij 
inftrutnent  AKC,  fig.  1,  pi.  n,  \h  .i:\de  of  bratt,  or 
wood,  &c  ;  the  hmb  or  arch  o<  which  BC  it  divided 
JotoQO",  and  rach^uf  thefe  farther  divided  intoatnnuty 
■cqaai  ^arta  aa4iie  fpaoc  will  ayow,  either  HmvuHj  or 
«tlieiwile»  Oa  one  of  thendii  ACt  wtt  -mtA  -w 


manMf&pita  %  aod  to  the  eoti*  ia  fometimet  alfo 
anoMcd  a  imd,  or  OMfcable  iadbei  AD,  bearing  two 
otkcr  li^lici ;  bill  inftcad  of  thcfc  UA  liffhtf^  there  islome* 
times  fitted  a  Ccklcope.  Alio  from  tDC  ceolr<^^  liaiigu  a 
thread  with  a  plummet  ;  asd  on  the  under  Tide  or  face 
of  tlx.-  inltrunicnt  19  httcd  a  bill  and  fockct,  bv  meant 
of  which  it  inay  be  put  into  any  politiun.  The  j;c» 
ncral  uie  of  it  it  for  taking  anglet  in  a  vertical  plane, 
comprebeoded  onder  right  linet  going  from  the  centre 
of  the  ioAntniMitt  oae  of  wbicb  la  horisootal,  and  tiie 
odicriadireAiilta  fQ«e«iiUe  point.  But  befidea  tli* 
partaalw*e  ddcribed,  tbare  itoifiteB  added  on  tbe  (aott 
oear  tbe  centre,  a  ktad  of  compartment  EF,  called  a. 
Qnadrat,  or  Gcometricr'l  Squj-.;,  l^'lIL!■  a  kind  of 
fcparatc  iuftrumcnt,  and  is  parCicuijsly  uUtui  in  Al- 
timetr^  and  Longimctry,  or  Hcighte  and  Dillaucet. 

Thit  Quadrant  may  be  u^ed  in  diticrcnt  iituationt } 
in  each  of  them,  the  plane  of  the  inftrument  muft  be 
fet  parallel  to  that  of  the  eye  and  the  obje^s  whofe  an« 
gular  dttlance  it  to  be  taken,  lliiit,  for  obferving 
beightt  or  deottMp  ita  plane  mnft  be  difpofed  mticallf  , 
or  pcrpendicaar  to  die  liotiion  { but  to  take  boriaonttl  • 
angles  or  dillanooib  ila  plane  Boil  be  difpofed  pai^dM  to 
the  horizon. 

Again,  lici^hts  and  dlrtancei  may  betaken  twownvs, 
viv.,  hy  meanj  of  the  iixcd  tights  and  plummet,  or  by 
l\>i'  label  ;  n-i  ulfo,  either  by  the  degree*  on  the  hmb, 
or  by  the  Quadrat.  T!;'.>,  hy.  2  pi.  24  ibewt  ihe 
manner  of  taking  an  unL^le  jt  e!'j%'aiion  with  thit  Qua>- 
drant  I  tbe  eye  ia  ap^ied  at  C,  and  the  inflrumctut 
tuiMd  DCittcalty  about  tbe  centre  A»  till  the  ohjeA  R. 
be  km  tbroagh  tbe  Iwhtam  the  tadiw  ACt  then  tb« 
angle  of  deeatran  RAM,  nm^  with  the  liofiiontal 
line  KAH,  is  equ:J  to  the  iiKgte  BAD,  m;\Jc  by  tfic 
plamb  line  and  the  gilitr  r;idius  ot  iheQuadrant,  and  the 
qnantity  of  it  it  Ihewn  by  the  dcgl^  IB  the  aicb  RD' 
cut  off  by  the  plumb  line  AD.  " 

Sec  the  ufe  of  the  indruincnt  in  my  McnJontkMlf- 
flodcr  the  kAion  of  Hcighta>and>I>tftanoe** 
>  n.  Tk  «<^aannWQgA»iHi¥,  iaafai«e.oBc>«la» 
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mai!e  of  brafi  or  Icon  hart  ;  havi'r.jT  Its  limb  EF 
(li,;.  3  p'.  J4)  nicely  diviiicd,  <nbi  r  >i  j  ■>iiii!ly  or  otlicr- 
witV,  into  degrees,  minute*,  and  fccond*,  if  rooin  will 
permit,  md  nrnilhed  ckher  with  two  pair  of  plain 
ii((hit  or  two  tcterciipct,  one  on  the  fide  of  the  Qat* 
dnmt  at  AB,'  and  the  other  CO  moveable  dbovt  tbe 
ccMre  hf  owma  of  the  icrew  G.  The  dented  whecb 
I  ami  H  lerve  to  direA  the  inRramcBt  to  any  objcA  or 
phenomenon. 

The  applicaMnn  of  this  tifrful  inftnimcnt,  in  taking; 
ohfcrvatiot)^  (if  ilie  Am,  planets,  and  fixed  ihm,  is  <>li. 
viiiii.i;  fr)T  hrin^  tiiriifd  hoiizontilliy  m'Oll  its  axis  In* 
nic-aii:i  ot  the  leUTcope  A  B,  till  the  objeA  i*  utii 
through  the  moveable  ickrfcopei  then  the  defect  itc 
cut  by  the  indexi  give  the  altitude  &.c  retiuiml 
'  |.  Qu ASKANT,  It  a  voy  ufcfol  iaftrameat, 
invented  by  Mr.  Beniamin  Cole.  It  confifta  of  fix 
pafta,  the  ItafT  AU  (fig.  1 1  pi.  14) ;  the  quidran. 
tal  arch  DE;  three  vanc^  A,  B,  C  ;  and  the  irernier 
FG.  'I'lic  (hifT  is  a  bar  cf  worxl  ahoiit  j  feet  Ifii'.f», 
an  iiiih  m  d  a  quarter  broail,  and  (if  a  (ii)iicient  tli'i  k- 
IK  fs  tu  prevent  it  from  l)cmiiiii][  or  warpin^^.  1  he 
(jiiailraniat  arch  is  alfo  ot' wood;  and  in  divided  into 
degrees  and  3d  parts  of  degrees,  to  a  radiui  uf  about  9 
anche«;  and  to  its  extrefnidcs  are  fitted  two  ndit, 
wbicb  meet  in  the  centre  of  the  Quadnmt  by  a  pin, 
about  #hich  it  cafilj  mores.  The  fight'vanc  A  la  a 
•  thin  piece  of  brafs,  near  two  inches  in  height,  and  one 
broad,  fct  perpendicularly  on  the  end  of  the  tlaiT  A,  by 
meaas  of  two  fciewt  paflinir  through  its  foot.  In  the 
middle  of  ih's  vane  is  cirillcil  a  fm.iU  hole,  tliroiij;h 
which  the  (uiiicidciice  or  meetitig  of  the  horizon  and 
fvilar  fpot  In  to  be  Wcwrd.  The  horizon-  vane  B  is 
about  an  inch  broad,  and  1  inches  and  a  half  high, 
Imvipgailit  cut  through  it  of  near  an  inch  h>ug,  and 

•  quarter  of  an  inch  broad  t  tbis  vmc  it  fixed  ia  the 
centre-pin  of  the  inSmment,  i*  a  perpcadsndar  po&- 
tion,  by  means  of  tsro  fcrews  pailing  through  its  foot, 
hj  whidi  its  pofition  with  refpedl  to  (he  fight-Tane  is 
ahnjR  the  iame,  their  angle  of  inclination  being  equal 
to  4f  dcgicea.  The  llindc-vane  C  is  couipofeil  of  t«o 
braf*  pl;ites.  Tlic  one,  wlilch  Ici  vc»  as  an  arm,  is  about 
4i  inches  long,  and  4  of  an  inch  broad,  bting  pinned 
at  one  end  to  the  upper  limb  of  the  Quadrant  by  a 
fcrew,  about  which  it  has  a  bnali  motion  ;  the  ocHer 
end  lies  in  the  arch,  and  the  lower  edge  of  the  am  ia 
diref^ed  to  ilic  middle  of  tbe  «entre-ptn:  Ui«  other 
plate,  which  is  prcpeily  the  vane,  is  about  a  inches 
long,  beinj^  fixed  pcipeiidicularly  to  the  other  plate,  at 
about  half  ail  ir;:ii  diftunco  inmi  that  cdJ  next  the 
arch;  th><:  vitit  m:i\  It  u!id  cilhtr  Lv  its  iliaJc,  or  by 
the  folar  fpot  call  l<y  a  cmivi  x  It  ns  placed  in  it.  And 
becaufe  the  wood-work  i»olt<v.  iubjedl  t<'>  warportwiil, 
tbervfore  this  vane  may  be  rcdtitied  by  means  of  a  fcrew, 
ibtbat  tlie  warping  of  the  iaftrument  may  uccaliua  no 
arroi  in  die  obfcnration,  which  ia  pcrlbrmcd  in  the  Ad- 
lowiug  manner :  Set  the  line  O  on  tbe  vernier  againft 
a  dtsrec  on  tbe  upper  limb  of  tlie  Qnadrant,  and  tuin 
the  fcrew  On  the  backfide  of  the  limb  forward  or  back- 
wuid,  till  the  hole  in  the  liglit-vanc,  iheccutre  of  the 
glaff,  and  the  funk  fjjot  in  the  lioriyon-vane,  lie  lu  a 
right  line. 

To  Jind  ibt  Sun' I  yliiituJt  by  thii  irfirwarmt.  Turn 

jMr  back  n  the  fun,  haldim  the  ftdf  «f  the  k|ni> 
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ment  with  the  right  h:;!id,  f  i  that  it  bi  in  a  ver- 
tical plane  pafTm  throiiyh  the  fi;n  ;  apply  one  eye  to 
the  fight-wane,  looking  through  that  auxl  the  horiaon* 
vane  tdl  the  horizon  he  feen  s  with  the  left  hand  (Mdc 
the  qiiadninial  arch  upwards,  u'U  tlic  iular  fpot  or 
lhadc,  calk  by  tbe  fliadMrasc,  (Ul  dircAly  updn  the  ipot 
or  flit  in  the  hotison«vane  j  then  wil  that  pait  of  the 
quadraatal  arch,  which  is  raifed  above  G  or  8  (accord* 
ingastbc  obfcrvatinn  refpcC^s  cither  the  lu!  ir  fp:it  or 
(hade)  (hew  the  altitude  of  the  fun  at  that  time.  But 
for  iht  iTiL^idiaa  altitude,  iIil  n'  :L-ivatioa  mull  be  con- 
tmtiid,  and  as  the  fun  a|>jnoai. he*  the  meridian,  the 
fta  will  appear  llirongh  the  horizon-vane,  \»hich  com- 
pletes the  obTcmtion  t  ami  the  degrees  and  minutes, 
coumrd  as  before,  will  give  the  fun's  meridian  ahitudci 
or  the  degre«a  oouated  from  the  buper  liatib  upwarda 
will  give  the  aenitb  diftance. ' 

4.  Aihmt't  QuADKANT,  differs  only  from  Cole's 
QiiKtL-^aiit,  jufl  drk-ribed,  in  having  an  horizontal  vane, 
wuii  the  upj-tr  pait  of  the  limb  Icngihciu-d  ;  To  that 
th:  gi.ilr.,  vvl-.ii  li  cnlU  tl:;-  fvdar  fpot  on  the  horizon* 
vane,  i»  at  tl  i.<iiic  diilji'.>.c  fium  the  horitOO'Vane aa 
the  fi^ht-viine  nt  the  end  of  the  index. 

5,  CJlin's  or  Sutlok't  C^ADAANr,  {6g.  8  pi.  24) 

is  u  lieieograiphic  projc£liuii  of  one  {{uarter  of  the 
fpUerc  between  the  tropics,  upon  the. plane  of  the 
ecliptic,  tbe  tjt  being  ia  iu  aof  ih  poMi  aad  fitted  to 
the  latitttde  of  Loudon.  The  lines  ttmaing  from  riffht 

to  left,  are  paralleU  of  alt'tude ;  and  thofc  croiTing 
them  are  azimuths.  I'he  fuiuller  of  the  ttvo  citcles, 
bounding;  the  projttlion,  \i  one  quarter  of  the  tropic 
of  Capricurii  ;  and  the  greater  is  a  quarter  of  the 
tropic  uf  Cancer.  'I'hc  two  ecliptics  are  drawn  from  a 
point  on  tlie  It  ft  cd^^c  of  the  Quadrant,  with  the  cha- 
racters of  tbe  (igai  upon  them  ;  and  the  two  horixons 
are  drawn  from  tbe  fame  point.  The  limb  is  divided 
both  into  dcwreea  and  time  \  and  ly.  lutving  the  faa*a 
altitudet  the  how  «f  dav  luay  here  be  louitd  to  a 
minute.  The  quadnntal  arcbcs  next  the  cirtre  cun> 
tu:ii  the  taltiiJii  i  t  ill /iillii  ;  and  under  them,  in  ano- 
ther arcli,  IS  tiic  liia'j  declination.  On  the  profciitioa 
are  placed  fcvcral  of  the  nwft  rcniiu  k.d.lc  lixcd  liars  be- 
tween the  tropics  ;  and  the  ntsi  b<.luw  tbe  projcdion  ia 
the  Qtiadrant  and  line  of  lliadows. 

To Jill  J  ihe  Time  ajlht  Sun'j  Rifing  or  Sett'mgt  iit  Am* 
fTiluJe,  hii  y/z!inutl>.  Hour  af  tie  Ditf,  (Sfe.  hj  iUt  ^am- 
dnalm  Lay  the  thread  on  the  day  and  iheaKMMh,  and 
bring  the  bead  to  the  proper  ecliptic,  either  of  tum^ 
mer  or  winter,  according  to  the  fraliin,  uluclf  ia 
called  rtciif'yiag ;  then  by  moving'  the  thread  brimr 
the  bead  to  the  bori/on,  in  which  cale  t!ie  thread  wiQ 
cut  the  limb  in  the  point  of  the  time  of  the  fun's  rifing 
Ul  lcttin){  bifurc  or  alter  6  :  and  at  the  fame  time  tbc 
bevl  will  cut  the  horizon  in  the  dr).  >ecs  of  tbc  fun's 
amplitude.-»A{;ain,  ubferviog  the  fu.i\  altitude  with 
tbc  Quadrant,  and  fuppofing  it  found  to  be  aj"  oa  the 
jthplMay,  lay  the  ti^ad.overthe|th of  May;  then 
bring  the  head  to  the  fummer  ediptiG,  and  carry  it  to 
the  parallel  of  altitude  45°;  in  which  cafe  the  thread 
will«i<t  the  limb  at  55°  15',  and  the  houi will  be  feen 
among  the  hour-line-  to  be  eitiui  4110.  pall     in  the 

morning,  or  19m.  prill     in  tiic  jtttriui<i;i.  Lallly, 

tbc  bead  (hews  soauug  the  aximuihs  the  iuu's  ditiance 
fiwB  the  ftiuth  so*  4*  • 

But 
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e,'iAM  it  Uic  fmli  ■Mnde  be  VA  tlim 

^i*mt  It  it  tt  4'o'dock(  the  op«ntion  mufl  ht*  jH  ifornt- 
ti  amonp  thofe  psmllek  ibovcr  die  upper  iion-joii  ; 
the  bc«d  Ik- nr  rtfcltfird  to  the  winter  ecliptic. 

6.  Davii'j  Oj'Aim*'*'',  the  fame  as  the  B«ck- 
•  TArr  :  whicli  \.  V. 

7.  GunRer'4  Qa»JtKXHT,  6  pL  ri>rnetinm 
ealiedthr  Gmmii^'iS^iian,\ivXtA  Tot  ;;levaiuig  ^nd point* 
intr  rsnnun,  mortar*,  &c.  and  cpnMt  of  two  bmoch- 
»  <.  thtr  of  woo<t  (Mr  brtfi,  )ictw)t<ti  trbieh  h  •  aiit» 
4anul  arch  dtvided  iototiQO*,  and  {brniflied  with  a 
thnaA  and'^mmet. 

The  life  of  tM<  irinriun-  nt  i»  very  cafv  ;  for  if  ilie 
longer  branch,  ur  L.ir,  be  placed  in  ihc  mi^ah  nf  itie 
piece,  itt;d  ;i  lie  eltv.itcr-i  tiH  the  ploinnict  cii;  tin-  dc 

iree  ntctffary  tv>  liit  a  piopufed  objcft,  the  tiling  is 
sne. 

Sometimn  on  the  fides  of  the  longer  bar,  arc  noted 
the  (!ivii'ian  uf  diametcri  knd  weigfata  of  irao  baUa*  M 
aifo  tbe  baR««f  picc(««  » 

8.  Gtmtti't  Qtf  AOkatr,  (o  called  rrom  itt  umntor 
'Edmund  Gvmer,  (flg.  4  pi.  ^4)  beilde  the  app«ratu« 
•f  other  Qjtadraott,  ha»  a  llereopraphic  projection  of 
the  fphtre  <>'!  tiic  f'limc  ot  the  t>]iiirn>ctiat  ;  and  alio  a 
calendar  uf  tlic  n,nM;lis,  mxt  n>  the  dujTians  cf  the 
liiiib;  by  wliiih,  hcliih-  the  onnimr.n  piirpulov  ut  i  ihrr 
Qiiadrantq  icvrr.il  ui'elui  queflioni  in  atiroDOmy,  &C| 
•re  ea5ly  refolved. 

U/f  of  Gamer's  StmArMl.  —  I.  To  find  the  fun's 
meiidian  altitude  fot  any  given  daf«  oreoaverfely  the 
davof  the  year  uA»em^  to  any  given  neridian  Httt- 
tuoe.    I/ay  the  thrrad  to  the  day'of  the  month  in  ihe 

fr.'ili"  next  the  Iir>  b  ;  llicn  tiiL-  c!egrrr  it  ruts  i:i  llie 
h'mb  is  ilie  f'Ui's  meridian  altitude.  And,  contrariwife, 
the  tbrrsii  bting  iVt  to  ihc  OMndian  altitudcy  k  ftcwa 
the  day  of  the  nmnth. 

2.  To  find  the  hour  of  the  day.  Having  pnt 
Xht  bead,  which  (lidt»  on  tbe  thread,  to  the  fun'* 
pl.;i:e  in  the  ecliptic,  obferre  the  fuh'»  altitude  bjr 
the  QwidnRt ;  then  if  the  bead  be  laid  over  the  lame 
In  thelinib,  the  bead  wQ!  fall  upon  tlte'boiir  reqniivd* 
On  the  contrary,  laying  the  bead  on  a  j^iven  houi , 
tng  fitfl  re^kified  or  fet  it  to  the  fun't  place,  the  ile- 
l^ce  cut  by  tbe  thread  on  the  liaib  gina  the  alti* 
lude. 

Note,  the  bc.i  1  p-av  bf  reftified  otherwife,  by  brinjT. 
w%  the  thrrad  to  the  day  of  the  month,  and  tbe  beaid 
to  the  hour-line  of  i^. 

5.  To  find  the  fan's  declination  from  his  place  eiven  | 
and  the  contia*y.  Brins  the  bead  to  the  fun**  place  ht 
the  *M  now  Aw  tlucnd  to  ilie  line  of  drcH- 

Station  ft  T,  fo  A«D  the  bead-  cut  the  degree  of  detli- 

r-itioT  rci]inr!'<!.  f"*i>  'he  riuitrnrv.  ihc  iMiiiilnii.^  ad- 
jiiilril  lu  a  ^ncn  <U\ '.In.itioii,  .lu  l  (lie  (li-.  tiid  tnovrd 
to  the  ecliptic,  thr  U  :.<i  will  rii(  the  liiti's  place. 

4.  The  fun'j  place  being  f^ivoi,  to  find  the  rii;ht  af- 
criifion  ;  or  eoiitratiwifi;.  Lay  the  thread  on  the  fun's 
place  in  tbe  ecliptic,  and  the  degree  it  cuts  00  the 
Kinb  18  the  tight  nfeenfimi  fought.  And  the  con* 
terfe. 

%.  Tbe  fuo^  ahttodrbetiw  j;{«en.  to  Itnd  his  axS- 

nrath ;  and  contraiiwrife.  KeSify  the  bead  f  r  ti  e 
lime,  a*  in  the  fecund  article,  and  obtcrve  tnc  lun'« 
fekiuidn  I  bring  tbe  thicad  to  the  coBiplenicat  of  tbtt 


libmide  t  ^tbcn  tbe  bead  viD  give  tbe  >tiiBiitbfou(:ht, 

amon^  the  ar.inntith-h'nef. 
9.  Hadieft  Qi'AntANT,  (fi?.?  pi.  24)  fo  called  from 

ii8  invinlnr  ]<.i\,:\  i'fjklli.y,  i'.lq,  i.ov.  ij ..ivfrlally  iifcJ 
a*  the  beii  ol  any  to.  u^tuucal  ituJ  albcr ,  ol»fcr> 
vat  ion*. 

It  fccRt*  the  t'uft  ii!e»  of  ibis  cxce'ltiit  iiillninicnt 
WSJ  fugged ed  by  Dr.  "Hook<|  for  JJr.  Sprjt,  in  hia 
Hiftorjr  of  th«  ko|al  Society*  pa*  *jf>^  oicnlioni  tbe 
iotrention  of  a  new  inftniment  tax  taking  angles  by  ft* 

flexion,  by  which  tneana  the  eye  at  once  fee*  the  two 
obje^ls  both      touihii^  the  fame  poiut,  though  u'if« 

tani  Oinio'l  tu  n  fmnrirch  ;  vIiilIi  i-^  ii;  prcLit  uu-  ior 
msk'ni;  (  Xi:Ct  oLltTvaliulis  ;!l  li.il,     'ill's  ih'.'irniTiClit  IS 

liciLi  il)ed  and  illufttnltd  by  a  figure  iu  Hn  ir-i 
fnnu»  works,  pa.  J03.  But  a*  it  admitted  uf  uuiy  one 
rcfledion,  it  wtitild  ri.t  .nif«cr  the  purpofe.  The 
•tatter  bonrerer  wa^^t  lill  c(f(.£\ed  by  Sir  Ifaac  N'cw« 
foUf  udio  twnwuntcaied  to  Dr.  Haltey  a  paper  of  hia 
own  writings  containing  the  de(i:riiitlon  of  an  ihflni> 
meet  with  two  refleAiont,  ^bich  foon  a&er  thedoAor** 
death  uat  found  among  his  papers  by  Mi.  Joiiet,  by 
whom  it  was  communtcattd  to  the  Royal  Society,  and 
it  wa«  publiflied  in  the  Philof  Traiif.  for  tht  )c.'-r 
1741.  See  klfu  tbe  Abridg.  vol.  8,  p3.  1  :•).  HdW  it 
h.ippentd  that  Dr.  Halley  never  nun: ii'-.;i.d  ihi>  in  liis 
lifetime,  is  hard  to  fay ;  but  it  it  very  cxtraoidiaary  ; 
tnoie  crpecially  a*  Mr.  Hadley  had  defcribcd,  in  the 
I'rsnfac  for  I7}i|  his  ioflrumctit,  which  in  conflrufted 
on  tbe  fpme  prinaples.  Sec  alfo  Abr.  vol.  6,  pa.  i)^- 
Mr.  Iladley,  who  was  vcU  acquainted  with  Sir  Ilaae 
Newton,  might  have  heard  him  fay,  that  Dr.  Hookc't 
pinpoU!  i-o'.ilo  !io  I  (Tffud  V.y  means  of  a  din:b1f  rtfltC. 
lion  ;  and  p<:th.ip&  in  coiifvcpicncc  of  lbi»  iiiijt, 
might  apply  himfelf,  wiihiiut  any  previous  knowkL',:e 
of  what  Newton  h{n!  .vrtuail)  dune,  to  the  conftructton 
of  his  inftnimci  i.  Mr.  Godfrey  too,  of  Pcnnfylvania, 
had  lecoiirfc  to  a  fimilar  expedient ;  for  which  rcafui^ 
foinc  gentlemen  of  that  colony  base  afcribed  the  invcn> 
tioa  of  thi«  exrellcnt  infirument  to  Kioi*  Tbe  triitk 
way  probaUy  be,  that  each  of  thefe  gentlemen  d?C> 
covcrc<l  the  method  independent  of  oneanulhct.  See 
Abr.  Philof.  Tranf.  vol.  8,  pa.  iilfoTianf.  of  the 
Atiieriiun  St.i  iciy,  vol.  I,  \':.  ii  i\;pi|idix. 

I'his  intbuin<.ut  cunfilis  ut  the  Ldh  wing  p.irticu- 
lars:  1.  An  oi^tant,  or  llic  8tl.  put  ot  a  l  i  vie,  y\BC- 
a.  An  index  D.  3.  The  fpvculum  E.  4.  Two  bori* 
zontalglafllt,  F,  G.  5.Twolcrecntt  Kand  K*  6*  Two 
fight-vancsj  li  and  U 

The'  oAant  confifta  of  two  radii.  AB,  AC, 
Arengthened  by  the  braces  L,  M,  and  tlic  arch  BC  % 
which,  though  containing  ouly  4^°,  is  neverthdeiV- 

dividc'd  iiHi'  «,;.  [II  li^.i;  V  (In  ii'h;;;5-,  nf  whiill  OanHs 

fordegtitb,  ajiu  ait  iiuuibiuJ  o,  .c,  20,  30,  &c,  to 
90;  liegiiiriing  at  each  ind  of  tbi-  arch  (or  the  c<>n>e- 
nictire  of  niirT.i)cring  both  wayt,  cither  for  eltitiKles  or 
acnith  d;tl:u'ice» :  aJfo  each  decree  \%  fiibdi»ii!ed  into 
miouUa,  by  means  wf  a  vernier.  But  ibc  number  of 
thefe  d«vi6on«  variea  with  ibt  G«e  of  the  inftruf 
iBCnt. 

The  index  D,     a  Bat  bar»  moveable  abovt  the 

(  (I  ',  ic  01°  (he  iiillrunieut;  and  that  pan  of  it  uhith 
liuien  over  the  graduated  arcK>  BC,  ■«  open  in  the 
middkt  with  Veniier'i  fcak  on  the  lower  part  of  it^; 

aad 
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to  Um  Ika  fad«i 


snd  undmiMth  !i  a  Icfevt 
•gaiutl  My  divifion. 

The  Ipcculum  is  a  pirce  of  flat  glaft,  quickfUvered 
«•  «^  ^*  mi  fimti  imiiiiiii 

.  ^tmr^Vftnl^W^  vU  middU  part 

■tbe  fbiiqket  coinci'dhifr  with  tne  centre  of  the  httcr: 
and  bteauTc  the  fpeculum  i»  fixed  to  the  inder,  tlfc  po- 
(ition  of  il  '.vill  be  altered  by  thi-  riiov  ne  rf  tlie  iii.-jcx 
aloop^  the  arch.  The  rays  of  an  obfeived  oiijcci  are 
ret'.ivtd  uii  tiu-  i'|Hi  iiiijni,  .^ii<!  fron'  thrnce  rcfitdtcd  on 
one  of  the  bonxon  gkflct,  i  or  G  (  which  ate  tvra 
■finall  pKrceB  of  glaiii  placed  on  one  of  the 

l!mbs,tlK-ir  facet  tleing  turned  oUiqUely  to  tlM  ijMcnhinH 
from  which  they  receive  the  lelleOeo  ny*  of  oljedt. 
Thia  f  hat  only  itt  lower  part  fiWeied,  and  fet  in 
Vafi*work ;  the  upper  part  being  left  tranrparent  to 
view  tlic  !itir'7  m.  Ttic  gUfs  G  has  in  its  middle  a 
tranfpnrttit  ilit,  through  which  tJfr  horizon  is  to  be 
fetn.  And  bccaufc  the  warpin;,'  of  tl<e  inateriali,  and 
othiT  r.ccidcntj,  may  dirtend  them  frnin  tlieir  true  lilu- 
ation,  there  arc  three  Icrcwi  pafllng  through  tbcff  feet, 
■by  which  they  may  he  cafily  replaced. 

The  fcrcc  n«  are  t<TO  piecet  of  coloured  glifti 
-two  ttfian  >bnCi  fraiqei  K  and  which  bm  m 
'irttem  to  tAt  off  the  ghte  of  the  (aa*»  rayt,  which 
wroiild  otherwife  be  too  ftrong  for  flic  eye  ;  the  one  is 
tirgv'd  much  deeper  than  the  other;  and  as  ihry  both 
mo»c  on  the  Came  centre,  they  may  he  both  or  either  of 
them  ufed  :  io  the  fituation  (hey  appear  in  the  figure, 
they  fervc  for  the  horizon -g!af«  F  ;  but  when  they  are 
wanted  for  the  horizon-ghft  G,  they  intift  be  taken 
from  their  prefent  fitoMion,  nad  {IkrI  on  the 
<Qiiadrant  ab^TTc  G. 

The  fight-vanen  are  two  pina,  H  md  I»  Oaading 

ferpcndicuhrly  to  the  plane  of  the  inflnimcBt :  that  at 
i  has  one  hole  in  it,  oppofite  to  the  tranfparent 
flit  in  the  horizon-,'jlaf9  G  :  the  other,  at  I,  has  two 
holes  in  it,  the  one  oppofite  to  the  middle  of  the 
trtnfpaicnt  ptiit  of  the  liorizon  glafs  F,  and  tlir  ctln-r 
raUicr  (&9cr  than  the  quick-filvertd  pan:  thit  ve.nc 
]iaa  a  (N«x  of  hraff  on  tbe  hack  of  it,  which  m^ven 
muod  a  centre,  and  ferret  to  envertither  of  the  holes. 

Of  tie  O^nMtrW.— Tiiefc  are  two  tbrti  of  obfcr- 
Tatiomtohc  made 'with  thb  laftrwDcatx  tbe  one  il 
when  the  back  of  the  obfinrver  k  tnmed  tovMirdi  the 
i  lijift,  and  therefore  called  the  Lici  ohfer-.  iHityn  ;  the 
othir  when  the  fiice  of  the  obfervcr  is  tmncd  tow^iuis 
theobji-^),  which  is  mlltd  tht  j'ire-;!'/,  i  valicn. 

Reiiifj  ibe  I«firumtr.t  for  li  e  I  n  e-d/trval'ior,  : 
Sbckcn  (he  fcrew  in  the  miadit  of  the  liandlc  hrhind 
tLeglafK  Fi  bring  the  index  clufc  to  the  button 
holdtbe  iiilbf.mtnt  in  a  verticil  pofitinn,  with  the  arch 
dowowarda;  look  through  the  li^ht-hand  hole  in  the 
ynnc  I,  and  through  the  tranfparent  patt  of  the 
glaui  V,  for  the  lu'ii/on  ;  and  if  il  He  in  llie  fame 
rijjli;  line  with  the  ima^e  of  the  hoiizon  fecn  on  the 
lilvered  part,  the  jjlift;  F  is  rightly  .Hjuiled  ;  but  if  the 
two  horizontal  liu-js  tlifaj;ue,  (urn  the  fatw  which  is 
at  the  end  of  the  haitllc  hackwurd  <ir  forward,  til)  thofe 
lines  coincide  ;  tlun  falK-n  the  middle  fcrew  of  the 
handle,  and  tiic  g-if';  isiigKtly  a  ljufttd.  - 

To  tait  ibe  Sim't  jfhiimlt  by  tie  Fcrf«ifcr«t(ioii. 
Having  fixed  the  lereent  above  the  horiion-glafa  F» 
aad  fuucd  them  propoitiooaBx  to  Ac  ftrcmtb  of  tbe 


fnn'trayi,  Cum  ynvftee  towards  the  fun,  holding  fh« 
inftnuMCt  with  vour  riyht  Itand,  by  tbebracai  Land 
M«  Oi'a  vertical  pofition,  with  the  arch  downward! 

r;ya«r  «|«d«fe(«  the  xigbi-baMi Jal^ aa  the;«uo 
antf  view  the  mNtmr  throoKh  -lbe'Jioii<j^nt 


part  of  the  horiion  glafs  F,  at  the  faitie  tiire  niov-. 
\rg  the  index  D  with  the  left  band,  (il!  lii  :  reflex 
fill.!!'  (j  ot  Coincides  with  the  lint  of  the  h.-ri/ in  j  then 
the  dcjjrte*  coui.tcd  from  C,  or  tiiat  cn<!  next  yoin 
body,  will  give  tl.c  fiii-.'s  alMiidc  st  tliat  time,  oMicrVt 
ic^  to  add  or  fubim^  if>  minutes  accuiil  nfj;  :;3  tbe  u|»* 
per  orloMr  edge  of  ^|>c  fun's  reflex  image  is  itude  vk 

But  to  ftMiyiij^Mi^iirin  iMiiiile.>wyA  m  the 
•iblBg  waiud  for  fiadiag  the  btitndc  t  the  obfer*asipa« 
nraft  be  cootinued  ;  and  at  tbe  fun  anproachet  the  mc^ 
ridian  the  index  D  null  be  continually  moved  toward^ 
R,  t')  m.iirt.iln  the  coincidence  bet ivecn  the  reflex  fof 
lar  Ipot  and  the  horizon  ;  and  coiifcquently  as  lon^  as 
thia  motion  can  tnaintain  the  fame  coincidence,  the  ob- 
leri-stion  mull  i>e  vcnijipued,  till  tin  l  in  has  reacbid 
(he  mtridian,  aniMjl^M  to  dctctiai,  nbcu  the  coiu- 
cidencc  ^HitflfltK  a  rcrrop;ntdc  motion  of  the  index  j 
or  towarda  C|  and  then  the  obfcrvatioa  it  fini(hcd^ 
aod  ibedqmaroonntcd  aabefiote  will  j^ve  the  fiw^ 
flBcridiaa  ahttude,  or  thoTe  fraot  B  will  give  tbe  tenith 
diAance ;  obferving  to  add  the  femi-diametcr,  or  16', 
when  hit  lower  <-dj;e  is  brought  to  the  horizon  ;  or  to 
iiibcndt  16',  when  the  horieon  and  upper cd];e  coinciiie^ 

To  tale  tbe  Ahilutle  of  a  Star  ty  tie  Fore-cbjeriiai!',n, 
Through  the  vane  H,  and  tlie  tianfparcnt  flit  in  the 
glafs  G,  look  dirr^\ly  to  tlic  flap;  and  at  the  kino 
time  move  the  index,  till  the  image  of  the  horizoia 
behind  too*  beiov  refleAed  by  tfao  fi«at  %ciiUw>,  b4 
Ceenia  Uicibendiwrt  of  G,  aad  meet  tbe  Aari  tbe^ 
will  tbe  index  fliew  the  degrees  of  the  tlar'a  dtjtode.  • 

To  Refffy  the  Inftrumeni  fur  tbe  Bacl'ot/enMfiMi 
Slatl-fti  the  fcrtw  in  tlic  middle  «f  the  handle,  hihir.d 
(he  finln  (r  ;  inrr.  liie  huttnn  /'  on  one  Tide,  and  bring- 
tie  ini'.rx  a«  inany  dij^rets  I'cforr  o  a:-  is  ny.iA  la 
di.iiblc  the  dip  lit  the  lioii^on  at  yi)nr  height  above  \ho 
water ;  hold  the  inlirutnenl  vertical,  with  (he  aicfai 
downward ;  look  through  the  hok  of  the  vane  II  | 
and  if  the  lionMH^  fieoi  through  tbe  tranfparent  flit) 


in  the  gbift  O*  colnddfrvith  the  iongc  of  the  berisoi^ 
'  feen  in  the  (i!verpd  part  of  the  lame  glafs,  then  thq 

 i 

le  r] 


phfs  Cj  i:  ill  if;  proper  ]i;<ril!.>n  ;  bw  if  nOI^'fc^tt 
the  liaiiCik,  ai  d  I  ultii  tl.c  lcr:\v  before. 

■/(.i  iLr  ."■•.  ,•!•/  .H.liu.h-  by  ihe  Iiact-elfervnliD» 
Put  the  (Itni  of  the  frretns  K  and  K  into  the  hole 
and  in  proportion  to  the  llrtngth  or  faiutnefs  o(  tha 
fun's  i;iys,  le't  either  one  or  both  or  neither  of  thq 
frames  of  tiiofe  daffet  be  turned  dote  to  tbe  face  ol 
tbe  linb  %  boU  the  ioftniment  im  a  vertical  ooiitiMj 
with  the  arch  dewnwardt  by  the  btaeet  L  and  M,  witl|  - 
the  left  hand  ;  turn  your  back  to  the  fun,  and  put  «nc^ 
eye  clufe  to  the  hole  in  the  vaoe  H,  obferving  tht; 
horixon  thmugli  the  tranfparent  flit  io  (he  h'lri'^ 
zon  f^■^h  G  ;  with  the  right  hand  move  the  indei^ 
D,  till  the  rffUfct!  j^c  ol  the  fun  be  fcen  iu  the 
filvciid  part  of  the  j;lj[s  G,  and  in  a  right  line  witlt' 
the  horizon  $  fwing  yoor  body  to  and  fro,  and  if  thd 
obiervatioa  be  tral  made,  the  fun't  image  will  be  obJ 
fciivd  to  bniAi  tbe  horizon,  and  the  degrees  irckoiiej 
frgoi  C»  ortbit  part  of  the  arch  bttbci  from  your 
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tbeDidUonariwof  Arts  und  Sdenoes  which  have  been  publifhcd,  of  late 
yeais,  in  various  parts  of  Europe,  it  is  matter  of  furprife  that  Philofophy  and  Nfatbe-> 
tnatics  fhould  have  licen  fo  far  ovcrloi'KCfl  as  iiot  to  be  t!iought  worthy  of  a  feparate 
Treatife,  in  this  fonn.  Thf  fe  Sciences  conlutute  a  large  portion  of  the  prcfent  flock 
of  human  knowledge,  an<l  have  been  ufually  confidcred  as  pofleflinp  a  degree  of  im- 
{XMrtauce  to  which  few  others  are  entitled;  aiid  yet  we  have  hitherto  liad  no  diuiui!:!' 
Lexicon,  in  wluch  their  conflitucnt  parts  and  technical  terms  have  been  explained,  with 
that  amplitiide  and  jprocifion,  vltich  the  great  improvements  of  the  Modems,  as  well  as 
the  riiing  d^ity  of  the  Subjedi,  leem  to  ilemand. 

The  only  works  of  this  kind  in  the  Englifh  lanp-Mnpc,  defcrving  of  notice,  are  Har- 
ris's Lexicon  Technicum,  antl  Stone's  MalhciiKitioal  Dic'lionary  ;  the  former  ol' which, 
though  a  valuable  performance  at  the  time  it  \A~as  written,  is  now  bcctune  too  dry  an<l 
obibletc  to  be  referred  to  with  plcafure  or  fatis&i5tion  :  and  the  latter,  coiifiiliiig  ouly 
of  one  volume  in  8vo,  mull  be  regarded  merely  as  an  unfiniAcd  fkctcb,  or  brief 
oompendium,  extremely  timitcil  in  it«  plan,  and  necedarily  deficient  in  ulcfol  in- 

It  bc<  arnCj  therefore,  the  only  rcfintrcc  of  the  Reader,  in  imn\  cafr>  where  explana- 
tion was  Witnttd,  to  have  rccourfc  to  Chambers's  Dictionary,  in  four  large  \'olunjc^  tolio, 
or  to  tlje  Encyclopaedia  Britannica,  n(»w  in  eighteen  large  volumca  4to,  or  the  fiiil  more 
fliipen«ibD$  peHbnnance  of  the  French  Encyclopediils ;  and  even  here  his  ex{ie6hi>- 
tio^  mi^t  be  frequently  difappointed.  Thcfe  great  and  uieful  worka^  aiming  at  a 
geaenl  comprehenfion  of  the  whole  drdc  of  the  Sciences,  are  Ibmctimes  very  defi* 
dent  io  their  defcriptions  of  particular  branches ;  it  behig  aloioil  iinpoffiUe,  in  (uch 
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cxtcnfivc  uTKlcrtakinp;s  lo  n;)[)r.  cia1c,  with  cx'atilners,  the  due  value  of  every  article  : 
'I'lioy  arc,  litri(lv>,  )(»  voluminous  aiul  lutcrofrciicous  in  their  nature,  as  to  render 
rt  (r<\|u<  til  rciiTCii  c  to  'Jmxu  c  ".Irciiu  K  inctMucniciit ;  and  even  if  tlii*  vcre  not  the 
ciii'c,  llxir  l.i^h  [jrico  pub  ihciu  out  of  ihc  reach  of  tho  generality  of  reader*. 

With  a  view  to  obvit^c  thcfc  dcfccls,  the  Public  arc  here  prcientcd  with  s  Dic- 
tionary of  a  ino(lcT5itc  lizc  and  price.  w!i  .  1  devoted  lulelv  to  I'hilaf  >phica!  and  Ma- 
tbeinatical  Ail^tvV.  lV\i  a  work  ylbr  w  hiLlf.fnnicri.iIs  iia\c  bce^  tt»I!ct-.ti(4^  through  a 
c  l  uric  of  iT!::iiv  v<.  ;'.:>  ;  and  i>  liio  rc  fiilt  ot"  great  labour  and  rc;vlii';r.  Nut  only  moft  of 
llic  Eiu  '.\  !o[)c<.)ia-i  alrcatlv  extant,  and  the  vaii:»ns  |  ublicalion-*  of  tlic  IjCarncd  Societies 
(hrotighcrU  K'lroj.e,  have  been  carefully  eonjulu-d;  but  alfo  all  tl;e  original  works,  of 
any  rcptuation,  wliich  have  hillK:rio  ajipcarcd  upon  thcfc  rubjc(:ti>,  from  the  cadieft 
writers  down  to  the  prclcnt  times. 

♦ 

pRf  M  the  latt^rof  ihefe  <burre«,'fiifSMrticulnr.  a  confldMiible  portJoft  of  informatiofi 
has  heei!  ohiinncd,  whuh  the  rnrious  rcail(T  Trif'  fi  ul,  i;i  many  caffS,  lobe  highly  in- 
tcreftiii^  and  intnortanl.  The  fliflur}^  of  Mgebra,  fin*  inliance,  which  is  detailed  at 
coiiiiilcniWc  ienirth  in  the  Pirft  Volume,  wurlrf  fhf^  l!cr»d  that  Article,  will  afford 
ihfficicnt  cxidi  ncc  to  ihew  m  what  a  Itipcrticial  and  prtiai  wfiy  the  n>«^<rt«*y  has  been 
hitherto  invcilignted,  evcti  by  pipfeflM  miteniMi  th«  Aibje^ ;  the  pi  u^*  ij>al  ^ wliooi 
«i«  M.  Mdtttiie]it»  our  coontrynian  the  cdcbrated  Dr.  Wallis,  and>  tbe  Abb£  De  Gnii, ' 
« late  FVeocb  authc^^,  who  has  pretended  to  cont6l  tiie  bb^br*ft  eittm  tnd  wiGttpii^tm^ 
tations.  .    !  5    »'  f  .  ^ 

IvECULAR  hilioricai  details  are  in  hk*^  maniicr  gtn  n  of  the  on^in  atid  progrcf^  ol' 
.  raeh  of  thelb  Sciences,  as  well  as  of  the  inventions  and  tinproveinents  by  which  they 
hiivc  been  gradtialty  btou^j^hl"  Troin  t%ir  flrft  rude  beginnings  to  iheir'iirefent  ad> 
Vtinccd  (totOb  •  ' 

It  is  r.lib  to  be  obfervctlj  thot  betides  the  articles  common  to  the  generality  of 
Dictionaries  of  this  kinrl,  an  intcrrftiir^^  IJiographical  Areouiit  is  here  ntroduccd 
of  the  moft  celebrated  Philofojiln  rs  ami  MaUiematicians,  both  ancii  nt  and  moiiern  ; 
lunong  which  will  be  found  the  Lives  of  many  eminent  characters,  who  have  hi- 
therto been  cither  wholly  OTeriookcd,  or  very  hnpcrfe^fy  recorded.  Complete  lift?  of 
Ihcir  «-orkB  are  alio  fubJoiRcd  to  each  Article,  where  they  oouM  be  procured  f  which 
caTmot  but  pmre  highly  acceptable  to'that  dafi  of  readen^  who  are  defirous-  of  ob- 
taining the  moO  lati^/actory  information  apon  the  iubjeAs  their  particular  cnqiii« 
ril'Ji  and  puifuils.  On  the  head  of  Biography  however  the  Author  has  ftill  to 
ianu'nt  the  want  of  many  othcr^refpcdablc  names  which  he  wasddirous  to  have  added 
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to  his  M  of  authors,  not  iiaviiig  heen  afile  In  fMoeure  any  droiimdaniial  Bcoaemtttf 

tlulr  fivef.  He  could  have  wifhed  to  ha;'c  comprifcd  in  his  lift,  the  lives  of  alt 
fuch  ptibHc  literary  chara6lcr>  as  the  Univcrfity  Profeflbrs  of  Allroiiotnv,  rhilolbpby  and 
Mathrjii.i^ir?,  as  well  .t^  ihoic  ot  the  other  more  refp^-t'^fab!!*  e! \A  of  .'.n'hor*  on  tliofb 
Sciences*,  lie  will  thcrclbrc  thankfully  reocivc  the  coniinunieation  of  a;iv  n-h  nienioirs 
from  the  kanda  of  gentlemen  pofleflcd  ol'thcm  ;  as  well  us  hints  ami  inh>nii:i(if>n  oii 
'fiich  uieful  improvements  in  the  iciencca  ea  may  have  been  ovcricokcd  iu  tJiis  Lic- 
tionary,  or  any  articles  that  may  here  have  been  imperfedtly  or  incorrectly  treated ;  that 
he  may  at  fome  future  lime,  by  adding  them  to  this  work,  render  it  ftUl  more  ci)tn-.-lcic 
and  delerving  the  public  notice. 

As  this  work  isan  attempt  to  fcparatc  the  words  in  the  fciences  of  AOrononu ,  Mathc- 
maticsj  and  Fhibfophy,  from  thofe  of  other  arts  or  Icicnces,  in  fcveral  of  which  there 
ai»  already  fepanite  Diaionaries  j  as  in  Chemiifay,  Geogniphy,  Mufic,  Marine  and 
Naval  affairs,  &e  ;  wordjs  fomctimes  occurred  which  it  was  rather  doubtful  whe- 
ther they  could  be  confidcred  as  proj^nly  lulunginc  t'^e  pa'fcnt  work  or  not* 
in  wliich  cafe  many  of  fuch  words  ha\c  hccii  here  inlertcd.  But  fuch  as  appeared 
deariy  and  peculiarly  to  belong  to  any  ot^  thofc  other  fubje.T:^  have  been  cither  wholly 
omitted,  or  elfe  have  liad  a  very  fhort  accoin>t  only  gi\  en  of  tli' in.  The  readers  of  this 
work  therefore,  rccollcdling  that  it  is  not  a  General  Dicliouary  of  ;ill  the  Arts  and 
Sciences,  will  not  expefk  to  find  all  ibrtsof  words  and  fubjcfts  here  treated  of;  hut 
fuch  only  as  peculiarly  appertain  to  the  proper  matter  of  the  work.  And  therefore, 
although  firnie  few  words  may  inadvertently  have  been  omitted ;  yet  when  the  Reader 
does  not  immediately  find  every  word  which  he  willies  to  ronfult,  he  will  not  alway!t> 
confider  them  as  otniffions  of  the  Author,  but  for  the  moft  part  as  relating  to  Ibmc  othcc 
ibieaoe  ^reign  to  tliis  Diaionary. 

Ih  all  cafes  where  it  could  be  conveniently  done,  the  neccflar)-  figures  and  dta<- 
grams  an  inferted  in  the  l^me  page  with  the  fubjeds  which  they  arc  dciigned  ta 
ehicidate ;  a  method  which  will  be  found  much  more  commodioiM  than  that  of 
putting  them  in  fcparatc  plates  at  the  end  of  each  volume,  but,  vvliich  has  p.ildci} 
very  confiderably  to  the  expciicc  of  the  undcrtakinir :  where  the  fuhiccts  are  of 
fuch  a  nature  that  they  could  not  be  othcrwil'e  well  rcprclcuudj  they  arc  engraved  oa 
Copperplates. 

As  the  whole  of  this  work  was  written  before  it  was  put  to  the  pre6,  the  Reader 
will  find  it  of  an  equal  and  uniform  nature  and  conftrmSlion  thruugli(v.:t  ;  iu 
which  refpcift  many  publirations  of  this  kind  are  very  defective,  tioni  th<.'  fub- 
jeas  being  diffufely  treated  under  the  firft  letter*  of  the  alphabet,  while  article.'* 
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of  equal  importance  in  the  latter  part  arc  rouch  abridged  an  to  be  rendered  al- 
moft  ufclcfi,  In  orrlcr  that  the  whole  mij^ht  be  comprifcd  in  a  limited  number  of 
fhects,  accordinpf  to  propofalH  made  before  the  \\()rk.s  were  coinpolcf].  The  pri"- 
fcnt  Dictionary  having  been  completed  without  any  of  thefc  unfavourable  circum- 
flances,  will  bft  foitnd  in  moft  cafe*  equally  inftnidive  and  nftful,  and  may  be 
confulted  with  no  lefi  Advantage  by  the  Man  of  Science  than  the  Student. 


A  MA- 
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txMify  will  gl*e  ik*  fun*«  altitude  at  the  litne  of  oWer- 
vjltioa  ;  oblcnrtfij^  to  add  l6'  or  the  fun's  fcmidiamrter 
if  th«  fun't  upper  edge  be  |tfed«  aad  fubtraA  the  tiime 
ittr  the  lower  eigt. 

ThedmdiomjuigivM*  far  takkiadiitiMlMit.ilM^ 
IMUM  be  fitBieifntt  kwt  Ibr  twoeonnikHM  that  arc  ne- 

cclTar)  t  1  iuJcbffure  thcalritudc  can  b*  acciira'.ely 
detmniiictl,  viz,  one  on  M:ceunt  of  the  oUftiver'?  eye 
being  taiird  above  l!ir  Kvcl  of  the  Ua,  and  the  utht  r 
on  accoant  of  the  icfiaftion  of  titc  tkiiuufplKirc,  e(pc« 
C>ally  in  fmall  altittidc». 

Tkc  foUomog  ttUea  therefore  fhrar  the  corrcAioDt 
t*be  wadeottbvtbtlkdc  MOOonUt 
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Gourd  Hitlti  fw  titfe  CtrrtOmr, 

1.  Tn  liic  forc-ol>fervalions,  add  iKc  fiim  of  both 
corrections  to  the  obferved  2ctiiih  diflance,  for  the 
tnif  /enith  diflancc  :  or  inljiraft^hc  faid  fu^n  fiMm  \\tc 
vokrvcd  aitilitde,  fur  t!it  tn:r  ont*.  j.  In  the  t-;H  iv. 
obfervationi  add  the  liip  and  luhtra^t  ilic  itrr  iotLtui, 
for  altitudes ;  and  fur  zcniih  diilaiiccs,  do  the  «>n- 
trary,  viz,  fubtrad  the  dip,  and  add  the  n-fra^ion. 

Sieam^U.  By  a  back-obfenratton,  the  altitude  of  the 
lower  edge  wa«  found  by  Hndlcy'a  Qiiadrant  to 
be  25°  12';  the  eye  being  jo  ftet  above  tlic  horizon. 
By  the  tabU-»,  tlvc  dip  on  %o  ftct  it  5'  14",  juid  the 
K&aAuM  on  2)«  it'  it  z  i".  (Icnce 

A]mtr,a}t..k««rlfnb     IJ,"    is'  o" 
$iiBHremi4!aneUr,riib.  0160 


Appar.  sU.  of  centre 
Hip.  dT  korisoB,  add 


flcfra£ki«>D,  fubtrsft 
Trae  ak.  of  centre 
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tiwvc,  another  u  lu  be  otcde  iur  h<.r  ^u. 
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for  aJI  tbeff  pirtic.ilars,  fee  the  Requifitc  Titbki  for 
the  Natuical  Almanac,  alfo  Robcitlbo**  NAvigttioa, 
vol.  »«!pa.  }40  IcCt  edit.  1780. 

to.  J/arMMini/Q^ADK  ANT,  a  pretty  eommodioua 
hSanmcutt  nA  if  fo  called  froniu  ufc  ia  tdltiw  the 
hmr  of  the  day.    It*  oimftrvdl on  it  m  foHowi. 
tlic  rentrc  nf  t!if  Qinilr;inf  C,  5  pi.  24),  wlnjfc 

Imib  AD  is  divided  mio  yo°,  d:l^aLc  feveii  concentric 
tirclts  at  ;iiiy  inicrvals;  and  to  thcfe  t<.^A  tlie  figlia  of 
ihc  k(hIi»c,  in  the  order  rcprrfcnted  in  the  fiffure. 
Then,  applying  a  rider  to  (he  centre  C  ai\d  the  limb 
A  U,  niajk  upon  the  Cevenl  paraIKU  the  dtgms  coF* 
refponding  to  the  allttude  of  the  fun,  when  iit  theBlf 
Cm  the  given  bewi  t  connedt  the  poipla  bdanffisn  t» 
the  lame  hour  with  a  curre  Uae,  to  which  add  the  aiun- 
her  of  the  hour.  To  the  radiu5  CA  fit  a  couple  of 
fifvhts,  and  to  the  centre  of  the  Qii^draut  C  tic  a 
tlirr^d  nith  a  phiiiUMt»  «ad  4ipon  the  tbrad  •  heai 
to  Aide. 

Now  if  the  hen  !  he  broepht  to  the  paraHtl  in 
which  the  fini  i»,  and  the  Qjiadrcnt  be  directed  to 
the  fun,  till  a  vifual  ray  pafs  throtsgh  the  fight*,  tl;e 
bead  vtiU  flaew  the  hour.  For  the  pii>inmet,  in  lliia 
fitmtibn*  cali  all  the  paralleb  in  the  dr^et  oorre-  • 
fpondiogtothe  ftin'aaktttide.  And  fincc  thebfrad  » in 
the  parulcl  which  the  fun  dcfcribct,  and  becaufc  hotjr- 
Kncs  pafit  throi'^h  the  degrees  of  altliuiie  (c  wi  itii  tLie 
fun  is  ekvAted  every  hour,  then-fore  the  bead  tnutt 
(hew  tl:e  i>i  c'l-i)t  hinir. 

II.  HiBuai  i^'AOKANT,  is  one  of  lome  ufe  in  Na- 
vigation. It  coiHirts  of  feveral  concentric  cjuadranid'^ 
arches,  divided  into  8  equal  part^  by  tncaiM  of  radiit 
with  parallel  right  linn  vroiurg  each  other  at  right 
angles.  Now  any  one  of  the  archee,  as  BC,  (fig.  lo 
pi.  74)  may  reprefcnt  a  Qiiadrant  of  any  gteat  cirde 
of  the  fpheif,  but  i«  t-hie'ly  11;  ,1  !i,t  tilC  norijon  or 
meridian.  If  then  HC  in  ral>,vu  iur  a  Quadiant  of 
tlie  h("ri/on,  (i'.iicr  of  Oa^  iidcs,  as  AD.  may  nfirek 
ftnt  the  ineriiiiaj^ ;  and  the  other  fide,  AC,  wdt  rrprc> 
fcnt  a  parfcllel,  or  line  of  eaU-nnd-vrcIl ;  all  the  other 
lines,  parallel  to  Ali,  will  be  .ilfo  irieridians  ^  and  all 
thofe  par.illcl  to  AC,  eail-and-treil  lines,  or  paralkls. 
Agiin,  tlic  eight  fpacc«  into  which  the  archcaaw  dU 
▼ided.hy  the  mdii,  repreleflt  the  eight  point*  of  the 
compafs  in  a  quarter  of  the  horinon  ;  eL-.c  Ii  cent  air.  log 
ti"  15'.  The  atch  BC  is  likcwife  dt\  di  d  !i;to  ijo", 
and  each  de^re  fiibdividcd  into  i  .  ',  d;.i;^<):)a!v.  ife.  To 
the  centre  u  fised  a  thread,  which,  being  laid  orcr 
any  degree  of  the  Qnaduuitt  lerwea  to  dimde  the 
hmisoo* 

If  the  finical  Quadrant  be  taken  for  a  fbutth  patt 
of  the  Bcridianf  ^e  fide  of  at*  AB*  aiay'^  tmA 

for  the  eommon  radios  of  the  meridian  and  eqnatort 

ai'ci  then  the  other,  AC,  will  be  lialf  the  rxi  -  i.f  tie 
world.  The  ('.egnvs  of  the  circtiinfereitce,  I'jC,  wid 
rcprtfcnt  degree- t't' lilt  it, i.L- ;  nud  the  .lili  !s  to  the 
fide  AI5,  affiioird  from  <  very  point  of  latitude  lolLe  axia 
AC,  will  be  radii  of  the  parallels  of  tat^odey  fll  like* 
wife  the  coGne  of  thofe  ktitode*. 

Heneei  fuppofe  it  be  required  to  find  the  degrees  of 
longitude  contained  ia  83  of  the  le&r  kantci  in  the 
parallel  of  4b*' :  lay  the  thread  eter  48^  of  latitnde  on 
the  circutnfcrcrc'  ,  ;  1:  !  <  1  nt  thence  the  83  lergnea  on 
AB,  bc^iauiiig  iit  A ;  lUis  wdi  terminate  in  H,  allow. 

<  f  ing 
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ing  ftery  fiTipl]  Interval  fuur  leagixs.  Tlicn  tracing  out 
tht  p  i^iilii  ]  i  1' ,  from  thr  point  H  to  iIk  thread;  the 
part /\  E  lit"  ilie  llirc.-!(l  fhcwithat  1  25  greater  or  equi- 
nortial  leagtits  make  6'  1  j'i  and  thcrrtore  that  the  83 
Idler  Icag'jcs  AH,  wliiih  make  the  diffeicnct  of  kinct- 
tlkSc  of  the  comfc,  and  nrc  equal  to  the  radiui  of  thc 
parallel  H£,  make  6^  15'  of  toe  f«d  pwallel. 

Whea  the  (hip  i^ih  upon  in  oblique  coarle>  foch 
courfe,  h  n  'f  tlii:  north  and  fouth  gncaKr  kigon, 
gives  leiiei  kiintcseaflerly  and  wefterlr,  to  be  redtictd 
to  de'^^rccs  of  longitude  of  the  equator.  But  tht  [\- 
Icngues  being  inadc  neither  on  the  pnralifl  of  depsrturi-, 
nor  on  that  ofarriral,  but  in  ail  thc  intcrmcdruri'  i  I'.e  ,, 
there  mull  be  found  a  inean  pro|>oi-tioiial  parallel  be- 
tween ihctn.  To  find  this,  there  in  on  the  isftraiBcnt 
•  jc«lc  of  CToT*  latttudci.  Suppufe  then  it  were  re- 
quired to  fittd  t  BwaB  parallel  between  the  praiiels  of 
40^ and  60*;  take  with  the  compaflet  the  middle 
twern  thc  ^oth  and  (oth  decree  on  the  Ic«le :  tliii  mid* 
(lie  point  »  >:1  triminntc  ngaiolt  the  {ill  degree,  wbicb 
ii  the  tnCiiii  parallel  iuu^hc. 

The  chief  ufe  of  the  finical  Quadrant,  is  to  form 
upon  it  trianglct  finiilar  to  thofe  made  hy  a  fhij>'»  way 
with  the  neiidians  and  parallels;  the  iktei  ul  ivhicli 
triangle*  are  meafured  by  the  equal  intrrvaU  betu-cen 
the  conOentric  QMudrantsand  the  iiuci  N  and  L  and 
W  sandevcn-  $th  iioc  and  arch  is  tnaiie  deeper  than  tbe 
reft.  Now  fuppofe  a  fliip ha*  failed  1  league*  north* 
t:u[V!:\ -north,  or  making  an  anpfi-  nf  ^  45' with  thc 
iwA,  part  of  thc  meridian;  here  art  given  thc  courfc 
'  and  dittance  failed,  by  which  a  triangle  may  be  formed 
on  thc  iritb'jmcnt  fimilar  to  that  made  by  the  (hip'* 
courfe  ;  ami  heiice  the  unknown  parts  of  ttic  tiian^lc 
may  be  fouinl.  Thus,  fuppolinu  the  centre  A  to  re- 
ptdcnt  thc  place  of  departure  ;  count,  by  means  of  the 
concentric  circles  along  the  point  thc  Ihip  failed  on,  viz, 
AD.  150  It  ague  s  r  then  !n  the  tn'aorle  A  ED,  fimilar 
to  that  of  the  Hiip'j  courfc,  find  AE  =  ditlcivncc  of 
latitude,  and  Dt  =  differeiK:c  of  louoitudc,  wliich 
171  oil  be  I  educed  acGordiDg  to  the  paraUd  of  latitude 
come  to. 

Sutton's  Qtadrant.    Sec  CeUinj'i  QUADRANT. 

1».  Auh*NTo/"..^/.'//ai/r,  (fiu.  9  pi.  24)  i»  an  ap- 
pendix to  the  iirtiticial  globe,  conmiing  of  3  thin  Hip  of 
braf«,  tbe  leogth  of  a  quarter  part  of  one  of  the 
grett  circle*  ofthe  globe,  and  graiduatcdt  At  the  tai, 
where  the  di*ifion  terminates,  is  a  nut  riveted  on*  and 
Ainiifhed  with  a  fcrcw,  by  means  of  which  the  inftru- 
nieiit  is  fjited  oti  thc  meridian,  and  moveable  round 
upon  the  rivet  to  all  p-,tintt  of  tlu-  hori/.on,  as  rtpre- 
fcntcd  in  thc  fi>jurc  rcfiin  I  i  . — lisiiic  iti  lu  idvr  a»  a 
(Ciklc  in  rieafnri!ij  of  ah.iiiuKs,  ainplttudci,  azu&uihii, 
&c. 

QUAD  RAN  TAL  Triungltt  is  a  fpiierical  triangle, 
whicn  hat  one  fide  equal  to  a  quadrast  or  ijparter  pait 
of  a  etrrle. 

QUADR  AT,  called  atfo  GumttrieJ  Si/utre,  and 

LflM!  oj  H.'^aiio'.fj  :  it  is  often  an  .iJditivtnal  member  on 
thc  face  of  (.i'.mttr's  and  .Sutton's  quadrants  ;  and  is 
chiefly  utcful  in  takinj^  liei^^l.tn  or  depilis.  fie-e  my 
Menfur  itii  n,  thcchafi.  oil  Aitiinctry  and  Longlmetiy, 
or  Heights  and  Didanee;. 

QuAoaar,  in  Ailrology,  is  the  fame  at  quartile* 
being  aa  afpcck  of  thc  hcavcalx  bodies  whca  tucy  an; 
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ililfant  from  enrh  ^iher  »i  (^n  idranr,  or  9c',  or  3  fignt^  ' 
and    tMiH       ki .1  c  . 

(^lADRA  i      Kqimtimi,  in  Algebra,  are  thofe  IB 
whiili  the  unknown  quantity  it  of  tWO  dimcufioiltf  Of' 
raifed  to  the  2d  power.  See  £QyATiow> 

Quadratic  equatiooa  are  eitlicr  fimpkt  tit  aflede^ ' 
that  is  compiiiindt 

A  Simpli  Qo  AOKATIC  equalion,  is  that  which  coo- 
tains  thc  ;d  ijowrr  only  cf  the  iiiikiu.wn  quantity, 
witliout  any  other  power  of  it  :  a  .  -:  .  j,  orjr»  =  ab» 
A'  cl  i'.  this  cafe,  the  value  of  the  jukiiown  quantity  it 
found  by  barely  cxtrafting  tli':  fijuare  raot  oti  both  fides 
of  the  equation  :  fo  in  the  e  jiialioiis  ah  ni  ,  it  will  be  ■ 
*  =  ±  and^  =  d:  ^ai;  where  the  fij'a  oi  the 
root  of  tlic  known  quantity  is  to  be  taken  cither  plot 
or  minus,  for  either  uf  tfacfe  may  be  ocmfidered  at  the 
fign  of  the  vahie  of  the  rout  *,  linoe  ei'herof  thcfe, 
when  fquarcd,  make  the  fatnc  fquare,    4.  j  ]»  b 

wd  —  ~s^'  =  2  jalfo;  and  hence  the  root  of  vwtj 
qnadmtic  or  iquare,  htt  two  vjtues. 

ComfounJoT  yl^i-ilcJ  Q^AUnATics,  arc  tliuf  \i^iich 
contain  both  the  ill  aiul  2d  powers  uf  ti,^  tjitktinvvii 
quantity;  as  a*  +  ax  =  f>,  or  a*"  —  rt4»  =  ±  ^, 
where  n  may  be  of  any  v.iliu,  a:id  then  i$  to  be  con- 
fidcred  a-i  the  root  or  unknown  quantity. 

Aife^ed  quadnuict  arc  uiuaily  diitinguiflted  into 
tbeee  fornti  aeconliDg  to  the  fign*  of  tbc  iciBia  of  tbc 
equation; 

ThiM,  ift  foim,  «■  +  «jr  :a  j, 

3d  form,  X*  —  ax  =  6, 
3d  form,  .V*  —  ojr  =  —  i. 
But  the  method  of  cxtrading  thc  root,  or  finding  tli* 
value  of  the-  ill-known  quantity  .r,  is  the  fame  in  all  of' 
thciii.  Am;  th Lit  method  is  ufually  perfi>rmed  by  what 
is  called  cumplctiug  the  fquare,  which  is  done  by  takinp- 
half  tbe  coellicicnt  of  the  2d  term  or  fiiigle  power  m 
thc  unknown  quantity,  then  fquaring  it,  sod  adding 
that  fquare  to  both  fide*  of  the  equation,  which  nalura 
the  unknown  fide  a  complete  (qutre.  Thus,  in  die 
equation  .t»  +  ax  =  *,  the  cocflvrient  of  the  7d  term 
being  </,  its  half  is  {  the  fquare  of  whiefi  is  t.<*,  and 
this  added  to  bolli  fides  of  the  equntion,  it  becomes 
X*  +  ax  +  i-j*  —  +  A,  the  former  fide  of  which 
is  now  a  complete  fq'iaT.  The  fquare  bein;;  thiiscom- 
pitted,  its  root  u  ;i>  be  cxtraAed  ;  in  order  Ift 

which,  it  it  to  be  obfcrvtd  that  the  root  on  tbc  unkoown 
fide  confilU  of  turo  lerm^  thc  00c  of  which  i*  alwiy*  * 
the  fquaie  toot  «f  tbe  firft  term  of  the  equation,  and 
tbe  otbcr  part  i*  f«  or  half  the  coefficient  of  the  2d 
term:  thus  then  e  1 1  ut  of  a*  -f  <.m  -r  ;i  1- tht-  ht'l 
fide  of  the  coraplctctl  equaliou  bein;;  .1  -f  !  j,  and  thc 

root  of  the  other  fide  |o«  +  <i  ilLlil.-  v'a*  + 
it  follows  that  jr  +  f  '  =  ±  ^  +  t',  and  lieace, 
by  tranfpofitig  ^a,  it  is  .v  *s  —  {a  zt  ^ ^m*  ht 
\hz  two  values  of  x,  or  roots  of  thc  given  rquattiMk 
A*  +  A  :=  b.  And  thus  is  found  tlie  rooti  or  value 
of  X,  in  tiic  three  fona*  of  equation*  above- iq*b* 
tiuucd  :  ili-Ji, 

lilformj^  =.  —  ij  ±  v'i*».  -t-  I;  .. 

fonn  X  ~  +  id  V|?~+T, 
3d  fimn  jc     +  1«  ±        ^.  K 
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'Wbere  It  U  nbfcirable  th»',  liwa  /e  of  t!ie  double 
'  fign  — (  every  form  ha»  two  luiiii:  tu  ihc  1(1  and  3d 

bmsthofe  roots  aio  th<-  one  politive  and  the  other  ne- 
,  pativf,  ihf  pofiint  lu.ii  being  tiiclcU  ol  the  two  iu  the 

lA  form,  but  the  (greater  in  the  2d  form  ;  and  in  the 
« 3d  form  the  roots  are  both  pofiiive«    Agitin,  the  two 

loou  of  the  I  ft  and  ad  fonni,  an  alnyt  bo:h  of  (hem 
^'f«ill  kat  in  tkt  3d  form,  the  t*o  rovt$  are  cither  both 
•Ileal  or  both  inajrinary,  vi«,  both  real  when  i><^  i* 
•BTcaler  than  /,  or  both  imaginary  wbm  4<''  islefstban 
■t,  becaufe  in  this  cafe  'a*  —  i  will  be  a  negative  (juan- 

tity,  the  root  of  wbkh  winpoffibfet  oraa  inagmaiy 

Quantity. 

■  £iM<ny/orihe  ill  form,  let  *•  +  6a-  =  7.  Here 

-tTicnd  =  6, and^s:?}  then  r=  —  i*±  i/ +is 

■  -  }±         SB  -  3      4  =r  +  .1  or  -  7. 

Example  of  the  ad  foitn,  let  a*  —  6x  =  7.  Here 

airo«B6,iiid^s7l  then  X  =  +  = 
+  J  ±  ^th  ss  +  3±4=+7or  —  l;  the  fame 

two  roots  aa  before,  wr'td  t'  r  fign*  chan^d. 
•    F.xitmpfe  of   tlic        form,  let  .«*  —  6.v  =:  —  7. 
Here   again   /i    =    6,   and  ^  =         then  g  s 

+     rt  V'i**  -  «  B  +  3  i  v'j,  the  wo  roots 

'both  n-<il. 

liut  if.\'  —  f  1  =:  —  It;  tlicn  a  =  6,  and  i  =r  1 1, 
which  gives  ■>  01  -f  [it  ±  ^ \u*  — *=+3±v'  — I, 
ihe  two  root  4  hotlj  imaginary. 

All  equations  whatevir  that  have  only  two  difretent 
powrrs  of  the  unknown  quantity,  of  which  the  index 
of  the  ode  ii  juft  double  to  that  of  the  other,  are  rc- 
]filvcd1ikeQiiadrat!cs,  by  completing  the  fquare.  Thu«, 
'the equation  A*  +  =i  /»,  by  completing  the  fquare 
bccomet  **  +  a.i'  +  Ju»  =  +  i whence,  ex- 
trading  tlic  loot  on  both  fidcn,  x*  -f-  = 
±  tliertfore  .r'  =  —       ±  v^;£j*  +  i, 

mid  tiinkqucntly  .v  =  d:  fa  i  *^i<J*  +  *» 

where  the  root  ,r  has  four  values,  becaufe  the  given 
equation  i*  +  « j-»  ^  i  rifts  to'  the  41b  power.  Sec 

£(i.l'ATIO!«. 

(^UADKATRIX,  or  Quadmtix,  in  Geome- 
ti7»  Ma  mechaiticsl  Une,  by  means  of  fthicb,  right 
linea  are  £nisd  eqnal  to  the  circumfermce  of  circlea,  or 
atiwr  cwvea,  and  of  the  parts  of  the  fame.    Or,  more 

accurately,  the    J^«,7,/nr/r/.r       </  >«rur,  ii   a  IrJii fcrn- 

deatal  cMrTe  (Icfriibcil  on  the  fame  axis,  the  urdmatcs 
of  which  bciii^'  ;;ivon,  the  quadrature  of  the  corrc  pon- 
dent  ports  in  the  other  curve  i«  likcwife  given.  Sec 
■CVRVi^Thtu^lbr  exatnpk,  the  curve  ASID  maj  be 


I 

called  the  Quadratriz  of  the  parabi4a  AMC*  when  the 
area  APM.'i  bcaia  feme  fueb  idatbo  a»  the  fdlow* 
ug  to  the  ableila  AF  or  ordinate  FN,  tiz» 


when  APM  -  P\% 

or  APM  e;        X  PN', 
or  AI'M  =4     X  PN, 
V. litre  a  Is  foine  given  conftant  quantity. 

The  niotl  di  tiijjuilhcd  of  thefe  (^adiattees  afC, 
thofc  of  Dinoltnilcs  and  of  Tichi  nh^ufen  for  the  circle, 
and  that  of  lib.  Perks  for,  the  hypobola. 

C^VAoaATau  e/  iMtufiraifu  i«  «  curve  AMD,br 
whicK  the  quadrature  of  the  cirdc  itcSWIedf  thoiigli 
not  geometricallr,  but  wAj  mccbaaicaOf «  ]i  it  fo  called 
from  it!  iowntor  Dtoolbateat 

■r»d  the  genelis  or  dcfcriptfcm  of 
It  is  as  fuilows;  Divide  tlie  q^ia- 
Urantal  aic  ANii  mto  any  ii'.iTi- 
ber  of  equal  parts,  in  (he  points 
N,  n,  n,  kc  \  and  alio  the  radius 
AC  into  the  fame  number  of  ports 
at  the  points  P,/,/,  &c.  To  tiic 
points  of  N, «,  0,  tcKt  draw  the 
radii  CN)  Cm  ftc }  and  from  the  pcHnte  P,  /»,  &e,  the 
parelle)!  to  CB,  aiPM,  Vm,  ^c:  thcu  throc^h  all  the 
pyijiis  of  jntcffe^lion  draw  the  cune  AM«il),  and  it 
wili  be  the  Q^adratrix  of  Dinoftrates. 

Or  the  fame  curve  mav  He  conceived  as  tkTciil  id  bv 
a  continued  motion,  tl.ui;  C  on<!eive  a  rnjiui  C  M  to 
revolve  V  ith  a  uniform  motiot)  about  the  ccnu  c  C,  from 
the  pofition  AC  to  the  pofition  BC  ;  and  at  the  fam<^ 
time  a  ruler  PM  always  moving  uniformly  parallel  to* 
wartbCB  { thettvo  uniform  motioiu  being  fo  regulated 
that  tlKiadioa  and  the  ruler  ibsll  arrite  at  the  pofition 
BC  at  the  bme  time.  For  thne  the  cootintdl  inter- 
iec;i on  M,  m,  '^<yf  the  revolving  radius,  aud  moving 
ruki,  miL;  dLlciibc  the  (^ladratrix  AMw  &c.    Hcnt  e, 

I.  Furiht  Ki^uai'ian  of  tbt  ^uadralrlx :  Since,  from 
the  relation  of  the  uniform  motions,  it  is  always, 
AR:  AN::  AC:  AP;  therefore  if  AB  =  a,  .AC  =  r» 
AP  =  .r,  and  AN  =  »,  it  will  be  a  r  :  x, 

ax  ~  rt.,  wliich  is  the  equation  of  the  cur',  l. 

Or*  if  1  denote  the  fiae  HE  of  the  arc  AN,  and  jr  = 
PM  the  ordinate  of  the  curve  AM,  its  abC^fa  AP  beinf 
x;  tJun.  by  finiihr  tiiangles,  CE  t  CP  :  t  EN  :'PM, 

that  is,  ^/r*  —  t'^ :  r  —  X  : :  t  :  ^ 

and  hence  jr  Vr*  —  i»  =s  r  —x  .  /,  the  equation  of 
the  curve.  And  when  the  rebtion  between  AB  snj 
AN  iii  given,  in  terras  pf  that  between  AC  and  AP, 

liciiLf  V.  ill  b'.-  L"i;jiciycit  ihir  r<-ldtion  between  the  fine 
and  ilic  rddius  Cli,  or  /  urll  be  exprcflcd  in  terms  of 
r.r;d4r,-  and  coiiU  ijuently  the  equation  of  the  cufvc 
will  be  expreflVd  in  terms  of  r,  x,  and  jr  only. 

a.  The  hafc  of  the  Quadratrix  CD  is  a  third  pro- 
portional to  the  quadrant  AC  and  the  radius  AC  or 
CB  ;  i.  e.  CI)  :  CD  : :  CB  :  AB.  Ilcoce  the  rec* 
ti6cHtion  and  quadrature  of  the  circle. 

^.  A  quadraatal  arc  DP  dc> 
fcnbed  with  the  centre  C  and  ra- 
dios CD,  win  be  equal  in  length  to 
the  radius  CA  or  CB. 

CDF  bcinfj  a  quadrant  in- 


fcribcd  in  the  (^iidratrix  AMD, 
if  lite  bafc  CD  be  =  1 ,  aud  the  circu- 
lar afc  CG     XI  then  in  the  area 

CFMDs«.ix* — -  *»--?-.v' 

i>  .    See  QvAUATvii. 
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ANf.wH  by  which  the  quadnH- 
lure  ot  til?  circle  is  likewife  <f« 
frtied.  Tli^i  w.i^  iir-xt^rJ 
M.  TfcllijiiKaiikn,  aud  ita,;!^-;"*- 
Jis,  in  imitstioii  of  thai  of  L)i- 
inV.ii.uc*,  is  as  follous:  Divide 
ilic  quHiliant  ANC,  and  ihe  ra- 
dius ACv  each  iuto  equal  {»art 
n  before  i  and  from  the  pomi*  P.  Sfc,  dmw  the 
lincH  l»M,/«i.  &c,  pralk)  Ip  Ctt;  alt*  fren»  the 
points  N,  fx,  &c,  the  ltV«  NM,  «tc,  p«TdcI  to 
the  olber  radius  AC;  Tj  Pm'!  all  ti  c  in'trrfcaiom 
M,  M,  &c,  be  in  the  LUiv\:  oi  iht  (^i.idMtrix 
AMmB. 

Iwr  the  Equation  af  this  ^adra-'nx  ;  it  is,  ai 
befeic,  AB  t  AN  : :  AC  :  AP, 

or  (i  :  :5  :  t  r  :  x,  cyr  ax  —  m. 
Or,  bL-caufc-  hci  c^'  =  PM  —  EN  =  /  ;  therefore  ^, 
;is  .  .  cxprtfTeJ  in  term*  of  rand  -v,  gives  the  cqua- 
liun  iti  tiiij  Qii  idratrix  in  ttrmj  of  r,  *,'and  _)•,  and  that 
in  a  Iicnplcr  hum  than  the  other.  Tlitn,  from  rhc  na- 
tiin;  uf  th«  drck  and  Uic  conHrudiua  wf  (^oadra- 
tt»,  ilia 


ror/ : 


2.  3r»      ■    4.  jr'  6.  . 

where  A,  B,  C,  Src,  arc  thcpieceding  term?;  which  i» 
the  equation  of  the  cum  or  Quadnttnx  of  Tfchirnlviu- 

f^"-  .    .  .     .  ^ 

By  cither  Qiiadrattx,  it  is  evidetiPlhat  an  an:  or  an- 

fle  it  eaiilj  divided  intu  three,  or  any  other  number  of 

'equal parta  t  *iZt  by  dividing  the  eoirefponding  radiii«, 

or  pan  oTi!,  'nt!?  the  fame  uumber  of  equal  parti:  for 

AN  It  {.I  a  ij^  O.it  fame  part  of  AB,  that  AP  it  of 

AC. 

QIJADRATURE,  in  Ailronomv,  x'lai  afcca  or 

Jtiiliiiun  of  the  rocion  when  fhe  i;i  90  '  J  trom  the 
un.  Or,  the  (^idraturcs  or  quarters  arc  the  two 
lAiddIc  points  of  the  moon'i  orbit  between  tfie  iKiinss  of 
CoiijiiDdtioii  and  oppafitioh,  \'vi,  the  points  ol  the  liL 
■nd  )dqu.irterg;  at  which  liraenh?  nioua*|  face  fllCWt 
iMJf  hili»  beingdichotemivedorbKeaed* 

The  moon's  orbit  it  more  convex  «n  the  Qnadratoret 
than  in  the  1y7.v;:'c«,  and  the  grcator  .ixis  ot  hrr  (jtl  it. 
palTe*  through  llie  Qiiadiatnres,  ;il  uhitli  poiiiu  alio 
ihe  i»  moll  dillant  from  the  eaith. — In  ilic  Quadratures, 
and  within  3 of  them,  the  apfi  j  of  the  moon  go 
bacitwardt,  or  move  in  antccedenna  t  but  in  tlie  fjnty* 
giet  (he  contrary. — When  the  nodes  are  in  tbe  Quadm- 
tores,  the  inclination  of  the  moon's  oibit  iagrcaiefli 
liut  Unil  uhen  they  .irc  iii  ihcfytygies. 

Q£.vr  a  ATlfRK  Lints,  or  Lines  of  QriATiKXrvkZ, 
are  tvv»  lints  often  placed  on  Giintcr's  lertor.  They 
ate  tnaikcd  with  xht  letter  Q,  and  the  figuns  5.  6,  7, 
S,  9,  ic;  of  wiiidi  Q>!cnottB  the  fide  of  afquare,  aiwl 
the  figures  denote  the  ixK  ?  tjf  ]M)!ygoi)*  of  5,  (<,  7,  &c 
Hdcs.  Alfo  S  denotes  tlii,'  f:  vu  liiTieter  of  a  circle,  and 
line  equal  to  (be  quadrant  or  ^oP in  circutufcreqcc* 
QoAORATvat,  in  GeooMtryv  t»  tbe  fqu.-tiinj;r  of  « 
figure,  or  eeducing  it  to  an  eqttd  fq«rc«  or  6mdlmg  a 
fquarc  equal  to  thcatya  of  it. 
The  i^mdatufe  of  icttilinoal  6£um  ftflt  nnder 


coounott  geometry,  <>r  menfuration  [  at  wamtA\it^  fv 
n^>  mure  than  the  tindiof^  their  areas,  or  fuperticiet ; 
which  ate  in  cficAtbcir  ii|MKs:  wbkh  wasiuUjr  ef^ 
fcct(d  by  Euclid* 

The  QuAMArvuy that  m»  tbe  aeafurii^ 
of  tbeir  areas,  m  tbe  fiMta^  •  rediHaetd  fpace  equal  «• 
a  propofvt!  cuivilineal  one,  is  a  Aiatterof  much  deeper 
fpiculitliuu  ;  aod  makes  a  pan  of  the  fublime  or  htRber 
jjL-oi.  i  "  r. .  1  lit  lunts  o!  Hvpucrattt  ait  llic  tii  ll  turvcl 
th/t  were  l«j»iart.(i,  aa  iar  it&  wc  know  of  The  ciirle 
was  attempted  by  l:^udid  and  others  before  itim  .-  he 
(hewed  indeed  (he  propi^rtion  of  one  circle  to  another^ 
and  guvc  a  good  method  of  approximating  tO  ChC  UMK 
9I'  the  cinie,  by  dcfiL-nbiTig  a  puiygoii  bctsroen  un  t«9 
concentric  ebda,  howe^r  near  their  cirannlmnean 
might  be  to  «k»  other.  At  this  time  the  cunic  lec- 
tions were  admiKed  in  gcoinetiy,  and  Archimedes, 
erftCtly,  for  the  fiifl  tlir.c,  fqujn-^  tht- p u iboL',  ai.d 
C  dctv-rminrd  til:-  u-l.:l:nri3  (it  lj;iK  rt.s,  Ijilieroids,  lurd 
coni.iil*,  t<i  t) l!i.ii<.: 8  and  c:,ii(.s  ;  and  hv  purhjin^  ;hc 
iri-.'thnd  of  cxiiiuliionf,  or  by  means  of  inlcribcd  and 
circumfciibcd  polygoni,  he  approximated  to  tlie  peri« 
phcry  and  area  of  tlie  circle  ;  (hewing  that  (be  diamc* 
ter  is  to  the  circumference  nearly  a«  7  to  iS,  tad  tbc 
area  of  the  circle  to  tbe  fauare  of  tlic  diameter  as  11  to 
14  nearly.  ArchSmedetluEewife  determined  the  relatioa 
!i.;w(cn  tin-  v'tcle  and  cllipfe,  .i.  ;r;  I'ut  of  their 
iiiiulir  p.u l.'i ;  is.  is  probable  tuu  that  he  attempted  the 
hyperbola;  but  it  is  not  likely  that  he  met  with  any  fuc- 
ccls,  fince  approNimations  to  its  area  arc  all  that  can  he 
given  by  the  vatious  methods  that  have  fincc  been  in- 
vented. Btfide  thcfe  figures,  he  left  a  treatife  on  a  fpi- 
tal  canre  ;  in  which  he  determined  the  lelaiion  of  its 
area  to  that  of  tbe  circaaiicribcd  ciide ;  a*  alio  the 
ivlstion  of  tbeir  fedora. 


i 


Several  other  eminent  men  amonj  the  Aniitr.ti 
wrote  upon  this  fuhje^i,  both  before  and  after  tluclid 
a»<l  Aicliinvdes;  but  their  attempts  were  ufnally  con- 
liu>.>d  to  particular  paits  of  it,  and  made  according  to 
methods  not  cnVntially  different  from  theirs.  Among 
thcfe  are  to  be  reckoned  Thale?,  Auaxa^oras,  Pytha- 
goras, Bryfon,  yVntiphon,  Ilvpocratcs  of  Chios,  11a- 
to^  ApoUonius,  Phib,  aiul  l^tuloinj «  moll  of  whuot 
wrote  noon  the  Quadratme  of  the  circle }  and  tbofe  1^ 
ter  Ardiimedcs,  by  hi*  method,  ufnally  extended  the 
approximation  to  a  higher  degrte  of  acci.Tacy. 

>':iny  i  f  the  Modems  have  alfo  proftcuted  the  fame 
pruikm  ul  the  Q;iadt;iturc  of  the  circle,  after  the  fame 
methods,  to  llill  greater  lengths;  fuch  arc  Vieta,  and 
Metius  I  whofe  ratio  bet  ween  the  diameter  aqdihe  cir» 
canfcfcace,  i»  that  of  ii|  to       whkb  11  witluo 

about  of  the  trtK  catto ;  but  above  aO,  Ln* 

IOOC>CCOO 

dtilph  van  Cotlen,  or  a  Ceulen,  who,  wi'h  an  .TrTiazi:iij 
degree  of  induilry  and  patience,  by  the  fame  me- 
thods, c&teuded  the  ratio  to  )6  fuacea  of  figttrtS» 
making  the  ratio  to  be  that  of 
tto3»l4,i59,26535,»9793,i3846,«64ji,8j279,?0283 
+  ar9  — .  And  the  fame  waaiqieat^  and  conArmcd 
by  hit  editor  SaeOitia.  See  Df  amktir,  and  Ciactt  i 
aifo  the  Preface  to  my  Menfuratiou.  ' 

Though  the  Quadrature,  efpecially  of  ihe  circle,  be 
a  thing  which  many  of  tht  [nim  ipal  mathematician?, 
among  the  Ancieuts,  were  very  tulicitous  about  i  yet 

muhiiig  of  thic  kind  bu  beta  done  b  confidcnible,  aa 

ebout 
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«fcottt  titd  Tmc*  tbe  miiilt  of  tbc  M  (Milaqrt  vhni 
fir  example,  in  tbe  year  16^7,  Sir  Ptul  Blol«  JjUli- 

firourcivcr,  and  Sir  ChriAophcr  Wreo  geometricallf 
dcoionllriud  tbe  equality  of  (bme  ciurilineal  fpacet 
to  redilincal  Soon  afttr  tlils,  otiicr  (jcrfons  (iid 

(be  Ukc  in  otiicr  currrs  ;  and  not  luug  aflcrwardi  llic 
tbin^  vat  brousht  under  asj  aimiy.ic^l  calculu«,  Uic  t'irll 
fp«ciai(A  of  which  ever  piibliOicd,  was  given  by  Mcr- 
cator  ia  i63S,  ir.  ^  tki!)i>altrativ>i  of  Lord  Brounok^s 
C^jadcitiire  ul  ibc  bjrpabd«t  bjr  Ur-  Waiiia'a  nwtiiod 
«t  itdiKtng  an  algebnkil  ftaiSUaa  ioto  n  rofinke  fenat 
hf  divifioa. 

Tbougli,  by  the  way,  it  appear*  iltjt  oir  Ifaac  New- 
ton had  difcovetcd  -i  ii:ctliud  ul  attauuni^  ttic  nrcu  of 
nil  quadraUe  curves  analytically,  by  hta  MeUiod  of 
FkaioiM,  before  tbe  year  t6(>8.  See  hi>  fluxhm,  alfo 
kit  AmiMt  ftr  jEfH^MMei  Mmtr*  Terminoi  urn  ImJi- 
IHMI,  and  kit  jMtnSh^  »d  ^uaJraturam  Curvanm  ; 
when  the  (j^wdntniM  «f  Oanc*  are  given  bj  gcaend 
caethodt. 

It  is  contcdcd,  !utw-:rn  M-.  H•.ly^l;l•Tl3  and  Sir  Cliri- 
Aopher  Wren,  wbicii  of  tlie  twu  tii  ll  fuuod  out  th« 
C^adriture  of  any  determinate  cycloidal  fpscc.  Mr. 
Litibmiz  afterwards  difcovered  that  of  another  fpace  j 
tnd  Mr.  BcmouUi,  in  16^9,  found  out  the  (^ndrature 
flf  an  infinitj  of  cjdoidM  fpace**  buth  fegwenu  and 
ftSon  *c. 

As  to  ll  t  Quadr.itiirr  of  di  -  C'icif  in  particiiirr,  or 
tlie  finding  ^  !  j.;arc  i  iual  to  u^,;>cu  circle,  it  is  <t  pru- 
blem  that  has  c  irj.Io;.  ni  ti  c  .-natlicmuliciaDs  of  all  ages, 
but  ftill  without  the  delired  fucccfs.  This  depends  on 
the  ratio  of  the  diameter  to  (he  circumference,  which 
iut  never  yet  been  daenutncd  in  predfe  numben.  Ma- 
|>r  perfons  have  npproadicd  very  aear  tbb  ratio  1  for 
wbtdi  fee  CmcLC. 

5tTi£l  gcntnctr)-  Yicfe  fatliBjr,  matlieraatfcfana  liave 

lllid  recoinii  to  ot'u-i-  rmi.s  iini!  parlivuLr'y  to  »  fort 
_  of  curves  cillid  qu.idr.itici  a  :  but  tlicli-  hr.v.^  mrchaui- 
cal  curves,  inftead  of  gednuts  iljI  oik  «,  ur  lattitr  iran- 
fcendcnlal  inAeaJ  uf  algrbratcal  oocii,  the  problem  can- 
not fairly  be  efrr6<cd  by  them. 

Hence  recoutfe  has  been  had  to  an3])'tics.  And  the 
prt  Wrm  has  han  attempted  by  three  kinds  of  al^biai- 
tat  calcuIatioM.  The  tinl  »f  tUefc  ^ivci  a  kuid  of 
tnnfceDdcntafQtutdrstlircs,  by  equal  iout  of  indcSotte 
defjrecs.  The  (tcond  by  vulgar  numbers,  though  ir- 
lationally  f;ich  ;  or  by  the  roots  of  common  equations, 
which  for  the  ^crcral  (^aiirntme  is  irnycffiLlc.  The 
third  by  means  of  certain  tuits,  rxhibitir.g  the  quantity 
of  a  circle  by  a  progrtlfioii  uf  tenns.    Stt  StRiEs. 

Thut,  for  example,  tbe  djameter  of  a  ciide  bcine 
i«  k  baa  bean  fsoDd  tbat  tbe  qnaditiitt  or  «iw>feiictB- 

«f  OKcwemfnawcb  j»«pat  to  i  -      -  - -  + - 

.     .  '     3     5     7  9 

JkiCt  aekjnc  aa  kfinile&riea  of  fra^ont,  whole  consr 
«aon  nuMMUir  it  I,  and  dcaoBuiiaMca  tbe  aatmal  fe* 
■Cm     odd  munbcia  |  and  all  dnfe  tcma  ahcntattly 

•rill  be  H.HJ  ^icat,  and  too  little.  This  ferir'^  .vn:  dif- 
covered by  Ltiboili  and  Gregory.  And  tbe  laiiie  fc- 
rica  i«  alfo  the  area  of  the  circle. 

If  the  flint  of  this  ferica  could  be  foand,  it  would 

Se  the  Quadrature  of  tbe  circle :  but  this  is  not  yet 
ie«  Mr  «i(  at jtt jpaobablc thtt, i> cyr  aolLhcdmie  j 
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tbongh  the  ifltpoffibUity  bu  nefcr  ji^  (for  demoa- 
Mted. 

To  this  it  may  be  added,  that  as  the  fame  magnttude 
may  be  expreffcd  by  feveral  different  feries,  poffibly  the 
circumftrcuce  of  t!ie  circle  may  be  enpicfud  by  fonke 
other  tenci,  wliofc  Uim  msy  he  found.  And  ikereare 
many  ottirr  fctics,  by  which  tlie  quadrant,  ur  area,  t» 
the  diameter,  has  been  cxorefled ;  though  it  baa  never 
been  SumA  that  anyone «l tbcn  ia  adttaOr  fiianpablr* 

flacb a« tbif faie^   L  ibfaiicd 

o      40  us 

by  New  ton  ;  with  innumerable  others. 

Sul  though  a  definite  Quad]  a:i:re  of  the  v\vAt  circle 
vaa' never  jet  given,  norm  any  aitijuot  part  of  it ;  yet 
certain  other  portions  of  it  have  been  iq  jirtd.  The 
firll  partial  Quadrature  was  given  by  H^  puccues  of 
Chios;  who  fquared  a  portii-n  Lallcd,  fi.  m  its  figure, 
the /«n<',  OT  funu/e  ;  but  thi» '.^li.TiJt.iture  iias  00  depcti* 
deuce  on  that  of  (he  circle.  And  lome  modern  geo- 
nictrician«  have  found  out  the  Qu^adnnure  of  any  por- 
tion of  thclune  taken  at  pleaiuie,  itidL-pcndcntly  of  tbe 
QuadnAiucc  of  tibe  circle  i  tbougb  iUll  fubjeft  to  acfer< 
tam  reflriAio&i  wbicb  prerenta  tbe  Qoadrattire  from 
being  perfefk,  and  what  the  geometricians  call  abfolute 
and  inJefinite.  Sec  LunE.  And  for  the  Quadiaturc 
ut  the  diiTeant  kindaof  cnm%  fttiheit  fevendpatti-' 
cularuautcs.  " 

QuADRAToaEs  iy  Fm.xiotUt-^'tht  mod  freoera]  mt* 
thod  of  Quadiaturea  yet  difooiietc^  iatbat  of  Newtoa^ 
by  means  uf  Fluxion^  and  i$  aa 

follows.    AC  being  nj  cure        n,   ..  .C.!^— ^ 

to  be  fquared,  AB  an  abfcifs,  '•■ 
and  BC  an  ordinate  perpet.dicu-         j  ■ 
lar  to  it, alfo^<' another  ordinate        •Y  \ 
indefinitely  near  to  i1k-  foimer.       jt  "  ii'"" 
Putting  AB  =  .«•,  and  BC  =  y; 

then  is  =  i-  the  fluxion  of  the  abfcifi,  and  yx  = 
Ql  the  fluxion  of  the  area  ABC  fui^ht.  Now  let  tba 
Viiluc  of  tbe  ordinate  y  be  found  in  temia  of  tbe  -ab* 
fciiil  X,  or  in  a  fun^ion  of  tic  ablcifii,  and  let  thl^ 
ftinj^i'on  beeaOed  X,  tbat  is  j  =  X  i  then  fubllituting  X 
for_v  !tl  ji",  ^lv(.s  X,v  the  fliiiiu'.i  iLe  area  ;  and  the 
fiuciu  ^i'  this,  being  taiien,  gives  Itic  area  or  Quadra- 
ture ol  ABC  as  nquiredt  nr  any  citiWf  whatever iU 
nature  may  be. 

E.X.  Suppoft  for  example,  AC  to  be  a  cobboiQB  pa* 
rabola;  then  iti,  i:<.]^\\xU\m  'a  px  —  y'' ,  where  ^  is  the 

parameter;  which  gives  _y  =  V px^  the  value  of  v  in  a 
l«B#iou  of  «,  at  d  is  what  ia  caDcd  X  aboffi  MBcc 

4mv    as  jtV^ivs  ia  the  flatioa  of  tba  area  | 

aadthe  flnest  erthia  ia  \^t^  —  |  «//]r.at  1 9  =  i 

cf  tlic  c'rcitinfcribing  rcAaogle  BDj  ia{||||Gh  t^icftic  jp 
the  Quadrature  of  Vait  parabola. 

Again,  if  AC  be  a  circle  whofr  jd^miler  k  i$ 
then  its  equation  is  ^*  =  «Cr  —  jr*,  which  givet 

y  zz  ^ dx  —  *\   aikd  the  flaxion   of  the  area 

yx  =  WJk  —       B«t  aa  the  fltteut  of  tbit  cannot 

be  found  in  finite  terms,   the  quantity  ~-  *» 

area 
ia 
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tte)  t  rad  ikefiudit  ofthttgifci 

ibr  the  general  rxprcOtMi  of  the«rea  ABC  Now  when 
(be  fpace  bvcoine»  a  fcAtctrdr,  .v  bccomts  =  a,  aiid 

then '  ijf  fti  tci  abovtbccomcsii*  (    —  —  r — " 

i     5     4-7  A'^-O 
&c)  fur  (lie  am  of  the  femicirelc  wbotc  diameter  t»  d. 

In  (pU»h  CAU,  or  curvn 
rrfcTTcd  lo  a  centre  Ci  put 
y  —  any  ndiii*  CK,  r  =  BM 
the  arc  i  f  a  ciicle  dtftrilicd 
ahijiit  tt:tf  centre  C,  at  any 
dilHnce  CB  =  'I,  and  Car 
another  ray  indciiiiiitly  near 

CNR  :  then     CN  .  Kh  = 
I  ffA  =  CUk,  aad  bjr  Cm.  fig.  CN* :  C&»  or  a* :    i : 
'CN«  t  <^  s  CRr  tlieflusiooof  die  amdelcHbRlbj 


the  revolvir.L''  ruv  CR 
particii^n  ■.  a'c,  u  i. 


f  Mi  Tit  (if  thU,  fiir  any 

Mfuu-  <.t  th>-  iplr-tl  So 
li  iral,  in  whlijh  V  :  v 

;  «!  or  my  ss  n.r,  and 
V»A-  n« 


then  tin 
the 

if,  tor  hili^i-,!  1',  It  b;'  .'\rcliiiru 

in  a  cunitant  ratio  iuppulc  .is  in  ; 

:  hence  thco  Clir  =  ~ — =  "  '  -  the 
rji»  2  a  :am' 

fliixioa    of   the  area ;     the   fluent    of    which  it 

.TV* 

— — —  =  - —  the  ceneral  QuaJraturc  of  the  fpiral  of 
Cam*       ba        "  ^  ' 

Aichimcdcs. 

Ql'ADRILATERAL,  or  Qu.tDniLATiitAL  /7- 
^urj-,  it  a  figure  cumprcliendid  h\  tuur  rightline*}  and 
having  confequently  alfo  fuur  anglet,  fOTirhicb  rcslbn 
k  it  othcrwifie  calkd  a  quadnuiglc. 

The  grnen]  tem  Quadrihtcril  compreheitd}  thelV 
fcvcml  pa>ticiil.ir  fpccies  or  fipiircs^  wz,  the  ftjuarc,  pa- 
ra!! cIo;^i  am,  rcdangle,  rhombus,  rbombotdes,  an  J  tra- 
peziutn. 

h"  tSitr  (  I  P  ifite  fidci  bepnr.ilUl,  the  Q_imdrilatcral  is 
a  p  11  liij^raf.).  If  the  para]!' logram  e  its  angles 
right  oacs,  it  is  a  refVangle  ;  if  oblique,  it  is  an  ob- 
tkfit  oae.  ■  He  rcd.-tn;;le  having  all  its  Bdes  equal,  bc- 
CDBiea  a  fi]uare;  and  the  oblique  paf^lklozran^  hi^ng 
alt  it*  fides  equal,  it  a  rhomli  is,  but  if  onn  the  oppo« 
fiteabeeqaal,  it  is  a  rhomboides.  All  other  ronns  of  the 
Quadrilateral,  are  trapeziums,  including  all  the  irrt  gu- 
lar  nr-jjvs  of  it. 

'I'hc  I'u.iiof  ill!  llif  r'oiir  snrjlcsf.'f  ;i:-y  (^.-iji  i!at'  is', 
I!  equal  to  4  n'ght  angli=.  .'M's  'lie  iv  i.»  oppofite  an:;U  s 
of  a  Qiiadrilatcral  infcribcd  in  a  circle  taken  together, 
are  rq',;al  to  two  rij»ht  angles.  And  in  this  cafe  the  reft- 
^iip;lc  iif  the  two  diagonals,  is  equal  to  the  Aim  of  the  t*o 
ltdtnngk-«  of  the  <ippofite  fides.  For  the  properties  of  the 
paiticular  fpcciea  of  Qiiadrilatctats*  fee  their  refpci^ive 
nanwc,  S^AKit"RtcrAHGiv,  PaiiAttttocRAM, 
Rhombus,  RHoMBoiDtr,  and  TaArE/itiM. 

(ilIAURIPARTlT10^;,  ii  the  diridiflg  by  4,  or 


into  fo\ir  eq"al  partt.— Hence  ^ndri^rtlu,  &c,  the 
4'li  p.!rF,  <>'  iiisnethinp  parted  into  four. 

QHADRUPLE,  is  four  fold,  or  fooMhtng  takr* 
four  timeii,  or  multiplied  by  4  }  and  fe  k  the  coAfcrfe 
of  Quadripartition. 

QtTALITy,  denotes  generally  the  property  or  «^ 
fc  (ti(i:i  cf  fomt-  being,  by  wfeich  it  ^k&tvat  faA%Uk 
a  certain  way,  jtc. 

Stnjible  ^Kililui  are  fucl\  at-  are  tiic  vr.orc  -ir  mediate 
object  of  the  lenfcs  t  as  figure,  uile,  colour,  imell,  hard^ 
nefs,  acc. 

Occult  Slgalititt,  anioiig  the  Ancients,  were  fuch  at 
did  not  admit  of  a  mtianuibttttHm  in  their  way. 

Dr.  Keil  doaooUratca,  that  «vcry  Quality  which  i« 
propagated  in  orbem,  fuch  ai  light,  beat,  cold,  oUouri 

&c,  has  ifi  rfHi  ,it  v  or  itittiinty  titlur  iucrcafcd,  01  de* 
crcafed,  in  a  d  [mil.iic  mtia  oi  the  dil'.ances  from  the 
ttiitrt  L'f  rad  ii.n  iiivt  rlt  ly-  So  at  doublt  tlit  d.;tance 
from  ihceartli'i.  cciarc,  or  from  a  luminous  or  hot  bo- 
dy, the  weight  or  light  or  heat,  i?  but  a  4th  part  ;  and 
at  3  time;,  the  ditlai:ce,  they  are  9  timn  left,  or  n  r/M 
part,  &c. 

Sir  Ifaac  Newton  Ian  it  doini  it  one  of  the  rule*  of 
philofophizing,  that  thole  QnalitiM  of  bodies  that  aie 

incApable  of  being  iiitcadeil  and  remitted,  and  which  are 
found  to  obtain  in  bodies  upon  which  the  experi« 
mcni  could  ever  be  tried,  aft  to  be  cRcedied  tmitCT&l 
alilies  of  all  bodies. 

ALiTY  o/'6*i/rvj7'«rr,  in  the  higher  geometry,  i> 
ufcd  to  lignify  its  form,  as  it  is  more  or  let's  inequable, 
or  ai  itn  wiriid  more  or  Icfs  in  its  progrefs  through  dif- 
ferent parts  of  the  curve.  Neistou'i  Method  of  Flux« 
ions,  pa.  7(  ;  and Maclattrin't  F1uxio»«i  art.  369. 

QUANTITY,  denotes  any  thing  capable  of  cfti- 
mition,  or  menfuration  ;  or  which  being  compared 
with  another  thing  of  the  fame  kind,  may  be  faidto 
be  either  greater  or  Icfsi  equal  or  unequal  to  it. 

Mathenatict  ia  the  dodime  or  iiaence  of  Qmiu 
tity. 

Ph^iiil  or  h'dfurat  QvANTiTY,  M  of  two  kiadts 
ift,  that  «hich  nature  cshibiu  in  matter,  and  its  ex* 
teiifion  ;  andtdly,  io  the  powers  and  |)ropcrtics  of  na- 
tural Ijodies;  a«  gravity,  motion,  light,  heat,  coid^ 

denfity,  &c. 

(ViiiMitity  is  populariy  difliqguiflMd  into  contiiiocd 

and  dilcrLtc. 

Ccm.ruui  (^  AnTITY,  It  when  the  pnrti  are  cnn- 

netted  together,  and  is  commonly  called  magnitude; 
which  is  the  objeA  of  geometry. 

Di/ertte  Qi!  Avritv ,  it  when  the  parts,  of  which  it 
eonfifl%  cf  ill  diftindlr,  and  unconnc<3cd ;  which 
makea  whait  it  c^lcd  muititttde  or  Dumber,  the  objeA  of 
anthmetSc. 

Tlie  nution  of  continued  Qiiantity,  and  its  differ- 
crirr  finm  difcrete,  appears  to  ibme  without  founda- 
tion, Mr.  M.nrl'in  coiitidiTs  all  mathematical  Quantity, 
or  that  for  -Mhich  any  tymbul  is  put,  as  uothmg  elfe 
but  number,  with  regard  to  feme  meafure,  which  is 
couGdeied  as  1  ;  for  that  we  know  nothing  pn-cifi-ly 
how  miicb  any  thing  is,  but  by  means  of  numbtr.  J  he 
notion  oi  continued  Qnantitjr,  without  regard  to  fonc 
meafure,  is  tndiRtnA  and  enofnTed  t  nnd  nmugh  Ibme 

fprt  irs  of  fui  !i  Qmctity,  ci  •rifidrrcd  phylically,  HUSy 

be  drtcribcd  by  motion,  an.  lines  kyj  tbe  taution  of 
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pointi,  aad  furfacet  by  the  motioB  of  |ine«i  jet  the 
magnitudes,  or  nutlieinatic:jl  QttMatitici,  >re  oo(  made 
bft\»  aMtiM>biii)>7  Dunberiojf  «oooi^»g  to  ameft- 
lore.  FtiiloL  TimC  niutib.  447,  pa.  si8. 

QvAHTiTY  tfJSkih  flee  Agtioh. 

QuAN TiTT  n/  CurvMtn  at  asy  pmnt  of  a  carve  u 
dtt«rmi»cd  \.\  tlie  circle  uf  cursui.iic  at  that  point, 
and  is  recsprofjliy  propurtioiul  to  the  radius  of  curva< 
tuic. 

QnANTiTY  o/"  A/iflWrr  in  any  body,  i»  its  meafure 
arifiag  from  the  juiut  coniidciatton  of  its  magnitude 
and  (knfitTy  being  cxpnllcd  bf  1  or  pioponiaou  to  tbe 
jndaA  of  the  twot  8oi 

if    M    and  m  denote  the  ma^itude  of  two  bodieif 

and  D    and  J  ihe'n  dcnfitic-s  ; 

then  DM  and  dm  vt  ill  be  at  their  Quantities  of  matter. 

The  Qmuitity  of  matter  of  e  body  ia  bed  difcovercd 
b^  its  ablolute  weight,  to  which  it  is  always  propor- 
tlutial,  and  by  which  it  ttiriLafLrc:  ]. 

QuANTiTV  of  Melior,  or  the  j\ffimtntum,  of  any 
body,  is  its  meauirc  aiirin}r  from  tJic  joint  conftdcrr>ti.:n 
of  its  Qiiantiiy,  and  the  velocity  with  which  it 
novrs.    bo,  '  • 

if    f  denote  the  Qjianiity  of  matter, 

ud  V  the  velocity  of  any  body  ; 

t!i?n       wi!!  hi  its  mui-itity  uf  motion, 

(I0ANTIT1ES,  in  Algebra,  are  the  cxpreiTions  of 
iitiltiiiiitL  numbers,  that  are  ufually  reprcfcntcd  by 
letters.  Quantities  are  pniperly  the  fubje^  o£  Alger 
bra ;  which  is  whdly.coovenut  in  thi;  oompoiatioa  of 
luch  Q^iantitirs. 

Algebraic  QuaRtitics-aic  cither  gi-vfitwaHntmi,  or 
dfe  they  ate  un^owm  and  fwgitt-  The  given  or  known 
Quantities  are  reprefcntcd  by  the  firll  letters  of  the  al- 
phabet, A*  a,  i,  r,  d,  e,  S^c  ,  inil  the  unknown  ct  le- 
quired  Q^iaiitiiiett  b^  the  lait  letters,  aa!»,/,Ar,  «f, &c. 

Again,  Algebraic  Quaotitiet  ate  cithor  pofitife  orl 
negative, 

A  pofitire  or  affirmative  Quantity,  is  one  that  is  to 
be  added,  and  has  the  fign  +  or  plus  prelixed,  or  un- 
dcrllood ;  as  ai  or  +  ai.  And  an^uive  or  privative 
Quantity*  is  one  that  it  to  be  fubtiaficd,  and  haa  tbe 

fign  —  or  minus  prefixed  ;  as  —  «^ 

QUART,  a  ir.tifurt  uf  capacity,  lit-iri;  tlif  ti'jirtcr 
r.r  .11  ri  pan  ijf  Kkih.- >;t  !u  r  mcali.r:-.  Tin'  Lr.^ ".ilh  Q.iiii  c 
13  iliL'  4.h  paa  iif  tl.c  j.;ui!.;n,  ,ind  contains  iwo  pu.ts. 
The  Kuman  Qiiait,  or  <|iiiiiiatiu3,  was  the  4th  part  of 
their  congius.    The  French,  befides  their  Qu^rt  or 

tot  of  2  pints,  have  various  other  Quar|a,diAiiiguiflird 
y  the  whole  of  which  they  are  Quatterfa  )  at  Quart  de 
muid*  'O^  Q|i*ft  ^  boifliau.    .    ,     .        ,  . 
QOARTfTR,  the  4th  part*  a  whole,  bronipart 

of     inl^  jc  r,  ■.>,!;!i  i.  ii tiividtd  intc  fciur 

QuAkxtK,  111  vvi^^lits,  the  4iii^.u.l  iLc  (luinUii, 
Or  hundred  vvc  ghl  ;  am)  fo  contains  iS  puLii  dt. 

Qu  ARTia  is  alfo  a  dry  nicalure,  cootdioin^  uf  corn 
&  buiDidt  'ftriked  }'  and  of  eoaliitfae  4th'  pan  of  a  cnl- 
dron. 

QuaUer,  in  Aftronoany,  the  moon's  prr'od,  or  lu^a- 
tiuii,  is  divided  into  4  llages  orQnaitcrs;  each  C6n- 
taining  betwetn  7  and  8  d^ys.  1  he  fit ll  Quaster  ir 
horn  I  he  ^cw  niuun  m  the  quadrature  i  Uic  kcond  ia 
Uum  xliOicc  to  the  tuU  moou^  aud  h;       .         .  ..  1 . 


Quart  sa,  in  Navigation,  h  the  Quarter  or  4th  part 
of  a  point,  wind,  or  rhumb  ;  or  of  the  dtlUoce  between 
two  point*  etc.  The  Qinrter  contains  an  arch  of 
a«48'4j',  being  the  4tbpartof  1 1''  1 5',  whichiioiie 
point. 

Qu  AaTER  Rotemi,  in  Architeflure,  Is  a  term  ufed  by 
the  wurlcmtH  for  ;:ny  proje£ling  moulding,  whelie00n> 
tour    a  ()^irirti:r  of  a  circlf,  or  nearlv  fo. 

f^JAKTlLIi,  an  afpcct  ufilic  pL.  tiLts  wlieti  ther 
arc  at  the  dilUncc  of  3  ligns  or  90°  from  each  other  : 
and  isdcnotedby  ihccharattcr  □. 

Qy£U£  u'akokok,  or  Swa/iai»*s  Taiit  in  Foiti« 
fiEatioOt  is  a  detached  or  outwork,  wfaoTe  idea  fpread 
'  or  open  towards  the  campaisn,  or  draw  narrower  aad 
dofer  toward*  the  gorge.  Of  this  kind  are  efther  fingle 
or  double  tenaillcv,  .iiiii  Hm-.c  hoiij-'Aork:.,  u'u  fi-  I'lJea 
are  not  parallel,  but  :.ic  ikoiou-  at  the  gorge,  Mid  open 
at  the  head,  lik<  tiie  iii^uic  uf  a  fwaiiuw's  tail. 

On  the  contraiy,  ttl.sn  the  lidcs  are  Icfs  than  ttic 
gorge,  the  work  is  called  enirf  ^ifbf  d'tircruir. 

Qi'EUE  d'nrondr,  in  Carpcntiy,  a  method  of  juiuting, 
called  alfo  duve-tailing. 

QUINCUNX,  diiiotts  ^\ths  of  aay  thing.  So  10  ' 
is  quincunx  of  2  {,  being     of  it. 

QuiKcuNX,  in  Allronomy,  U  that  pofition,  or  afprft, 
of  tlic  phtncts,  when  diAant  from  e^ch  other  by  ,^ttbj 
of  the  whole  circle,  or  5  fignsoutof  the  12,  that  isljo 
degree*.    The  Qyiocunx  i»  mm  krd      or  V»-. 

QIUNDECAGON.  jsti  piano  li,;u>eof  ijanghs, 
aod  confeuucuily  the  fatne  number  of  lidc*.  When 
thofe  are  .all  e^ual*  it  it  a  legular  Quindecagon,  otber- 
vifenot. 

Eudid  (hew*  bow  to  inlcribe  thi*  figure  is  a  cirdPr 
prop,  ii,  lib.  4*  And  the  Cdeofa  regular  Qiiindcca- 
gon,  foinfcribcd,  is  e<]uui  in  power  to  the  half  diH"crtiice. 
between  the  iide  of  the  cqu  l.it'  1  il  t  i  ii;gle,  .iiid  tlic  fulc 
of  the  pciitajjun  ;  and  a!f<i  t.i  thi'  iJiilnencc  uf  the  pt r- 
pcndiciilars  Ittf  !!    -i  f  jth  \  .\y<,  taken  together. 

QUl\QllAGl..MMA>W.,v,  ii  the  fume  as 
SLiu-.c-SuruIay,  and  i&fo  called  :ti  l>cing  about  the  {oth 
day  before  Eailcr,  b<iug  indeed  the  /th  Sunday  before, 
ir.  Anciently  the  term  Qiiir.quagcfiina  was  ufed  for 
Whitfundaj,  and  for  tiie'^o  day*  between  Eafler  and 
Whitfunday;  but  to  diftihgnilh  kbit  Quinquagiiima 
fr:  ni  that  befofc  EaftcT,  it  waicalhd  the  p«liemd  Quio*' 
quagcfima. 

QU I NQUE  ANGLED,      Q^tioqueaiigular.  con. 

filling  of  5  angles. 

qTHNTAL,  the  weight  of  a  hundred  pound  j,  in 
molt  countries^ ;  hut  lu  England  it  is  tbe  hundrrd  ' 
wei^t, 'or  It:  pounds.    Quintal  was  alfo  fomerly 
ufed  Fur  a  weight  of  kad,  iron,  or  other  oommDa  metal, 
ufually  eqiia^to  a  hotidfed-  pouiHl>,^  at  6  Icore  tbthe.hon* 

QLTIN'Tir.E,  in  Aftronomy,  an  afpc.^  of  the  pla« 
nets  when  'her  sre  d  itant  the  5thpait  of  thexodiac,or 
7 1  deixrct's  ;  and  is  marked  thus,  C,  or  O.  * 

QUIN  i'l'l'LG,  i«fi«e>fold,orfi«ethtieaatatichaa. 
ant'tluT  thing. 

QIJOIN.  ii>Arch!tcfture,  an  angle  or  comer  of  ftone 
orhcifik  wailt,  Whm  ihefe  (land  out  beyond  t)  c  rcfV 
of  the  wall,  their  edges  being  chaafcmed  olT,  they  are 
caUcd  ruifi'ic  ^i  jni. 

Quojn,  iu  Aruikry,  is  a  loofe  wcJge  of  waud,ji'hich. 
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if  pntfii  b(W  flic  brc«ch  of  a  caanan,  (o  tmk  or  dcpreft 
It  more  Or  Iff*. 

QUOTIENT,  in  AritlUMitef  ii  thereAiUof  ttie 
op^atiM  of  limfioo,  or  the  mriwr  fhn  iiilea  by  di- 
viding the  dividend  hf  the  divUbr,  Ihewing  how  <>fieA 
the  latter  it  eatitaiiied  in  ferrfMr*  Tbtt  th« 
tient  of  11  di<ri<kd  by  3)141  wUelk  il  ttfMlljr  thM 
diffKtfcd,  or  caprcifedy 


5  )    It    (4  tbc  quotient, 
or  tbui  ij  -4-  3      4.  the  Quotient, 


•r  thaa  ^ 
J 

like  a  fut^r  fra&ion  1  all  tbcfe  raeaniAg  the  (ftiMtlMOg*' 
—In  dinfidn,  mt  ilie  divjfor  i»  tu  the  divideodi  im  m 
unity  or  1  to  th«  QiMtiaik  »  tbiM  )  t  IS  i  4  I  1  4  thi 
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RADL\^^T  r^!nt,  or  RASiATtttd  J*«Air»  ii  M7 
point  from  wfaence  rajrl  Moceed* 
Evrry  Radnmt  point    ffiHet  tniiiiine  ratlin  nra  aH 

irrcit!«1  :  !5t:t  ihnfe  rays  only  arr  v!fi!)lr  fr'.in  which  nght 
line*  can  be  dtiwn  to  the  pupil  ct  the  c)  c ;  bccaufe  the 
rays  are  all  in  ri^ht  lines.  All  the  my«  proceeding 
from  the  fame  Radiant  continoallj  diverge ;  but  the 
«ryftallnic  coliri^a  or  reunite!  tbcm  again. 

RADIATION,  is  the  cafling  or  (hooting  forth  of 
ray«  of  light  a«  fiom  a  centre  — Every  vifible  body  ia  a 
noiatnig  body;  it  being  only  by  oiCMf  of  its  rays 
that  it  «ireAs  (be  eye.— Tbe  Iwmv  of  a  ladiatin^  or 
vlfitilf  body>  May  be  c^eived  a*  CMflftiflg  of  ndnut 

p. lints. 

RADICAL  Si-n,  in  AI;„-J}ra,the  fign  or  character 
denoting  tlie  root  of  a  quantiiy ;  and  i«  this  So 
•v^i  ti  fhe  ii|aie  vootof  2«  and  it  the  cube  root  of 
i »  fee. 

RADtOMETERf  a  n«Be  winch  fboie  writen  give 
to  the  Radius  ASfononicMb  or  Jac6b''»  Staff.  See 

FoRE-STArr. 

RADIUS,  in  Gcnniftry,  tlic  fcnjt!i_ineter  of  a 
circle;  or  a  ngl't  lint  drawu  Lmm  the  centre  to  the 
circomference. —  It  is  implied  in  the  deBnitioo  of  a 
circle,  and  it  is  apparent  from  ha  condruftion.  that  all 
the  radii  of  the  fame  circle  are  equal. — The  Radiua  ■• 
ibnieuine»  called,  in  Tr^;Qnomeiry,  the  Stan*  Tottii^ 
or  whole  fine. 

Radius,  in  the  Higher Geomrtry.  R.^nun  c/"/,^* 
Evulula,  RADttJ*  Ofnli,  calkd  alfo  the  RcStu  ofceu' 
f*^y,  and  the  Rudnji  of  curva/urtf  it  tbe  t^t  Kne 
CB,  reprefcntine  a  thread,  by 
whofe  evolution  trom  offtbecnne 
AC>  upon  wbicb  it  wae  wowhIi 
the  cttm  AD  Is  lonncd.  Or  it  te 
the  Radint  of  a  circle  having  the 
fame  ciirvatiire,  to  a  given  point 
of  ihc  curve  n;  R,  with  that  of  the 
curve  in  that  puiut.  Srt  Cithta- 
Tcaa  and  EvoLurr,  vf  ir  the 
method  of  findin|;  this  Radius  laay 
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RAni'js  /tJlrovr,m4cui,  an  inflniment  iifuaSy  ctileil 
Jacob'a  Staff,  tbr  Crob*ftair.  or  I-ore-ftaff, 

Raoiva,  in  MecbMict,  it  appb'cd  to  the  fpokca 
of  a  wheel ;  beCaufc  iffuing  Uke  rays  fiws  its  centiK* 

Rattivs,  in  Optics,    See  Rav. 

RaIMUs  r.-fltr,  \\  iifcd  fur  n  n'-lit  lir.c  t!r.ir\-n  frijia 
the  centre  of  force  ill  rniv  curve  in  wl.icli  n  body  IS  fup- 
pifu-d  to  move  hy  a  ifiitripTtal  fotcc,  to  that  point  of 
the  curve  where  tbe  body  is  fiippofed  to  be. 

RADIX,  or  R«ot,  '*%  a  certain  finite  exprdfon  Or 
fun^ion,  which,  being  o-olved  or  expanded  accowlhiy 
to  the  rules  proper  to  its  form,  IhaJl  produce  a  feriet. 
That  finite  eajmflinn,  or  JUdix,  is  aUb  the  value  of 
the  Infinite fenet.  isthe rMix  tX'i,%-i,%  Sec,  he- 
caufe  \  bein^;  cwlrril  orfxj  nndcd,  by  diMduit;-  1  hy  ?, 
gives  the  inltnitc  feries  '3333  &c.  In  liiic  manlier, 
the  RnAv 
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wf  X     t*+  j-v^  +  4*J       ftc  is 
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See  my  Trads,  vol.  1,^0.  9, and  31,  S,c. 

RAFTERS,  in  Ardiitefkurc,  are  pi«ce«of  timber 
which  Ih'vnd  by  pairs  on  the  raifiog-piere,  or  waH 
plate,  and  meet  in  an  angle  at  ue  tef,  fonniag  the  roof 
of  a  building.  ■ 
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itAlM»  water  that  drfpcadi  bam  tta  mm^^hmi  in  Am  thwtimg  Aa  Setrnf  fiUi  or  ioifa  of  ilif 
Aelbniiolflropiof  ■  coafidenUefiaBi   Ramwippa*  .  lulT  ftwn  vefieuhrt  it  itdnect  tfcem  into  drops  t 

rentlya  precipitated  cloud;  as  cloodi  are  Botbioj^Diit    whicb,  coalefcing,  defcead,  and  have  their  dirTulution 


vapottTS  raiTed  from  moifture,  water*,  Ac.    By  this  cir- 

cumrtancc  it  i«  diftingiiifhcd  from  dew  and  fog:  in  the 
former  of  which  the  dro[)?  arc  fo  fnisll  tl>.it  thry  arc 
r,uite  iiivilihle  ;  and  in  the  latter,  thou^;l>  thtir  fize  be 
larger,  ther  feem  to  have  very  littlt  more  fpecific  gr*. 
thj  than  the  atmofpherc  ttfelF,  aed  may  tbcreftfe  be 
Itdcioned  kaUow  fphcnilu  nther  than  drops. 

It  m  ■idwr&Ojp  igreed,  that  Rain  is  produced  hj 
ibe  mitcc  menaufly  «brori)ed  by  tlie  heat  of  the  (ua> 
orothennw,  from  rtie  terraqiteout  globe,  into  th^  at- 
tnofphere,  as  vaptiurs,  or  vcfiLHihr.  'I  Ik-!^  vti'ijuli-, 
being  fpecificallv  lir;htcrthan  the  .-vtmiifplicrc,  ,ux  buuy- 
ed  up  })y  it,  til!  thc\  -irrivcat  a  rcriuii  whcie  tl)c  air  is 
in  a  jull  balance  with  them  ;  and  there  they  fluat,  till 
by  fome  new  agent  they  are  canverted  into  cluiids,  and 
thence  either  int6  Rani,  (how,  hail,  mlA,  or  the  like. 

But  tkragcptin  this  fiirmat ion  of  the  cloudt  into 
Rah*  and  efen  of  the  wpoDrs  into  clouds,  has  been' 
nueh  coBtrovetted.  Moft  pbiiofophers  will  base  ft, 
that  the  cold,  which  conflantly  occupien  the  fuperior 
Trgions  of  the  air,  chills  and  condenfcs  the  veiicul.r, 
St  their  arrival  froni  a  warmer  quarter cT'^igrci;at«s 
them  together,  and  Ln-L-arioiis  ft-,  ral  of  tl.cm  to  co- 
alefce  into  little  iTialTo! :  and  thus  iLcir  iju.'.ir  ity  of  mat« 
terincreafingin  a  bizhcr  pruportioa  than  Uicir  fiiifaccr 
.  Uiey  become  an  omund  to  toe  thin  air,  and  lb  ddccnd 
in  Rain. 

Or.Derham  aceoaats  for  tlw  precipStatimii  hence ; 
that  the  veficulx  being  full  of  ai'r,  when  they  meet 
with  a  colder  air  than  that  they  contain,  this  is  con- 
irafted  into  a  lefs  fpacr  :  nnj  confequenily  tin,-  isatry 
(hell  or  csfc  becomes  liiickcr,  I'o  to  becorsic  heavier 
thj'i  the  air,  iVc. 

liut  tlii«  reparation  cannot  be  afcribed  to  cold,  fince 
Rain  often  takes  pUce  in  very  warm  weather.  And 
though  we  fliould  fuppofe  the  condrnfation  owing  to 
the  cold  of  the  higher  re;;io:  e,  yri  there  ii  a  reniark- 
ibk  fiiA  whie^  wiU  not  allow  us  to  have  rcoourie  to  thia 
fuppdlhton :  for  it  is  certain  thm  the  drops  of  Rain  ie>' 
creafc  in  fize  confiderably  a»  they  defcend.  On  the  top 
of  a  hill  for  inilance,  they  will  be  fmall  and  incon* 
fiilcralile,  roimitTp;  only  a  drizzling  fhower  ;  but  half 
way  dnwn  ilic  hill  it  is  much  more  confiderable  ;  and 
at  tliL'  hiittom  tl;i-  drops  wilt  be  very  larrc,  ddccnding 
in  an  impetuous  Rain.  Which  Aiews  that  the  atmo'- 
fphcre  cond^ifesthevaponrt  as  well  where  it  iawannas- 

vrbcre  it  is  cold.  ^   .  ,  

Others  aHow  the  cold  only  a  pirt  la  the  i^Uon»  asid  *  cfMnipaaied  with  iigfatnin|p. 
hiSi^in  the  winds  ai  fliarers  with  it:  alledgiag,  that  among  the  doudahjr  nj|[fat  " 
a  Wind  blovvin;^  agninft  p  cloud  will  dri»e  its  veficulae 

upnn  CMC  .tiiot'icT,  bv  i'.  h  v  'i  me<iiiB  feveral  of  tli'.  ni, 

■  nnbk'd  to  dtfceiid  ;  aiij 


coakfciBg  as  Lffort,  viil  li. 
that  the  eff«r£l  will  be  liijl  nuirt  LorJidtr.iljlr,  if  two 
oppofitc  winds  bicr.v  t-i^t  r'icr  towards  the  lame  place  S 
they  add,  that  rh.uds  .dready  formed,  faa|ppenin|^  to 
he  aggregated  by  frcfh  accrflion*  of  vapour  coiitinu- 
aHy  afcending,  may  thence  be  enabled  to  defcend. 
•  Vet  iha jrniod  canfc^  according  to  Rohauk,  ii  ftill 
hchind.  'rnal  author  coneeiws  it  to'he  the  heat  of  the 
air,  which,  after  continuing  for  foi&«  'I  >  ■  ,1  Tie 
•earth,  is  at  Icactli  canicd  up  on  biuh  by  u  wui  j,  ns,d 
Voull.  ,r  ; 


perfeded  in  their  progrefs  through  the  lower  and 
Warmer  ftagCB  of  the  atmofphcre. 

Others,  as  Dr.  Clarke,  <(c,  afcrihe  this  defcent  of 
the  clouds  rather  to  an  akcratioii  of  the  almofphere 
than  of  the  veficulx ;  and  luppofe  it  toarife  from  a  dU 
aninution  of  the  fpring  or  elallic  force  of  tbe  air.  Thti 
eUllicity,  which  depends  cbieflv  or  wholly  on  the  dry 
terrene  exhalationi,  lieing  weakened,  the  atmofpikere 
finks  under  its  burden  ;  and  the  clood*  fidt,  nn  tbe'CW^ 
mon  principle  of  precipitation. 

Now  the  imnll  vcliculi,  by  thefe  or  any  otbrrcaures, 
btiu^  QMx  iipuii  the  deiVent,  will  continue  to  defuf  itd 
notwithrtasidir.^  the  iiicren'.c  of  refinance  they  every 
moment  meet  Mtlli  ia  their  progrefs  throuirh  lliil  deafer 
and  dMifer  parts  of  the  atmofphere.  For  as  tliey  alt 
tend  toward  the  fame  poiot,  viz,  the  centre  of  tbe 
earth,  the  farther  thef  M,  the  more  ooililMMU  wilt 
thcT  make }  and  the  ainic  conltttou,  the  more  matter 
tvin  there  he  under  the  lani^  furface ;  the  fnrface  only 
ii. -rcaltn^  as  the  fquares,  but  tlie  folidity  as  tbe  cubes 
ui  tbe  diameters :  and  the  more  matter  under  the  fame 
furfav;e,  the  lefs  fridiaa  or  refiftaocc  iheic tyiU  be  (•  ibn. 
fame  matter. 

Thus  then,  if  the  caufes  of  raiti  happen  to  aA 
early  enough  to  precipitate  the  afcending  veliculx,  be* 
fore  they  are  atrivcd  at  any  coufideraUe  height,  the 
coalitions  being  few  in  6a  liioit  a  defcent,  the  drops 
will  be  pi-uportiotably  fmaQt  thvi  ibrmtn|^what  x% 
called  dew.  If  the  vapours  p«ne  mnre  copiotu,  and 
rife  a  Utile  hi>:her,  there  is  produeed  a  mtft  or  fog.  A 
Uuli- liigl'.cr  fl  ill,  .iikI  tlic'v  j>r(i.!iu:e  a  fmall  rain,  3cc. 
11  they  neithci'  r;ii-ct  witii  ruld  :iv;r  wind  enough  to 
condcnfe  or  diffi[>.ito  them  ;  tt;cy  t  irm  a  hcav)-,  liick, 
dark  fl<y,  which  lalls  fometimcs  ieteral  day*,  or  even 
weeks. 

But  later  nm'ters  on  this  part  of  philofophical  fc»-' 
ence  have,  witli  greater  mew  of  trulh,  conftderej 
Rain  ai  an  elefbrical  phenomenoo.  Signior  Beccaiia 
redtoo*  Rain,  hail,  and  fnow,  among  the  cfliiAi  of  a 

moderate  eleflricity  in  the  atmofphere.  Clouds  that 
bring  Rain,  he  thinks  are  produced  in  the  fame  man-' 
ner  as  thunder  clouds,  only  by  a  moderate  electricity, 
lie  cTcfcrihcs  them  at  large  j  and  the  refemblance  which 
all  ilu-ir  plu-iiuniena  bear  to  thofe  of  thu'-dtr  clciuds,  is 
very  (iriiiing.  He  notes  feverai  circitmtiances  attend* 
ing  Rain  without  lightning,  which  render  it  probable 
that  it  uproduocd  by  the  ume  caufe  as  when  it  is  ae> 

Light  haa  hnen  ieea 
^  naywenthtrt  nndevea 

by  day  rainy  cIoikIs  are  iometltnet  fecn  to  have  a  biYght* 
r.efs  cvldcntlv  indrpendc-iit  of  the  fun.  The  unifiiinmity 
wilh  viLiLh  the  cioutii  arc  Ip-eaJ,  and  wtb  wliich  the 
Rain  falls,  bethinks  are  evidentes  ot  an  nmlorm  cajfe 
like  that  of  ticflritity.  'ri4e  intcniity  wto  of  tJsrc- 
tricrty  in  his  appaianis,  tifually  corixfpoadcd  very  near* 
ly  to  the  quantity  of  Rain  that  fell  in  the  fame  time. 
Sometimes  all  the  pLenomeiis  of  thuikkr,  tigfatfliog, 
hail.  Rain,  inow,  and  wind,  hare  been  obfcnrcd  at 
t>netitnet  which  fhews  the  conacdion  they  all  have 
with  foiVic  cmnmon  caufe.  Signior  Beccaria  therefore 
fuppotes  tbtft,  previous  to  Raio,  s  i^antity  of  ele<^jric 
T  t  matter 
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■Mtttr  efcap^s  out  «f  th«  ctith»  m  fome  pbce  where 
there  is  n  ^redundancy  of  h  I  and  in  it*  afbeiit  to  the 
hqjhcr  region*  of  the  air,  coUeAt  and  condad*  into  ite 
path  a  ^rentqtAintity  of  vaponrt.  The  fame  cawfc  that 

coIUdta,  IV ill  CL)iu!ciifc  them  more  fi  .;!  m  ir  -.  till,  in 
the  places  of  tlic  iicavcft  iitcn'als,  they  <'ontie  almoll 
into  contaA,  fn  a»  to  turin  fnul!  drops  ;  which,  unitiitjf 
»'ith  other*  an  ihcy  fall,  come  down  in  the  form  of 
Rnin.  The  Rain  uill  he  heavier  in  proj»')rtion  a?  tiie 
Htfkricity  is  more  rigorous,  and  tlic  cloud  appni.iLhc* 
more  nearly  to  a  ihuiidirr  cloud:  5cc.  ^ce  J .fUrn  JJl 
MiiUruifmo  ;  and  Prieftley'*  Hift.  fltc  of  Elcaricity, 
vol.  I,  })a .  4;:  7,  tec  Sto.  And  for  brther  aocoonts  of 
the  plienanraa  of  Rain  &c,  fee  BuoHlTFa,  Eva< 

TOaATIOM,  OMUnOMfTER,  PLirvIAMST«»,  Va^ouh, 
Ac.  ScT  .ilf.i  tiK'  'I'luMi  V  of  Tl.iiit,  fiv  Dr.  Jdmcs 
HiUU!:i,  .-i  r,  -  '.111.  I  01  Ti,'.rir.iLt:L;.i  ul"  t!ir  K>)v»l 
Socii'ty  !■<'  !■■  iiiiti  I.-  ;h. 

S!uat>l:ty  fj  Rain.  As  to  the  general  qiisiniity  of 
Rain  that  fall*,  with  iti  proportion  in  fi  vcral  plates  at 
the  fame  lime,  ami  in  the  fame  pisce  at  diftcicnt  timet, 
thne  arc  many  obfcrvaiioni,  journals,  ficc,  in  the  Phi- 
lof.  Tnnf.the  Memoirs  of  the  Freiich  AcadeBift  tic* 
And  upoa  taeafurin^  the  rain  that  &n*  annually,  it« 
depths  Oft  a  nedinm,  w  foundaa  in  the  IbBowtag  table : 

<  Mnm  Jmd  Dtfih  cf  JUmfir  fivtr^  Plata* 


Jit 

Townlev,  in  Lancaihtre 
Upminrtcr,  in  EHex 
Ziiiich,  Sitincrkad  - 
Pifa,  in  Italy 
Paris,  in  France 
Lific,  FlanJir*  - 


Obftrceilty 
Mr.  TowiJcy  - 
Dr.  Dcrliain 
Dr.  SL-lieucli/er  -  - 
Dr.  Mich.  Ang.Tilli 
M.  D.'laHIre    -  - 
M.  Dc  Vauban  •  - 


3-i 


l^fmtijf      Xmt  falkn  in  fevtnd  ftan  «  Park 
mini  I  ■pminjla't 


At  Park, 
Jiidic*  21  '57 

27-77 

ai  •  ao 
14*82 


20*19 


TtarSm 

•   I -co 

-  1  jot 

-  1702 

-  '■'^3 

Mediiuna 


'  19*03  lochea 

•  20-38 

-  -  r^  c, 

•  10-93 


19*14 


JUtJhm  ^famhy  'J  Rn-n  at  hmJm,f!>rJivendTtar$, 

fn  ffi  the  Pbih/.  Tranf. 

Viz,  in  1774  ....  26*32811 

177;  ...  .  24*081 

J776  ...  -  20'354 

•777  •  -  -  -  25*37t 

1778  -  -    -  ,  2o-;7Z 

1779  .  »  .  .  26-785 

1780  .       -  .  17*313 

iMium  of  thde  7  jean  2  3  -001 


See  alfu  Phrlof.  Tranf.  Abr.  vol.  4,  pt.  2,  pa^  8 j,  feef 
■ad  ▼«!.  10  in  many  plMxa  \  alio  the  Aktfioiolci(>cal 
Joonnt  of  the  RojmI  Society,  pttblilhed  anaiiaUf  ia 
the  PhHof.  Traaf.  and  the  afticle  PLUriAMirea  or 

O-.t  I,  i 

Jt  13  n  J'. -.al/iv  to  l>e  rxpeftcd,  and  ail  cstptt  icn.:c 
flif-i',  -.Il.k  I. a'  lilt  'i  \i\v.\\  lis  111  place!)  r.c.Tf  tltc  Ua 
coaii,  and  It  aaJ  icU  as  ihc  places  arc  iitoated  mote 
inland.  Soinc  diff>.Tcnce»  alio  a^ifc  from  iht  circuai- 
ftanci^  of  liiili,  vaUeys,  &c.  iSouheii  ilic  qtiaiitny  cif 
R^in  fallen  in  one  year  at  London,  is  zo  inchc»,  that 
on  the  weAem  ooalk  ut  Jm^^aod  will  often  be  twice  M 
much,  or .40  tncbca,  or  more.  Thofe  ti>ind»  dfe  \snx^ 
molt  Kab»  that  Uow  from  the  qnortcr  is  which  >• 
the  mod  atid  neareil  fca ;  as  our  well  and  Ibuth-wcft 
wirn'-. 

iii&alio  touTid,  by  titc  pluriamcier  or  Kain-^ragc, 
that,  in  any  one  pUtc,  tiic  more  kain  i»  culicdttd  in 
the  inflrumtnt,  as  it  i^pl  tccd  nearer  the  gruuitd;  witlicuC 
any  appcaraiiLC  of  a  dilTcrcuee,  beiwecu  two  placcj, 
00  accuunl  uf  thiir  <ii!leieuce  of  level  above  iht  ica, 
provided  the  inilnimetit  i«  but  at  far  from  the  ground  at 
the  one  dace,  aa  it  i*  from  th«  gnNtnd  nt  the  otlier. 
Thcfe  cffeAa  are  remarked  in  tbe  Pliilof.  TnnC  for 
1769  and  1771,  the  former  by  Dr.  Htbcrd^n,  and  the 
Utter  by  Mr.  Dafnei  Barrfngtoh.  Dr.  Ikbciden  fays, 
*'  ci)mp,i!i!ii  1  ill.!  ,:  I,  II!. ^.Ic  Ltuvecn  tl.c  ijuan- 
tity  of  Uain,  whicli  kit  in  l»u  piacca  in  L.uiuUm,  aluiut 
a  mile  dillunt  trom  one  another,  it  uat  ioiinJ,  that  the 
k.^in  in  one  uf  tiicm  conllaiitiy  exceeded  that  in  tbe 
other,  not  only  every  mouth,  hut  almo'l  every  time  that 
it  rained.  The  apparatua  ufcd  in  each  of  tLcm  was 
wry  exatft,  and  both  made  by  the  fame  artill ;  attd 
npoa  examining  every  probaUe  caufe,  this  uuexpeded 
variation  did  not  appear  to  be  owing  to  any  millake, 
but  to  the  coiiilant  cfTed  of  fomc  circuuabncc,  uinch 
not  hcir^  fuppofcd  to  be  of  any  mumciit,  had  never 
hfi:-.  t  h.     1",L-  K   rt  gage  in  ouc  of  ihefc 

pl.i<.c.&  Uikcd  (i»  high,   a»  to  rife  above  all  the 

neiglibniiriiij;  cliimiiieit ;  the  other  was  corilidc:..uiy 
below  tlrtr.  ;  and  there  appeared  icafuB  to  bclieie,  tlut 
the  diHerciJCC  of  tlic  qiiaaiily  of  Rain  in  tliefc  l^vu 
places  waa  uw-ing  (u  this  diticrcncc  in  the  placing  of 
the  ved'ct  in  wnkb  tt  Wat  rettived.  A  funnel  wla 
tbereCiire  placed  above  the  Ligbctt  chimuic»,  2nd  iuM- 
thernpon  the  griMnd  of  tbe  garden  belonging  to  tbe 
fame  boufr,  and  there  was  huind  the  fame  dinxreticc 
between  tlxle  twi^  though  placed  fo  near  one  aoothcr, 
wliieh  there  iud  been  between  them,  when  placed  at 
finiilar  lKij,'hts  in  dificrcnt  parti  of  the  town.  Afitr 
thi»  fail  was  fuindently  aiceitained,  it  was  thouglit 
p^c^ptr  to  tiy  whether  the  dificrtncc  would  be  greater 
;U  .1  111  ich  grciiter  heiglA{  and  a  Rain  gage  was  there- 
fore placed  upon  the  (quare  part  of  the  >w>f  of  Wcil% 
minder  Abbey.  Here  the  quantity  of  Rain  waj  ob« 
fcrved  for  a  twelvemoolh,  the  Rain  being  mcafured  at 
the  end  of  e»ery  month,  and  care  being  taken  that 
none  flluuld  iv.:[i(M.,(c  li',  [..{T.  a  '.eiv  lorn;  ijl  e  i  f 
the  funnel  into  a  bi.ulv  :i,  i  u.i:;  li  a  c<ii  I;,  \.u  v.li.J-.i  it 
wa«  cxadly  fitted.  Ti  e  ii.l  c  '.\eiii  dewn  vtiy  near  to 
the  botte^ni  of  the  bottie,  aiiU  therttuic  the  Rain  which 
fell  into  it  would  ftou  tife  above  the  end  of  the  t>3bc, 
in  that  Uie  water  wait  no  where  open  to  Uic  air  eiccpt 
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for  the  -fmall  fpacc  oF  tht  »rei      the  tube  t  and  by 
Uial  it  was  found  iliat  there  wa«  iiu  Unlible  ev*poratioa 
tkrougli  the  tube  thus  fitted  up. 
Tbe  foUowiag.ubie  Ikem  tbc  refult  of  tbefe  obkr> 


Hie  nfi^«f  theEa^cfioMDt  aic  at  bdowi 


Jidy  the  7t'.i  ;    i^,  to  July  t1  e  7th  1767,  dKie 
fell  in  a  Rain-gage,  iijicd  ^ 


l;66. 


From  itw  7th  to 
the  Old  of  July 
Aogon 
Scptcnber 

Oaober 
N(jTcmber 
December 
1747,  Jmuary 
Frbruaiy 
Mirch 
April 
May 
Jiinr 
July  7 


ileluw  tlic 

Cpun  llie 

top  «(  a 

top  «f  a 

hnifa. 

Imnfe. 

■faeta. 

Inebtt. 

3*59« 

0-479 

[  0*421 

c-3-1  f 

=  •564 

J  -tOl 

1  -0-9 

o-8»2 

1  "fit  2 

1-J5S 

2  "07 1 

1  •  15? 

a -494 

I*»7 

'•437 

1  '213 

2'43J 

>'74J 

1  -426 

0-595 

0*  ICQ 

H'6o8 

18  «59 

fpun  Weft' 
miafter  Ab- 
bey. 


Inthn, 

I  ■,,,6 
o  •  094 

•  •33» 
0-587 
©•904 
IM42 

fi45 
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By  this  t?Wc  it  appearp,  tbst  there  fell  below  the 
top  of  a  lioiife  above  a  fiftli  pari  moic  Rain,  thin  what 
fell  in  the  rrnu-  fp.ice  .-.buvr  the  top  of  ti  c  L-xx 
and  that  thcrt-  fell  upon  Wcftminllcr  Abbey  not  rnuL-li 
abo*eone  half  of  what  was  found  to  fall  in  the  fame 
fpace  bdow  tlie  tons  of  il  c  houfes.  Tliis  experimt-nt 
he  been  repeated  10  vtber  place*  with  the  fame  refult. 
What  may  be  the  cwfit  of  thii  extraordliiary  diflcr- 
cnee,  has  not  yet  been  difcovered  ;  but  it  may  he  ufe- 
fnltogivc  notice  of  if,  in  order  to  prcrent  that  error, 
vhtch  would  frcq\UTit'y  be cunimi!tc<l  1:1  cjmj.arinj;  the 
Rain  of  two  places  without  attcnJir.g  to  this  circum- 
flancc." 

Such  were  the  tibforv.Ht  ions  of  Dr.  IKhi  vi'en  on  fit  ft 
announcing  ihii  circumft.inct,  tiz,  of  difTennt  quan- 
tities of  Ruin  faUing  at  different  height*  above  the 
groitod.  Two  years  afterward,  Daines  BarringtoO  Efq. 
made  the' following  cxpertmentc  md  <»bfcr»atHnii»  to 
flxcw  that  this  effed,  with  refped  to  diSorvnt  It^ 
fpeftcd  only  t'  e  fevu  al  hc'^'hts  of  the  inftrument  above 
the  ground  at  thofc  placi  i,  without  rcpard  to  any  real 
diffcrc-iii-'-  uF  "evil  ill  the  ^r.iuiul  r.t  ihufe  places. 

Mr.  Bavtiiinton  JMuffil  t«o  other  Rain-j^ajfcs,  ex. 
■£Uy  Kke  thoTe  of  Dr.  Hchen'en.  to  he  pl  iccd,  the 
one.apon  mount  Rennifr,  in  Wrtlcj,  and  tlie  other  on 
the'plane  below,  at  about  half  a  mile's  diftance,  the 
pcipendicubr  height  of  the  mountain  being  450  ptda^ 
-m  ijfo  fcetj  each  page  being  at  the  larae  neight 
«bote  tfie  iorface  o  itbe  ground  at  the  two  ftatiomb 
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*'  The  inference  to  be  drawn  from  thcfe  experiircnts, 
Mr.  barriiigton  oljferves,  i'loms  to  ho,  that  the  in- 
crc.ifc  of  tl'.e  cjuantity  of  Rain  depends  upon. its  licaier 
approximation  to  titc  cariii,  and  t^^areely  at  all  Upoa 
the  height  of  places,  provided  the  Raiii-g:t;te*ait  fiilted 
at  about  the  f.tnie  ditlance  fram  the  grouodi. 

I'on'thly  alio  a  much  cootrovertcd  p^nt  bctireea 
tbe  inhabitant*  of  mountains  ami  plain*  ony  receive  a 
folotion  from  thefe  experiment*';  as  in  an  ai^aetnt 
vaBtjt  at  Itafit  very  nearly  the  fame  quantity  of  Rain 
appears  to  tail  within  tlic  fame  period  of  time  as  upon 
toe  nci^iiljou;iii_i;  moiiiit.iin- ." 

Dr.  Htlicrden  ^llu  .uh;.-:  the  following  note.  "  It  may 
not  be  im])roj)cr  to  iiibjom  to  'l  e  toiegoing  account, 
that,  in  places  where  it  was  futi  obfei  ved,  a  diffetent 
quantity  of  Kain  would  be  collected,  according  7)a  (he 
K^tin  gages  were  placed  abore  or  bdow  the  tops  of  the 
neighbouring  buildings;  the  R.ain«gage  bdow  the  top 
of  the  houtcf  into  which  the  greater  qbaaiity  of 
Rani  had  for  femal  yean  been  found  to  ftll,  was  abors 
I J  feel  above  the  level  of  the  other  Rain-gage,  which 
ill  another  part  of  London  was  placed  above  the  top  of 
the  houfe,  and  into  wliicli  the  kiT;:r  tjiiantity  always 
fell.  This  difference  therefore  doe*  nut,  39  Mr.  liar- 
rington  julliy  remarks,  depend  upon  the  gicater  quin- 
tity  of  aunofphere,  through  wluch  the  Rain  delcends : 
though  this  has  been  fuppofied  by  (bme,  who  have 
thence  concluded  that  this  i^npeanuiee  might  readily  be 
Mtr^  by  the  accnmulation  of  noore  drop*,  in  a  dcweat 
through  a  great  depth  of  atmofphere." 

RAINBOW,  Ir'u,  or  limply  the  2?0w,  f«  a  meteor 
in  form  of  a  party-culjuitJ  uieh,  or  ftiiiieirele,  exhi- 
bited in  a  rainy  (ky,  oppolUe  to  the  luii,  liy  tlie  rc- 
fra<ftion  and  rellcdion  of  his  rays  in  the  (irops  of 
falling  rain.  There  is  alfo  a  fceoudary,  or  fainter  bow, 
ulually  fcen  invefling  the  former  at  fome  diftance. 
Among  naturalids,  wc  alio  read  of  lunar  Rainbow*^ 
marine  Rainbows,  &c. 

The  Raiobowt  $ir  I£mc  Newton  obfervn*  nmc 
*  appean  but  where  it  rain*  in  tbe  funfluie  1  and  it  aaair 
be  reprefemed  HtifiaaVyt  .by  oomdniig  water  to  fail 
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ia  fmalldrop*,  like  rain,  through  which  the  fun  fliining, 
exiiibitsa  bo\v  to  a  fpedtator  placed  between  the  fun 
aod  the  droiM,  efpecially  if  there  be  iifyofei  beyood 
tin  dim  tme  iuk  body,  at  t  Ukdt  doth*  OT  fach 
like. 

Sonseof  the  ancients,  a*  appearvby  Ariftotle'straA 

on  Meteor*,  knew  that  the  RaiiiUow  vva-s  cauff  !  hy  the 
refratflion  of  ihe  furi'»  light  in  drops  ui  (M.n^  ram. 
I-one  aficrfmrdf,  one  Fletcher  of  Breflaiv,  in  a  in  jiiie 
which  hr  pt.'^;!if!sj>ri  in  iy7l»  eiideavoutcd  more  }Mj(t- 
CuUrl;  1)  .11-' r,.:n-  for  the  ctloiirs  of  the  Riinbow  bjr 
meana  of  a  double  refraCkion,  and  one  rcflcd^iop.  Sut 
1m  imgiDcd  that  a  raj  of  light,  aAer  cnteriaf  ft 
•f  niot  Md  fiifcriag  ■  rcfnaioa,  both  at  itt  cntniice 
«d  cvk,  «u  ifterwatd*  itlcfted  fnren  awnber  dropi 
tlcfMC  it  reached  the  «ye  of  the  fpedator.  It  (eem*  he 
OTeHooked  the  reflexion  ut  the  farther  fide  of  the  drop, 
er  clfc  IiL' itti  j^'iiiti  tli.At  ^11  I'riL  bcndings  of  the  Ji^ht 
w:l?i;n  th^  dnip  wauM  njl  nnke  a  fufficicr.t  curvatiiic, 
ti.  '  i-.g  tiic  rav  o:  ihi-  !'iui  to  t'lc  CTf  of  the  lpcc\jtor. 
But  Aoionio  tic  Domini*,  biihop  of  ipaUto,  about  the 
year  15901  whofc  ticatifc  De  JiaJi'u  V>Jaj  et  Lix'tt  wa» 
publilhtfd  in  t6ii  by  J.  Bartolun,  iirl  :i:7\'anccd,  that 
the  double  rffnifti»n  of  Fletcher,  sn  intervening 
fcflcAioo^  waa  fuScieal  to  produce  the  cofawn  ef  tbe 
Rajabow,  and  alio  to  bring  the  ravi  that  formed  them 
to  the  eye  of  the  fpcdator,  without  any  hibfcquent 
reflc^on.  He  diflinfllr  dcfaibe*  the  proj;ref»  of  a 
ray  of  light  entering  th.-  upper  pa't  >  v.v^  <ii 
whf  re  it  foffcn  one  rffratUon,  ami  jfiir  bjiii:;  b)  that, 
tlir.jwn  upon  the  back  p;i't  of  the  i::i;rr  fLi;tace,  it 
from  thence  reflefted  to  the  lower  part  of  the  drop  ; 
at  which  place  undergoing  a  fccoud  refra^icn,  it  ii 
thereby  bent  fo  a«  to  come  dircdly  to  the  eye.  To 
verify  this  hypothefi*.  he  procured  a  fiaati  globe  of 
fdid  gUft,  and  viewiag  it  tarfaea  it  wia  expoC^  to  the 
ray*  or  the  fun,  in  the  lame  raaaner  in  wBieK  be  had 
fiippofc'.l  the  tlnips  of  n\n  were  fituated  with  refpcil 
to  ihi;m,  he  actually  <ibfcrvcd  the  fame  culoun  which 
he  had  fecn  in  the  ti:ic  Itiitihow,  and  in  the  fame 
order.  Thus  this  *i!tb>r  fhcu-ed  liow  the  interior  bovr 
!»  formed  in  rotuid  ilropa  ol  m'n,  by  two  r^fric- 
tions  uf  the  fun'*  rays  and  one  redcctioti  beivrten  tiicra  ; 
and  he  likewife  (hewed  that  the  exterior  bow  is  formed 
by  two  rcfra^iun*  and  two  forts  of  reflection*  between 
them  in  each  drop  of  water. 

Tbe  theory  of  A,  de  Dominie  vat  adopted*  and  in 
feme  dep'ee  impnmd  with  refpeft  to  tbe  exterior  bow, 
by  Dis  Carte*,  in  histreatife  ^f^tt•ol'i;  and  indeed 
he  was  the  firft  who,  by  applying  niatlnm.itics  to  the 
invi'iU'^.ititin  of  this  furprifing  appearait:  l',  ever  j^nvc  a 
tolerable  theory  of  the  Rni'ibmr.  Pliil  jf  >plicrs  were 
however  ftill  at  a  lofs  w  li<  ii  they  cmi';ivourtJ  to  aiEgn 
rrafon*  for  all  the  particular  colotirs,  and  for  the  order 
of  them.  Indeed  nothing  but  the  doikrincof  thedi^ 
jiere&t  refraogibiltty  of  the  rays  of  lq;htp  a  di{bo*erT 
wWdi  was  rcimed  for  the  great  Newton,  ooitU  femia 
a  conqdete  Iblation  «f  this  dificulty. 

nr.  Banow,  in  hie  LeAione*  Opticxr,  at  LeA.  12, 
Ti.  14.  f;>y',  that  a  fnViu!  of  Iiis  (by  whom  we  are  to 
tioierilatid  Mr.  Newton)  communicated  to  him  »  way 
of  detcrminliii;  the  angle  of  the  Rainbow,  wlm  h  wa» 
hinted  to  Newton  by  Shilius,  without  making  a  table 
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the  method  I  u  alfo  fevrral  other  matters,  at  n.'T4| 
I  16,  rcktiai^to  tbe<iUiabaw,  worthy  the  gcaiua  of 
tlwlie  t«ro  eminent  men.  Bat  the  lidi|«&  waa  gi«at 
■MmtpcriiefUy  by  Newtm  afieinaiidi>  in  Ua  0|rk 
tiea»  pioOifl  wtiere  iie  make*  the  breadth  of  the 
interior  bow  to  be  nearly  i*  i  j ',  that  of  the  exte- 
rior 40  ,  l!nu"  (Iii'aiicc  J.)'',  the:  gicatill  ;'c.^.iJl- 
au.eicr  ot  [lie  interior  bow  42"  17',  and  the  Jealk  of 
<.\:en.)r      ^\  wbco  thctr  CHoura  appear  iiw^ 

•ud  perie£l. 

Ttie  liKtrine  of  the  Kiinbow  maybe  lUttArated  and 

confirmed  by  expejiroent  in  fcveral  different  myik 
Thus,  by  hanging  up  a  glulis  globe,  full  of  wacett  >4 
the  fuD-lhioe,  aod  viewing  it  ia  fucb  a  pofture  that  the 
rays  which  come  iirom  the  globcto  tbe  eye,  may  indnde 
an  aagk  either  of  41^  or  50^  with  the  lun's  ray* ;  for 
ex.  if  the  angle  be  about  4;«,  the  fpedator  will  fee  a 
full  red  cohiui  in  lli.it  lijc  uf  the  j;lobc  oppoii;e  tj  the 
fun.  .(ViiJ  by  vjiyiiig  tar  poiiuoii  lo  as  to  make  that 
an^le  gT»tl\i.illy  It l-s  tiic  oiber  colours,  yellow,  >;rtcn, 
and  blur,  will  appear  lucccliivcly,  in  tht  I'atne  iidc  of 
the  globe,  and  that  very  bnglit.  But  if  the  angle  be  . 
made  about  jo",  fuppofc  by  railing  the  globe,  there  " 
will  appear  a  red  colour  in  that  iidc  of  the  gl<^  to< 
ward  the  fun,  though  fonMwh»i  faint  ;  and  if  theangle 
be  made  greater,  as  by  nifing  the  rlobe  Itilt  higher, 
this  red  will  chaqgC  fucceflively  to  the  other  culojri, 
yellow,  green,  and  Woe.  Ami  the  ijnic  change* 
arc  obftrvcd  by  railing  ctr  dtprcl>in;j;  the  t)c,  wiiilc 
ihc  globe  is  at  r«ft.  Ne*ioa'8  Optics,  pt.  2,  prop. 
9,  prob.  4. 

Again,  a  fimilar  bow  is  often  obfe-vcc!  Rsnong  the 
waves  of  the  fca  (called  tin-  murtnt  Ramh  -.m),  the  up-  ' 
per  part*  uf  the  waves  being  blown  about  by  ihewiMl* 
and  fo  failing  in  drops.  This  appearance  is  ailfe  (Iwa 
by  moon  hgbt  (called  tbe  Aimt iS^uiiMirJ,  thov^h  tieU 
dom  vivid  enough  to  render  the  colours diJIingimhable. 
Alfo  It  is  fomciimes  fecn  on  the  grontu!,  when  the  fmi 
Ihincs  on  a  very  thick  dew.  C  -ikinIes  and  toimiaiiii 
tdo,  whulV  watL-vi  are  in  their  fall  divided  into  drops, 
exhibit  Riimbow*  to  a  fpcftalor,  if  properly  filuaied 
d  inn^r  the  time  of  the  fun's  (liining;  and  even  water 
blown  violttitly  out  of  the  mouth  of  an  obferver,  fland« 
ing  with  his  back  to  the  fun,  never  fails  to  produce 
the  fame  phenomenon.  The  artificial  Rainbow  mar 
even  be  produced  bv  candle  light  on  the  water  which 
isqededlnr  a  fmiii  fcwntain  urjetd'eau.  All  ihefe 
are  of  the  fame  MUHn»  and  thev  depend  upon  the  iaoc 
canfeaf  CaaeaccouBi «f  whiekia  aa Mlvmi 
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Xjet  the  circle  WQGB  rcprefcnt  a  drop  of  water, 
•r  a  globe,  upon  which  •  beam  of  parallel  light  fjIN,  of 
which  Ic:  rB  lre|»wfe«t  ■  ray  falling  p-rpendicul.irly  at 
2,  and  which  coiriiB>fttiitIy  cither  panes  through  with> 
•at  it&aflkna*  or  it  rcAKted  dire^hr  back  from  Q. 
duppoTeaiMtlNTlw  IK,  incideattt  K,  tt  adiftance 
from  B,  aitd  it  wllf  te  f«f rafted  aecordinv  to  a  certaia 
ratio  of  the  finr^  of  incidence  and  rcfr*Sion  to  each 
Other,  whicb  in  lain  water  ii  as  529  to  396,  to  a 
point  L,  whence  it  will  be  i:i  part  tranfmittcd  in  the 
diredion  L  Z,  and  in  part  refletted  to  M,  where  it 
will  again  in  part  be  rcflectfd ,  and  in  part  tranf- 
mitted  in  thcdiicttion  M!',  being  indinrd  to  the  line 
defcribed  by  the  incident  ray  in  the  anele  lOP. 
Aaother  ray  AN,  till  farther  irom  h,  and  amTcqiKntli 
bddent  undrtr  a  grcater  aagle*  «9i  be  lefiafted  to  a 
poiat  F,  fttH  Either  from  Qj.  whence  it  will  be  in  part 
refleded  toG,  from  which  place  it  will  in  part  emerge, 

with    the   iiiL-idfiit  AN, 


feen  rtrr  refplendenl  when  its  pnCttlnn  I«  fbcfi, 
tiiofe  parallel  rajTi  Ml  00  the  eye  of  the  foe^ator. 

The  qnailtiuei  «f  thelie  angles  are  detcrrnined  bf 
calcuhRioa»  the  ptoportion  of  the  fines  of  iacideae* 
and  refradioo  to  each  other  being  known.  And  tUh 
p<H>wiiiin  befav  diftwent  in  taya  which  piodace  dUe> 
mt  cotoaf««  the  angica  tanll  vary  ia  aach.  Thus  it 
h  found,  that  the  greatcti  angle  in  rain  water  for  the 
leaft  refrangible,  or  red  rays,  emitted  parallel  after  one 
reflection,  it  42°  2',  and  for  the  mt>!t  refrangible  or 
▼iolct  ravi,  ciniited  parallel  after  ove  reHeflion, 
AO<*  17';  likewifc,  after  two  reflection!,,  the  Icall  rc- 
frangiblc,  or  rt  I  rays,  will  be  emitted  nearly  p«raUel 
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:ii  wai  f'irmfd  between  the  lay 
ly.  And  thus,  wiiilc  the  ar.i^lc  cf 
point 


refrangible, 

or  ftoktt  nsder  an  angle  of  ;4«  7'  (  and  the  iatcnu. 
dhite  eolonrt  will  be  conned  nearly  parallel  at  interme* 

diate  angks. 

S'jppofe  DOW,  that  O  ii  the  Ipcd^tor'a  eye,  an.-* 
OP  .1  i:  >c  c'rawn  pafiDd  to  the  timf%  njt,  SE,  SP» 

SG,  and  tH; 


VOG,  POH  be  mke 
Twd  Mteat  their  commoo  nde  OP, 


forming  an 
greater  than  tliat  win 
MP  and  its  ini.ii?rr.l  r 

iDcidence,  or  dillaacc  of  the  point  of  incidence  from 
fi,  incrcafei,  the  diltatice  between  the  point  of  reflec- 
tioa  and  Q^and  the  angle  formed  hrt^vern  the  incident 
tad  cnKrj^eut  reflefled  rayi,  will  alfo  increafc  ;  that  is, 
■•fir  at  &  depend!  on  the  dillance  from  B :  lyitaa  the 
idbAion  of  the  i«*  tcodato  earry  the  point  of  itllc^ 
tion  to*varda  Q^^  and  to  dtminifli  the  angle  formed  be* 
tween  the  incident  and  emergent  refleAcd  ray,  and  that 
the  more  llicgrfattr  the  <iillaiiLe  of  tht  jwint  of  inci- 
dtnce  froiii  15,  there  will  be  a  ceitai-i  point  cjf  iiiiji- 
deiice  bclutcn  B  aiiJ  W,  w  ith  whiih  the  grcatcll  pi  f- 
fible  diftaucc  between  ti>c  point  of  tcdc'^tion  and  Q, 
aad  the  gfeatiA  paflible  angle  between  the  incident 
aad  emergent  refle£led  ray,  wiD  correfpoud.  So  that  a 
fay  iaeidcnt  nearer  to  B  ihall,  at  its  emeigence  afttr' 
RleAtoa,  font  a  left  aagk  with  the  incident,  hf 
fon  of  Its  mere  dhneft  refleAfon  from  a  point  nearer  to 

a  i\iy  ''nciiu-rit  ma-i:;  to  W,  fhal!  at  itj  emer- 
gtiicc  lurin  a  kfs  ajij^lt  Witii  the  incident,  by  rtafon  of 
the  greater  q  uiility  of  the  angles  of  refraflion  at 
its  incidence  and  enicrgcncc.  The  rays  which  fall  for 
a  confidcrablc  fpace  in  the  vicinity  of  that  point  of  in- 
cidence with  which  the  grcatcil  angle  of  emergence 
correfponds,  will,  after  cmergine,  form  an  angle  with 
the  incident  rays  differing  itilenhbly  from  that  greateft 
•t^riCi  and  confcqucntly  will  proceed  nearly  paraUet  to 
eacn  other;  and  thole  rays  which  fall  at  a  dillance  from 
that  point  will  emerge  at  ▼arious  angles,  and  confe- 
qucntly  will  diverge.  Now,  to  a  fpcftator,  whofc 
back  is  turned  towards  the  radiant  bujy,  and  whofc 
eye  is  at  a  confidcrable  dillance  frcim  the  glolK-  or  drop, 
the  dimgcDt  light  will  be  fcarccly,  if  at  all,  percep- 
tible; but  tf  the  globe  be  fo  fituatcd,  that  thofe  rays 
that  emerge  paiaUcl  to  each  other,  or  at  the  greateft 
poffible  angle  with  the  incideot,  may  arrive  at  the  eye 

of  the  rpcdater,  be  will,  by  tteans  of  thole  rays,  be-  from  the  drops  in  the  Une  OF,  and  ftnk 
boidit  nearlf  with  the  faiAeii^onrat  any  dillance.   "  *"       ""  "" 

In  like  manner,  thofe  rnys  which  fall  parallel  on  a 
globe,  and  are  emitted  r.fter  two  rtflcffiions,  fuppofe 
at  the  points  F  and  G,  will  emerge  at  H  parallel  to 
each  ottk'>,  when  the  angle  they  make  with  the  ioci- 
4aA  AN  it  the  letft  poBiblei  lad  (he  globejnwft  be 


nd  let  FOB,  FOF^ 
of  4oP  17*,  4i»  a', 

then  thefe  angles  tunied  1 

will  with  thar  other  fidct  OE*  OF,  OG,  OH  de- 
fcribc  the  verges  of  the  two  lUinmws,  as  in  the  figure. 
For,  if  E,  r,  G,  H  be  ilrnps  placed  any  where  in  ihc 
conical  fuperficics  defcribed  by  OE,  OF,  O.t,  OH, 
and  be  illuminated  by  the  fun's  rays  SE,  SF,  SO, 
SH  ;  the  angle  SEO  being  equal  to  the  angle  POF., 
or  40°  17',  will  be  the  ntatcftavglc  in  which  the  molt 
refrangible  raya  cu,  a&r  eoe  fcle6toa,  be^  refrafkcd 
to  the  eye,  and  tbcrelbK  aD  the  dnps  in  the  Ime  OS 
mud  fend  the  moft  refrangible  rays  ntoft  copioolljr  to 
the  eye,  and  fo  llrike  the  fenfe  with  the  deepeft  vtokt 
colour  in  tha^  region.  In  like  manner,  the  angle  SFO 
being  equal  to  the  angle  POF,  or  4:°  will  be  the 
greateft  in  which  thcTeall  refrangible  rays  after  one 
refleSion  can  emei^^e  out  of  the  droj..,  and  there- 
fore thofe  rays  nail  come  moft  copionily  to  the  eye 
from  the  drops  in  the  Une  OF,  and  ftrikc  the  fcnle 
Vith  the  deepeft  red  coloor  In  that  region.  And,  bjr 
the  fame  arguOMlU  the  which  have  the  inter'* 
mediate  degrcei  Of  reltmngibility  will  come  noft  00. 
pioufly  from  drops  between  E  and  F,  and  ftrike  the 
fenfes  with  the  iotertnediate  colours  in  the  order  which 
thdrdegncaof  icfiriiqpbaitji«i«ii«i  that  is,  iu  the 

progrelii 
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piogreCi  fisom  E  to  F,  or  from  the  iiiuJc  ai  ihc  Sjuw 
to  tlie  uiitl'idc,  iu  thi*  wUcr,  viokti  indigo,  blui-, 
^■rtcii,  ytllow,  oranj!-,  red.  But  tb«  viakl,  by  tike 
mixture  ot  the  wl.itc  i:,;ht  of  tbe  cloiHi%  wiO IjppeMr. 
faint,  and  inclined  to  purple. 

Again,  the  anylc  SlJO  bciiii{  equal  to  tlic  angle 
POG*  or  50' 57  ,  will  be  the  Icid  angle  in  wliicli  the 
rays  can,  after  tv.Mt  rtriicclionxy  ctncT^c 
out  of  th*  drajM,  and  tlicrcfui  e  ihc  kail  icfnmgibk  rafi 
^initft  cooie  molt  copiuiiHy  to  the  eye  ftom  tbe  tlropi  in 
the  line  OG,  ;inJ  fliikc  the  iVnI'c  with  tlic  Jccpcll  red 
inttiat  :<:;  icii.  And  the  ar.^^e  SHObcii!g  cqnjl  to  tlic 
ar  jjc  rOH,  or  54''  7',  vill  hu  thdeall  angle  in  wliiih 
the  iroil  rifriiigihlc  rays,  after  two  itHtttionii,  can 
cnurgc  out  of  ihc  dit»p,  and  therefore  ihofc  nyi 
r'uft  come  moll  copioutly  to  tbe  tyc  ftotn  the  dropa  in 
the  line  OHt  and  Arike  the  ferfe  with  the  deepeft. 
violet  ill  tJtat  rcgiun.  And,  hj  the  fame  ar^rnment* 
the  droj  s  in  the  region*  bclvrern  G  and  II  wiil  ftrike 
|h<  fcnfe  with  tbe  tntettncdijt.:  colouri,  in  the  order 
«rfa!dl  iheir  de^ea  of  reJr.iiip;blliiy  rctjuiie  ;  th;it  i», 
in  ibcprogrefi  from  G  to  H,  or  from  theinlidc  of  the 
bow  to  the  outfide,  in  lliia  order,  red,  ornnjjc,  yelU.w, 
l^ietn,  !)h:e,  rndi^o,  and  vioU't.  And  fnice  tiie  four 
OE,  or,  OG,  OH  may  be  fitnat.d  any  where 
in  thL' rbove-mentioncd  <  .ii.;  , !  luptrficies,  w  hat  is  faid 
cf  li  e  dro|M  Gild  cuiyuis  iu  tbcfe  lines,  it  to  be  under* 
Hood  of  thciliopttfdcolonnciKify  ariietcin  thofvfii- 

i;erficic». 

Thn«  there  will  be  made  two  baWS  of  ColoUtaf  an 
intorior  and  flrongcr,  by  one  rrllcdioo  in  tbe  dnipa* 
and  an  oiaiof  and  fainter  by  two  ;  for  tbe  light  bc- 
Coiaet  fainter  by  every  reflection  ;  and  their  cclouri 
will  lie  in  a  contrary  order  to  each  other,  the  rrd  of 
1  (ith  1  Inndcrinj^  upon  thcfpaccGF,  whichisbe- 
twviM  the  bowt.  The  brtsdih  of  the  intctior  low, 
tOF,  mtafurtd  aciofs  the  colcnrs,  ivill  be  1°  15',  and 
tlie  brcaUih  of  the  estcrivr  GOM,  will  be  5°  Jo',  alfo 
the  dillancc  between  them  C01e\  will  be  S°  j^',  the 
grcalell  fcmidiameter  of  the  iiincMnofl,  ti  nt  >$,  tlie 
nDgkPOl',  beinp  4j"  2',  and  the  had  fetnidiiintter  of 
the  outeioioft  roc  being  soft  Thcle  ve  theaia»>, 
ftim  of  tlie  boMrt  at  tbty  wotdd  be,  were  the  fun  but 
apoini}  but  by  thcbreadthof  his  bcdy,  1!  i  ]  :i.;';h 
of  the  bcwii  niil  be  iiicreafid  by  Liit  a  ilc^,!!.*., 
ard  the  i  i  i.  iac  ditnii.iilied  by  a»  nu.el,;  lo  thnt 
the  bttaiJili  tit  the  inner  bow  will  be  2°  ij",  tl:;it 
of  li  e  outer  5"  40',  their  diflaiice  ti"  21;';  the  gieateft 
friv'fh-.tr.Ofr  of  the  iniiriiT  bow  42°  f,  ',  and  ibt  kaft 
o"  t'.t  1  r     '  42'.    Aiidfnth  are  tbe'dilDenCtais 

cit  the  boMS  in  the  bcavint  fi  und  to  be,  Tcry  SCiyljf. 
vhen  the ii  toh^urii  appear  frirt-.g  and  pcrfcft. 

Tbe  light  whidi  oomca  tfuvuqh  diop&ol  rain  by  ivo 
rcfradiont  without  any  r(fl('£i>>  n,  ouj^ht  to  a[ipear 
lliongtft  at  the  dilKincc  of  iiYxiui  Jv,  r-.t-  fii  t.,  the 
fun,  and  to  dicsy  ^rndually  boll,  uays  .lit  ila-  t.iUar.ec 
frj^in  ttie  fun  int  itsfeg  itnd  dttiii/e?.  And  the  lame  is 
to  be  i;rdnllii('d  ef  lfj;hf  Irinfniiittd  through  Tphrrical 
builili.i  fR.  If  the  hail  Ic  a  Jirtle  f?;.ttcd,  as  it  often 
IS  the  l:;jl;t  tidufrr.iltcd  tray  {,ik.w  fo  iliong  at  alitUe 
kfti  cliilai^cc  than  that  (  f  jC^,  a»  lo  fonn  .1  halo  about' 
the  ivn  and  moooi  .«hiiii  haio»  nhcn  the  iloncs  aire 
duly  figuttf!,  m»i  be  coloured*  and  that  h  mull  be. 
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red  with'n,  by  tbe  lead  itfiTtnp'Ue  nyt,  and  bhie 

without,  by  the  tnoJl  relra^igibk 

The  lii,ht  which  paiTtj  tiirougU  a  drop  of  lai^. 
after  two  refratticiir,  ^11. i  three  or  more  reflcdioMh 
is  fcarcc  Ar»ng  enough  to  caufe  a  fcnf.ble  bow. 

As  to  tbe  diracnfion  of  titc  Ilainbow,  Dee  Cartes  full 
detennintd  its  diautcier  by  u  tentative  and  indircci 
n<ethod  t  laying  it  dowii,  thm  the  magnitude  of  the 
bow  dc{><.nds  on  tliC  depcc  of  rcfraAiuu  of  the  fluid  f 
nnd  aflucniug  the  latio  of  the  fine  of  incidcnee  to  that 
of  refndiioo,  to  be  in  wat;:t  as  2JO  to  187* '  But  Ur*_ 
Halify,  in  the  ?!  iluf,  Tranf.  number  16-;,  gave  a' 
finiple  dircil  incili'Kl  of  dttcnr.ining  ibe  C'MirAUr  '  f 
the  K^:iibgw  from  the  ratio  of  the  refmuuu  ul  \hc 
fluid  being  givm  ;  or,  »icc  verfa,  the  diameter  ol  the 
Ruiuijow  being  given,  to  dtlcni'.ii.elhe  refractive  po.vLr 
of  tbe  fluid.  And  l>i  .  Haltcy's principks  and  coidiruc- 
tion  were  fttitbcr  cxpiaiiud  by  Dr.  ^I<>lg.-ln,  bilbop  of 
Ely*  in  hit  D  fleitation  on  tlic  Rainbow,  among  the 
notea  upon  Rohiuiik'a  Sylkcoi  of  JPhilufophyi  part  3« 
chro.  17. 

From  tbe  theory  of  the  RaliiboM',  all  the  partial- 
lar  pliciionicna  ut  it  ait  t;il'.]y  dtdiiciblc.  Hence  »e 
In  ,  1 1.,  Wliv  tl:,  iris  is  ilvvayi  of  the  fan.c  bieak'th  ; 
Ui  juif  the  ii.teinicdiatv  degrees  ot  refrau^jibility  of  ;lic 
ra)!,  between  red  .nud  violet,  which  are  its  CXUemc  co« 
loan,  ate  alway;>ihc  fatnc. 

adiy,  \VIiy  tlie  bow  fhifts  iti  Cnution  as  tbe  eye 
ioci :  and,  as  the  popular  phrnfe  has  it,  (lies  ftcm  lliufc 
who  follow  it,  uud  follows  thofc  that  fiy  from  it ;  the 
cobured  diopi  bcinfp  difpofed  under  a  cenain  an^e, 
abont  tbe  axit  of  vifion,  wliidt  it  different  in  diJle* 
nut  pkoc; :  uhencc  alfo  it  followtp  that  tci'erj  diCiiient 
fpcdator  fees  a  difTcient  bow. 

5dly,  Why  the  bow  h  fometimes  a  larger  portion  of 
a  ciiek',  fcn-ctiiiie»  a  kTs:  it*  magnitudi-  dcpendli  g  «  n 
the  greater  or  Ids  pait  of  ilic  Uirfaci  of  the  cone,  above 
the  furlacc  of  tbe  tarih,  at  tbe  time  uf  its  ap- 
pearuiH  c ;  and  the  higher  tbe  fus,  always  tlw  left  the 

Rainbow. 

4;hl} ,  Why  tbe  bow  never  appears  when  the  fun 
ta  above  n  ceriain  akiinde  ;  the  iurfjce  pf  tbe  cune» 
in  wliich  it  Otovid  be  fcen,  liciog  lt»A  in  ibe  ground 
..t    1      klitUnce  froo  the  cyci  wDca  the  fun  is  abere 

4*'  l.igli. 

jthly,  \\'hy  the  bow  rcvcr  appears  greater  ll.sa 
a  fcniitirclr,  on  a  plant ;  (ir.cc,  be  tiie  lun  never  lo 
low,  and  even  in  the  Imri/on,  tin  centre  of  the  bow 
is  ibll  in  the  line  of  i,fp«.^l  i  wbieb  in  this  cafe  runs 
.nlong  the  i.ulh,  ur.d  is  not  at  all  r.'iifed  above, the  Air* 
face.  Indeicd  if  tbe  fpcdator  be  placed  on  a  very  cic»o* 
fiderable  eminence,  and  the  fon  m  the  horiaoa,  the 
Hue  of  afpcd,  in  which  the  centre  of  the  bo#  i^ 
will  he  confukrably  r»iCrd  above  the  hortun.  And, 
if  the  eminence  be  vciy  high,  and  the  ratu  ncSTf  it 
is  j  ijfl'hU'  ihe  bow  may  be  an  entire  ci;c!e. 

bliily,  How  the  bow  huiychance  lo  aj:  pear  inverted, 
or  tl  c  concave  fide  tiunesi  upwards  ;  \iz  a  cloud  hap- 
pening to  iiitticrpt  tbe  rays,  and  prevml  their  (hining 
oi)  tl  e  upper  pj.It  of  the  i,nh  :  in  whith  cafe,  only  the 
lower  pa  It  ijspesring,  t!i«  bow  uiU  item  as  if  turned 
upfide  down;  which  haa  probably  been  the  cafe  in 
Icver^l  prodigies  «f  dUikla^s  related  by  authoiw* 
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put  of  tlie  ia 


Lunar  Raisbow.  The  moon  fomftime*  slfoexbi-  i^w»  of  irets  for  the  people  to  walk  and  amufc  them- 
llti -the' pbcnotncnon  of  an  irit,  by  the  refra^ioa  <if    {t[\<:i  under. 

llcr  raT»  in  the  dropt  of  rain  in  the  night>tinie.  RAMllii  (Pste^),  a  celebrated  French  mathe* 

Anflotle  fays  he  was  the  firft  that  ever  ubferved  it ;  matic'an  and  philolopher,  wa»  harti  in  I in  a  vik 
Md  mMat  it  »  never  iiten  but  »t  tl)e  time  of  the '  larrc  of  Vcmtioidoia  in  Ptcvdy.  He  «ru  dcfooi^ 

of  a  good  fatailjr,  whicb  had  been  redoecd  to  cnretne 
jmtttjhj  the  win  aad  other  mi»furtonc».  Hiii  ou-n 
ufetoo.  Cm  Bayle,  was  tlic  fport  of  fortime.  In  his 
iiifincy  he  w  is  Xwwc  attai.k*.r:  i.y  Uic  pki^ojc.  At  8 
VC-iT*  ot  .i^f,  a  ihint  lor  !c.a:nni^  urg-ctl  li:m  to  po  ft> 
Paris;  but  he  was  ;<  1:1  f»ic  d  by  po\rerty  to  leave  that 
city.  He  returnckl  lu  tt  «g.»in  as  foori  m  h',*ci»:iUl ;  hut, 
licing  unable  to  fuppoit  binUVif,  he  Icit  it  a  ftcond 
time:  yet  hi*  pathun  for  iludy  fo  liolent,  that 
■otwithttandiof;  his  bad  fiuccft  in  ihc  two  fonner 
vifittt  lie  veniured  uj^a  « ihinl.  Uc  wu  OHuntviKd 
thcK  fiimc  nontht  by  one  «f  bit  undn  \  after  wbich 
he  mwcbKced  to-bccotrte  a  fcrvant  in  the  college  of 
N««anre.  Here  be  ipcnt  ibe  day  in  waitinii 
li^i  maOciti.Md  the  matclk  put 

nujv.  . 

Artrr  Lading  finilTiid  claflical  learnini'  am!  ififton'c, 
he  went  through  a  courfe  uf  philufophy,  which  took 
hitn  up  three  }'t»rs  &iit!  a  halt  in  the  fchouti>. 
tliefis,  wltich  he  inade  for  hia  maAcr  uf  ark*  degive, 
oHcodcd  evtiy  ont' I  lus  lie  inBiniained  in  it^  that  all 
tliiit  Afiiiotkbad  ailvaiKCd  waa  faUc ;  aad  he  give  very 
good  aafwm  to  the  ot^adioni  of  the  profi:8br».  Thia 
lucccfs  enconrajrct!  him  to  cxatumc  the  d<iftrinr  nf 
Artflotle  more  clofily,  and  to  combat  it  vij^nroon\  : 
but  he  II  I  l:ii'<i  iiiii.  'If  chicAy  to  hit  lojric.  The  two 
iiril  liiirjk'j  !»«:  pubuiiied,  the  omr  eulitltt?,  JnjVitut'f  mi 
D  aiidus,  \X\t  other  /iryiiiteliit  .inimndvrrflonri,  occa«  . 
iioiitd  great  dift-.irbancc»  in  the  uuivcility  of  Paris, 
The  proftffors  there,  who  were  adorere  of  Artflotle, 
ought  to  have  n  fated  Ramuj's  books,  if  tliey  could, 
by  writings  and  lechirts:  but  inlleulr  of  confining 
Uiemfclveft  within'  tho  jull  bounds  of  acadmtcal  war*, 
they  profocuted  thla  aBti-peripatetic  before  the  civil 
magiiiraie,  as  a  man  who  ynx%  ^uiin:  ;<>  tbe^found** 
tiona  of  rtligiou.  Tiny  raifcd  Inch  Llausour^,  that  the 
caiil'e  was  carried  before  the  parlijiniut  of  Pail  .:  1  itt, 
perceiving  tliat  it  would  Ik-  examined  e^iublv,  his  ene- 
mies by  their  intrigu«-«  took  il  from  that  tiihoual,  to 
britig  it  before  the  king's  council,  in  1543.  The  Icing 
ordci'cd,  that  Kamus  and  Anthnny  Govea,  who  waa 
hi»  piiiicipal  advirftry,  ihould  cboofe  two  judfca  each, 
to  proBouuce  cn  the  conttovtrfy,  after  they  rtiould  bate 
ccuo*.  tiiiir  difpututiOBi' wbile  hi<  hiwretf  4ip(^iointed  a 
diji  iiy.  Ramus  appearedbelbre  the  five  judges,  though 
lliiee  of  llieni  were  hii  ('u'jitJ  i  The 
difpi'te  lulled  two  dayi,  and  Guna  l.ad  ali  the  ad- 
Taut3^c«  he  cutJil  liiri  c;  Ramuk'a  bunks  bciuy;  prt>« 
hibit<.d  in  nil  p.iiU  i>f  the  kiii^d  itn,  and  their  aa- 
thor  fentenced  not  To  teach  pliilufuphy  any  longer } 
«pua  whidk  his  cacmies  triumphed  in  the  moll  it>de> 
cent  Bitaancr. 

The  year  after,  the  plagne  made  peat  ha*ac  tn 
IWii,  and  forced  qmU  of  the  Ibdtrti  in  rhe  coUctfr  of 

rrcflc  to  <jiiit  it ;  but,  Rao^iis,  h->')g  ^irrvailed  -jp  j:)  to 
te^iC^  i.n  it,  f<ioii  drew  t«);ether  ■.  \%  eiiimber  i  f  ati* 
(i.roi-.  'iiic  ;liannc  attempt- 1.,  ■.•;uii  \v  dnve  h>m 
twm  tiiai  college  ;  £»r  Lc  Ldd  Uk  Uauibip  itf  that 

.  bonlis 


hO  moon »  her  Vij/kt  it-  other  tioM*  being  too 
fiitnt  to  nfiift  the  ^[ht  after  two  refnftioaa  and  o«e 

refle^liofta 

T!u-  li.:i;ir  iri*  hai  all  thr  rfilu'trs  of  tlic  f.ilir,  vt'-y 
diftinrt  mill  pieniiint  J  only  fainter,  both  froni  theditte- 
rrnr  in-.c'nr>ty  of  the  tvfi^  sndthe  rtilil I  III  difpolitiiMi 
of  the  medium. 

ttarim  Hainbow.  This  ij  a  pheocmenon  f<ime- 
timea  obferved  in  a  much  ajritated  fea  ;  when  the  wind, 
fAcepioe  part  of  the  top»  of  the  wavcf,  carric*  ihcM 
ablt  I  ra  that  the  fun'a  raySf  fidKng  upoa  ihem,  are 
lefndcd,  ftcr  as  in  a  common  Ihownvindtben;  paint' 
tbe  colours  of  the  how.  Thele>  bowv  are  Ma  diiUn- 
l^uifltable  and  brijdit  than  the  common  bow :  but  then 
they  exec td  ;n  in  iiuinljo,  ;h«.rc  heit^^  fonietimcs  2a 
or  JO  fccn  toL't'tKT.  rh<  V  ;i.i}(taf  at  i.a<in  dav,  jud  m 
a  Dr.li;io:i  oppolilL- to  t;i:it  Lf  the  COttlfnon    b  W,  the 

concave  fide  being  turned  upward*,  as  indeed  it  ought 
to  be. 

RAIN-Gaob,  an  ioilnKnent  foe  meafuring  tbe 
qmtitj  of  rain  that  lalla.  It  <«  the  faaoni  OHnno- 
Miran,  or  F^vTiAiitTM,  which  fen. ' 

RAKED  TMtt  or  Rakin«  faMr,  in  Arayteaare, 
a  member  boUeapcd  iathe  j^nait-  of  n  pedcilai,  or  dCe^ 
where. 

RAM,  ill  AlTiTincmy.  KeeAaiFs. 

Ram,  ktlisttng.    Sec  \l)Km%ltiO  Rmwu 

Rams-Hu«ks,  in  Fortilicatioa,  n  anoe  gtvca  by 
BelidoT  to  the  Tniaille*.  s  ■ 

RAMPART,  or  RAMFiEa.in  Fortifimion, a miBj 
bank  or  elewation  of  earth  around  a  place,  to  covt>  it 
from  tbe  dlTCCt  ftre  of  an  enemy,  and  of  fufiicieM: 

tbicitDeb  to  leiift  tbe  effiarta  of  ibcir  caoaon  for  maoy 
daya.   ft  is  fimned  into  baftibna,  eurtaint,  &c. 

Upon  tbe  Rampart  the  fold'cis  cnr.tinually  keep 
jTTiard,  and  the  piece*  of  a^-tillcry  arc  pl.i:itt.d  for  de-. 
fence.  Alfo,  to  /belter  the  nu  n  fr;  m  i!ic  tneniT'*  fhot^ 
the  cuitfideof  the  Rsmpsiit  \'-  \w\\i  liiidur  than  thi' rely 
i.  c.  a  prirjpt-t  •%  taiUd  upon  it  with  a  plallorm.  It  it 
encompailed  wiih  a  moat  or  ditch,  out  of  which  is 
dug  the  eaith  that  forms  the  R  impart,  which  is  taifed 
Hoping,  tbnt  tbe  earth  may  not  flip  down,  and  itatiiig 
n'bennc  it  bottom,  or  is  otherwillt  fi>fttfied»  bong 
lined  with  a  facii^  of  bricit  or  ftonea  .  .  •  ^     <  •  > 

Thehei};ht  of  the  RMnpart  need  not' be  HMM  than 
;  fr.)!,(  in«,  til's  biirjj  i  iffiJctit  to  cover  the hpufes  fiom 
ftit  battel  y  of  ilic  ciiit  on  ,  iieiihee  need  its  thickuefs 
l.o  ir.mi  lh:in  lo  ur  1  2,  UlllcJ^  mure  c^rth  C0n6  60t'Of 
the  ditcli  thsm  otn  uliieiwiie  U:  bellowed. 

The  Ramparts  of  balfmouns  are  the  better  for  beinj 
low,  that  ihc  froall  fire  of  the  defendants  may  the 
better  rench  the  bottom  of  the  ditt  h;  hutyct.tbey> 
graft  be  fo  high  as  not  to  be  comti'sndcd  bf  the  caverfe> 
wnr.  ^    ^  ■.,■.< 

RAMFAnT  ia  alio  Hied,  in «v3  aacbilaAurt,  fer  the 
void  fpace  left  bettmn  tbe  wall  of  a  ettv  and  tl>« 
hollfe^.  Till-:  is  what  the  Kunui,!  <  ulkd  PoirreriunJ, 
wixre  it  waa  toibidtlca  to  butld,  and  wiicn;  iLey  planted 
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1u>ufc  by  anct  of  parliameflt.  Through  {li-  p:tiooape 
■ml  protc&ioaof  the  cardinal  of  Lorritn,  he  nbt  lined 
from  Hearythe  >d,  in  1947,  the  liberty  of  (peaking 
arfl  writing,  scd  tin-  rrj^^l  profcfibrfhip  of  philofophjr 
and  eloquence  in  1  5;!.  Tiic  patl'.irr.fnt  of  Pari*  hsd, 
hrfore  thil,  nuintair.ed  liitn  in  the  liberty  of  v>jir!;'v^ 
philofophicaJ  Itdures  to  thofe  of  doquence;  and  ih'n 
:'nee  or  decree  had  put  aa  end  to  fcveral  profrcuticin, 
wl  iirh  Ramus  and  hii  fiupiU  had  fuflrrcd.  Aa  foon  as 
he  waj  made  rcpin*  profilTor,  he  was  fired  with  a  new 
XI  al  for  iraproviDg  the  (dtscrt,  notwithfitBding  the 
hatred  itf  liw  cneiiuei»  who  m-«re  ncvern  reft.' 

Rainiit  bore  at  that  time  a  part  in  a  very  ftnf^Iar 
affair.    About  the  ?«ar  H50,  the  ro>aJ  proftflor*  cor- 

tf^icd  a'~'ri;j7  other  .'ilniri'^  that  which  bsd  cnjjt  into 
»l.c  fuoii:;iici:it:un  i  f  t!ic  J .ntln  f«mjnie.  S,-nic  ot  ihc 
cle)  L y  fullcv,  f  d  tin's   rrg-.j!ui:r n  ;    ':  ut  the    Sorlioiiiil it s 

ucre  much  ofliendcd  at  it  a«  an  innovat.on,  and  detend- 
ed  the  old  pronsnciation  with  forest  zeal.  Things  at 
length  were  carried  fo  f»r,  that  a  miniiW^  who  bid  a 
good  living,  %vat  very  ill  treated  by  them  {  and  Calllcd 
to  he  ejecled  from  his  benefire  for  having  pronoiimicd 
tt'/yr/v,  quanovam,  according  to  the  new  way,  inftesd 
of  k'jliiy  lankam,  according  ta  the  L^.l.  Tlje  n mlfter 
applied  to  the  parliament;  a-xl  thr  i(>y.->l  pvot'tfiors, 
witli  Kannu  amon^  t?xm,  frsnn;T  ^nuld  fall  a 
*if\iai  to  the  credit  and  authority  of  the  faculty  of 
divincf,  for  prrfiiming  to  pronounce  the  Latin  tonfrue 
acoordiog  to  tbcir  regulations  thought  it  incnmbcnt 
on  them  to  afliil  him.  Accordingly,  they  went  to  the 
oomt  of  jaftice«  ud  rcprcleotcd  in  ifuch  Arone  teran 
the  iadigoity  of  the  prowculion,  that  the  miilMtn-  wn 
cleared,  and  everv  perliiii  had  Uic  Khetty  of  pf«ao«n> 
cine  as  he  pleafco.  - 

Ramilii  ■iva'.  bred  up  in  t1;t-  Catholic  religion,  hi;t 
afterwards  ccfcrttd  it.  He  began  to  d:fco»er  hi?  new 
pni;ciple«  by  removing  the  ininges  from  the  ch  ipcl 
of  hii  college  of  Prcile,  in  1551.  Hereupon  fiich  a 
perfccutiofl  was  raifed  againft  him  by  the  Keligionifti, 
as  well  a«  ArtAotelians,  that  he  waidrhren  otitof  hit 
prefcflbrfliip,  and  obliged  to  concwiJ  himfcIL   For  that 

Epofe»  with  the  king's  leave  be  went  to  Fontam* 
n ;  where,  by  the  help  of  hoehf  m  the  king** 
library,  be  profecnftd  pet  tiielriciil  ar.d  af^rr  nrrrira!  flii- 
dies.  As  foon  as  his  enemies  iaurnitjut  his  retv-nt,  they 
rent"<rd  lUcir  perfcculioni ;  i»nd  he  v.  ^f,  f  i-ccd  to  con- 
ceal hirofclt  in  fcveral  other  places.  In  the  mean  time, 
his  curious  and  crcellent  colUftion  of  books  in  the 
colK-ge  of  Prcfle  was  pliindere;^  :  hut  nfter  a  peace  was 
concluded  in  1563,  between  Chr^'lrs  the  ^rh  and  the 
PrateBaiu,  he  agim  took  jwiTcffioit  of  bii  cmploj« 
nient,  miatataed  hifnfelf  in  it  with  aad  «tu 

particularly  xeabu*  ID  prtNaoting  the  indy  of  themtF 
thematlcs. 

Tins  efititinurc]  till  '.Tie  rei;'(  rt^  rivil  wr  in  1^67, 
vhr-n  ht  was  fcirceil  to  lenvc  I'ntis,  and  ihtlttr  himfelf 
smioL':  ihr  H'M^oi-gu,  in  whrfe  army  he  was  at  the 
battle  ot  St.  IVny*.  Peace  baring  been  concluded 
(bme  months  after,  he  was  rrttortd  to  his  profcflbrftiip  > 
hut,  forefeeinf^  that  the  war  would  foon  break  o,ut 
agaiB)  he  liiU  not  c»e  to  venture  himfelf  in  a  ftfSbi 
llona,  aod  therefore  obtained  the  king's  ka^e  to  vifit 
the  nniverfiliec  of  Gevmany.  He  accordingly  under* 
took  tliit  joHzner  ia  J  $68^  and  rcficivcd  great  hoBoara 


wherever  be  emm*  He  returned  to  Franee,  aAer  the 
third  war  in  lyn  \  tod  loft  his  life  miferabiy,  in  tlie 
ntaficie  of  St.  Baitholcnew'i  day,  l  $7^,  at  57  year* 
of  age.  It  is  faid,  that  he  was  coDce^d  in  a  granary 
during  the  tumult ;  but  dif«o*ered  and  dragged  out  bjf 
(time  pcripatclrc  d<  c!oi5who  hated  hitn  ;  tUite,  ifter 
(Irippwip  hini  ot  a:l  hia  money  undci  ptrletice  of  pre- 
Ifiv  nir  lii^  j|t(,',  J  ;..vi-  li'm  lip  to  tile  nfTjOius,  who, 
after  cutting  bis  throat  and  giving  him  many  wounds| 
threw  him  out  of  the  window;  and  his  bovdagalh* 
ing  oHt  ia  the  M»  fmnt  ArittoteUan  Caholai^  caoov* 
raged  hf  their  naften,  fpread  thcia  abmat  the  ftieMtf 
thcB  dragged  hia  bodf  ta  «  noil  jgaoniaicm  vasiwr, 
and  threw  it  into  the  iri«cr< 

R^irtuis  W.I  .  a  g-Teat  orator,  a  m.in  of  iinircrfal  learn- 
ing, and  endowed  with  very  fiisc  quiUties.  Hs  waa 
fober,  ten'.perate,  and  cSusfle.  He  ate  b'jt  httie,  ;in  I 
that  of  btttied  meat ;  and  drank  no  wine  till  the  latter 
part  of  bis  life,  when  it  was  prefcribed  by  the  phyfi- 
ciani.  He  lay  upon  <Iraw  ;  rofc  early,  and  Audiecl  kurd 
all  day :  and  led  a  fioglc  lif^e  with  the  tttiooA  parity,* 
He  was  Mahiaa  (or  the  pralefiant  rcligioa,  hot  at  the 
fiune  tiae  a  fittk  obftt'nate,  and  given  tocoatradidion. 
The  proteliant  minifleri,  diJ  not  love  biro  much,  for  he 
made  himfelf  a  kind  of  head  of  a  paitv,  to  ch;in;,e 
the  difeiplit.c  of  t:ic  fffoteilaiU  chunhcs:  hii  defiiiH 
was  to  ir.tro  liice  a  demoeratie.i!  guvctuiucnt  in  the 
church,  bi:t  tliifi  (ieii-^m  was  Iraveried,  and  defeated  in 
a  national  lynod.  His  fect  ikmrilhed  however  for 
fomc  time  afterwards,  fprcading  pretty  anich  io  Scot> 
hutd  and  Englandt  and  nill  more  in  Gemany. 

He  publifted  s  great  many  bonks  \  but  matl\eaiatica, 
was  chiefly  obliged  to  him.  Of  this  kind*  hi*  trritJ^gS 
were  principally  theft  following  : 

J.  /frhhnttticj  hlrt  Juo.-~^ii£drx  librl  dmo.—Gctrme' 
trie  I'iri  2  ; . 

Tbtfc  were  greatlji  cniarged  and  cxr^ned  by  Scho- 
ner,  and  publifhed  itt  a  Volumes  410.  'rhere  were  feve- 
ral  editions  of  them  ;  nine  is  that  of  1617,  at  Fnnk- 
Ibrt.^The  Geometry,  which  is  chiefly  practical,  wa» 
tnnflated  into  Englifli  by  WiWamSedwclli  and  publish- 
ed in  4to,  at  London,  1*36. 

RAN1)OM-.Shot,  is"  a  (hut  difcharirrd  with  tl.c 
j^'.i  of  the  jnin  cicvjted  aboYc  the  liunioiual  or 
poitit-Lihink  direction. 

Kahi>om,  of  a  jhot,  abb  Ibmetiraes  means  the  range 
of  it,  ot  the  diftancc  to  which  it  goes  at  the  lirftgitee^. 
or  where  it  (Irikcs  the  ground.    See  Rakgi* 

RANGE,  in  Gunnery,  fometiaca  iBcaaa  the  path 
•  Okatflic^iiu  Bitt  awe  uAmBj, 
^  Ramu  now  neam  the  diiaMe  to  vbieh  ths  Hm 
Itrawheait  (Irikcs  the  ground  or  other  objeA^  oilled 
alfo  the  amplitttdc  of  the  ihot.  But  Range  t*  the 
term  In  prefent  ufe. 

W'cie  it  not  for  the  refiftanee  of  the  air,  the  rrfat- 
e(\  K.'ingr,  on  a  hoiiy.ontal  plane,  would  be  when  tJic 
ifaot  is  difcharged  at  an  an^le  of  4  9'^d>ovc  the  hori- 
zon ;  and  all  other  Ranjges  wunld  he  the  lefs,  the  nuno 
the  angle  of  ekwition  «» above  or  below  45°  }  hut  fo 
$»  that  at  equal  dtftancn  above  and  below  the  ttn» 
Xaagca  are  c^al  to  eaek  other.  Bat,  M  aoeoMM  of 
ihercfiftaacc-of  the  airi  the  Raagn  aic  ahered*  an} 
that  ia  diHe^pt  propenioiws  boui  ler  the  difTcreot 
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♦s«  of  iLt  (hot,  and  their  diflcrent  v«locitie* :  fo  that 
'<t]K  greated  Ranget  iii  pndlice,  alw»)«  liet  lidinr  tlw 
(Icvutiou  of  4^°,  and  the  more  below  it  is  the  fliot  !• 
fcaller,  and  as  its  velocity  h  greater;  To  as  that  the 
(mallcft  balls,  dilcbarged  with  the  greateft  velocity  in 
praftlce,  ranges  the  fartheft  with  an  elevation  of  3c* 
or  iiuJt:-,  while  the  hr^trlt  ihot,  with  very  fmall  velo- 
cities,  rann  fartheil  »itb  acariy  4^"  elevation  (  and 
atafttheiBttnmdtatedcgnmm  tbeotlitrcafiw.  See 

PkOJSCTII.St. 

R/VR£s  in  Fhyfica,  M  the  qvalitjr  of  a  hoiy  that 
it  nrjr  poroui^  wbob  mwU  «k  at  a  gnat  diAancc  fi«n» 
one  another*  and  which  contaTm  hut  lilde  mattw  ilndrr 
a  ^-n  jt  tnagnitode*  InwhkblealcSnicftBBdtopyoftd 

to  di-i'fi  . 

The  co-pufcular  philofophers,  vIr,  the  Epicurcsna, 
Gaffcndirts,  Newtonians,  &.C,  afiirrt  that  bodies  are 
.  rarer,  fotne  than  others,  in  virtue  of  a  greater  quantity 
of  pores,  or  of  vacnitT  lying  bctM-ecu  their  parts  or 
particle*.  The^iteuana  hold,  that  a  greater  rarity 
«tij  ooniilU  in  a  greater  quantitjr  of  ouaria  fiAtilia 
ccntrfnad  in  the  forn.  And  hStf ,  the  Plerfpatetics 
contend,  that  nirity  la  a  new  qii^ity  fii^Oiaduced 
upon  a  body,  without  any  dependence  on  either  *acu« 
ity  ur  fubtile  matter. 

RAREI  ACTION,  in  PKyfic»,  the  rendering  a 
body  r.i  Li,  th.itia  liiin(';inj^  it  to  expand  ot  occ.ipy more 
room  or  f{acc,  wiitiout  the  accethon  ot'  new  matter : 
and  it  it  oppofed  to  condenfatioti.  The  more  accurate 
writers  rettrid  the  term  Rareiadktn  to  that  kind  of 
capeniion  which  i»  eifedrd  by  mcatkt  ti  beat  t  and  the 
apnfion  front  other  canfeathev  Um  MiMin }  it  itu> 
deed  there  he  other  canfet;  for  tftotigh  Ibtne  phllto»' 
fophers  have  attrihutid  it  in  t!ie  .ic^Jcju  of  a  rcpu'rive 
principle  m  the  nialtcr  illtlf ;  vet  from  the  ramv  diluo- 
Terie* conctrrnincr  the  nature:  nn<i  proprrtirs  of  liii'  ( Irc- 
tric  fluid  and  iirc,  there  is  great  rcafyii  to  hiiievc  that 
thit  repulfire  principle  it  no  other  ilun  fli-menrarr  fire. 

Tht  Cartenani  deny  any  fucli  tkinn*  aaabfolute  Kare- 
fadion :  extenlion,  accDrd!n]r  to  them,  conllitirting 
the  ciTcnce  of  matter*  they  are  ohliged  to  bold  alt  ex« 
tcnfion  equally  (vH.  HeMv  they  vake  Rare&Ai'on  to 
he  no  other  tbkn  an  acceflion  of  frefh,  fabtite,  and  in- 
fenlible  matteV,  which,  entering  the  pert*  of  bodies, 
fcnubly  diiltnd*  thtm. 

h  :5  l>y  Rartjfuftrgn  that  j^uiijKiwdcr  hns  il<  c{\'(:f\  ; 
and  to  ihc  lame  prmciplo  n!fo  oxtc  L'clijtdcf,  tlnin^c- 
meters,  fcc.  As  to  the  air,  the  degree  to  which  it  is 
rarefiabk  exceeds  all  imagtoation,  experience  having 
fiiewn  it  to  be  far  above  tO,ooo  timet  more  than  the 
ufual  ftate  of  the  atnwilphm}  ainl  at  it  it  foond 
to  be.ahout  leoo  timee  dcnln'  in  ginipowder  than  the 
atanoTphere,  it  faXlkmt  that  experience  hat  found  it 
differ  by  about  10  DiHians  (.f  tinu-a.  P(  rjiap"?  iirHced 
lt»  dt-^ri  r  fit  cxpanrii/i:  Is  ah1(iliit(  Iv  bc;-on(i  all  Irm-t^. 

Siicli  irnnicule  Rarcfaftion,  Ni'wtori  obfcrvet,  is  in- 
roiicrlvable  on  any  other  principle  than  that  of  a 
rcpfllinj»-  forrt-  iiihfrent  in  the  air,  hy  which  its  par- 
ticlet  muiuaJl)'  fi.'  from  one  another.'  This  repelling 
forces  he  obferres,  ia  mncli  more  conftderablc  in  air 
than  in  oilier  bodtety  at  being  generated  from  the  moft 
fiacd  hodietk  and  that  irith  ntnch  dilSciihy,  and  fisaree 
'  without  fermentation }  thofe  pMticka  bcinr  alimt 

Vol.  II.  *^  •  ' 


found  to  fly  fr««  each  other  with  the  gretteft  fbrce^ 
which,  when  in  eaWadt  cobere  the  moi  firmly  tojgre- 
(her.   See  Ala. 

Upon  the  Rarrftdion  of  the  tin's  ftfonded  the  ufcfti! 


tf' 


the  barometer,  in  nil 


jle.ot  which,  the  rarity  of  the  sir  il  found  to  bc 
iiu:-!  l\ly  ai  ihe  fo-c  -  that  connptfiTtig  It,  or  inver(e||f  M 
the  weight  of  all  the  air  abo«  ii  at  any  pbce. 

KARITYt  ihhioc&t  fubtlety,  or  the  contnvf  to 
dcnfity. 

RATCH.  or  R*jk,  in  Clock- Work,  a  fart  of 
whcd  hariitg  I  a  finga^  wfaicb  fern  to  Kft  up  die 
dctentt  every  hour,  to  make  the  elo<Jc  Arike. 

RATCUKTS,  in  a  VVatc'  ,  arc  I'lu.ll  te^th  at 
the  bottom  of  the  fufcc,  or  bjiicl,  thai  fijj^  it  in  wiad- 
ing  itp. 

RATIO,  according  to  Euclid,  it  the  habitude  or 
relation  of  two  muf.'iiitudes  of  the  fame  kind  in  refpeft 
of  quantity.  So  the  ratio  of  I  to  1  is  double,  that  of 
3  to  I  triple,  8iC.  Several  mathcraatttians  have  found 
fauh  with  Euclid's  definition  of  ,1  Ratio,  and  others 
have  as  much  defended  it,  eipLcialiy  Dr.  Bnctnw,  ia 
his  Mathematical  IttSUtnt^  mthipatt  ftiflnodban* 

R.u'o  is  fumetlmei  t'.Dfoundfd  with  proportion, 
but  vtry  improperly,  ns  b^'iiiff  quite  different  thingj  j 
for  proportion  is  the  limilituJc  or  e(^uaht\  cr  idrntity 
of  two  Kitiut.  So  tile  Rtttio  oi  G  lo  z  ii  the  lame  at 
that  of  3  to  I,  Bnd  the  Ratio  of  1  J  to  $  i«  that  of  j 
to  I  alfo  J  and  therefore  the  Ratio  of  6  to  2  it  linular 
or  equal  or  tlie  fame  with  that  of  i{  to  5,  which  con- 
ftitutes  proportion,  which  it  tbtti  cxprelfed,.  6  is  to  S 
at  t;  to  5,  or  thiu  6;z  ::  15:5,  which  meant 
the  fame  thing.  So  that  Ratio  CMlh  hLtw^en  (wii 
terms,  but  proportion  bctwct:)  tuo  Ratios  or  four 
tc:  1:1s. 

Tlic  two  quantities  that  are  cuaipared,  are  called 
the  termj  of  the  Ratio,  at  6  and  2  ;  the  firtl  of  thefe 
6  being  called  the  jntecfJenl,  and  tlie  latte-  2  the  eon/^ 
qHcM.  Alfo  the  (Wat  or  exfoutnt  of  the  Ratio,  is  the 

quotient  af  ilic  two  terms  :  fo  the  index  of  the  Ratio 

of  6  to  2  is  or  3,  aitd  which  it  therefore  called  » 
triple  Ratio. 

WoUaa  diSiagniaKa  Raltoa  istto  tMSim/aad  arraw 

itonal. 

JtMional  K.KTiO  is  th^f  which  can  be  exprefTedhe" 
tween  two  rational  numberaj  aathc  Ratio  of  6t«Sf 

or  of  6v^3  to  2^3,  3  to  i.  And 

Irraimud  Ratio  it  tlun  which  caanoc  be  expreffed 
by  that  of  one  rational  minnhrr  to  another  1  at  tl.e 
Ratio  of  y/6  to  ^/ 1,  or  of  y  to  root  ^/r,  that  ia 
is/ %  to   I,    which  cannot  be   cxprcllVd  in  rr.i^onal 

IHlrT.hciS. 

When  the  two  tennt  of  a  Ratio'arc  equal,  the  Ratio  i% 
faid  to  be  that  of  rqutJitj ;  a>  of  3  to  3,  whofe  index  ia 
I,  denoting  the  fiogk  or  eqtnl  Ratio.  Sut  when  the 
termt  a(c>aot oqoal^  a« of  6toty,  tcia  nJbMt^ne- 
quaUlj.  •  • 

Farther,  when  the  antecedent  u  the  ^greater  term, 
at  in  6  to  2,  it  it  faid  to  be  the  Rmhr  f  grtattr  ut' 
equality  :  but  when  the  antecedent  it  the  lets  term,  at 
in  the  Ritto  bfatotititi>fiudt»b«4lr  /C«<m  of 
U  a  kfi 
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In  the  former  cafe,  if  the  kli  term  Ix 
an  ali^uc:  jjart  of  ihc  grc:iTi,  tlie  Watio  of  greater  in- 
c-'.i'A.-.y  is  to  be  mu/.'iy.x  or  nu^ti/'f ;  and  the 
lUuo  of  the  lefi  iuequsMly, /ril-ni/!,'::!i.  Particiil.iily, 
in  the  fitfl  cafe,  if  llic  exp<;iietit  of  tl>c  Wnio  bc"«,  as 
in  6  to  3,  the  Ratio  is  rr!l(c!  I'l'p'r  or  tltihle  ;  if  3,  as 
in  6  to  I,  it  \t  triple ;  nnd  fd  on.  In  the  frco;u{  taV, 
if  th«  Ratio  be  |,  11*  in  3  to  6,  the  Kititi  h  calL-d  fui- 
Affft  »f  ^1  at  !a  2  to  6|  ii  ;  anJ  (o  on. 

If  the  {greater  tefin  eoauiii  tbe  kfs  oncv»  and  one 
aliquot  part  of  the  fame  orer  j  tlie  Ralm  of  the  jtealer 
iiietjUahiy  is  ealkcl  fu/erfaitlcuhr,  aiul  the  R:itio  uf  the 
Icfs  fuhpip0}>firttc«l-tr.  Patticiilarly,  in  the  fiiit  cafe,  if 
the  exponent  be  f  or  I  I ,  it  is  c-dWeiJ'.f  pi'nilr-rntf ;  if  J  or 
li,  ftfytiitnti'jl ;  &c.  lu  the  other  Cafe,  if  the  ex- 
ponent he  \,  the  Ratio  Mcallcd  ft^i^^MoUeMiti  if  It 
It  li  fiiHiftjulttrtuil, 

When  the  greater  term  vontiiins  tl.e  lefa  once  and 
fcveral  aliquot  parts  over,  tbe  Katio  of  ibe  greater  is* 
^^uah'ty  »  called  fupirparliau,  aw!  that  of  the  left  Ui> 
cqualitj^  it  Jtdlftftrparti(V4.  Panicuhrly,  in  the  former 
ralV,  if  the  exponent  be  j  or  if,  th.e  Ratio  it  called 
fupnkiparlifnt  terliat  ;  if  tJie  exponent  be  i  or  1 1  ,J'upfr- 
tripttnicn4  quartas  ;  if  or  if,  fupirquajriput titni 
Jtjttinsiis ;  5k.  Ir.  flir  latter  c:.;.  ,  it  i',c  cvponent  be 
the  rceiprccal*  of  the  former,  or  4,  the  Rntio  ia  called 
fili/vperiipartlrni  tnllat  ;  if  ?,  j'ul/up.rtnpartitmt  yiw- 
Ut ;  if  ^  JtAfuptrfuadrifttrtifnt  f.^imst  \  tic. 

Wbfea  tire  grnter  tem  contains  the  left  levcral  tinc«» 
and  fomc one  part  orer;  the<aiio  of  ihegmterincqiM- 
Ktyitcalled  wiwj//fx/fcjS.-r/i(jr/;i*.',j/-;  andtlie  Ratioof  the 
lets  inrqualiiy 
Particulfirly,  i.s  ilic 
i  or  2!,  the  ratio 


called  tkpli  l^i-juuiherit;  if  V 


It 


l.e 
or 


■^\ytrif  Lt  fi-f^uiquarla,  tie.  In  the  litter  cr.k",  if  tlic 
exponent  be  \,  the  Ratio  is  ealhd  J:ildip'.i  fulffquial- 
hrai  if  Jiibtri^afutffj!}:itqu.7rta,  fvc.  l<aAljr,  whin 
the  zrcater  term  containa  the  Icfs  fevrial  tisicaf  and  fc- 
Trral  alt<ittOt  ptuta  ovcr;  the  Ratio  of  the  greater  ine> 
(jtiality  ia  caSid  muMpfrg  _fuprr/iiriims ;  that  of  the  left 
ineqiiality,  fulmuhiplex Juijup-:rfariuns.  Particularly,  in 
the  former  cafe,  if  the  exponent  be  |  or  2  \,  the  Ratio  is 
called  Au^la  J'uptrb'ipart  'uns  trrUa:\  if  y  or  3*,  Inph 
/uprrhiquatlnparUens Jeplinuii,  fic.  In  the  latter  cale, 
if  the  exponent  be  ■j,  the  Kaliu  i&  e  iUeJ  fuLdupLi  fnb- 
Jitptrh'ip«t  t'ci:s  Irrtiat;  ^^,Ju'Ar;pla  jJ'fajurquailr'ipar- 
AHt/ep:imat;  &c, 

Xhefe  are  the  variona  denominations  of  rational  Ki- 
tioa^  names  wfaidi  aie  very  necefTary  to  the  reading  of 
die  Mcicnt  aBtlmai  (Inugb  they  occur  huat  rarely 
among  the  modem  vritert,  who  ufc  inllcadof  them  the 
fmalkll  nuii.cril  terms  of  the  Ratios;  fuch  1  U»  I  for 
diifilc,  ar.d  5  to  1  for  fcfquialterate.  &c. 

LV.,- ,  ^. ./.',/  Katio,  is  that  ul  ii.ii  is  made  np  of 
two  or  more  oihei-  Ration,  viz,  by  multiplying  the  ex- 
ponents together,  and  fo  producing  the  compound  Ra- 
tio of  the  produ^  of  all  the  anteccdcnu  to  the  pro* 
duft  of  all  the  cokCtqucatt. 

Thua  the  compouad  Ratio  of  $  to  3 , 
and  7  to  4, 

St  the  Ratio  of  -    -    -    -    ;5  tu  ij. 
PaTtienlailjrt  if  a  Ratio  be  compounded  ot  two  equal 

iUtxM»  tt  II  cdkd  the  dbjf^inMr  iifl^ 


Ratios,  tfic  tiafpMfe  Rmtit;  tf  of  (bur  equal  Ratios,  the 
qua-.frupfteate  Ratio',  and  fo  on,  according  to  the  powcra 

of  tl'.e  exporrnts,  for  al!  mu'.-ipfteaU  XtttM*  86  thc  fc» 
vcral  intihip'icrtc  RsMoi;  ot 

the  fimp'e  R^tl.-t  ot'  •  3  to  3,  ait  thttt»  ric, 

the  dui.'licate  Ritio  -  i;  :  4, 

the  triplicate  Rxtio  -  17  :  8, 

thcq',:.iir'ip!ii-.i;e  Rit'c/ S  I  ;  16,  &C. 
Pnpfr:ifi  ^  Ratio:.  S  j  ne  of  the  more  rcmarlahle 
propettiet  uf  Rat)<n  arc  as  juilotv : 

I,  The  h'kc  multi;  or  thc  like  pa-t?,  of  the  termt. 
of  a  Ratio,  have  tlic  (anjc  R  .tio  .is  ll.c  terms  thtn)fcl»e»» 

So  a  1 1,  and  na  i  jr^,  and—  s  —  areall  the  fame  Rnio. 

Z.  If  tO(  01  from,  the  terms  of  auy  Ratio,  be  added  or 
fubtraAed  either  their  like  parts,  or  their  like  muUiplcst 
the  fur.u  or  remainders  will  lUll  have  the  fame  RatiOi 

So  <t  :  ^,  nnd  .7  t*z  na 


a  h 
b^tht  and  «  ^  — :  i  - 
s  n 


all  the  Time  Ratio. 

3.  When  there  are  fcveral  quantities  in  the  fame 
oontisued  Ratio,  C|  <4  4c.  .whatever  JEUttto  the 
firft  hat  to  the  2d, 

thc  ift  to  the  3d  has  the  duplicate  of  that  Ratio, 
the  f  ft  to  the  4th  has  the  triplicate  of  that  Ratio, 
I'l  c       tf>  -lie  jtii  has  thc  quadruplicate  of  it, 
,Tiu!  u)        'i  H]  .,  itic  term*  of  the  continued  Ratio  be- 
\\\\',  1,  '  ,  >  -,  1 r'.  I  S  '-^     wiiltl  each  term  has  to  the 
following  uiic  I  he  R  It  10  of  t  to  r,  thc  Ratio  of  the  i  ft  to 
the  id;  then  i  :  /  ^  it  the  duplicate,  1 1  r*thetnplie*tef 
I  :     the  quadruplicate,  and  fo  on,  acoordiag  to  the' 
powers  of  I  :  r. 

For  other  propcrtia  fee  PftopjetTlM. 
To  offmAi^e  t»  a  Rario  /« fiulkr  TVrtn/^Dr*. 
Wallis,  1:1  a  fiiiall  iraft  at  the  en  J  of  Korrox's  ivoAi, 
trcits  of  tlic  iriiuic  and  foluttf>u  of  slus  piuLkiii,  but 
ill  a  vety  itdi.ju'i  w.iy  ;  .ind  he  has  profecuted  the  fame 
toagreai  length  in  hit  Algebra,  chap.  10  and  11,  where 
ht  particularly  applies  it  to  the  Ratio  of  the  diameter 
of  a  circle  to  lU  drcttmfcrcoce.  Mr.  Huygi-nttovhat 
(riven  a  folution*  with  the  reafons  of  it,  in  a  m«ch> 
itiorter  and  more  natural  way,  in  his  Definip.  AatOd*. 
Planet.  Opera  Reliqua,  vol  1,  pa.  174. 

So  alfo  has  Mr.  Cuics,  at  iliebeg^n  ii-jTorhis  IT.u'- 
mon.  Meufiirarum.  And  fcveral  cuIm  1  jjitIqus  twve 
done  tin  I'.imr  thing,  by  the  fame  imiiLir  methods. 
'i"hc  problem  is  very  ufeful,  for  eiprtliirig  a  Ratio  in 
fmall  numbers,  that  Ihall  be  near  enough  in  praAice,  to 
any  given  R;iti()  in  lar^re  numbers,  fiich  as  that  of  the 
diamett-r  uf  ii  yiirrW  to  ]!■>  circumference.  The  pnliei> 
pie  of  all  thcXe  meilMKlt,  coafiAt  io  rcduciog  tbetoiM 
of  the  propofed  Ratio  into  a  .fertet  of  what  are  called 
continued  fradions,  by  dividing  the  greater  term  by  the 
iefs,  and  the  lefs  liy  the  remaindei,  and  fo  on,  always 
iliL-  !aii  iliv.fijr  by  v.\c  lalt  remaitidcr,  .iftcr  the  manner 
oi  iiii^iiig  ilic  gr<.act(l  common  mcafure  of  the  two 
terms ;  then  councding  all  the  quotients  &c  togetheip 
in  a  feriet  of  continued  fra^ionit  and  fadily  coUcding 
gradiuJlj  diefe  fnifiioiia  together  on*  after  amtlicr.' 
i 

So  if  ~  be  any  finftioii}  ot  dcpenett  <rf  any  Ratio  %. 
tbea  dividing  thotf 
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ffi'veif,  't  &c»  Tor  tlie  fcvcral  qiiotieut*,  sni!  t!i<n-, 
formed  in  the  ufual  waft  g'«c  the  apjpn.>ximattr  vaiuc 
of  the  givoi  Batio  in  «  fewt  of  vontintied  frifliooi} 
thu«, 

«  «  *  —  .  1 

^  +  T  + 

Then  colleiflinsr  tfio  tti  ir.s  of  tliii  Icjti*,  uiic  ali^r  an- 


other, (o  aaoy  value«  of  —  are  obuincd,  alwij »  near- 
crtadoeiitr;  tlMArft«ila«bebg<or  J, 


*  +  —  =  

e  e 


A 


{alike 


llie  4&  value  i* 


C/  + A 


E 

F* 

G 

li  ' 


Di  +  Ji 

,      V    ,    .  K  /  +  C 
iLc  5 ill  value  IS  ■— ; — — 
r  /  -J-  1 ) 

From  vfheiicc  comtt  Llii*  gciici.il  juk  :  IIu^iuj^  fuunU 
«ny  twoof  thefc  ral^u,  multiply  the  ttrit\»orilic  laitfr 
of  tbcm  by  thr  next  quotient,  and  to  the  two  pr.uluclt 
add  tlie  CorrcfponJing  terina  of  the  former  value,  and 
iLc  fuim  will  be  the  um$  of  the  nciu  value,  &r. 

For  example,  let  it  be  rtquircd  to  liikd  a  fcrici  of 
Hatiaaink^  aumbers,  coiiltantly  approoching  toUie 
Ratio  of  I  coooo  to  5 1 4 9t  or  nearly  the  Ratio  of  the 
d'.^r:v:ter  uf  a  curdc  tu  lU  ciicimifctcnoc^  Hcic  fitft 
(dividing,  thu% 

ioceoo)3i4i$q(3sse 

h  =   854)887  (I  =/,  &c. 
tti, 

tliere  ai*  obtained  die  quotieati  7i  i|*  i(  25*  t,  7*  4. 
Hence  3  «r  ^  =  c,  the  tft  vibc  » 


«  +  I 

e 


I 

v:  +  I 


=  ^  =  ^,  tbe  id  «af«et 


_  =s      =  iT»  tlw     »aloe » 
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Di  +  B  1C6.1+7  -jij-F*  *^  ^ 
•odlb  00}  wbere  the  fuoedlive  CMWiimial  appraslvatiaf 

vab4  of  the  propoled  Ratio  are  — , 

2  2 

&'-;t'ic  id  of  ihefe,  viz.—,  being  the  approximaiiaaof 

a ;  e 

Arcblniedei;  and  the  4th,  viz  • — is  that  of  Me* 

'33 

tius,  which  i«  verj  near  the  tmtli,  b  i:;^  equal 

to  3  141  5^29, 

the  more  accurate  Ratio  being  -•  3*141  J9;7. 

Th  li'jUr'me  of  Rmi'mt  mud i*rtpcrtioiu,  ai  delivered  by 
I'..iclid,  ill  the  fifth  boofcoFhi«£lemciit*,  i)  con/)dcre4' 
by  moll  perfiDo*  M  very  obroure  and  objedioaabk,  par* 
ticularly  thedcfinitioo  of  proportionality;  andfevenl 
in^cnioHaseMlenen  havecndcaToared  to  ducidate  that 
fubje^  AmoRjif  thefet  the  Rev.  Mr.  Abram  Robert- 
fon,  of  C1i;ifl  Chuicli  CoUege,  (^xforri,  lecturer  in 
geometry  in  tL;it  univerfitVi  prin:ici  a  nc»r  li'dlc  [iapcr 
ilbere  in  ty^fj,  lor  tlic  iitc  ofluj  cldlici,  b<  iiig  a  ticmon- 
ftratiosi  of  that  definition,  in  7  pixipofitioD*,  the  fub- 
ftancc  of  wliich  ia  aa  foUowa.  He  firft  piaiiUct  Uiii 
admtifement : 

**  At  dcmonftrations  depending  upon  proportionality 
petrvade  every  branch  of  matbcoMitiGal  uaeaee^  it  ia  n 
matter  of  the  higheil  imaortaaee  toelhUifli  ft  opon  clear 
«ild  indifputablc  principlev.  Moft  mathematicians,  bot  h 
■nn'fnt  and  modem,  have  been  of  opinion  that  Euclid 
has  rallcii  f^ioil.  of  his  ufiial  p<tfj)icuity  in  lliis  particular. 
S^>ius.  have  queilioutd  tl»c  irnth  of  thi-  dctinitio:!  upon 
which  be  ha«  founded  it,  and,  almoil  3II  who  have  ad- 
mitted its  truth  and  validity  have  objC'.ed  to  it  aj  a  dt- 
fimii»n.  The  author  of  the  foiiowmt^  propofitiont  ranica 
himfcif  amongll  obje^iorj  of  the  iaft  mentioned  de» 
fcription.  He  thinks  that  £uclid  muft  have  founded 
the  definition  ia  qneftion  ujMn  the  rcifoning  eontained 
in  the  firft'iix  demonftratMHu  here  given,  or  npon  a 
fimilar  train  of  thinking ;  and  in  his  <ipin:>i;i  ,j  dfi'i.'liin 
ought  to  be  as  llmpic,  oi-  as  tree  frc<m  a  maltipitcity  of 
conditions,  as  the  luh'cct  will  admit."  •  -• 

He  then  hyi  liowa  ilait  iourdelirniiant : 
"  1.  Ratio  is  the  relation  which  one  magnitude  hai 
to  another,  of  the  fame  kind,  with  refped  to  ouantity." 
a*  If  thefiril  of  four  ma^r.itudt  s  be  rxaAly  as  great 
Mipored  to  the  fccond,  aa  the  thiid  ia  wfaeq 

Kd  to  the  fourth,  the  firll  it  (aid  to  have  to 
od  the  lame  Rttie  that  the  third  hw  w  the 
fourth/* 

"3.  If  the  firft  of  four  magnitudes  be  grcBter,  when 
compaicd  to  the  fecond,  than  the  third  is  w-iion  com- 
pared  to  the  fo'irth,  :1k-  iirft  is  faid  to  h.ivc  to  ilic  reeoild' 
a  greater  Ratio  than  the  third  has  to  the  fourth." 

*'  4.  If  the  firft  of  four  magnitudes  be  Icfs,  when 
compared  to  the  fccond,  than  the  third  is  when  com* 
|»red  to  the  fourth,  the  firil  is  faid  to  haveto  the  ieoond 
•      Raio  than  the  third  hat  to  the  fourth." 

Mr.  Robertfiio  then  ddivcn  the  propofitiona/  which ' 
are  the  following ; 

"  J'rof.  I.  If  the  itrA  of  four  ma^kudcs  have  to  the 
fecond,  the  iiiBe  Ratio  wfaieb  the  tfawdhM  todie  fetirtb; 
Una  thca. 
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ihrn,  li  ihe  f»i  )  he  cq«.il  to  llie  fccomi,  thf  Uiir J  is  rqual 
to  thr  fount. ;  tf,';rc«tct,  greater;  iflcfs.  Ids." 

"i'r:/.  If  tlie  full  of  four  mafTiitu-? .  j  he  to  tlie 
fet:an<!  ."^'-h-:  t'.inl  to  iht  fovirili,  and  if  t  ^iiimiihi- 
cf  the  &tt  and  thin}  be  tak^o*  ui4  >Ui> 
tiiy  cq  im,iUipL's«rthe  fecund  and  fourth ;  tlie  muhw 
] 'c  I  t(  r  !i  ■  will  be  to  (lie  mtihijjlc  uf  the  fecoii<!  as 
C.L  m.         uf  tlif  third  to  the  miiltiplcof  the  fmiith." 

"  Pre/'.  3.  If  ti.c  fiift  of  four  m.igniti  iJ^  ■  'a-  ;(.  \':<r 
fccondnsi  the  tliirtl  to  thf  fotirth,  ;ir.c]  if  ruy  lik,c  iliquiii 

E arts  whatever  be  till ci:  '  t  i  iciirll  oijil  thiitli  jnd  any 
kc  aliquot  parts  w!iat<  vt-r  <it  ihr  fix-dud  and  fourth,  ihc 
part  of  the  firft  v,  HI  rn-  to  t!iL-  j  a'  1  ?  die  ftxood  U  the 
part  of  th'c  third  to  the  part  of  the  fourth.'* 

frcf.  4.  if  the  fiift  of  four  naeaitlMlc*  be  to  the 
-  fcoond  •»  tHe  third  td  the  f4Nirtb*  and  if  wry  eqinniuhi- 
f>1<«  whatetn*  b«  taken  of  the  SrR  and  third,  ami  r,nj 
W'l.jtf.er  of  the  fK.i-und  and  fourth;  if  tlit  ir.ulli;ilc  i>f 
tilt;  l;i)t  h<-  equal  tu  tiic  multiple  i  f  l\tc  kcoiid,  the 
multiple  of  I  )ic  xhhd  ^ill  he  ecu. I  iodic  multiple  of  ihc 
fburth  ;  if  greater,  greater;  it  Itli,  Icfs." 

**  Prtf^  5.  If  the  firft  of  four  inaj^nitudes  be  to  the 
Urcond  at  the  third  it  to  A  magoiiLidc  Icfs  lUia  the  iburth, 
then  it  i«  podlble  to  take  ccitai;)  eijuiiauliipUs  cf  the 
£rft  wd  third*  and  ocrtaia  njuinwdttpka  of  the  iicoood 
and  fourth,  fiicb,  that  the  nuhipleof  the  fiift  Aall  b« 
grraier  than  the  inuliiptc  of  the  fccond,  but  the  miiliip!c 
of  the  ;hird  uot  ^ater  than  the  tnuliiple  uf  the  fourth." 

"  Ptoi'.  t.  il  tlic  tirsi  ui"  Uir.r  n.a./  iti.iics  be  to  ;lit:  Ic- 
Coudasuie  linrii  i.Moa  ni^^'i  i;  ucc  ^;h.l'. 'iLaiillit  lo\i  \  ill, 
thi  n  certain  e(i\iinu.'.tiple>  c:::i  Uikrjn  of  the  firft  aijj 
tkird,and  ccrtaiD  equiinu!iip'e>  of  tltr  ircondand  fourth, 
that  the  raidliplc  o(  the  fu  ft  lhall  be  UTt  than  the 
awlttple  of  the  fccond,  but  the  tnultipk  of  the  tliird  nut 
kfi  than  the  multiple  of  tlic  fourth."^ 

*<  JW.  f.  IS  my  Miumilllipka  whatever  1  c  u.lon 
«f  the  dm  and  third  orfour  magni'tttdet,  and  ^ny  c(iui> 
mu'tiplei  whatever  of  tlif  fi  cond  amj  fouulr  |  and  if 
wiicu  tlie  multiple  of  the  Txit  i.<  Icf-i  tl..;ti  tliat  of  the 
fcniiid,  till'  mull-ple  of  the  thud  i.- nifo  k'ls  th<i[i  th;i;  of 
the  tourlh  ;  or  if  wlien  the  imihiji'.i.  uf  ihc  (iril  (s  c^ual 
to  that  of  the  feccniJ,  the  iru!t:[.ie  cf  the  third  i«  alfo 
equal  to  that  of  the  fourth  ;  or  if  when  tite  muUiplc  of 
the  tirft  is  greater  than  that  of  the  fecond,  tlic  multiple 
•f  the  third  il  alfo  greater  than  that  of  the  ibtirtki :  then, 
the  irftof  the  foar  niagtuttiilei  AaB  bctotlie  Imoiidaa 
^  diird  to  iIk  fouith." 

And  at  theie  p'opofitiona  Mr.  Rnbeitfiin  dnnon> 
ftrates  by  llritl  maih-.m-iiicjl  rt .ifjn'ii^. 

RATIONAL,  in  Ar::limi.lic  oic,  lia  nuaiky  of 
nutnbci',  li.icti  iiis,  nu.inii;  cj,  &c,  when  they  can  be 
exprefTed  by  common  numbers  ;  in  contradiliinciicn  to 
iiratiunal  or  furd  one*,  which  caiiiuit  be  expreffcil  in 
Mounoa  number*.  Suppofe  any  ipiantitj  to  be  i  ; 
there  are  inhnite  other  quantities,  funie  of  which  are 
eomBcafwahle  10  it,  citber  fimpl or  In  jMwyv  t  tkefe 
Euclid  caHs  JUdmi^  mmoAkf.  The  left,  that  aw 
inoomaMBfoaUe  to  1,  ac  caila  irreiimml  ^miwtJiiet,  «r 
furdt. 

Ratiomal  Hfr'som,  nxTrue  Htrh-n't  ''1^'  's^orc 
pluiiC  is  coiiceivcd  lo  pnfs  through  the  tciilre  ot  tlic 
earth  ;  and  which  therefore  divides  the  f  l'^b<  i  to  two 
e^oal  portioBa  or  bcnaifphcrcs.  It  if  calkd  the  R^Mional 
ImiMWi  beeanle  oalj  Gonccivcd  by  the  uadetfiatdiqKt 


2    ]  RAY 

in  oppoiition  to  the  fentiblcor  apparent  horiaon,  01  that 
which  in  vifible  to  the  eye. 

RAVELIN,  in  Fortification,  wai  aaoiently  a  flat 
badion,  placed  in  tbentddleof  aeiirtais*  But 

RAvai,iN  it  wm  %  detached  wock*  coNofed  only 
of  two  laeea,  which  Ibrtn  a  fdetit  angle  uniallT  w?th> 

oct  fljii'.s.     Being  a  trinn  ^miI.iv  wurk  rtfi  'iib'ii:^  tt.j 
p<i.jjt  ol  a  BaAion  u  itli  tl.t  iLuiks  c-.ii  off.   It  ixud 
i  cforc  the  curtain,  on  the  countcrfcurf  of  the  place 
and  ftrvifj;  to  cover  it  and  the  adjacent  flank?  trom  the  ' 
diredl  fire  uf  an  enemy .   It  is  atfu  ufed  to  cover  a  bridge 
or  n  (^ate,  and  it  always  placed  without  tiK  moat. 

There  are  alfo  double  Ravelins,  whi-  h  fcrve  to  de- 
fend each  other ;  being  fo  called  whcu  the]r  arc  joined 
by  a  curtain. 

What  the  ca(iaeetB  call  a  Raaelint  the  mea  ttfuaQjr 
caB  a  demShme,  or  hatfnoon. 

RAV,  i;i  neomclry,  the  fame  as  Raiih  s. 

Il.'.v,  in  Optics,  a  beam  orlin*  of  lifflit,  (;:rv>[  *;;aud' 
frc:r.  ;i  r.i;l.aut  point,  throajrh  ;in\  ir.tJ  iiin. 

il  the  parts  of  a  Ray  of  li^^ht  he  aU  111  a  liraight  line 
between  the  radiant  point  and  the  eye,  the  Ray  is  faid 
to  be  dirtS  :  the  law*  and  propcrtie»of  hirh  make  the 
fubjcA  of  Opties. — Il  «iiy  i>t  iliiui  be  lurii.d  out  uf  that 
dindioD,  or  bent  in  their  pafiagc,.  the  Rav  in  faid  to 
he  rrfnMed.-*-lt  k  flriice  oa  the  fui&ce  of  any  body,^ 
and  be  thrown  off  again,  !t  is  fjJd  to  be  njlff.'rii, — In 
each  cafe,  the  Ray,  atiifalUcitbcrdirciiUy  on  the  eye,, 
ur  .  11  die  point  of  tdlefiiooy  or  of  nfiaAioa^  itlaiat0> 

be  imiii'i  fit. 

/\^.iin,  it  fcvLTil  Riys  be  propagated  frD.Ti  the  raci* 
ant  object  ctiiiidiltaijiiy  fmm  one  another,  they  arc 
'called  farallel  Rays.  If  they  come  inclining  towards 
each  other,  they  are  called  tnvprgtnr  Hays..  And  if 
they  eo  cotitinually  receding  iaoBa  eadi  othef,  they  wie 
called  4fi«r«jiiw  Ra^a.       ^  ' ' 

Ititfiom  tnc  dtiferent  arcmnftancea  of  Hata,  that 
the  feveral  kinds  of  hodic<i  are  diftlngiiifht  1  'n  0[ '.ie-'. 
A  boHy,  for  example,  that  difFufes  its  uv^ii  l.tlu,  or 
emits  Rays  of  its  own,  is  calW  n  rad:  tHn^  or  laciJ  or 
lumir.  ui  body.  If  it  on!y  rrrtr-t  II  v.  <  nhich  it  receive* 
from  another,  Iti8ca!l^ii  ,  .''/r.r  ■/]  i.v  /  Ividy.  Ifitonljr 
tranfmit  Rays,  it  h  c:';Vd  a  tranfjfiartnt  or  trmtifluemt 
body.  If  it  intert  rpt  tlu  Raya,  or  itAifit thcm  pafli^^ 
it  i»  called  an  i  faqu:  body. 

It  !i  bj  means  of  Rayv  rrflc^wd  from  the  (evecal  point* 
of  iUuminated  objcda  to  the  eye,  that  tliev  become- 
vlfible,  and  that  vifion  is  perfotmed ;  whence  nwh  Raya 

L  Ued  vifiull  U  iyi. 
'1  lie  Rays  of  ligl.t  ;irc  nol  :j.jrii,'^'i;H-nr,;,  ur  G.J.iijr,. 
but  differ  in  all  the  pre;  .rtii-s  wl  L:-u.',  1  ; ;  vl/,  rcfrangi- 
bllity,  reflcxibility,  aii.l  culo»ir.  It  is  pr^b.-lity  froni 
the  different  refrangibility  that  the  oil;cr  diifcrcncea 
hare  their  rife  ;  aC  leall  it  .-ippCc;ni  that  thofc  Rava 
which  a;;ree  or  dlfl'er  in  this,  dj  fo  i;j  nil  the  fell*  It 
it  not  howc*cr  to  be  underftDod  that  the  property  or 
cffcA  called  col  oar,  exiAa  in  the  R:>y«  of  light  then* 
fidvea  \  btit  from  the  difTtrent  fcnfations  the  differently 
dtfpofcd  Rays  excite  in  us,  v.  c  call  tliem  r.v/  /viy/,  jel. 
/.  7\  r/i,  .vr.  I  hIi  1,".  ;i  n  of  il);!it  lM>wtv>  r,  it  coaica 
lioia  liie  lun,  ice-US  lo  be  co;npot;ndcd  oi  ..!!  the  forts 
of  RiT6  mixed  tot^ethtr;  and  it  is  only  by  fplitting  or 
feparating  the  parts  uf  it,  that  diefe  diScrent  forta  be* 
cone  obtovabfe}  and  this  ia  done  by  tianfiniuing  the 

beam 
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toim  tTiroupli  a  plafs  prifm,  which  refraining  it  in  the 
pjiTagc,  and  the  parU  that  excite  the  different  colours 
fiaving  different  degrees  of  refrangibility,  they  are 
tlius  feparated  fVora  one  another,  and  exhibited  each 
apart,  and  appearing  of  tiie  diiTerent  colours. 

Befidc  nmnisibmly,  and  the  ctbtr  properties  oTthe 
Kaya  of  Kgbt  wreadr  alccttiined  by  ubfcrvation  and 
experiment,  Sir  I.  Newton  fuTpe^  they  may  have 
many  more  ;  particularly  a  power  of  being  Inflefted  or 
bciit  bv  tlic  ;idioii  of  I'.ill.iiit  lnulici;  ?.nd  ;liffc  Rays 
wliitli  tlitTi;'  in  rtTrat.jjibilil  V ,  Ik.  cijnct:'.ve.:j  ukcwifs  to 
differ  in  flc\ilnii;y. 

Thcfe  Ray*  he  fufpccts  isiay  be  vtty  TrnaU  bodie* 
emitted  from  fluntng  fubllances.  Sucli  luiJ.^  inay  have 
^tt  tbe  conditions  of  light  t  and  there  is  that  action  :md 
Rl^ion  between  tranfp.irent  bodit*  and  light,  ^^  'lich 
iBHCb  re&Klblc*  tbe  attu^ve  force  between  other 
Nothing  more  n  required  for  the  piodui^ioa 
of  all  the  various  cdosn*  and  all  the  degrees  of  ce- 
frangibility,  but  that  tKe  Rays  of  light  he  bodrn  of 
c]  I  IK  rent  u^r.;  the  Icafl  ofMiiuh  ir.ay  n'iikc  viijltt  t?jc 
weaketi  and  Jjirkcll  <.h'  iKc  Cijlouri,  and  be  tlif  mall 
eafily  diverted  by  icfrading  furfaces  from  its  reftilinear 
COUrfc  ;  and  the  tell,  as  they  are  hrptr  and  larger, 
nay  make  the  ftronger  and  more  IuluI  culiurs,  blue, 
green,  yeilow,  and  red.  £ee  Cokouit,  Light,  Re> 

ra  ACTION,  RtFLf  CTION,  IllTLSCTlON,C<WVU0INO» 

R^IOki  Rati,  tbofe  Rays  of  light  which  are  rc- 
flcdcd,  or  thrown  back  again,  frM»  the  fvcfacci  of 
bodies  upon  which  they  flrikc.  It  h  femoA  that.  In  all 
the  Kays  of  ligbt»  tbcugle  of  icllefiiflii  ue^aaltotb* 

angle  of  incidence. 

Rtjr.iric.l  R  ^^ !,  arc  iliofc  Riv*  of  light,  which  are 
beat  or  broken,  in  palBng  out  ut  one  medium  into  art* 
•ther. 

Ptneil  tj  Rays,  a  number  of  Rays  iffiKd  from  a 
(ointofait  objtCt,  and  diverging  in  the  form  of  a  cone 

Prmtkttd  jijiY,  in  Ferfpt^ve,  k  the  perpendicular 
fiftance  betwvca  the  eye  and  the  wtical  plane  or  tabk, 

as  fomc  call  it. 

Rav  vf  Curvature.    See  JiiLCuj  o/CwuvATuai. 

REAUMUR  (  RrNE  -  AvTOiNf.  -  Ff  RCH^vL  r, 
Sicur  dc),  a  refpe£tablc  French  philofophcr,  wjs  ru 
at  Rocbclle  in  i68j.  After  the  uf  (.(iiitU-  t  u  iiuol 
education,  he  was  fcntto  Poitiers  to  iludy  philoiopliy, 
and,  ia  1699,  to  Bouigct  to  Iludy  the  law,  the  pro- 
fcffion  for  which  he  was  iutrrdcd.  But  philofophy 
and  riiatbeiliatica  having  «c:y  t-iJy  been  his  favourite 
purfuits,  he  qnhtedthe  law,  and  repaired  to  Paris  in 
i'03,  to  ptirfuc  thofc  Cdencea  to  the  beft  adTmntage  ; 
andhcrt  hiL-i:;i.-!r3dcr  procured  bin  a  ftut  in  the  Academy 
in  the  ye^it  i  ycS }  which  he  hdd  till  the  tiuic  of  his 
death,  which  happened  the  tStb  of  Norember  lyjy* 
«t  74  yeara  of  age. 

Reaumur  foon  jufti^ied  the  choice  that  was  made 
of  him  by  the  iVcadciny.  He  made  innumerable  ob- 
fervations,  and  wrote  a  great  multitude  of  pieces  upon 
thenrioutbrancbcsof  natural  pbilnfophY.  His  Hldory 
oflolkAs,  in6  wb>  quarto,  at  Parir,  is  his  prir.cipal 
vwk*  Anouwt  cdittOB  ym  griuted  in  Ui^hind,.  in 


1 3  vols.  I2mr>.  TTc  im  ic  hITo  grtat  am?  ufeful  dlf- 
coveries  concerning  iroii  ^  llicwing  bow  to  change  com* 
mon  wrought  iron  into  (Icci,  how  to  foften  call  iron* 
and  to  make  works  in  call  iron  as  fioeaa  in  wrought  iron, 
liis  nbours  and  difcaveries  coneeming  iron  were  re- 
warded by  the  dukeof  Orleani,  regent  of  tbe  kingdonif 
by  a  penuon  of  1  a  thouGind  iivret,  cqnal  to  about  5C0L 
bteiiing  i  which  however  he  would  not  accept  hut  on 
condition  of  its  being  put  tinder  tbe  name  ca  the  Aca> 
d(  m'  ,  «(u)  nvghl  enjoy  it  after  h^s  Jt^'h.  li  v..'ii  uw 
to  Kcaumm 'h  endeavours  that  tlicrc  were  ellubliLlitcl  iti 
France  mam  uttmcs  di"  ".in- pl.  tc  ,,  of  porcelain  in  itiii- 
tatiou  of  chuia-wdre,  ice.  'I'iity  owe  to  him  alfoa  new 
thermometer,  which  bears  his  name,  and  is  prettj^ 
gcnetaliy  ufttl  on  the  Continent,  while  that  of  Falirc'i- 
hcic  IS  vkd  in  England,  and  fome  few  other  placit. 
Reattnur'«  thermometer  is  a  fpirit  oae»  having  tbe- 
fircezing  point  at  O,  and  tlie  boiling  point  at  So< 

Reaumur  is  eileemed  as  an  exaa  and  dear  wtjter  f 
and  there  is  an  elegance  in  hU  flyle  and  manner,  which 
ij  r.ot  cotrmaiily  found  among  thofc  who  I.avc  made 
oiily  tht  kltiit'.-*  their  ftudy.  He  is  rcprcftntcd  alfo 
as  a  rrian  uf  a  mofl  niiiiable  difpofition,  and  with  cjua- 
lities  to  make  hiro  beloved  as  well  as  admired.  He  |cft 
a  great  variety  of  papers  and  natural  curioficiea*  wbiclt 
he  bequeathed  to  the  Academy  of  Sciences, 

The  works  publilbed  by  him,  are  the  following. 

1.  The  Art  of  clianginj;  Forged  Iron  into  Sted;  of 
Softening  Call  Iron;  aodofnuking  works  of  Call  liOli» 

f.ne  ai  of  Wro«q|lit  Iron.  Parii,  172s,  I  nL  iit' 
410. 

2.  Naturil  Hitloryof  InfL-fl?,  6  vo!i.  111  410. 

His  memoirs  printed  in  tbe  volumes  of  liie  Academy 
of  Sciences,  are  very  numerous,  amounting  to  upwards 
of  a  hundred,  and  on  various  fuLjt^ts,  from  the  year 
i;o  ^to  1763,  fevcral papers  in  almoll  every  volume. 

RECEIVER,  0/  an  A'lr  Pamf>,  is  part  of  it»  an. 
pantna}  being  a  glafs  vcffcl  placed  on  the  tnp  of  tne 
piM«,  ottt  of  whkbthe  air  is  to  be  enhauftcd. 

RECEPTION,  in  Aflroli;gy,  is  a  dignity  befalling 
two  planets  wi)cn  they  exchange  boufcs  :  for  example, 
when  the  fun  arrives  in  Cancer,  the  bwife  of  the  moon ; 
ami  the  nioui.,  ii.  fitTinrn,  arrives  in  the  fun's  houfe. — 
riiL-  latrc  ttiiri  ts  alio  ufcd  when  two  pbnets  exchange 
cx;;ltatinii. 

RkCI^S^ION  ef  the  Equhvixft.  See  PfttCESSiOM 
of  ihr  A-^uiiisAtJ, 

R£CiJfROCAL.  in  Arithmetic,  &c,  is  the  quo-, 
ticnt  nrifin^  by  dividing  I  by  any  number  or  quantity. 
So,  the  Rt.-ciprocal  of  2  h  \i  of  3  is  ',  and  of  a  is 

&C.    Hence,  the  Reciprocal  of  a  vulgar  fraftion 

a 

ta  found,  by  barely  making  the  oumcr.-itor  and  the  de- 
Doniinaior  notuaKy  change  placea  1  fo  the  Redprocal 

of  ia  t  or  2 1  of  $,  it  Is     p  >•-.  *«-  Hience 

alfo,  any  quantity  being  nn-.'ti;Hii  >1  bv  it>  !■ 

the  product  is  always  eqti  .l  to  uui'.y  ui  1     I'u  {  X  ^ 

i=l,  and  |x  i=  ;=i,  and  Jx-^  =  ^=:t. 
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Of  tl»«r  prfcidtiifj  T^b'i-,  the  ii  cvidcmly  to  (hortcn 
aritluneiicul  eakuljlious,  jii J  » iil  appear cmiiiciitlj'  great 
to  tliofe  matlicmutici.jiis  and  oiUcr^  who  are  frcquratly 
i-a;urnicd  in  l-jch  kindiiur  cumpiitationf.  Tb«  ftrUi^lare 
ot  tin-  TaWf  it  e»idi-;if  ;  the  lirlt  cohiimi  conttiu  tbc 
natural  fcrtcs  of  nunibcr.*  from  1  to  icco.the  2d  the  Re- 
ciprocal*. 'rb«feKcCTprucal»(whtcb«n.-  no  othtr  ihim 
the  decimal  valaet  of  the  qwHtenti  irlliliing  frt:m  the 
divifionof  unity  or  i  by  i-ach  of  the-  k  vcral  n  ;n  tj  1 1  from 
I  to  1000)  arc  not  only  iifcful  in  fliewiiig  jjy  jufp«^lion 
thequotier.:  v.Lm  t!if  Ji.idcnd  i»  unity,  but  are  alffi 
applied  Mriih  oiucb  ^vantage  in  turaing  manjr  divi. 


fions  Into  multiplication!!,  whirh  are  mnch  cjfierjicrb 
formed,  and  arc  d  nic  by  miiltiplyirg  thr  Rccipnxail  of 
thedivifor  (asfoiiiulin  the  Tabk')  by  the  divi.J«)d,  for 
the  qtjotlcnt ;  they  will  slfo  tpply  to  good  piirpofe  in 
flunniMir  the  terms  .if  mnny  coiivcrjring  fcrits. 

Tlie  Reciprocals  are  carried  cm  to  7  plice*  of  dcci- 
mals  (for  tht  colMir.n  cf  Rcciproc-Jj  miiiV  bf  accounted 
all  decimal  fiprrs,  althnm^h  they  hwc  not  the  decimal 
point  placed  before  them,  which  is  omitted  to  fuve 
room),  ezch  being  ftt  down  toibc  neatett  figure  in  the 
laft.place,  that  is,  wlicn  tlte  pcxt  iigwrt  beyood  tlw  tall 
£et  down  in  the  TaWc  nmeaiit  a  5  or  mojr,  the  lad 

,  flfiUIC 
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Sgttre  ^^'is  Incrrafcd  by  I,  othenvifc  not ;  txcspeing  in 
the  ropetcnds  v^hich  occurred  among  tUv  !'. i tipi  jcali, 
where  the  rc-il  hd  figure  is  alwaytfet  duwo  ;  the  R«ci- 
praali,  which  in  the  Tnble  conGA  of  left  than  feren 
B|*t»in,  arc  thufc  wluVh  terminate,  and  are  coraplete 
withiti  that  numbir ;  fu.  h  «•  *$  tbe  Reciprocal  M  3« 
*2Ctlie  Recipnical nf  4,  &c> 

RtcirkocAt  /7v'«rc/,  in  Geometry,  aie  fdcb  as 
have  the  antic* dcntf.  and  confc- 
qixiits  of  tlif  Tiiinc  ratio  in  hi>iU 
fifjiins.  So,  in  two  rcdt» 
B1-:  anJ  BH,  if  AB  : 
DC  :  :  r>C  :  A  K.  tli.  n  thofe 
redangic*  arc  reciprocal  figum; 
aad  are  alio  equal. 

Ri-CiraocAi.  Pnfa/An,  it 
«hen,  in  four  qnantitiei,  the 
two  latter  tema  IwTC  the  Reci' 
pmta!  ratio  of  the  two  fwmer,  or 

<,i         ti' Jli.il        :lic  K;^-"]rr 


t  — 

1 

• 

t  .6 

of  t',.-m. 

—  :  —  :  :  5  :  8,  or  15 
H  '5 


^cciptwvdl  {tropuiliuil, 
J4  : :  5  :  R. 


b«.cau{c 


Recifrocal of  any  f]ii;iiititv,  is  the  raiioof 
the  Recipro*  1  of  qniuirirv. 

RECIPROCALLY.  Ortc  quantity  is  Reciprocally 
an  another,  <t  hen  the  one  h  greater  io  proper;  icn  as  ilie 
other  )•  lefa  i  or  wheo  the  one  ia  proportional  to  the 
Kccipiccal  of  the  other.  So  «  ia  Reciprocally  ai 

*hea  « it  alwaya  ptvportioaalta  4'<  I<tke  *•  in  the 

ir.ct  po^^ci-s,  to  r'"if''i  f-'  nry  rfTcfi,  tlic  li-f?  the 

power  i»,  tlic  greater  mufl  l)c  the  lime  of  performing  it  , 
or,  M  it  i<  r.iid,  what  i»  gained  ia  power,  is  h>fl  in 


time.  Sotbat,  if  fi  denote  any  power  or  agent,  and  / 
tiMtiiiieof-it«  pcribnaing  any  given  femce;  then/ 

iiaa     and  f  n  aa  y ;  that  u,  /  and  r  ire  Rectprocal- 

ir  prnport  onils  to  each  other. 

RLCKCNING,  in  Navigation,  if  the  eilimatiog 
the  quantity  of  a  (Hp's  way  ;  or  of  tbe  courfc  and  m' 
tieee  run.  Or.  rrmt  generally,  a  fliip'j  Reckoning  U 
thii  jccouit,  hv  wliivh  it  may  at  anytime  be  known 
where  the  fliip  i«,  and  conlipquentlv  oa  what  <warfe  or 
conrlca  4he  mnll  ileer  to  min  her  intended  port.  The 
Reckoning  is  ufually  pcrformrd  by  keeping  nn  account 
•f  the  courfcs  fteered,  and  (fx  diftancc  run,  wiifi  nnv  ac- 
cidental t  ir(  iinil':ir'.(  that  ccciir.  Thecoilllc  IturtJ 
are  obftrvcd  l-y  the  compafs;  aiid  tlie  diUantcs  run  aie 
tllimatrd  frnm  the  rote  of  riitining,  and  the  lime  run 
upon  each  €oi:rf«.  Tlte  rate  uf  running  it  tneafured 
ty  the  log,  from  time  to  time  ;  \v)i>ch  how  cTcr  is  liable 
to  great  irrcg«tlantJes.  Ancirntly  Vilruviw,  fur  Otcn- 
fiiring  i!ic  rate  of  failing,  advifcd  an  axis  to  he  palled 
through  the  fidea  of  tne^^,  with  two  lai]ge  hrsJt 
praiending  out  nf  tlie  Ihip,  inelndtBf;  whcek  tonctiii  g 
tlic  water,  by  i!;c  nvc'uiiun  of  vkhitbthe  fpace  pafTed 
over  in  a  given  i  n,e  is  mcafured.  And  the  fame  has 
V^en  fi;  rc  rttf't,  riLndcd  by  Snelliug. 

R  rc  t  fi  V I V ])fad.  Sec  Dfad  Reclen'mg. 

REC  I.,KATICNVy/;<j  Plant,  in  Dialling,  is  the  ?n- 
golari|uantity  which  a  dial-plane  leant  backwards,  from 
•n  exaAly  oprigbt  jqk  vertical  pfauwy  or  bam  the  «c> 
aith,  » 

Vot.  f  [. 


tbe  piece,  the  gun  will  have  Recoiled 


RECi^INER,  or  Rlclinikg  D-j!,  \*  «  dial  wfaofe 
p1.:iie  teclinct  from  the  (MrpcndicuUr,  that  ia,  leaaa 
backward*,  or  from  you,  when  you  lland  before  it* 

RaCtlXER,  DfcHliing,  or  Df  Jin'm{  RircLINiMC  liUlt 
if  one  which  neicher  IUnti»  pcrpL-ndiculaily,  nor  oppo- 
lite  to  bne  of  the  cardinal  jjointi. 

RECOIL,  or  RenouND,  tiie  lefilition,  or  fiyti^ 
backward,  of  a  bL>d}-,  cfpic'aliy  a  fire-arm.  This  la 
tlif  tntiticn  by  which,  u[: oil  t  xplofion,  it  ft '.rtj  or  flicf 
b  u  !i.iv.irt!i  ;  and  the  cniife  of  it  is  the  ic!j;^itice  of  ilic 
ball  and  cht  iri  polling  force  of  the  powder,  wliicli  acta 
tqti&lly  <■  n  the  gun  and  un  thr  ball.  It  has  been 
cominuiily  faid  by  authnrs,  iln.i  the  motnentiim  of  the 
b;iil  is  equal  to  that  of  the  gun  with  its  cirriage  toge- 
ihtr  ;  but  this  is  a  tniHake  ;  for  the  IjtisT  momctitum  it 
mm  ly  cqOal  to  that  of  the  ball  and  half  the  wcirlit  of  lli« 
powder  together,  oioWngwith  theTriocity  oftbe  ball* 
&>thal,  if  the  gun,  vid  had  widi  half  the  powderg 
were  of  etjtwl  we'j^lif,  the  piece  would  recoil  with  tbe 
I'jniL  vr!:ii  i; y  uj  tl  ■  li.'.ll  [iilchar-.-t ,!.  V,  A  tiif  heavie  r 
any  bauy  n,  liit;  Lis  v.  ;il  r.i  .'dtjcity  b--,  ui  li.ivc  the 
f.imc  momentum,  o-  !  i\:<;;  and  thcrefi"c  fo  m.iiif 
times  an  the  cannon  aiiii  carriage  is  he.iM':i  than  the 
Lull  and  half  the  pow  der,  jiift  nsmany  tiiiui  will  the  ve- 
locity of  ihcb  dl  be  greater  than  that  ufihe£uo{  and 
in  tlie  fame  ratio  nr:u'iy  is  tite  length  of  tbe  barrel  be* 
fore  the  cliai)je,  to  the  quantity  tM  gun  Rccnits  in  the 
time  the  ball  tspifliug  along  the  bore  of  tbe  gim.  So. 
if  a  z.f  pounder  of  10  feet  long  be64Co]b  weight,  and 
charged  with  6lb  of  powder  {  then,  when  the  ball  quits 

  X  10  =  -f- 

&40Q  100 

of  a  fnut,  01  nearly  half  an  inch. 

R£CORD£  (Roiht),  a  learned  phyfician  and 

maihematician,  was  bom  of  a  good  fiunib  ia  Walet, 

and  llouriffied  in  the  nim  of  ^Hcflty  the  8tli,  Edward 

the  6th,  and  Mary.    There  it  no  ac«nnnt  nf  the  exaft 

time  of  his  th,  thoi:j;ii  it  mufl  liavi:  hccu  furly  In  t!,e 
l6th  century,  ht  v-^-s  1  ntvrrd  of  the  uiii  , xrfity  of  Ox- 
f  ii  cl  iibout  the  year  1525,  where  he  was  elected  fellow 
of  Allfoids  college  in  I  53 1 .  Making'phyfic  his  profef- 
fion,  he  went  tu  Cambridge,  where  he  was  honoured' 
with  the  degree  ol  dcxftor  in  that  faculty,  in  ;  ^.j  5,  and 
highly  cftecrned  by  all  tliat  knew  him  f  1  his  great 
knowledge  in  feveral  artt  and  icicncct*  He  aftcrwarda 
returned  10  Oxford,  whcrr,  at  he  had  done  hefmt  he 
went  tn  Carrbrid^c,  he  publicly  taught  arithmetic,  and 
»>thcv  brandies  of  the  matheJnattcs,  with  grc.n  ap- 
pl.iiife.  ft  fceni*  he  aflerwurda  repaired  to  1 1  nc'iin,  and 
i"  bashrrM  faid  he  w  Ks  pKyficim  to  Edward  thertth.ind 
M,  ,  tiivUii;'!  prini.ca  he  iIkIi  iitrs  lomc  of  hiit  books  ; 
and  vet  he  ended  bit  days  io  (he  Kior't  bench  ^rifoa, 
SoutWark,  where  he  waa  omfincd  nr  debt,  m  the 
ycartJjS,  at  a  very  imma'tireagc. 

Recordc  publiflied  feveral  mathematical  books, 
which  are  moAly  is  dtakigae,  between  the  nufter  and 
fcholsr.  ThcvnrcJtfoBow: 

I.  T7.'  Pa:! -uw  to  KMd-oLJge,  containing  the  firft 
Principle*  of  Geometrie,  at  they  rosy  mofte  aptly  be 
applied  unto  pradife,  bothc  for  ufe  of  Inflrumetitet 
(^eomctiicall  and  Aftiooo'picall,  and  alfo  fur  Fro* 
ieaion  of  Ptatcci  much  ncccflafj  for  aQ  fiMct  of  mea. 
Lond.  4to,  i^p.  "  ' 

TLt  Crvund  if  Jiu,  teachinr  the  peHeft  wWhe 
«nd  pnifiicc'«f  Antbmctickei  htxk  ia  whole  aonbena 
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»nA  fraftions  sftcr  ■  more  rafic  and  e»«ft  fotmc  then 
ill  fi > ititT  tTTC  hath  brcnc  fet  foith,  Svo,  1552. — "Hiis 
vfLfk  wftil  thr<iuj;h  m:iny  eduions,  and  wa»  corrc^ttd 
»n<l  nii;:^mcntrd  by  fcveral  o:!i«r  ptrion*  ;  as  ftr'l  by 
the  famous  Dr.  Jolui  Dct  ;  then  hv  Jnhn  Millis,  a 
ff  hfK-.'iTiallcr,  i^i^o  ;  nrxt  hj  Robert  Norton  ;  then  hj 
l^ibv>Ti  Martwill,  ptadicioncr  in  madtcmiiiics,  in  Lou* 
4on  I  uid  UMy      IL  C  and  printed  in  Svo,  fbiy, 

^  $*  7%r  Oifle  KfnmtM»t  cmTtioiae  the  ExplicB- 
tion  of  t1i«  &|>l«efe  both«  Celeftiiill  and  Mxtenan,  ind 
divers  ijihtr  iKiiigs  iiicicltnt  thtrit'o.  With  fimdty 
pltafjint  p(o<<fc5  ami  tti  tuinc  iit"c  dimonllrjlions  not 
written  h.-Uii  c-  xn  any  viil^  nrewourkcs.  Lend. folio,  1  5 

4  T-!'  ii'I-i  ■',>.(  nf  If'-.nt,  whii-li  is  the  frcondc  pan 
cf  Ai  filiindi^t :  co;it.ii;iiii^  tl.c  Extrr.'^t  <iii  of  R  d-zIcj; 
the  C'/flikc  riiQiu',  "it!i  rill.-  rule*  trf"  Equation:  and 
ilitr  wooil>L'>  iif  ^ii:r<!e  N'.>'iil.fr«.  Lond.  410,  IJJT"— 
Fur  an  analyfia  of  tbis  work  on  AlgebTa»  mih  an  ac> 
cnani  of  ivhat  ii  aewin  itp  fee  pa.  79  of  vol.  i,  t)ndt.- 
tlw  wticle  Alosbha. 

Wood  fays  h«  wrofe  nlfo  fevemi  pieces  on  phytic, 
Wiatomv,  pi>lilji.-i,  ami  divmrty  ;  but  i  knov*-  11:  t  i' !ir- 
tlierthei.'  \"<'re  tvor pulilifhrd.  And  SheiburiK  1  1  that 
h'-' piihltflud  C'lfrnn-^rrphif  JfagtfeH  ;  alfo  lha!  1  <  ivi  re 
b  liuuk,       ^-frf  fautndi  horch^ium  f  aod another, 

Vju  GloLorum,  (5*  dt  Sm»  Temftnm  I  which  I  have 
Bi  ver  ifi  n.  • 

RKCVrANGLE,  ii  Cfi  iTttvy,  IS  a  richt-mgled 
paraUclograni,  or  a  richt-angletl  quadrilateral  figure^ 
If  from  any  poitii      Una  be  oiawa  to  all  the  four 


angles  of  a  Rcftangle  ;  then  the  fum  of  the  fqnares  of 
ihe  lines  drawn  to  the  oppolitc  corners  will  be  cqcal, 
hi  whatever  part  of  the  plane  the  point  O  is  lltuated  ; 
^Iz,  OA*  +  OD'  =  01i»  +  OL*.  For  other  pro. 
pertiesofthit  Rcdangle,  fee  Pas  ai  lk  logx  am  ;  I'ortlie 
Kcdangle  being  a  fpccica  of  the  parallelogram,  what* 
ever  propcitie* belong  tottielactL'r,mu;l  equally  hold  in 
the  (oniicr. 

For  ihe  Area  of  ,t  Ri.ciA.st.LL.  Multiply  llie 
length  by  the  bieaJlh  or 
hiight. — Olbtrut'rfe  ;  Muhiply 
the  prOvluil  of  tlie  uvo  diagonals 
l/V  h;''.f  the  fine  of  their  arijjlc  it 
U.^  n4l..rk6lioii. 

TiM  M,  Afi  X  AC,  or 
AD     BC  X  ;  fw.        sa  . 

area.  A  Rcdande,  a»  of  t«0 
l  ni.8  AB  and  AC,  it  thus  df- 

noted.  AB  >;  AC,  or  Al*.,AC 
j  irfTtd,  the  Rectangle  of,  or  ui.Ucr,  ABami  AC. 

RecTiNGLS,  iu  Atithntitic,  is  the  fame  with  pro- 
duct or  faiitum.  So  the  Rtf\angle  of  3  and  4»  is  3  x  4 
or  I  2  ;  iii.d  of  a  and  b  Ua  H  l>  or  ab. 

RbCTANGLED,  Kioht-anclid,  or  Rfctan- 
COLAR,  isapplied  tofigurtaand  folidslliat  ha%c  i:  li^^Aft 
one  right  angle,  if  not  luorc.  So  a  Ki'^lit-aiigled  tri,  ii- 
4ie,  b»4  uuc  right  an^tc  :  a  Right-angled  parallel^gu^i 


4 

tr.  

b 

is  a  ridanglv',  and  has  four  riglit  angTe*.  Such  al/b» 
are  fquart.*,  cubes,  paralklopipe Jons. 

Solids  are  hll'o  faid  to  he  Recbinjjular  wfih  refuel 
to  their  lituation,  vi/.wlien  ihcir  axis  is  perpendicular 
to  their  bafcf  at  ri;;Kt  tones,  pyramids,  cyhnder*,  &c. 

The  Anciciitinmi  the  phraie  RtBmsu!av  jfTihn  of  «> 
ttHtf  to  dciHiite  a  parabola ;  that  Conic  fcdion,  bclore 
ApoOoniua*  being  only  confKicTedin  a  cone  having  iti< 
vertes  a  r^jfht-aajgle.  And  Jmee  k  waa,  that  Arcbt* 
tnedet  entitled  hia  book  of  the  qoadratnn:  of  the  psta* 
bob,  by  the  name  of  A*  Han-^uli  Cjni  Sfitio. 

RECTIFICATION,  in  Geometry,  is  the  find- 
ing of  a  right  hue  ef|U.iI  to  a  curve.  The  R^i\i!icjt:oit 
of  firvrs  if  a  hrjtu  h  of  the  htj;her  geometry,  a  hrani.h 
in  uhicli  tlie  ufc  of  llie  inveric  incthod  of  l  luniofts  ia 

cfpecially  ufefuL  Thit  ia  a  prdiicm  to  which  aM  ma- 
ibanattciani,  boihmricnt  «ira  modm,  have  paid  the 
greatcft  atteation,  ajiJ  pirtli-nlaily  astotiic  R.i.'f>ifi.;a— 
tion  of  the  circle,  ot  *ln<Ji.ij;  the  kugt!)  of  tW  i  ircun.. 
fercnce,  or  a  right  line  equal  to  it  ;  but  hitherto  ivitl)- 
out  rhc  pcrleCl  eileil  :  upon  this  al(a  depcudi  ih^  qua- 
clr.i:ii; -J  the  circle,  fiiace  it  is  demonilrated  tint  llie 
area  ot  a  ciiclc  Is  equ.il  to  a  ilght-flngKd  triangle,  of 
which  one  of  the  fides  ai>t>ut  llic  light  angle  it  the  !»• 
d'ilis,  and  the  other  equal  to  the  circumfetvnce  :  but  it- 
U  much  to  be  feared  tiiat  nciiltcr  the  one  nor  the  other- 
Will  ever  be  accompliflied.  Innunerable  appraxiBia* 
tiooi  ba«c««r  faa«c  bee*  ii»dc».  from  Ardttnankai  down 

^)  the  mathcmaticiant  of  tbeprefellt dajT.  Sc£  CibCLV: 

and  CiHCUMrEHENCC. 

TIk  Ii; 'I  peifou  \v!io  gave  t!ie  Re^lificatlon  of  any 
cui  ve,  was  Mr.  Nc-al,  Ion  of  Sir  Paui  Neal,  as  we  find  at 
the  end  of  Dr.  VVullis's  treatife  on  the  CifToid  ;  where 
he  fays,  that  Mr.  Ncal's  Redifuation  of  the  cimc  oF 
the  (cuiiciibicalparabola,  was  publiflied  in  Jjily  or  Au« 
gufl,  16(7-.  Two  years  after,  vix  in  1659,  Van  Hau- 
Nat«  IB  Holland,  alfo  gave  the  Rcdificatioti  of  the  bine- 
curve :  a«  tnav  be  l«cn  in  Scbootea'a  Commentary  on 
Des  Caites's  Geomeiry. 

The  moft  t  nr;.pit!ici  fire  method  of  Rtctiilrntion  of 
ciuves,  ij  by  the  inveifc  method  of  ttuxions,  which  ia 
thnas.  Xict  AC«  be  an  J  curve  line*  AB-an  abfcifit  and: 


alfo  I. 

.1  CJ 


Kjtll 


r  ordi- 
parallel' 


BC  a  pcrpcndicikr  ordinate 
Date  indefinitely  neitr  to  liC  ;  n'i  i  l  /  iirawn 
to  the  ahfcifs  AR.  Put  the  abfciis  Aii  ^  .v,  il^eordr 
nate  BC  =  v,  and  the  curve  AC  =  c:  ihcn 
Bi  =  r  the  fluxion  of  the  a'  f.  u  A  C,  and  cJ  =  J  the 
flu;;lon  of  the  ordinate  I  C,  alfo  0=3  the 
fluxion  of  the  curve  AB.  Hence  becaofe  Ced  may  be 
cnnfidered  as  a  phne  right-angled  trtangks  Ct*  = 
C({*  +  cr!',  <r  £*  =  jt*  +  >■=  ;  and  thtnf irr 
i  =  v'a'  +  ^'  ;  which  is  the  fluxion  of  the  length  of 
any  curve  ;  and  confcquenily,  out  of  thi*  equation  ex- 
pelling either  »  orjr,  by  means  of  the  particul  ar  cqna. 
tion  exprtlTing  the  nature  of  tlie  cui-ve  ia  qucili  ju,  tl.c 
f.iicnt!;  t»f  thi'  tcfultiuff  equation^  being  then  taken,  will 
give  ihekuKthoC  t&curvi^  uv  finite CenM  when  it  ia 

sttAifiakle, 
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TcAi'fiable,  Othtmite  in  an  infinite  frries,  orlh  I  logi- 
Tithmic  or  exponential  Ice  exprdHi  ni  or  by  meant  of 
ibme  other  eurte,  6tc. 

Ex.  I.  T»  rtSifj  lie  tomummftrtbtbh-^ln  thii  cafc« 
the  equat?oa  of  toe  curve  h  b  where  m  ie  half 
<he  {nnaicter.    Tbe  fltttioa  of  tbi*  Mjnaiioit  w 

*ajt  =r       aadlwnoe**  tM>  leiflff  bbHi- 

tmcd  b  the  general  eqaetioB  c  as  v'^TT*  ^ 

n"^         jynlieciomftlneBtsof  whidigivc 
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or  the  q-jidrsnt  to  the  dkmiter  1,  VxD  V  — 
I  ^  J-  ^  1          ^J-tu,  Butu  tbU  feric*  co«> 


ti..it  ll 


I'omc  fititiller  arch ;f1  1 :  '.'I  rn, 


t..i:;i      me  »t< 


+  i«i  X  lijrp.  log.  of  — 


+  vy 


a  pa- 


»->i'ch  U  the  length  of  thr  ciirrc  AC,  wheti  u 
rabula. 

And  tttc  fame  might  be  cxprcfTtd  by  «n  infinite  fe- 
tiM,  by  expanding  the  quantity  ^ aa  +  yjr%  Sec  my 
fcK;,|'.]iatii>n,  pn.  j6l,  ciiit, 

Et.  2.  7»  rtBiJjf  iIm  Cirrie. — ^Tb«  eqitation  nf  the 
circle  may  ht  rtjmMi  Cillier  in  terms  of  the  fin-,  or 
veifed  line,  ortiingenC«  orfecut,  &c,  and  theiadiut. 
JLiCt  tbcn-fore  the  radiin  of  tlie  circle  be  DA  or  DC  » 
the  vcricd  fine  A B  %  r,  the  ri^ht  frae  BC  =  y.  the 
tangcat  CE  =  /,  at»d  the  fecant  DE  =  / ;  then,  by 
die  aetwe  of  tlie  circle,  we  h.ivc  thcfe  cqilMjoa«i 

ir.e-4::s  cf  '.he  il  iAions  of  thcfc  cr;i,u'uii4,  u  itii  the  ge- 
ntiuJ  c^ualiifu  s.'  =  A*  +  J-*,  :irr  olitalr.cJ  llic  follow- 

ing  fluxioniil  fcMmt  for  t!u-  ll.ixinn  ((t  ihc  cur^i-,  the 
fiueut  of  aay  oneof  wiucii  wili  be  the  curve  itUlf,  tlx, 

•  «  •  • 

£ fgg       «y       ^     r*/  r*t 

Hence  the  vahse  of  the  curve,  from  the  fluent  of  each 
of  thelcj  gins  the  four  followinir  formt,  io  fericti  nx, 
tbeotrte,  patu'n|^</s£  sr the uameter,  its 


UfKS  Hta)"  convrrg^c  fjftcr  i 
of  30-,  whofc  tatigcnt  !«  =  ^Z-'--  =   J773)3»,  or  iH 

fniiare  /'si  — ;  am!  hence,  aficr  the  firft  term,  the 

ficcctJint'  ttrins  will  be  fiuind  l>)  iliv:di*j-  alway*  by 
_H,  and  thctc  qiiolkiiTs  diviikil  by  ll.c  ^ll;L•iutL•  n'lm- 
bci-s  X,  J,  7,  9.  &c  ;  and  Lilly  st'Jinjj  evtry  othcf 
ttrm  together  iitto  two  lums,  I'lie  Mii:  the  lum  of  the 
^fitife  tenns,  aitd  tbe  ulKr  tUc  fux  of  the  negative 
onea,  then  laJUy  the  one  liinn  taken  from  the  other 
Icave«  the  lct>£tli  of  the  arc  of  30^,  whtdi  ta  the  uth 
part  of  the  #hiJp  rJmimfJfreoce  when  the  radim  !•  1,  «ir 
tlif  (^^\\  \-  .\\  wlu  ;i  il' mjL-ttr  is  I,  ar.J  roii^cqctiitly 
fi  times  ilut  arc  wiii  be  tiic  icii^lli  nf  the  »  fioI<  circum- 
ference tO  the  diameter  l)  tiMicfuie  mukiplj  tbe  ift 

term  v^-|-br6»aiidtliepffoduAi«  v~  or  -/m  =■ 

3-4641011^) :  hence  the  operation  .11^  be  GoovenicDtlf 

made  as  fuUonri : 


+  Tcrmi. 
1)  3*4641016  (3*4641016 


-  Term*. 


3) 

( 

0-384900* 

5) 

( 

7) 

( 

9) 

( 

47j'9. 

139C9 

>«) 

i4j;56 

( 

«^) 

47S«9 

( 

3655 

«J) 

( 

52S0 

( 

3'i 

( 

i?l 

S>*7 

»3) 

l*)0 

\ 

• 

6$ 

( 

s 

27) 

21 

( 

• 

~  ^'  2.3^  a.4.5rf« 
as  (I  4-  4-  — 


13 
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'1*        f*  /* 

lr»        Cr«        'r*       or*  '  * 


3' 


9' 

-') 


&c)  r. 
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3*  141  $916  the  dicndfereileek 

\',!i  ip'j?  dtlicr  ferie»  for  the  Reitlfic.ition  of  the  circle 
ri  iv  bi-  l;cn  in  rfiffcreiit  part*  of  my  Mciifiitaiion,  a»  at 
pa.  Ml,  137,  Its,  422.  &c.  See  alfu  my  pa< 
per  on  thia  fnl^eA  la  tbe  FhiW*  TnoC  wL  66» 

pa.  \-,(^' 

RtCTIFlER,  In  Navijration,  is  an  inllruraeot 
It  ia  evident  that  the  fio^icft  of  tbefe  ferieait  tbe  sled  iiiirdetermir.tr.,;  rhc  variatioii  of  tbecooipab^  lO 
tbnd,  erthat  which  iaexprciled  in  tcrana  •c/t  tbe  taiK  order  to  redify  tb<.  ihi^'^  courie.  It  caafifla  of  two 
'  fent.  It  will  therefore  be  the  praperell  form  to  calcu-  circle:),  cither  luid  upon,  or  let  bto  oae  another,  and  1« 
lale  an  example  by  ia  nnmbert.  And  for  this  porpofc  faftcned  together  in  their  centres  that  they  reprefetJt 
it  «  ,11  bt  cunvetiient  to  affumt  famf  ire  whofc  tanjjcnt,  two  mn^f  .iHi.  th':  out  fixed,  anJ  tlicotht.i  m  m  iL!e. 
«j  at  leaftit«fqiiarr,  is  known  tci  he  fo-.nr  fmall  finite  num-  £.ach  isdlviutu  inlu  1^1  puinu  of  tut  cuir.f^.iU,  jimI  ^'i^', 
ber.  Now  the  jn- lit  4,*  it  l«  knuwii  has  it»  tangrnl  and  numbeted  both  way«,  from  the  oorth  .-".nd  iht '.u.ii'.i, 
equal  to  the  radius  ;  and  f hi  rcr  r.-,  taking  the  ra<liu«  endin';  at  tbe  cmH  and  weft  in  The  fixed  compafi 
^  as  t,  and  confequently  the  tangt  ai  of  4^*  or  /  =  I  reprelcnl*  the  horiion,  ia  which  the  north,  and  all  the 
aUb»  is  tbia  «afc  the  aic  of  4>"  to  the  tndiua  %%    otkrr  pointa.  as  liabU  In  nrintwBt  1a  tbe  centre  of 


/  a.ji>    '  i.4-5^' 

See  my  Mcnfur.  2d  edit.  pa.  118  &c,  alfo  mod  trea- 
tifvi  on  Fluxion*. 
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movnbk  compafi  it  faflctied  a  filk  thmd,  lun;r 
moiigh  to  reach  the  outfide  of  the  fixed  conpafs :  hut 
when  the  inilraaKoth  made  of  woodf  aniadcmu  utod 
inrtnd  ofthethicad* 

RECTIFYING  ^  Cunitf.    8<e  RtcriFicA- 

RfCTlFYiVG  cf  til  GMi  nr  Sjfl'ere,  h  a  previou.*  ad- 
jiillrriri^t  of  it,  to  pri  juic  it  for  the  fuhilion  uf  pitt- 
ble-'n<:.  This  iifuaUy  conti.'l.s  in  pljciiif(  it  in  ih:::  Mine 
pofiti'Jii  M  the  tTi:c  fphere  of  llie  !J  at  fumccor- 
taJii  time  Jirupoft-d  j  whtch  {•  d<nu  tirfi  Ijy  tkv-j"i:i;;  the 

pole  above, the  horisoo  umuch  a«  the  Istiiwie  ut  the 
place  W|  then  bringin];  the  fun'»  plaice  for  the  given 
day,  fuundintlic  ci;liptic,  to.th<:  graduated  fide  oftlie 
brafc  or  general  ir.triJiin,  next  move  tlie  hour-index  to 
tilt  uppur  hour  of  ir,  f<i  fiull  the  globe  be  KeitiHcd  f.ir 
rocfi  of  tint  day  ;  an;*  if  the  ghtht  turned  about 
till  th<  hour-ii'.uc:; point  at  any  propolcd  liour,  then  is 
tlx'  };lubein  the  real  p^vlitioa  of  tlic  earth  at  that  ti.ne, 
if  the  whole  globe  be  fct  in  the  north  and  footh  pofi- 
tiott  br  mtnn*  of  the  oompalt. 

RtCTILlNEAL,  RecriLiMFAK,  or  R-g't  rxid, 
h  i;.c  quality  or  nature  of  (x^ntv*  that  are  boimded  by 
right  lints,  or  fi>rn>cd  by  rij^ht  line*. 

RECURRING  i..«  f       .  mftltulcd  in  fu.-h 

a  na:  :.r,  liiat  tat.t:i      plt^furc  any  number  of 

lis  tiT.ris,  each  follpwitig  term  fliall  be  related  to  tlie  f.inic 
Dumber  of  preceding  ti  i m*  aicoidin^  to  a  conilanl  law 
of  relation.  See  Knurrip^  SrRiri. 

RED,  in  Phyfics,  or  Optica,  one  of  the  timple  or 
primary  colours  of  natural  bodies,  or  rather  of  the  rayt 
of  Jight. — The  Red  lay*  are  the  leail  refrangible  of  all 
the  nys,  of  light.  Andhcnce,  at  Newjon  fuppofm  the 
diflcu  iit  ilegrccjof  refrangibliity  toarifc  from  the  differ- 
ed. ni,ij-nitude»  of  the  luminous  particlea  of  which  the 
ravs  Liinliil ;  t'lcrcr.iri.'  ;!;^  Rr,;  c;  R  .d  U  .lu,  is  con- 

clitdcd  to  bi'  that  w!ii:h  i,Mi.!i:iiut  llic  largcll  pjrticLi, 
fieeCoLoi'R  and  Lir,  ;it. 

Autluxs  dillinguith  three  gvncial  kinds  of  Red  : 
one  bordering  Of)  the  blue,  as  eoloinbinc,  or  dovc-co« 
lour*  ptttple*  and  crimfon  ;  another  bordcting  on  yel« 
bw,  aaflamcxnohmt  and  orange ;  and  between  thefeec* 
tmnca  ia  a  medtuait  which  u  that  which  it  propcily 
called  Red. 

REDANS,  cr  R-  DAST,  or  REnsNf,  'n  rnrtifica- 
tion,  is  a  kind  uf  uu.k  i.  Jenlcd  like  tLc  ttcth  of  a 
faw,  with  fulient  and  re-entering  angles;  ti  the-  tial 
that  one  part  may  flank  or  dcfind  aooincr.  it  i»  called 
alfo  /atu  ti'  iri,  and  iiuifnttd  vjork. 

Redans  arc  often  ufcd  in  fuitifying  of  walls,  where 
it  is  not  neceflary  to  be  at  the  cxpence  of  buildil^ 
.baftiona }  a»  when  they  ttand  op  the  fide  of  a  river,  or 
a  Diarfh,  or  the  Tea,  &c.  But  the  fauh  of  fuch  fimtft> 
cation  is,  that  the  bcGegert  from  one  battery  may  ruin 
both  the  Cdc«  of  the  tenaiile  or  front  of  a  place,  and 
in:ikr'  :in  alT^u.!!  wmI. out  fcsr  of  bcing  cnfilMedi  fi&ce 

the  defences  ;irc  i  iiiiud 

The  i  t  Iff  t'.t  ccrridnr  ,ilfo  is  rcquCBlly  Ro* 

dentec.  or  carried  on  by  the  way  of  Kedana. 

REDINTEGKA  l  lON.  ie  the  taking  or  finding 
U>e  iri'i  ^u  il  '  r  fluent  again',^  fiom  the  fluxion.  Sec 

Ftux.os  ai  il  t'uUKNT. 

REDOc  t  i  yiti  RtooDTt,  in  Fortifi«ation,a  fmall 
Art,«ntLottt  aaj  dclcoce  but  tp  6gnt»  vfiBd  in  trenches. 


0    ]  RED 

lines  of  circuraTnllition,  contravallattoSf  and  approach  | 
a*  alfo  for  the  h>dgi(ig  of  corps  de  gaidcr  and  to  dc* 
lend  paflaget, 

^  Drtiteied  Rboovbt,  is  a  kind  of  work  rcfembling^ 

3  riivtlir,  with  flanks,  placi  J  tuycjiul  t!.  ■  ^Uci*. — It 
U  lu.iilfc  ^^^  O.-Xlipy  fomc  \\"-iX  of  grnun^l  \Mi:ch  mi  ht 
be  iidvant^gCKOi  to  t'  r  iu-:ii  ;  iillo  tu  obi.^--; 
the  enemy  to  o^n  his  Irencticii  l^niier  o5  than  he 

Wi>'.ild  olhiTwilc  <|o. 

REDUCING  Sciilt,  or  Suivevikc  5<-<tV,  it  » 
'broad,  thin  flip  of  bOK,  or  ivory,  having  fcvrial  bnca 
aad  fcalcaof  equal  porta  V|NHi  it }  ufcd  by  (ttrvcyorafoc 
turaing  chaina  and  linke  into*  lOoda  and  acrti,  by  in« 

fpe^ion.   Tiiey   ufe   it  aUb  to  reduce  map*  aal 

draughts  from  one  dinaenflon  to  another. 

REDUCTJON,  in  genrr.il,  is  d  c  li^  itiL;  or 
changing  fotnc  thing  to  4  difLrcnl  lui:ii,  iI.il.,  ur  uc- 
numination. 

RcOOCnoN,  in  Arithmelhy  is  commoniy  uniicr- 
ftond  of  the  cbaii:;ing  of  money,  weights,  or  tmn- 
furett  to  other  dcuominationi,  of  the  fame  value  ;  and 
it  ia  of  two  kind*,  RtdmBSom  Difctn^g,  wliich  is  the 
dianjtng  t  uuitiber  to  ita  e<pitt«lent  Ti\§e  in  a  lower 
denomination  ;  as  pound*  into  (billings  or  pence  1  tad 
/ff-etifim^,  which  is  the  changing  niimbert 
tu  i.'^iicr  denominations;  as  pence  to  (hilling  or 
pounds. 

RuLS.  To  perform  R'duR'nn  ;  confidcr  huw  many 
of  the  left  denomination  make  one  of  the  greater,  as 
how  many  pence  make  a  fhilling,  or  how  many  flui» 
lings  make  a  pound ;  and  multiply  by  that  number 
when  the  Rcdu>-tion  is  deicending,  bat  diinde  by  tt 
when  it  1*  afeending.  Soto  rednce  atU  into  pence  1. 
and  convtrfcly  tliofe  pence  into  pouadt}  IBtdliplj  «C 
divide  by  I2  and  20,  as  here  below. 

«3  /.  la )  iitai*. 

46044.  ao).  4lSo«k 

12  13 1» 

5520  it- 

REDt'CTioM  ^FrmBkHt*  See  FaAcnoV}  and  Di- 

CIMAL. 

HEouCTtOM  f^^«lrM»>  in  Atgdmi  8ce£4iVA> 

TION. 

R t Dir CT lOM  ^Currv/,    See  CuavE. 

Reuuctiom  »J  a  F^^ure,  Dfjign,  <ir  Draught t  il  the 
making  a  copy  of  it,  either  larger  or  fmallcr  than  the 
originalp  but  iliU  prelcivcng  the  form  and  pro  pota- 
tion. 

Figures  aod plana  arereduccd,  and  copied,  in  variooa 
wavit  ;  as  by  toe  Pet;tagraph,  and  Pioportional  com- 
pallis.  Sie  I'tsTACK  APi'-,  .V..I  Prvf-'  liktSiJ  Com. 
PASSES.  1  he  belt  oi  the  oUicr  utetiiodt  of  reducing 
afcaabebw. 

To  rtSicea  ^hv^'.-  R.-aTirmr  Figure  ly  I.'r-rs, 
Pilch  upon  a  point  P  any  where  about  the  given  fi. 
gure  /)BCDE,  cither  within  it,  or  without  il,  or  iJi 
one  fide  or  angk »  bat  near  the  middle  if  befi.  From 
that  poi«tPdi«w]iaHtlMMIg|ldltbeKa|de»iiieon  one 
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of  which  take  Va  cu  FA  in  the  propof^d  proportion 
of  the  fcaUs,  or  linear  t{im<-nllons  ;  ihen  draw  ai  pa- 
rallel tu  AD,  ie  to  BC,  tic i  fo  flitU  aitdtbc  the  re- 
duced figure  (bugitt,  eitber  grintt«r  or  finaOcr  tbiui  the 


To  Jteifuce  a  Figure  ty  a  5.  ..'i-.— Mcafu i  e  sll  tV: 
Gdc»,  and  diagoDalv,  of  tlic  Sj^t.ir,  as  ACCDE,  by  a 
f»)c ;  and  ky  down  ihe  fame  mealure«  rel'pe^tivelyt 
from  an  other  fcale,  iu  the  proportion  required. 

To  Rtduce  a  Map,  Defgit,  or  Fi^un,  by  Sfimru^^ 
Divide  the  original  into  a  number  oi  little  Iquares; 
Md  divide  a  tnih  paper,  of  tlic  dimeniiMt  rcqinndt 
ioto  the  lame  number  of  other  fquireii  cicber  grater 
«r  foMlier  at  required*  TbU  daaet  la  ef«7  (qtnre  of 
tlie  fecond  fi^rc,  draw  what  it  faani  in  the  eorre« 

^I'lticlluj;  ftjuart  tifthefliftor  tiii.^Im!  figure. 

Tiic  cruU  lines  i"ormio>{  th<  It-  ii^uaie*,  uia^  be  dia'An 
vith  a  pencil,  and  tl.  jic  n/jbcd  out  again  after  the 
work  it  finifhcd.  But  a  aiore  ready  and  convenient 
way,  efpecially  when  fuch  Redudiout  are  often  wanted, 
would  be  to  keep  atwaya  at  hand  framrt  of  fquarca 
Kady  made,  of  ttrcnl  bSCf  t  fcr  only  juil  lajiltg 
them  down  upon  the  poptri^  the  comfpondiag  partt 
nty  be  readily  copied.  Theic  fiamet  naj  be  made  of 
feur  ftif  or  inili-xible  han«  ftiuag  acrobwitb  borfe 
Lairs,  or  fine  catgut. 

Redlctkin  iu  the  Ecli^ic,  to.  AftrtMMMi7»  it  the 
difltreiicc  bftwren  the  argument 
of  latitude,  as  NP,  und  an  nc 
•f  the  ecliptic  XR,  inu  ci |)".tJ 
between  the  pLuc  of  a  jjl  urct, 
and  the  node. — ^To  fioj  thin  Rf 
duflion,  or  diiimiice{  in  the 
iwht-angled  fpbarical  tiiangk 
NPR,  are  given  the  anfrle  vf 
ItKHnation,  and  ilic  ariri.riitni  of 
Uiitude  NF;  to  tind  KR;  then 

the  ditrcixnee  between  NP  and  Nklatbe  RcduAwn 

iikught. 

REDUNDANT  ffy/vrkh,  it  a  curve  of  theb%be*> 
bindt  called  becauw  it  exceeds  tlie  conical  hyper* 
bola  III  tbe  aanber  of  kgt  ;  bcitig  a  triple  hypcrbda, 
with  6  hyperbolic  leg«.  Sec  Newtoa'a  Sauoi.  Lio. 
lertii  Otdinis,  iiumina  formaruro,  &c. 

RE-ENTERI NCt  y/'.^-.V,  n  Ktitification,  ii  an  an- 
flc  who(c  point  is  tutacJ  ia-ivardi,  ui  towards  the 
flace. 

REFLECTED  Aajt  or  f  j/fiw,  is  that  which  it 
ande  b;  tha  tdUB&M  af  fi^s  «r  bf  » 


ceived  upon  the  furface  of  fome  body,  and  thence  re* 
fledcd  again.  See  Rat,  Viaioti,  and  ILirtKC*' 

TIOH. 

REFLECTING,  or  Rcn,BXiTt»  Dial,  i»  a  kind 
of  dial  which  (hew»  the  htuir  by  meant  of  a  thin  piece 
of  h)oking.ghfi  plate,  duly  pueed  to  throw  tbe  fna'a 
rayt  to  the  tap  of  a  deling,  OS  wbidi  the  bourktiacf 
art  drawn. 

REFLECTION,  or  RtFi.Exict*,  In  ?vT.rluaics,  it 
the  return,  orregi-enive  motion  of  a  (iiovcabic  body, oc- 
taiionc'i  hy  (ht  refill  ante  of  aiu>ihcr  body,  which  hin- 
ders it  from  purfuiug  its  lormt:r  courfe  of  dire^ion. 

Rcflechoii  i«  conceived,  by  the  luted  aud  bed  au*^ 
tbort,  ai  a  Ototioa  peculiar  to  c>a!lic  bodies,  by  which^ 
after  ftrikiog  on  other*  which  they  cnnnot  removcy^ 
they  reecdci  or  tura  faaskf  or  afidei  by  their  ehftic 
power.  ^ 

f.''-:  principle  i;  is  aff'-TttJ,  tlut  tluTC  may  bp, 

ana  is,  u  pcny-d  oi  rctt  bctW'i-'n  '.[ic  inc:ijir;jcc  and  llic 
reflection;  fince  the  reflcftcd  motion  is  not  a  conti- 
cudtion  of  the  other,  but  a  new  mutiou,  ari ting  from  a 
new  caufc  or  principle,  viz,  the  power  of  elafticity. 

it  it  one  of  the  ^rcat  laws  of  Refleifiion,  that  the 
angle  of  incidence  iscqu^l  to  the  angle  of  Reflection  f. 
u  c.  that  the  angle  wbicfi  tbe  direAioo  of  motioa  of  ft 
ftriking  body  nabe*  with  the  furface  of  the  body 
flruck,  it  equal  to  the  angle  made  between  the  fame 
fur&cc  and  the  dircAiun  of  motioa  after  the  llrokc. 
•See  iNCiDEsrt  nnJ  Peacussios. 

Reflectjon  ij  rla  Rau  «/  Ugl/I,  like  that  of  other 
hi  dies,  is  their  muioa  after  beiog  reflcdcd  linnithe 
lurtacitof  bodies. 

The  Rcfiedionof  the  ruy ;  of  li^ht  from  the  fur6ec» 
of  bodies,  it  tbe  mean*  by  which  thofe  bodies  become 
vifible.  And  the  difpofitioa  of  bodiet  to  reflet  this 
or  that  kind  of  nqr»  noft  copioufly,  i»  the  cawJie  of 
their  being  of  thia  or  that  oofa>ur.._  Alfo,  tbe  RcfleAioii 
of  light,  from  the  furfiwea  of  minonp  nakcalbefttb* 
jtct  of  catoptiict. 

The  Rcflcelion  of  hghl,  Newton  h.^  fhcwii,  is  not 
effedted  by  the  rays  ftriking  on  the  very  part*  of  the 
bo'lits  ;  but  by  fome  power  of  tlie  body  tqually  dilFufed 
throughout  its  whole  furface,  by  which  it  ads  upon  the 
njiattra^ing  or  repiiling  it  without  any  real  immediate 
CDttta£t.  This  power  he  ufo  fhewa  it  tbe&me  by  whicb^ 
in  otliercivcuinftaBce8»  tbe  ray  tare  refitfted;  and  by 
which  they  are  at  fird  emitted  fivm  the  lucid  body. 

Dr.  Prieftley  lays,  it  it  not  more  probable,  that  the 
I3ys  ,:f  fit  ;;:c  tranfmictcd  frtsni  the  fun,  with  an  uni- 
fcij  m  elilpuli'.i'ia  tiy  be  reflcAed  or  refrattcd, according  to. 
the  ctrcumllaneeo  t^f  tli.  txidita  on  whiclithey  impinge  f 
and  thdt  the  tranf:nurion  of  fome  of  the  r^yt,  appa- 
rently under  the  fame  ciicumiianccs,  with  others  that 
are  rcfir&cd,  it  owing  to  the  niintitc  vibrations  of  the- 
fmaU  parttof  the  furfaccs  of  the  mediums  through  which, 
tbe  T^apafa;  *ibratioiu  that  are  independent  of  ac- 
tion and  reaQton  between  the  bodiet  and  tbe  particka- 
of  lii.'lit  at  the  time  of  their  impinging,  ihou;jh  proba. 
biy  excited  by  the  ailion  of  preceding  rays.  Hill.  o£ 
Light  and  Colours,  pa.  jcg. 

Ncvvtoii  coiicludcs  hi>  account  of  the  RtilrfLion  o£ 
light  with  obfirv-ing,  tlut  if  light  be  reflcfted  not  by 
impinging  on  tbe  iolid  partt  ot  bodica,  but  by  fome 
Mbtt  priaei^  it  n  {iobable  that  m  maoy  of  ita- 


L. 


Digitized  by  Googlc 


9 


RTF 


C    34*  ] 


R  £  F 


A 


N4 


Ttyt  impinpe  "f»  tl>«  parts  of  bodies  are  not  rc- 
flcAcdt  but  IlitlcJ  and  loft  in  the  hmlics.  Olhcrwifc,  Iw 
ikftf  wc  mud  fuppofe  two  kimis  of  Rcflcd'nn;  fW 
Ihodd  all  the  fM«  be  telkftedwbrch  iinpingc  on  the 
ioimial  parta  of  dear  water  or  cryftal,  ihofe  fubftmeva 
tvonld  rather  ha»e  a  cloudy  colour,  than  a  dear  in nf- 
parency.  To  make  bixlits  lnok  bl.'tk,  it  '\*  ritvtfT.ry 
that  many  ra\*  be  tt(ippc(!,  rtl  iint'l  and  loll  in  llicm  ; 
and  it  docs  not  fctm  proiwbli-  that  jnytayii-nn  be  ll tip- 
ped and  llifl(.-d  in  their,  which  do  nut  iinpiiijje  mi 
liieii-  parts:  and  ht-nte,  lie  favi,  we  may  iindirliand, 
that  bodies  arc  niutb  more"  rare  and  porous  than  i» 
COinitiooIv  believed.  Howcvtr,  M.  Buujjiier  dilputei 
the  Mi  of  ligbt  bcin|(  lliflcd*  or  kid,  by  impingiog  on 
the  fnlid  parts  of  btidres. 

KrFi.F.c  I  loM,  in  t.  atiiptrici,  ia  tbe  retura  of  • 
my  of  light  fiom  the  polifbed  fnrface  of  a  fpeculum  or 
iTtiri'ii,  :j5  c'n»en  lhenc<-  bv  f.  ..i-  [  jwerrtAding  in  it. 

Tiie  r;iy  thii»  rrturncd  is  called  a  re/trx  or  t-jiitlrJ 
rayt  or  a  r«  cj  K.jhHi.vt ;  and  the  point  of  ihefpemluB 
where  the  lay  commences,  i« 
ailed  the  pniri  of  RtfitS'ir,,!.  F 
Thot,  the  ray  AB,  proceed- 
ing from  the  ndiant  A,  and 
ftnking  on  the  jwint  of  the 
rp<!CulQni  B,  bring  rctttined 
ill-*:-?  to  C",  rC  rj(refrnl»  tlie 
refletttd  ray,  juj  li  the  point 

of  RetleAiun  ;  in  rcfptft  «>f  which,  hT>  rfpnfc  jti  l',.' 
incident  my,  or  ray  of  incidence,  an<i  B  tlie  p  .1  ;  ot 
incidence  ;  alfo  the  angle  CBE  itthc  n  _  t  U.  Iti- 
tion,  and  ABD  the  angle  of  incidciict  ;  w  here  i>E  i« 
the  refledine  furface,  or  at  leaft  a  tai;,  <  ut  to  it  at  the 
point  B.  ThoDgh  fome  count  the  an;^le  of  incidence 
•nd  of  RtHcAioa  from  the  perpendicular  BF. 

General  Ijam  of  Keflectiok. —  I.  H'htn  a  ray  of 
I'tghl  u  riJl.c!iA  frcm  a  /ittuhim  of  any  prtn,  thi  an^fr  '>f 
incii!en(t  ij  al-wiiyt  ajuiJl  lo  '"'x'  <  !  f^fclnn.  Tliit 
Jaw  obtains  in  the  pcreuirions  o;  all  kuid»  of  bodiei ; 
and  d  v,l'.i|'ir;-tiy  mull  do  fo  in  thofe  of  light ;  and 
the  ptuoi  ot  it  may  be  ftcu  at  the  article  Inci- 

©BNCt. 

This  hw  i»  confirmed  alfo  by  experiments  on  bU 
bodies  ;  :ind  on  the  laya  ,ef  light  in  this  fnanncr :  A 
imy  from  the  fun  faUing  on  n  mirror,  in  a  dark  riK>m, 
thiongh  a  fnwtl  hole,  'fon  will  have  the  plcaforc  to  fee 
it  reboond,  fo  as  to  make  the  angle  of  RcflefUoo  equal 
to  the  angle  of  incid;  ncr.  And  'the  (ame  miy  be 
Auwti  i  i  variiiiis  oihtr  way»:  thiis  ex.  gr.  placing 
a  (riniciri  li;  1  'I  E  on  a  minor  1)E,  its  centre  on  11,  r.iij 
it  s  limb  m  p  r  e  perpendicular  to  the  fpeculisni  ;  nnd 
aflutning  t  qiKil  arc*  1->G  and  £  H  ;  place  an  object  in 
A»  and  the  eve  in  C :  then  will  the  obJtA  be  fecn  by 
»ray  rcflcikd  trom  the  point  D.  But  by  ctiveiing  By 
the  object  will  ceafe  to  be  leen. 

II.  Ev!ry  pmrt  tf  a  ff."^  ulum  rtfitSt  follufg  em 
it  J  frcm  ii'rry  t^ii  t  rf  an  1.  f'jtc). 

III.  ij  I  *  tyi  """'^  ifi:  raJ'iaht  point  A  thargi 
flacct,  th;  (ijiHl  ilUI  c'.i^tivu!  ;a  rjJiaie  u/on  lie  eyr,  in  t.hi 
famt  .-i^itrfr  cr  biilh  ai  Itfarf. 

'  IV.  TIrt  plane  of  Rtfiiciion  it  pcrptudiiklnr  to  tht  fur- 
fate  of  ihr  ff.'ru'am I  «nJ  «r  ftjfil  Urmt^  the  tadre  in 
^ttifoi  fpetuia, 

ftKrucTiON  ^  ilic  UotMf  is  s  term  uJcd  by  fbise 
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authors  .'or  what  i»  otherwifc  c.nlled  Lr  v-u  hrtlon  ;  Velng 
tht  }d  ii;eqit?l;iy  in  her  motion,  by  whieli  I  tr  true 
pTace  oirt     ihc  quadraturca  diiicit  from  her  place  . 
twice  equated. 

Ksrt.zcTioH  it  «]{»  ufrd  in  the  Coprrntcnn  f^Senit 
for  the  diftance  of  the  pole  from  the  horizon  of  ihs 
difc;  uh;ji  ii  the  Ciir.c  thing  M  the  iun*i  dcclioitioa 
in  the  Pt^ilomnie  (vilt  tn. 

KEFI.tCTOIR!-:  Cu»vE.  See  Rf.aoirt  Curvf. 

RiaT.E.XiniLlTY  of  the  ny,  'ff  u^f^,  i«  thjt 
property  by  whidi  they  arc  difpolcd  to  be  r<..1i.ct^  i^. 
Or,  it  '»  their  difpofition  to  be  turned  hack  into  the 
fame  medium,  from  any  other  medium  on  urhofe  furface 
they  fall.  Ucnc*  thofe  rays  are  (aid  to  be  mote  or  left 
feflexible,  which  are  rrtamed  back  mere  or  kfi  eallly 
under  the  fame  incidence.  Thuit,  if  lij^ht  paft  out 
of  f;tafs  into  air,  and  by  being  inclined  more  and  more 
to  the  coniir.on  furt.icc  nf  the  fjlafs  and  air,  begins  at 
length  to  be  totally  reflected  by  that  luifacc,  thofe 
foru  iif  r.ivs  \sh:chat  like  iuciJenrcs  are  reflected  motl 
copioudy,  or  the  rayt  which  by  being  indincd  begin 
loooeft  to  be  touUy  itflefiedt  m  the  aoA  idesiblt 
ray*. 

That  rayt  of  light  m  ot  diflinvnt  cobun*  and  cn- 
dv«d  with  dtSercat  degreca  «t  rcfleaibility,  waa  firll 
difeoieivd  by  Sir  I.  Norton  t  and  it  ii  Ihcvn  by  the 
JgUowiag  eipenmcat.  Applying  a  priha  DF£  to 


the  apnliire  C  of  a  dm  kened  room  in  fuch  manner  thM- 
the  fight  be  reflected  frnm  the  bafe  in  G;  the  tielet 
ray*  are  fcen  tirft  refleded  iatoHG  |  the  other  taya  eooti* 
ntu'ng  ft  ill  refnAcd  to  t  and  £.  After  the  fiolet,  the 
blue  are  all  ivfleAed ;  then  the  green,  lic,.^— Hence 
it  appears,  that  the  diifereotlf  colotited  rays  dilTer  in 

dcgite  ot  R;  n.'<-ili,lily.  A-.A  ti  ;r.\  rj;h'  t  expcrimenlJ 
it  iiiiptais,  ll..it  Ll.ulr  r.i;.  s  u  li;i.li  ate  uiuiL  tcflcxible, 
are  alfo  nuSi  Tcfrmgibl  .-. 

REFLUX  cf  the  Sea,  is  the  ebbing  of  flic  unttr, 
or  it»  retuin  ^rom  the  fliore ;  being  fo  called,  be- 
catifc  it  is  the  oppoluc  motion  to  the  flood  or  flux. 
See  Tide. 

REFt  ACTED  A^kt  Jbtgh  ^  Xifr^Swhm 
Optics,  is  the  .-iiiglc  »  bich  the  reftafied  ray  makea  with 

the  rrfrafting  furface;  or  fom't'mfi;  ir  drnotrt  the 
complement  of  that,  or  the  angtc  it  iniiktii  with  the 
pcrpendi.  iJa:  to  the  faid  furface. 

Refk  ACTIO  DiiiL,  or  Rtfra^nx  DiaL,  ate  fuch  aa 
fhew  the  liourby  meant  of  fome  rcfrading  ttanfpaieal 
fluid, 

REraACTBO  JSay»  or  Rg  ^  RaraACirioxt  ia  a 
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ftf  tfttr  It  H  1>ro1ceA  m  ttent,  it  the  oonraoa  fur- 

face  of  tw  )  (?i;Tcicnr  mediumi,  where  it  pafll-s  from 
the  one  iiiio  the  other.  Sec  Rav,  and  K.kf«ac- 
TinK. 

RKFRACTIOX,  in  Meclranicn,  is  the  deviation  of 
S  movinfj  ho<ly  fiom  its  dirc^  courfc,  by  rea!  im  of 
the  !!i*Trtriit  f'f'-nty  of  the  medium  it  movc»  in  ;  or  a 
fltxi'iiiiMii  cli  M',;  ■  of  dftermination,  occafioned  by  a 
tody niSing  obliquely  out  of  oat  ia«lium  bto  another 
flf  »  diSeieMt  denuty. 


ThiM^  ball  A,  movini»  in  tlie  air  in  the  line  AE,and 
M&ag  obliquely  on  the  futface  of  llic  watei*-CD»  do** 
mt  proceed  ftnight  iit  the  Cunc  direction,  m  to  E, 
hst  Semite*  or  it  defleAed  to  F.  A?rain,  if  the  bdl 
r.  )Vi-  i;i  V.  iter  i;i  line  AB,  and  fall  oblimiely  on  a 
furJucs:  ot  air  CD;  it  will  in  this  cafe  ah't>  deviate  from 
the  fame  continued  dircftion  CK,  but  in nv  the  con- 
tTory  way,  and  will  go  to  G,  oii  the  oil,-  -  ti(k'<if  it. 
Now  the  dcflcrtion  in  cither  cafe  is  t  ill  !  ili.-  Re- 
/raSHtH^  the  Rcfrad^ion  beina  towarda  the  dcnfcr 
fttrfiwe  BD  la  the  fermcr  aUsf  but  from  it  jo  the 
litter. 

Tbeie  RefraAlamate  fuppoftd  to  aiife  from  hence ; 
t\\it  the  ball  arrivtnjgr  at  B,  la  the  firft  cafe  finds  more 
Kfilbnce  or  oppofition  on  the  one  fide  O,  or  from  the 

fi,:.'  i  f  tilt  welter.  I:  ■I'l  fm-.n  tlic  fide  P,  or  that 
of  llu-  air;  ar.J  i>i  lli-;  l.i'tti  ir.uc  tcfillancc  from  the 
lide  P,  xvhich  ii.  iJDw  ;l.c  i'.  fc  of  ilic  water,  than  ths; 
£de  O,  whu  h  is  that  oi  lite  air.  And  fo  for  any  other 
different  media  :  a  vifiblc  inllanceof  whiL-h  is  often  pcr- 
teived  in  the  falling  of  (hot  or  fhilJs  into  the  cwtb,  «• 
eby  &Cr  when  the  p<rfi>i  atioii  ;  I  n;  J  to  rife  a  little 
apwaidct  tomrd  the  furface.  However  atwiberrea- 
fon  h  afltgncd  for  the  RcfreAion  of  the  rayt  of 
F  .'il,  n  hofc  Ilrfra£Ji<in4  lie  tlte  con'niry  war  to  thofe 
aiiuvt,  ii4  will  be  feen  in  what  fullowi,  vi/.,  that  water 
bv  its  j^reater  attraction  accclctatei  the  (notion  of  the 
rays  of  light  niurc  thnn  airdoL-s. 

KtFRAcTios  »f  U^lt,  in  Optics,  is  an  inHi-AIon 
•r  deviation  of  the  rays  from  their  redilincar  caurle  on 
pafllng  obliquely  out  of  one  BMdium  ilkto  aaotberi  of 
a  diffi;r«ot  deality. 

That'a  badjrmaTbe  tefra  ic  l,  it  s  neceffary  that 
it  ferauld  laQ  cbUqaely  on  the^  fecund  mediuai :  io  per- 
pendicular Incidence  there  \»  no  RefrtftiM.  let 
Vi.rLi.:-,  .Till  Si  '.li'.ii  "ir.  i  Mrttd  they  had  obfcrv^d  a 
pfrjjL-iiiiit  I  I.i.  r.iy  ufl.^hi  Uiideigu  it  Rcfrafiion  ;  a  per* 
pend  c.il.ir  <  lyi  cx  ^ippcarinj;  in  tnc  water  nearer  than  it 
foUy  vi'a*:  but  this  was  aiuibutir^  that  to  a  Rcfrac- 
«f  the  pcfpeadkiilar  rayi»  wludi  «m  miwg  to 
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the  dtw^ncjr  of  the  obEqnc  rays  after  nifraAioi^ 

from  a  nc:ircr  point.  Yet  there  is  a  manifeft  R<  fi  .iflioa 
even  of  perpend  ^-ular  rays  found  in  idand  ciyiial. 

Riih.iuk  u  I  ii^ilirit  thou)^h  an  uhliiiui-  intidcnce  be 
nectfTiry  in  all  oiuti  mediums  we  know  of,  yet  the  ob- 
liquity mufl  not  exceed  a  certain  di-'t^rec ;  if  it  do,  the 
body  will  not  pcnctr.ite  the  midium,  Ijut  will  be  re- 
flected iafteadof  bcin^  rcfraAcd.  Thu>i'easnoo-hia}l(i, 
in  fca  eng^geineot»»  falliiig  very  obliquely  w  the  fw' 
fiice  of  the  walerv  are  obferwdto  bound  oriiiefrom 
itf  and  to  fweep  the  mi-n  from  off  the  enemy decks. 
Ami  the  fame  thiii^  h^ippena  to  the  little  ftones  with 
r  !  ii  !.  cMMi^ii  n vike  their  ducki  and  drakei  aktaj^tbe 
fmfacc  cit  t Ilk-  u.itcr. 

'I'ht  ainiMi's  i  jiifotmded  RtfraAien  .rlt'i  II  il:^\ion; 
and  it  \va»  Kcvuon  wlio  lirft  taj;;ht  the  litic  uifTerciice 
between  them.  He  ftiews  however  th.at  there  is  a  g;oo4 
deal  of  analogy  iH  tmcn  them,  and  particulaily  in  the 
cafe  of  lijjht. 

The  laws  of  ReftaAion  of  the  rays  of  light  in  om> 
4!inms  difierrntly  terniin«ed«  i.  e.  ivhofe  furfaces  are 

plane,  conceive,  and  convex,  make  the  fubjedt  of  Diop- 
trics.— IJy  RefraAion  it  it,  that  convex  glafTcs,  or 
IcnliS,  colk-ft  the  rays,  marnify  objecfn,  burn,  See; 
and  hi-ncc  the  fou'idation  of  microfcopes,  ttlcfropcs,- 
Ac— And  by  UcfraCtion  it  is,  that  all  remote obje^ls 
arc  fecii  out  of  their  rcid  placv-s  ;  paiticulailr,  thiittbc 
beavi-nly  bodiiis  i:e  apparently  hi^htr  than  they  are  in- 
txality.  The  Refradiion  of  the  air  has  man^  times  fo- 
unoertaro  an  inlltieoceon  tiie  placts  of  celcftial  objcAi,, 
near  the  bariioa»  tlutt  wherever  KefraAion  ia 


cd,  the  condufions  deduced  from  ohfervatfons  that  an' 
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much  affefkeJ  !.y  il,  v.'ll  .:lu,  KM, till 
fometirtics  lou  jjiicjuuab  tu  Ijc  rcbci 
Bradlcy  in  Philof.  Tranf.  number  4'<c. 

As  to  the  caufe  of  Rcfrafiiorj,  it  dof;  not  appear 
that  any  pcrfon  before  Des  Cartes  att!  iv.[nLd  tocxplaio. 
il ;  this  be  undertook  to  do  by  the  rclolutiou  of  forces, 
on  rfic  principles  of  mechanics ;  in  confequence  of 
whicby  he  was  oj^liged'to  fuppofe  that  light  paifca 
with  more  eafe  thmtigh  a  denle  mcdivm  than  a  tate 
one :  thus,  the  ray  AC  fdlin^  oUiquHy'  on  a  deo^ 
fer  medium  at  C  is  fuppofcd  to  be  afttd  on  by  two 
forcci,  one  of  tl;  r  finpcUin^  it  in  the  direction  AL, 
and  the  other  in  AK,  which  alone  can  l>c  afFccled  l>y 
tiif  ch.inL;c  of  medium  :  arnl  fincf ,  after  the  ray  has- 
enicred  the  denfer  mvdium,  it  approaches  the  pcrpen-- 
dicuhiT  CI,  it  is  plain  thtit  this  force  mutt  hnve  re- 
ceived an  iiicr.jfe,  wliUll  the  other  cuctinmd  the' 
£>me. 

,  The  iirft  perfon  who  qucftioned  the  troth  of  this 'ex'-- 
pTanatioD  of  the  caufe  of  RefraAion,  was  Permat  t  he 

air-rti-d,  contrary  to  Dcs  Cartes,  that  light  ftffera 
grtater  rclUlaiitc  in  water  than  in  air,  .Tnd  {rreater  ia 
glafs  than  in  walir;  and  lie  naintarned  th.it  the  rt- 
fdlancc  of  diflirsrnt  mediums,  with  lefpeft  to  li^;lit,  in 
in  proportion  tn  tlicir  dcnfiliis.  l^ibiiit/  alfo  adopted 
the  fame  general  i.iea  ;  and  ^hey  reafoned  upon  the  lub- 
JcA  in  tlie  followin:^  manner.  Natute,  fay  they,  «c 
complifhc»  her  eni!s by  the (hortcft  methods;  and  there, 
fore  Kght  nuj^ht  to  pafs  from  one  point  to  nnother^ 
either  by  the  tli'jrtcll  couife,  nr  by  that  in  which  the 
le.ill  limk'  13  rctuii,  td.  But  it  plain  lliat  the  p:ith  in 
which  Kght  fiaUitSi  when  it  faSs  obhqiudy  tipon  a  Jwn. 
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{kt  mriivn,  is  not  t!ic  moll  dinfi  cr  tlie  fliortcrt  ; 
aitil  llieieforc  it  niii'l  bt  tlii'  ii)  wl.'rh  the  lead  Itmc  is 
fp'  iu.  Ami  uhcicss  it  ih  (I .irimdi  al  tliat  li^'nt  Jail- 
ing obliquely  up  'n  r  drnkr  mcliuni  ( :;i  cider  to  tnKe 
Up  the  IcaAtiatt  poHiblo,  in  {'.liVui'^  finni  a  point  in  oi:( 
medinm  to  >  pai;it  in  Ui<;  ttther)  muft  bi.>  refraded  ja 
Jiich  a  mmnCTi  tliftt  the  Gne  of  the  angln  of  incidence 
and  Rcfradnin  mull  be  to  oae  another,  as  the  diflerent 
faclltiie*  with  whfch  light  is  tranfmittcd  In  thofe  tne- 
<ljurr  s;  it  ftilloAS  that,  I'lic-f  llj.'lit  nopt r  nchtK  the  per- 
j)eiu)icnLr  wlicr.  it  pifTcs  <.ljlii]Ui.Iv  t"i'iU\  air  Into  u  atiV, 
the  fa  -:rty  w'tii   which    w.rci    (iv'.'tif.  Vi/J  t   to  p.if:l 

tbrough  It,  is  lt''s  than  iSat  nf  the  .liv  ;  fo  that  the  li^ihi 
inrcK  with  greater  refaVi-.cc  in  wal?i  than  in  air. 
^Tbia  method  <>f  arj,-:iiii^  from  finul  caufes  couid  iii>t 
fatiafy  phiWfipli'rs.  D;-.  Snith  .MifeeveJ*  that  it 
•greei  otily  to.  the  cafe  of  Refra£li«m  at  a  plant 
(urfacej  and  tint  the  hypulliefia  t*  altogether  arbU 
trary. 

Dcchalen,  in  exj.lilriif.jr  tlie  law  of  Rifraflion,  fi;p- 
pores  thnt  every  iny  i  .f  ut  is  competed  of  ftvcTal 
ini.illcr  lavs,  whicha  iturr  to  one  aiiothtr  ;  anil  that 
th«y  aic  rcfi.iftcd  tow.rtii  the  p.-Tpcrdicular,  iu  pjffing 
into  a  dtiifir  f.  eflji:rp,  trcin.'e  one  pirt  of  x].c  ray 
vnceta  with  in  >^;  iu(iil.;ni.e  ihjd  am  i her  part  ;  fu  that 
the  fi»rmfr  trj-.-crfis  a  f:ri;'llir  fpace  than  the  l  aur;  iq 
<-oiil'rqiicni:e  t)f  which  the  ray  itiu.t  neccffarily  bend  a 
Iti  lie  tiiwarda  the  perpcndicidar.  TUit  b|Mih«ri*  wal 
adopttU  hy  tlie  celebrated  Dr.  Barrrm',  and  indeed  Ibnie 
fay,  ht  was  the  autiior  of  it.  On  this  |iypr>tluns  it  i< 
plain,  that  mediums  of  a  >jii-atcr  rcfraQive  power,  muil 
give  a  greater  rcfiiliin<;e  to  the  pafiiiL^c  uf  the  ra)4 
<jf  lipht,  th.in  mi.dinir.s  of  a  lefs  itfraftive  power; 
whicii  is  coiiti.iry  to  faC*. 

The  licrsit  uili*,  both  f.ithcr  and  fon,  have  attempted 
.to  expLiiii  the  catife  of  Refraction  on  meilianical  prin* 
ci'pUai  the  former  on  the  eauilibniun  of  forcc«»  ajid 
the  latter  oa  the  tame  piinciplrs  with  the  fuppoGtion  of 
ctheria]  wvticci  t  but  neither  of  thefe  hypolmfe*  have 
gained  intKh  credit. 

IM.  Mj;r.iii  fjj  jj.i.'i  s  a  luLlIf  fli;u?,  fillir,^  t?u-  porrs 
of  all  huj;i  :;,  .:iul  cxI i  lul i r;  hl.c  311  aif!rn»'phcre,  to 
a  fmall  diftaiu  i.  l  ejoul  [licii  lurfaccs  ;  and  tlicn  he  fiip- 
pofcs  that  the  Rctradiuii  ot  li^ht  i<  nothing  tnorc  than 
a  neccffary  and  mechanieal  efiiCt  of  the  incideme  of  a 
fniall  liody  in  thofe  cirainailancea,  Thire  io  more,  lie 
£iys,  of  the  rcfradfag  fluidi  In  water  than  in  air,  Du>re 
IB  gla&  thao  ia  water,  and  in  general  more  in  a  dcole 
mMtun  than  in  one  that  !•  rarer. 

M.-.tipf  rfiiig  fiippofca  that  the  cotnfc  which  oxry  ray 
takcE,  111  puffing  out  of  one  mediuni  into  another,  ia 
ih?.\  u'jiu  ii  rLtiulws  thr  haft  (quantity  of  acflicii,  uhitii 
Jipunls  ii[uiii  tlx  vtli  fity  of  the  body  and  the  1'jjjcc  it 
p;JliiLnir;  :o  th.<t  i;  '■  in  priijiirtion  fo  the  fum  of 
tfie  produ<^t&  atiriu^  fiurn  (he  ipaccs  intiltiplied  by  the 
Ifelocities  with  which  bodies  pafs  over  them.  From 
this  principle  be  dcdticcB  the  ncctflity  uf  tl  <•  rr:;e  of  the 
angle  of  incidenec  being  in  a  conllaat  firoj-t  itlon  to 
that  of  Rcfradtion  ;  and  affo  all  the  other  law*  relating 
to  the  propagation  and  reflexion  of  h'rht. 

Dr.  Smith  (in  hia  Opticn,  Remiuks,  p.  70)  ob- 
fcrves,  that  all  othcv  theorirt  for  explalnitig  the  reflcc- 
ti!in  and  R« frai'^Ion  <  f  li^.li',  (v.^pi  it;,K  i  Ni'.vton, 
fuppofe  that  it  fijiicct  upoa  bwiiea  and  is  refifted  by 
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tlicm  :  which  lias  never  been  ptoviJ  by  any  dcdudt'on 
fii.m  LxpL-rieiice.  On  the  contttiry,  it  appearf  by  vari- 
ous ci.;;udcratioii»,  ani  :ri:;h'  Lcihcwii  hy  tlie  obfcrva. 
tions  of  Mr.  Molyntiix  ;iinl  Or.  lir.xJLy  on  the  para!» 
lax  of  the  fixed  ilais,  tliat  llit'r  inys  are  not  at  all  irn- 
pcdcd  by  the  rapid  mo(i<ifi  of  the  (ar'li'i  atrrKifpherCt 
nor  by  the  ubjca  glafa  of  the  lelclc'>pc ,  tVir<ii-;-li  tvhieh 
thejpafa.  And  by  Ncwton't  thco.\  of  R.tr.i£liott,- 
whicn  lagrunndcd  on  cxpertrnce  ckiIv,  it  np;»(..-i't  (bat 
lij^lit  h  fo  fur  from  li-'n;;  •i  li  '"  d  tij.vi  i^tn  'h.-d  1  y  Pa-- 
friicli'in  into  any  dtri'e  niLiliirn.  that  ;l  f  vir i  r  th,-ic 
lli  iii  ill  va'-iij  in  the  ratin  of  the  lin;."  of  imidonc  c 
iu  vatdo  to  the  fine  of  Rctr.ff!  !'^n  into  tlit-  dente  medi- 
um.   l*rieilK-y's  Milh  of  l.'f.'!  t,  Jv  c,  p.  101  .itid  i,^^. 

Ncwiun  (hr\v»  that  ih^-  Kvlmfnoo  of  light  is  not 
paTonll<.d  Iv  the  layfi  falling  o:^  the  rety  furfiKC  uf 
btijiek;  but  that  it  ta  effcdcti,  without  aoyvrntaftt 
by  the  9&Um  of  finne  power  belong  Ing  to  bodiea,  umA 
extending  to  a  Certain  dillance  beyond  iheir  furlWes ; 
by  w  In'ch  feme  povrer,  adin^  In  other  circumflaneeii, 
they  a;e  alfo  emittrd  and  ri  Hc4ti*il. 

I'he  rtiariier  iu  v  hicli  R::tira<"lion  is  prrfoi-med  |jy 
niire  atlr.iCiio;!,  witlio'it  cofitLici,  may  be  thus  a;- 
conntcrl  for  :  Suppofe  HI  the  buuud^r;  of  t</,(j  latiS- 
umSt  N  and  O }  IM  firft 

the  rare',  ex.  f^r.  air  j  "I  K 

the  fci  on^i  tlie  den fer,  ex. 
gr.  dalj  i  the  attraction 
of  the  medloma  here  will 

bi-  nsthi-.r  i!t  n!ilie8.  Sup- 
p<.fe  />  S  to  b:  the  dif- 
ta:ice  to  which  ihe  at- 
tracting force  of  the  ilei- 
fcr  medintri  exerts  itk-lf 
within  the  rarer.  Now 
IcL  a  ray  of  light  Aa  dbliqndy  onihe  ''nrfaee  whieh 
fenaratea  the  medimna,  or  rather  on  thcfurface  fS^ 
wliere  the  ackion  of  the  fecond  and  ntarc  reiSIHnv  me- 
dium ooainenca  :  as  tlw  nr  anivca  at  It,  it  will  begin 
to  he  tttrned  ont  of  ft»  refttlTnear  coiirfe  by  a  fuperir  r 
f  ireo,  with  vliiih  't  in  nt'r.irlid  by  the  meditira  O, 
more  t:i.;n  hy  the  ir.fdiuni  N  ;  '  1  i;<  ('the  ray  is  bent  ont 
<  f  It!,  right  line  in  every  pnin}  1  F  «5  paffagc  between 
and  RT,  witlr'u  wliieh  dill.inee  the  attraflinin  aifls  f 
and  therefore  between  ihcfe  lines  it  defcribei  a  eiirve 
aBii  but  beyond  RT,  being  ot:t  r>f  the  fphere  of  at> 
traAion  of-  the  medium  N,  it  will  prr>ceed  uniformly  ia 
a  right  line,  according  to  the  dircdion  of  the  curve  ia 
the  point  ^. 

.Again,  fiippofe  N  the  dcnfer  and  m"re  attraflin^ 
medium,  O  the  rarer,  and  HT  the  bnut  d;iry  as  before; 
;ii '1  let  RT  be  the  dift.iii'.  e  tn  whifh  the  dctifer  rn.  i^in.n 
exirt^i  iih  iiStraftivc  force  within  the  rarer  :  (vcn  wUcn 
thr  my  i.  i.?  paiTed  the  point  B,  it  will  he  wi-.l  in  the 
fphere  of  thcfupcrior  atrrsAjon  of  the  denier  rred'- 
iim  J  but  tliat  attrafiit  1  icW-  i;  in  line*  perpendimlar 
to  its  furfacr,  the  ray  wdl  be  crintinnally  drawn  from 
it«  ftraight  conrfc  BM  pcrpfnd'eularly  towirda  HJ 1 
tkua,  having  two  force!,  or  tiirediona,  it  will  have  « 
eompoond  motion,  by  which,  inftead  of  BM,  it  win 
defcribe  Hm,  which  Bn»  will  in  ft'-i'hief*  b'  a  currr. 
I-aOly,  after  it  Kns  arrived  at  m,  being  o;it  of  the  in- 
fluence of  the  nudittm  N,  it  will  perfift  uniformlv,  in 
a  right  hue,  in  the  dircQmn  in  wbicb  the  extremity  of 
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the  curve  leaTCJ  it.-— Thiu  wc  fee  how  Rrfta£\ion 
it  perfcrmeJ,  both  towards  the  pcipcndicular  DE, 
and  from  it. 

KlFKACrtoN  in  DlofJrictfis  the  inflexion  or  bcrxlin^ 
of  the  rayt  of  Kglit*  in  (nQng  the  furfaces  of  glalTct, 
Jenfe^  and  other  tnnfpBrent  bodies  of  dtflfercni  denfi* 
tica.  Thnst  a  ray.  u  AOt  faUtsg  oUiqaelf'frem  the 
tadiant  A,  ofoa  a  point  B»  ia  a  diapbaaou*  fixrbee 
Hit  rarer  or  dcnfcr  than  the  medtutn  aloag  which  it 
tna  pioj'ia^tcd  from  tlie  radiant, ban  iti  dircflioti  llierc 
altered  by  the  adtion  of  the  new  medium  ;  and 
inftead  of  praccflding  to  M*  it  dc«iatc>»  u  tat  ex. 
toC. 

Tliis  dcviatiita  i»  called  the  RtfrafJiatt  vf  t'--  ri.y  ; 
BC  \he  rrfraSt.i  roj,  or  linf  of  /?  /r  . ''r  f  ;  and  U  the 
fv'int  cf  RtfrcU'wn. — Tlie  line  A.T,  i»  alU.  called  llie 
fytvf  incitdnff  ;  .nr.d  iu  rcfpctt  of  it,  li  is  alfo  tnlled 
ty^epQintef  Ineiilfr.'f.  The  plane  in  which  both  the 
incident  ar.d  rtfrii^tlcd  laf  are  foiUMlt  ia  caUed^thc //ajk 
»f  RtlmU'iBu ;  alit)  a  rij;ht  line  BE  drawn  in  the  Tt- 
fr.^f^iag  nudiLTii  jciptndicitlar  to  the  refra^^inp  Airfare 
at  the  point  of  Rcfniftif-n  V,  id  called  the  ax'u  af  Re- 
fnfli-^n  ;  and  «;i  c  ii-.  filiation  DU  aloii^  the  inediu-^i 
through  wiiich  liic  ray  falls,  i«  called  the  tijiii  of  vu-t- 
liitttt. — Farther,  the  anj;le  ARI,  nude  by  the  incident 
ny  and  the  rcfraifting  furface,  i»  I'fually  called  the 
avrit  vf  indilencr ;  and  the  angle  AI>D,  between  the 
incident  ray  nd  tbe  axia  of  incidcncr,  ia  tbc  mi^U  of 
mrSM^.  Moreover*  the  aoik  MBC,  between  tbe 
id&aAed  aad  incident  nyf^ia  oUed  the  M)filf  tf  Rifnae- 
Ikt:;  and  the  angle  CDC,  between  the  refraAed  tay^ 
anJ  tic  axis  of  Refrafllon,  u  xUe  rrfruiltJ  M:!;Fr.  l^nt 
i:  U  nlui  vrry  commun  to  call  the  aii|;li's  ABD  an  1 
CBF.  tiia-.ltrby  tlu-  perpendicular  ^villl  the  iiii  idu-nt  aiid 
refracted  tayt,  the  ati^la  of  tndJenee  «uti  Kejrac 
licit. 

Genera!  Law  ^  Refractioh. — I.  A  0/  Hgit 
inkt  paffagt  caf  y  a  rarer  medium  int»  a  detifer,  ex.  gr. 
out  of  air  into  valer  w  iittt  glafjt,  u  r^raSt^  ttiv«r/t 
the  per^AeuLr,  \.  t.  ifwtuw-  tbe  mgu  SdrmSSm, 
Hcnce»  the  refracted  an]>le  ia  left  than  ibe  angle  of  in* 
cBnation  %  and  the  angle  of  Refradion  left  than  that 
of  incidence ;  as  they  would  be  c<|«al  were  the  tay  tO 
proceed  ftraieh;  from  A  to  M. 

II.  77  ■  la:  .J  the  fines  of  the  an^hi  ABD,  CBF., 
made  by  tb:  perpeniTicuLtr  •with  the  incident  and  rcfr.iS.-d 
tvy/f  it  a  twfiant  and  fixed  ratio  ;  whatever  be  the  ob- 
Kqnity  of  the  incident  ray,  the  mediums  remaining. 
liniBt  the  RefradioD  out  of  air,  imo  water,  ia  neatly 
ai  4  to  3,  and  into  gbb  it  ia  nearly  «a  3  to  s.  As  to 
air  in  particular,  it  la  fhewn  by  Newton,  that  a  ray  of 
light,  in  traverling  quite  through  tlx  3tin<ir[>hcre,  is 
refrafted  the  fame  as  it  would  be,  were  it  to  p.ifs  witli 
the  I'aiiic  oMiciuity  uut  cf  a  vacuum  t;nr.u-i!iriti  1  >'  i  Iri 
air  of  cquAl  Ctr.lity  with  that  in  the  loutil  putt  i.ic 
atmofphcre. 

The  true  law  of  Refraflion  was  firfl  difcoTered  by 
Willcbrord  Snell*  piofeflbr  of  Mathematics  at  Leyden  ; 
who  found  by  expeiimcot  that  the  cofecants  of  tbe 
aagleaof  incidence  and  Refr;>dion,  are  alvrays  in  tbe 
fame  tatio.  It  was  comraonty  attributed  however  to 
]>(•  Okrtes ;  who,  having  fcen  it  in  a  MS.  of  Snell'a, 
Crft  puhlilhed  it  in  his  Dioptrics,  without  naiiilnfj 
8ncUiu»,  as  Huygctw  aflctts ;  Dej  Cartes  having  ouly 
■  Vol.,  IL 
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altered  the  form  of  the  law,  from  tin-  ratio  of  the 
rofecurits,  to  that  of  the  dues,  which  ik  tiic  tame 

tl.lrr. 

it  is  to  be  nbferved  hriwcrer,  that  as  t!ic  rays  of 
lijjht  are  not  all  of  the  fame  degree  of  itfrangibility, 
tliis  c<»nllaiit  ratio  muft  be  different  in  diifcreot  ktndai 
fo  ihat  tlie  nti  >  mentioned  by  author*,  i>  to  be  under* 
flood  of  raya  of  the  mean  refranKil>ility»  t>  c«  of  gtcen 
raya.  The  differvnce  of  Ref.aaion  between  the  leaft 
and  moft  refranpihlc  rays,  tiiat  ia,  brtwcju  '<  !c.t  and  red 
rays,  NewtoB  fhc  As,  it,  about  the  -.V  »  f  -Ax  ul.i  lc  Rc- 
fr.idtion  of  the  ;nr*n  refmigiblc ;  sU  ;  li  (!!L7ti  Lr.>  r,  he 
allows,  is  fo  ffrail,  that  i:  ftldom  needs  to  be  rc- 
j;anir(l. 

DifTcretit  t  -  >  '';  .areat  fubdaocet  have  indeed  very  dif- 
ferent  deg. .  ^  oi  Refra^Uon,  and  ibofe  act  according 
to  any  regular  law ;  aft  appears  by  many  cxpcrimhita 
of  Newton,  Eulcr,  Hawkd^ee,  &c.  Set  Ncwtou'a 
Optics,  3d  edit,  ptf  2+-;  Hawkfbrr's  Experini, 
pa.  ir)i  ;  A«.  Beruii.  176.;,  pa  302  ;  IVietUcy's  Hift, 
of  hight  Sec,  pa.  479. 

whence  the  different  refta^iivc  powers  io  different 
II  jiils  ai  if. ,  II' t  I)- ; !. :(-»mined.  Newton  (hews,  that 
ia  many  bodses,  as  ^''ji*,  i  i  s  fljl,  fc1cnitcs,pfeudo-topaz, 
&c,  the  refniil'vc  jwjr  i.<  indeed  pruportioirablc  to 
their  dcnfitiis  ;  whilit  in  iulpliureout  bodlea*  as  cam- 
pluir,  linfrcd,  and  olive  oil,  amber,  fpirtt  at  tuipen- 
tine,  &c,  the  power  is  two  or  three,  titnea  greater  than 
ID  other  bodies  of  equal  denlit]'  i  and  yet  even  thele 
have  tbe  icfnAive  fowcr  with  tcfpeA  to  each  other* 
nearly  at  their  denfities.  Water  hat  a  refraftive  power 
Ii;  a  medium  dc>;rct:  Ijttu  cc;.  tl-iT:  f.'.ci  kinds  of  ful)- 
ilauccs;  whilll  fults  :in:l  vUriuL  !i..vi.  jciiadtivc  power* 
in  a  niiJcik-  dfgixf  between  tbofe  of  earthy  lubllancct 
and  water,  arid  accordingly  are  compofed  of  thofe 
two  forts  of  matter.  S,  irit  of  wine  has  a  refraftive 
power  in  a  middle  degree  between  thoft  of  water  aad 
oily  fubflancos;  and  accoiditigly  it  fcer.is  to  be  com- 
pofed  of  both,  united  by  fcrmcntaiioa.  It  appcaia 
tbereforet  that  aQ  bodiea  feeoi  to  have  their  lef raAive 
povftra  nearly  propoitioml  t*  tbetr  dcafitieat  excepting 
w  fiir  at  they  pnrtafee  mote  or  left  of  fulphuteotis  oily 
particle*,  by  which  th«fe  powers  air  altLi'.i'.. 

Newton  fufpeded  that  different  digitt*  of  heat 
might  hare  fome  effcft  on  the  refraftive  p^jwer  of  ho- 
di'?*  ;  hut  ills  method  of  determining  the  gi  tietal  Rtfrac- 
lion  Was  not  fiitficienily  accurate  to  afci.tt.iiii  iIiJm  cir- 
cuniJlance.  Eider's  method  however  w^s  wcl!  a(!,i]>t.cd 
to  thi«  purpofe:  from  hi^  « xperi.'ncnl «  l.e  iiif;-t-s  that 
the  focal  diilaoce  of  a_  finglc  kna  of  glaiis  diirinifhea 
with  the  heat  eufnaiuoicated  to  it ;  trbich  dlrainuiiou 
is  owing  to  a  change  "n  the  refract!  ,  c  pov.-cr  of  the 
glafs  iticlf,  whieli  i%  probably  incrcafcd  by  htiit,  i,t\d 
diminiihcd  by  cold,  at  well  probably  aa  that  of  all  other 
tiantluceiit  fubfiances. 

From  the  law  above  laid  di>wii  it  folloivs,  that  one 
angle  of  i.-t^jlinaiion,  arrd  its  torrcfpor><!'t' ••cfrnr^cd 
angle,  heir.g  found  by  oblcivatiuii,  Mie  !ti.;i*t,d  an^a 
corrcfpoiuUng  to  the  fcverdl  i,»l:"r  a-rglea  of  ir.cUii.tUQp 
arc  thviice  calily  computed.  N-jW,  Z  liinius  arid  Kirchet 
have  fouud»  that  if  the  angle  of  inclination  be  ye*, 
the  reTraded  angle,  out  of  air  into  glafs,  wtH  be 
50';  on  which  principle  Zahnius  has  conltni(?lti[  a 
tabic  of  ihofc  Refrattions  fyr  the  fcvcral  degrees  ot  the 
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Hence  it  appears,  that  if  tlie  anplc  of  incKn^it i'ln  be 
left  than  jO°,  the  angle  of  RefK  ,l'.i Mn  (  i  t  I't'  air  iir.o 
riaft  is  almoll  \  of  tnc  aiiric  of  incliriittiuK  :  nmi  there- 
fore a  ray  ii  lefraAcd  to  tnc  axis  of  RcfrattloH  by  al- 


oft •  third  part  of  the  quantitjr  of  its  angle  of  incli- 
Ition*  And  on  tliSa  principk  it  is  that  Kepler,  and 
noft  other  dioptrical  wrUerH  demonflrate  the  Rdrac* 
tioMtn  ghOes ;  though  in  eilimatin?  the  law  of  thele 
Refradions  he  follnvfi!  the  txaiuplc  of  Alliazcn  anJ 
Vitcllo,  and  fought  to  Jiii  uvn  it  u\  the  proportion  of 
the  angles,  and  not  in  lh.it  ot  the  fmLvi,  vr  colieCMtl^ 
as  difcovcred  by  SncUius,  as  mentioned  <dx>ve. 

The  refraftive  powers  of  fevcral  fubftanccs,  as  deter- 
mined by  difilreiit  philofophcrt,  may  be  fccn  in  the  fol- 
lowing tables  ;  in  which  the  ray  is  fuppofcd  to  pafs  out 
flf  itr  iato  each  of  ilic  fubiUncc*,  and  the  annexed 
numbers  ftew  the  pioportioa  to  unity  or  1,  be« 
tween  the  fioct  of  Um  aaglct  of  inctdence  and  Re* 

tm  By  Sir  IIkk  Newton's  Obfcrrations. 


Air          •  - 

09997 

Rata  water      •  • 

• 

Spirit  of  wine  • 

• 

1  360S 

Oil  of  attriot  - 

Ahtn  • 

on  oMrc        •  • 

■ 

1-4667 

».  Gmii  Arsbic 

J -477' 

1-4814 

I^infeed  oil       -  • 

J-clenites 

1-4878 

Camphor       •  • 

1-5000 

Dantzick  vitrtol  ^ 

I'JOOO 

Nitre  • 

Sal  ecn         •  S 
Chh 

• 

»'5«f 

• 

I'sSoo 

Amber  • 

Rock  cijftaT 

« 

I'S«6 

I'fOlO 

fijitit  0!  Ju' pc iitKie 

A  yitluvv  pfcud'j-lup.iz 

• 

It..}  29 

llland  cr^'llal 

1  ■ijbbb 

Glafs  of  aottmony 

1-8889 

ADtoond 

**439> 

Water         -  -  . 

Spirit  of  honey 

Oil  iif  aanbcr  • 

Huaian  urine 

While  of  an  egg      •  • 

French  biandf         -  - 

S|iin't  of  witte        •  • 

DiftiOcd  vioc^   *  •  • 

Gum  ammooiie      '  - 

Aqua  rrgia  «  • 

Aqua  fcMtis         •  • 
Spirit  of  nitre      »  • 
Cr\ft,iliinc  humour  of  as  <K*i  ejre 

Oil  of  vitriol  •  • 

Oil  of  turpentine       •  • 

Oil  of  amber  -  • 

Oil  of  clovet         -  • 
Oil  of  ciaaamon 

3.  B;  Mr.  £Bler«  jtiaioic* 

Ra'n  or  diflilled  water  > 

Well  water 

Diftilltd  vinegar  • 

French  wine  •  • 

A  folution  of  gam  anbic  ■ 

Frenth  brandy  -  ■ 

Ditto  a  ftronger  kind 

Spifit  of  vine  redilkd  • 
Ditto  more  highly  reSlifcd 

White  of  an  egg         -  « 

Spirit  of  nitre  •  • 

Oil  ot  Provence  •  • 

Oil  of  turjKBtine 


'»*33$9 
»'3S59 
«-3377 
i-34>9 

I'ntt 

i*i89B 
1-4044 

I-407& 

'•4635 
1-4262 

'■4833 

I-JOIO 

«'534» 


'•3355 
1  3j6i 

>*3442 
1-3458 

I'36i» 

1  "37c/> 
1-3685 

1-4651 
I  4822 


II 1.  H'iun  a  ray  p^tt  out  of  a  denftr  maSim  mio  m 
rarer,  it  it  refraHtdjnm  tit  ftfpmmodar.,  trfnmthe 

axil  of  RrfraBitn. 

Thii«  is  exactly  the  reverfi-  f)f  the  i4  hw,  aiid  iLe 
quantity  of  Ri.t'ia<ftii;:i  i<  iquil  i-i  both  cafes,  or  both 
forward*  and  backwards  ;  fo  that  a  lay  would  take  the 
fame  courfe  back,  by  which  another  pafled  forivarii, 
via,  if  a  t.iy  wculd  pafs  from  A  by  B  to  C,  anotlirr 
weoldpaf»  from  C  by  fi  to  A*  Hence,  in  thi»  talc, 
the  aa^k  of  RefraAion  it  greater  than  the  ansk  oC 
Indiaation.  Hence  alio,  tf  the  angle  of  inclination  be 
lefs  than  30°,  MBC  is  nearly  equal  to  (  of  MBE ; 


\^       .  ... 
therefore  MBC  is  \  of  CBE^  confequently,  if  the 

Kcfraction  be  uitt  of  glaft  into  a'r,  and  the  aniflc  of 
jjitliiiation  lc.-l"s  than  ,10*,  the  ray  is  refracted  iVom  the 
axis  of  R'.fniCtion  by  almoft  the  half  of  the  anglr  of 
iiidioation.  And  tbia  is  the  other  dioptrical  prmciplc 
ufed  by  moft  authors  after  Ke|ihrt  to  demoaftiBta  ue 
Refi-aftion*  of  gl.ijff'. 

If  the  Kifraaiun  be  out  of  air  iuto  glafs,  the  Mil* 
of  the  finet  of  iadiutioa  and  Rfitadion  i*  w  3  lo  »t 
or  more  aecnrately  aa  1 7  to  1 1 ;  if  out  of  air  into  water 
as  4  to  3  ;  therefore  if  the  couiTc  be  the  ci  ntiai  y  w.iy, 
out  of  glafs  or  water  into  air,  tlic  ratio  of  ihc 
fines  will  be,  in  the  former  cafe  a*  2  to  i  or  it  to 
aad  in  the  kttcr  aa  t  lo  4*  So  that,  if  the  Refradiou 
be  from  water  or  gUl«  into  air^  ind  tbe  ni|^  of  inci- 
dence ' 
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dcncc  or  inclination  be  greater  than  about  4tf  degrees 
ill  water,  or  zrcaler  than  about  40*-^  in  glafs,  the  nj 
\rill  uot  be  rehadcd  into  aiir;  but  will  be  rcflc^cd  into 
a  Sue  which  make*  the  ancfte  ofrefledRm  eqoal  to  the 

■Bgleof  inctdcrirr ..  r  ufc  the  fines  of  and  40* 
■re  to  the  radin:-,  .1.  ,  -.o  4,  and  n*  1 1  to  17  nearlj* ;  and 

tJitrcforc  \^■ln■n  the  ilnc  l.iis  a  ^ii  Mti:r  proportion  to  the 
radiuathau  a-,  above,  the  my  w  ilt  not  be  refracted. 

IV.  <rf  roj  f J /ling  on  a  tune furfattt  mAnher  cmcavt 
•r  nwtst  it  nJnBtd  iffierihe  Jam  maKur  at  if  it  fell  en 
a  fimt  v/Uth  u  u  /migari  to  tat  turvt  in  ttr  point  of  in- 
cuhnn,  Becaufc  the  curve  and  iti  t;ingcnt  have  the 
uoint  of  cuntaifl  comtuou  to  both,  where  the  ray  i«  rc- 
ftaAed 

I.a\^■<  f/  Rk  (  a  .^CTtoN  ia  Plant Sarfatet. 

I.  Tf  pavalkl  rays,  AB  and  CD,  be  rcfra^ed  out  of 
one  t:a;-tpartnt  medium  into  another  of  a  different 
deiifity,  thcjr  will  continue  parallel  after  Rcfradion,  at 
BE  and  DF.  Hrucc  a  glafs  that  is  plane  on  both  fides, 
being  turned  either  diredly  or  obhqueif  t«  the  faoi 
Act  the  light  pafling  through  h  win  be  pcsfngited  in 
the  baie  nuumcrn  if  the  glib  vcfc  iwajr. 


»,  Iftwotays  CD  and  CP,  proceeding  from  the 
lane  radiant  C,  and  falling  on  1  plane  furnce  of  a  dif- 
Ibcat  denfity,  fo  tbtt  the  pointa  of  KefiaAioa  D  and 
P  be  equally  difhmt  from  the  perpendicular  oFincldence 

GK,  tnc  rL-haifUd  rays  DF  and  PQ^  have  ilit- fame 

virtual  focus,  01  tliC  fame  point  of  dilperliun  G.  

Hence,  when  ti-frr-.fted  ray»,  falling  on  eye  placed 
out  of  the  perpendicular  of  incidence,  arc  citlu-r  equally 
diftant  from  the  perpendicular,  or  very  near  earn  other, 
they  will  flow  upon  the  eye  at  if  they  came  to  it  from 
the  point  G  ;  confcquently  the  point  C  will  be  feen  bjr 
the  xtSn&<A  imya  aa  in  And  hence  alfo,  if  the  eye 
be  placed  ia  a  denfe  mcdhmit  ol^efia  in  a  rarer  will 
appear  more  remote  than  they  are ;  and  the  pbce  of 
the  iffia|*e,  in  any  cafe,  may  be  determioed  from  the 
ratio  of  Rcfrafiioo  :  Thus,  tu  fifhet  fwimming  under 
water,  ohjeft*  ont  of  tlic  water  mnft-  appear  farther 
(liftant  {I1B11  in  txality  tlicy  arc.  But,  on  the  contrary, 
if  the  eye  at  £  be  placed  111  a  rarer  medium,  then  an 
objed  G  placed  in  a  denfer,  appear*,  at  C,  nearer  thaa 
it  ia  1  ana  the  place  of  the  image  may  be  determined 
in  any  given  cafe  by  the  ratio  of  Refraelion  :  and  thua 
the  bottom  of  a  «eml  fiiU  of  water  is  raifed  by  Reftac- 
tion  a  diiid  part  afita  depth,  with  refped  to  an  eye 
placed  perpendicniarly  over  tbetciirydiag  furface ;  and 
thut  alio  filhet  and  otlier  bodtet,  under  water,  appear 
nearer  than  they  really  arc. 

3.  If  the  eye  be  placed  in  a  rarer  medium  ;  then  an 
objeQ  ictn  in  a  denier,  by  a  ray  ictradtcd  in  a  pline 
faifacc,  will  appear  lar^r  than  it  really  it.  But  if  the 
cfc  be  tn  a  dcmer  nedrani  md  tbc  wijeft  ia  a  lanr, 


tlw  obiea  « ;n  appear  left  than  It  is.  And,  in  each 
cafe,  the  apparent  magnitude  FQji  to  the      one  EH, 

at  the  rcdlanglc  Civ*  GL  to  GK  -  CL,  nt  in  the  com- 
pound ratio  of  the  diftance  CK  of  the  poii.t  to  which 
the  rays  tend  before  Refraftion,  fiom  the  tcfr.idiinfj 
furface  DP,  to  the  diftancc  GK  of  the  eye  from  the 
fame,  and  of  the  diflance  GL  of  the  objecl  XH  from 
the  eye,  to  it*  ditlance  CL  from  the  point  to  which  the 
rays  tend  before  Refraftion. — Hence,  if  the  objed  be 
very  remote,  CL  ivill  faepbyficaiiy  equal  to  GL ;  and 
then  the  real  magnitude  EL  t«  to  die  appwtat  magni* 
tude  Wht  M  GK  to  CK,  or  a*  the  diaaoce  of  the  eye 
Gfrom  the  refnAIng  plane,  to  the  diftance  of  the  point 
of  convergence  F  from  the  fame  plane.  And  hence 
■Ifo,  objedt?  iiiuicr  wata,  to  an  eye  in  the  air,  appear 
hys-  ihnn  tlicy  ^ir ;  and  tu  Gfliet  uadtf  vMer»  alijcda 
in  the  air  appear  k-fs  than  they  are, 

Lavt      ReraAci  lo.N  in  SpLtrie/i!  Siafatet,  htA 
tOKCav!  oJid  t  cnvex* 

1.  A  ray  of  light  D£,  parallel 
to  the  axif ,  after  1  fingle  refrac- 
tion at  meets  the  axis  in  the 
point  F,  be)'T5nd  the  centre  C. 

2.  Alfrj  i:i  tl'.at  cafe,  tlit;  femt- 

diamctct  CB  or  CK  ivill  he  to  the 
rcfraclcd  ray  1".F,  an  the  fine  of 
the  angle  of  icfraciioii  to  the  fine 
of  the  ingle  of  inclination  BC3« 
But  the  01  (lance  of  the  focv^  or 
point  of  concurrence  from  the  ceo- 
trc,  CF,  ii  totbe  rcfra^ed  ray  EF,  at  the  fine  of  the 
refrifted  angle  to  the  fine  of  the  anplc  ofintlinatioo. 

3.  Hence  alfo,  in  this  ra:e,  the  diilancc  IIF  of  the 
focut  from  the  refracting  fuiface,  n-.ill  be  to  CF  its 
diflance  from  the  centre,  i:i  a  rarlu  j;rcjter  ihnii  that 
of  the  fine  of  the  angle  of  inciuiation  to  the  line  of 
the  refrafled  angle.  But  tliofc  raiiot  will  be  nearly 
canal  when  the  rays  arc  very  near  the  axit,  addthoaagla 
of  inclination  BCE  is  unly  of  a  few  dei^raea.  And  - 
when  the  Rifraftion  iiout  of  ait  into  'rV^fj  then 


For  rays  near  the  axis, 
BF  :  FC    :  3  :  z, 
BC:  Bl-      i  :  3. 


For  more  ditlant  ray», 
BF  :  FC  >  3  !  2, 

BC  :  BF  <  1:  3. 


But  if  the  Refradiuu  be  out  of  air  into  water,  then 
Tor  rays  near  the  luiit,    (    For  mnrc  diflant  i«v«» 
BF  I  FC  : :  4  :  3,  BF  :  FC>  4  :  U 

BC;BF:ii$4,      |  BC:BF<i:4. 

Hence,  as  the  fun's  rayt  arc  paraliel  as  to  ftiife,  if 
they  fall  on  the  furtacc  of  a  folid  j  bis  fphere,  or  of  a 
fpliL-e  lull  of  water,  they  will  not  tneit  tiu-axtj  withm 
the  fphere  :  fo  tliat  Vilello  wa>  mitl^kcn  when  ite ima- 
gined that  the  fun't  raya,  f.illin^  on  the  furface  of* a 
cryibUiae  fphere,  were  rclraded  to  the  centre, 

4.  If  a  ray  HE  fall  parallel  to  the  axis  FA,  out  of 
a  rarer  median,  on  tbeeooeave  ^herlcal  furface  BE  of 
a  denier  one  (  the  refnded  ray  EN  will  dive'ire  from 
the  point  cf  l>ic  .ixlj  F,  fj  tliat  I- K  will  h.  1"C,  in 
the  Ijt.u  u:  tile  liJls;  oi  t)'e  anj;lt  ot  i..vii^..;ti'  ii    to  the 

Ttic  of  the  refra£led  ari^Ic.    <Jonfrqueni1>  FiJ  to  ;  C 
is  in  a  f,;rcater  ratio  than  that  -p  unki*  whcu  the  raya 
are  very  n(.-ar  the  tauM,  and  the  anrie  2CE  u  trerrfmalC 
Yy»      •  ibr 


Digitized  by  Google 


R  E  F 


[    J48  J 


R  E  F 


for  then  FB  will  be  to  FC  ncnly  in  tbit  ntio.  And 
liencet  m  tbe  cafo  ol  Refiiftiiw  «m  of  «ir  ibio  wuer 
•r  ghCi,  tli«  ratiot  of  BC,  BF  md  CF*  intt  be  the 

IjiTne  as  fpecificd  in  the  kit  anicle4 

J.  If  a  ray  D£,  parallel  to  the 
axis  FC,  pais  uiit  ot  a  dcnfer  into 
a  rarer  fpKcrical  convex  medium, 
it  will  diverge  fram  thf  axis  after 
Refradion;  and  d  liatice  FC 
of  the  point  of  difp«.Tfion,  or  of 
the  virtual  focus  F,  from  the  cen- 
tre of  the  tphcKt  will  be  to  its 
femidinmeter  CE  or  CB,  as  the 
fine  of  ilic  icfr.ifk-il  .iiu'lc  is  to  the 
iiin:  of  iLc  aii^k  uf  Rcfrafiion  i 
but  to  the  portion  of  the  rcfra^cd 
my  drawn  back,  FE,  it  will  be  in  the  ratio  of  ihc  fine 
()f  ilie  retraced  angle  l»  the  fine  of  tl.c  .m^jlc  of  incli- 
nation. ,  Confequently  FC  will  be  to  FB,  in  a  greater 
nlio  tlwn  this  laft  one  :  unlefs  when  the  rays  Dfi  fall 
ferjr  near  the  Mia  FC,  for  then  FC  to  FB  will  be  very 
acarif  in  that  ratio. 

Hence*  when  the  Refra^Uon  ia  out  of  gUit  into  air ; 
then, 


For  rays  near  the  axis, 
FC  :  FB  : :  3  :  J, 
BC  :  BF  : :  1  :  2. 


For  more  didant  rays, 
FC  :  FB  >   J  :  =, 
BC  t  BP  >   I  :  1, 
But  when  the  Refia&ion  ia  oat  of  water  into  air )  thcOi 
For  rays  near  the  axis,  I  For  more  diflant  rarts 
FC  :  FB  : :  4  :  3,  FC  :  FB  >  4  :  i, 

BC  :  BF  : :  I  :  3.  |  BC  :  BF  >  i  :  3. 
6.  If  tbt  Kiy  HE  fall  parallel  to  the  axis  CF,  from 
a  dcnfcr  medium,  upon  the  furface  of  a  fphen'cally  con- 
cave rarer  e«M  ;  the  refra^cd  ray  will  meet  with  the 
axis  in  the jpoint  F,  fo  that  the  diltancc  CF  from  the 
ceiiiii-,  will  be  to  the  refradcd  ray  FE,  as  ihc  fine  of 
thercfra(^ed  an)^  to  the  fineof  the  angle  of  incUnation. 
Confequently  FC  will  be  to  FB,  in  a  greater  ratio 
than  that  above  mentioned  ;  iinlcfs  when  the  rays  are 
•rtry  near  llie  axis  for  then  FC  is  to  FB  very  nearly 
in  tiiSt  ratio  ;  and  the  tlircc  FB,  FC,  BC  arc,  in  the 
cafe<  uf  air,  water  and  ginf;,  in  the  numeral  ratios  as 
fpecificd  at  the  end  of  the  laU  article.  Sec  Wdfius, 
Elctn.  Mathcf.  torn.  3  p.  179  &.C, 

Re  r«  ACT  ION  ia  a  Cfir/j  Prij'm. 
ABC  beiDg  the  ti.i:  fvirfc  fciSlion  of  a  prifm  ;  if  a 
ray  of  lif^t  j!>£  fall  obliquely  upoo  it  out  of  the  air  1 
iailcad  of  procccdiog  ftraij^htoa  to  F*  bcfflg  re&afied 


to  recede  from  tbe  perpendicular  GO.  And  beace  atifc 
the  varioaipbenoiuna  of  tbe  prifm.  fiecCotooa. 

RipaiCTtON  as  m  Cttxtt*  Li»i. 
If  parallel  rays,  AB,  CD.  FF,  fall  the  furface 
of  a  convex  lens  XBZ  (the  lail  ti-.  .i:  u  .c )  ;  the  per- 
pendicular ray  Ail  \mII  p.fi  unrchactrd  to  K,  where 
emcignng,  as  bvioic,  pef  i>end.culaily,into  air,  it  will  |)ro- 
(xtii  uraight  on  to  Ci.  But  the  rays  CD  and  E  F,  filling 
obhquciy  out  of  air  into  glafs,  at  D  and  F,  will  be  rc- 
fraAcd  towards  the  jxu  of  Rcfradion,  or  towards  the 
perpendiculars  ai  D  and  F,  and  fo  decline  to  Qjind  P: 
where  emerging  again  obliquely  oi:t  of  the  gi;iU  into 
the  furface  of  the  air,  they  will' be  rcfra^Ud  from  the  . 
perpendicular,  and  proocM  in  the  diitAiont  Q6  and 
I'd,  mtetinu;  In  G.  And  thus  alfo.will  all  the  other 
rays  be  reliadcr!  foasto  ueetthe  reft  near  the  place  G> 

Sec  Focus  and  Lens.  Htr.cc  ihe  great  property  of 

convex  glaiTcii  vix,  that  thry  coUcA  parallel  rap,  or 
make  them  converge  into  a  poinu 

RkFaACTiON  in  o  Cotucmt  Lmk 
Parallel  rays  AB,  CD,  EF,  falling oa  a  concaTc lens 
GBHIMK,  the  ray  AB  falling  perpendicularly  on  the 
elafs  at  B,  will  pafs  unrefraded  to  M ;  where,  being 
Hill  perpendicular,  it  will  pais  into  the  air  to  L|  witb* 


out  Ri  fraction.  But  the  my  CD,  falltrij:;  obliquely  on 
the  fuif.icc  nt  she  glafs,  w'.W  be  rcfractLj  towards  the 
perpendicular  at  D,  and  proceed  to  Q^-,  uhnc  aeaiix 
falhng  obliquely  out  uf  the  glafs  iipm  tla-  fiirt'.u-c  of  air, 
it  will  be  refracted  from  the  perpendicuUr  at  Q,  and 
proceed  to  V.  After  the  fsme  manner  the  ray  EF  ia 
tirll  refrat^ted  to  Y,  and  thence  to  Z. — Hence  the  great 
property  of  ooocave  glaflesi  rict  that  they  di^rfe 
parallel  rayi»  or  make  them  diverge.    See  IjtMS* 

REraACTtoN  in  a  Plane  Ghijt. 

If  parallel  rays  EF,  GH,  IK,  (the  lall  ftg.  above) 
fell  obliquely  on  a  plmu  y^-^U  ABCD  ;  the  obliquity 
being  the  fame  in  al',  by  rcalon  of  their  pjrallelifm, 
they  will  be  all  ni'iallv  rL-traCted  to\vati;>  tin  perpendi- 
cular; and  accordingly,  being  liili  parallel  at  M, 
and  Qj^  they  will  paTsoul  into  the  air  equally  refia£led 
again  trom  the  perpendicular,  and  (till  parallel.  Tlius 
will  the  rays  EF,  GH,  and  IK,  at  their  entering  the 
glafs,  be  inAedcd  towards  the  rif^tj  and  in  their 
i^oing  out  aa  much  inileQed  to  the  Im ;  fo  that  the  firft 
Refraction  is  here  undone  by  the  fecond,  thertl  y  c;ii;i'ir.g 
the  rays  on  their  emerjtrinpr  from  the  glafs,  to  1h-  p^irallel 
to  iheir  li-ll  dncciii  n  IxtDn-  they  entered  U  ;  thoii,-»h 
IK)!  fo  as  that  the  ubjtct  h  feen  in  its  true  phcr  ;  for 
towards  <he  perpendicular  IE,  it  will  decline  to  G,  the  ray  RQ_,  bcin^;  [jroJiiced  back  again,  will  not 
A^ain^  i)ucc  tlie  ray  EG,  paffisg  out  of  glaf*  into  air,  coincide  with  the  ray  IK,  but  will  fall  to  the  left  of  it} 
fjtit  (Akli^udT  «B  BC,  it  mil  be  tcfitaaed  to  M*  b  at  and  tbit  the  iMic  m  tbe  gklt  u  thicker  f  bewcfer,  as 
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t«  tlie  colour,  the  Tccoad  Refiadton  doM  renQf 

the  firft.  See  Colour ■ 

Refraction  in  jljroninnr,  or  Rrfractiov  of  lie 
^arj,  is  an  inflexion  uf  the  rays  of  thofc  luminarict«  in 
palfin?  through  our  atmofpherc  ;  by  which  the  apparent 
altitudes  of  the  heavenly  bodies  are  increafed. 

This  ReffiAion  arifes  from  hence,  that  the  atmo- 
fpherc is  iiiieqiially  denfe  in  different  (lagea  or  regionj  ] 
rarei\  of  all  at  the  top,  and  dcnfell  uf  ail  at  ilic  button; 
wbidi  inequality  in  the  fame  medium,  inakck  it  cquivn. 


as  they  wm  not  teqakiated  vnth  this  Refraflion,  reck- 
oned their  attitude*  too  great,  fu  that  it  is  no  wonder 
they  fometime*  committed  coiiiiiicrablc-  errors.  Hence 
alfo.  Refraction  lenj^thens  the  day,  and  n»or£cns  the 
nij.'dt,  by  miikiiij;  the  I'un  appear  above  the  horizon  a 
little  before  Im  riling,  and  a  little  after  his  fitting.  Re- 
fraction alfo  makes  i\\c  moon  and  {inn  appear  to  rile 
fooner  and  fet  later  than  they  really  do.  The  apparent 
diameter  of  tlte  fna  or  moon  is  aiwjt  ji';  the  h<>ri« 
cantal  refira&ioni^abottt  33':  whence  the  fiin  and  moot) 
tent  to  fevcnd  onecpal  fflCdiumx,  bj  which  the  eaurfe  ippear  wioffj  above  the  hoiizon  when  thej  aie  enttrelf 
of  the  raf  of  liVht  ■$  contiiunlly  bent  into  a  continued    h«low  it.   Alfo,  fnm  obferratioM  it  appeara  that  the 

Refraftions  are  greater  ttearer  the  pole,  than  at  IcIFcr 
ktituilc^,  CTiHriir  the  fun  to  appear  fome  days  above 
the  lioi  i/oii,  u  iicii  he  i»  really  below  it  i  douktWf* 

from  the  [rroatcr  (itfiifity  of  the  atmofpherC)  and  the  , 

greater  obliquity  of  the  iticiJencc. 

Start  in  the  zenith  arc  not  fubje^  to  any  RefiaClion; 
thofc  in  the  horizon  have  the  grvatcll  of  ;ill :  from  the 
horizon,  the  Refiiiclion  continiully  dccreafcB  to  the 
zenith.  All  which  fotbva  from  hcocet  tltat  in  the 
firlt  cafe,  the  nyt  arc  perpendicular  to  the  mediam  ; 
in  the  fecond,  their  ohlitjuity  is  the  grcatcfti  and  the/ 
pafu  through  the  largcil  r,iacc  of  the  lower  and  denier 
part  (if  the  air,  and  through  the  thickstl  vapours  ;  and 
iR  tlic  tiiird,  the  obliquity  is  co«tinu*lly  decreafisi^j. 

The  air  is  ondenfed,  and  curile<iiic;uly  RefracL.  jii  Is 
jncrcafrd,  by  cold  ;  for  which  rcUon  it  ii  gitutcr  in 
cold  countries  than  In  iiui  ones.  It  is  alfo  greater  in 
cold  weather  t'lan  in  h  it,  in  the  f:i  •  j  coun'.rT  ;  and 
the  morning  RcfraHiaii  is  grentir  liiaii  that  ■!  the 
erening,  bccRuie  the  atr  is  rarcAed  by  the  heat  of  the 
fim  in  the  day,  and  condenfcd  by  tiie  coMnefa  of  the 
night.  .  RefnAion  i*  alfo  fubjcA  to  fome  fmali  varia* 
tion  at  the  fame  time  of  the  dny  in  the  fined  weather. 

At  t!ic  r.ir.-.c  altltiu'es,  t'  „-  fa;;,  n":  i  •,  and  ((am  all 
undeiL'o  i!iv  r,',':ie  K  fVicli.in  :  for  at.  i:^ual  altitudes 


etirvclinc.  Sec  Atmosphlre.  And  SirlfaacNcw- 

tcn  hni  fiu-n-n,  tlmt  ;i  ray  ul'h;^-ht,  ia  pufling  from  :he 
hijj-ac;)  ar',.J  rarell  jjart  d.' the  alir.orplKre,  liuun  to  the 
lowefV.iii.lJcrifLll,  un.lcrgoc^  tlie  f:ime  (iiiantity  of  Rc- 
ira^on  that  it  would  do  in  paiTing  imrocdiateiy,  at  the 
fame  obliquity,  out  of  a  vacuum  into  air  of  equal  denfity 
with  that  in  the  lowcft  part  of  the  atmofpherc. 

The  cfFcA  of  this  Refradlion  may 
be  thns  conceived.  Suppofe  Zv 
•  mndimt  of  a  vertical  eirde  de> 
fenbedfiomthe  centre  of  the  earth 
T,  under  which  is  AB  a  quadrant 
of  n  circlr  on  the  fiirfaec  of  the 
fsith,  and  GII  a  iiuaihaiit  c>f  the 
f;i:facc  of  the  utmofphcre.  Then 
fuppofe  SE  a  ray  of  lieht  emitted 
Inr  a  ftar  at  S,  and  filing  on  the  atmofphei«  at  £ : 
thia  ray  comtog  out  of  the  ethereal  meiUuni.  which  ia 
macb  rater  than  onr  air,  or  perhaps  out  of  a  perfeA 
mewmt,  and  fid&ng  on  the  fiirfiMe  of  the  atmolpbei«, 
win  beitfiiAed  towards  the  perpeodicubr,  or  toch'ned 
down  more  towards  the  earth  ;  and  fince  the  upper  air 
is  again  rarer  than  that  near  the  earth,  and  grows  it  III 
denier  as  it  approaches  the  earth's  furfate,  tlic  ray  in 
its  progrefs  will  be  COO:  iiiijally  rcfrafted,  ft*  as  to  arrive 
at  the  eye  in  tlie  cuwc  line  EA.  Then  firppofing  the 
ri^bt  line  AF  to  be  a  taneeot  to  the  arch  at  A,  the  ray 
wdl enter  the  eye  at  A  la  the  direAion  of  AP|  nnd 
therefore  the  ftar  will  appear  in  the  heawm  at  Q.  in- 
Dead  of  S,  bfgber  or  nearer  the  tenitb  dian  the  ftar 
naQv  ia. 

mace  ariTc  the  phenomena  oF  the  crepulettlum  or 
tWtfightl  and  hence  alfo  it  is  that  '.he  moan  is  fi;nie- 
times  fecn  eclipfcd,  when  fhc  is  rc;iliy  bcluw  the  hori- 
zon, and  ilic  fiiii  above  It. 

Thai  there  is  a  real  Refradion  of  the  ftars  &c,  is 
deduced  not  only  from  phyfical  conridci-ations,  and 
from  arguments  a  priori,  a;i<]  a  fimiiitudine,  but  alfo 
from  ptccife  aftronomicol  obfervation :  for  there  are 
Dumberlc(s  obfcrvatioos  by  which  it  appears  that  the 
fiin,  moon,  and  iiars  rife  much  ibooer»  and  appear 
hwbcr,  than  ihej  ihooiid  do  aeeoiding  to  aftrooonical 
Gdeointfom.  Henoe  it  U  argued,  that  as  light  is  pro- 
pagated in  right  lines,  no  rays  could  reach  the  eye  from 
alominory  below  the  horizon,  nnlcfs  thev  were  Ce- 
fleded  out  of  their  cunrfc,  at  their  entrance  into  tl;c 
atmofphere ;  and  tficretoTc  it  appears  iliai  ilie  rays  ai  e 
refrafted  in  paiSng  througli  the  atniofj.here. 

Hence  the  ftars  appear  liigber  by  RefraAioii  tlian 
they  really  arc  ;  fo  that  to  bring  the  obferved  or  ap- 
Mrent  altiiudca  to  the  Uue  ones,  the  quantity  of  Rc- 
naftioB  aiiiiit  be  fubtiadid.  And  bcaee,  the  tnekoti^ 


inc  K  :tracti.in  :  !iir  at.  ftj 
the  incii1c:;t  layi  h.;ve  the  i'\'ni:  i.ielin.ltV'ris  ;  and  f^; 
fines  ot  the  refratted  angles  are  as  the  fitics  uf  the  a;- "ks 
of  inclination,  (cc. 

Indeed  Tycho  Brahe,  who  firft  deduced  the  Rr- 
fraAions  of  the  fun,  moon,  and  ftars,  from  obfervation, 
and  whofe  table  of  the  EefraAioq  of  the  fiars  is  n<>t 
much  different' from  thofc  of  Flamfteed  and  Newton, 
except  near  tlic  horizon,  makct  the  foUr  Rrfradiona 
about  4  greater  than  iboftf  of  the  lixrd  flsrs  ;  and  the 
lunar  Rcrr.i;^tiiii,s  .ilfo  fomciinits  greater  thiiu  ihofc  of 
the  ftars,  and  ionu'iimcs  Icfs.  But  the  iht'orv  of  Rc- 
fradions,  found  out  bf  8neltiui|  waa  not  fully  under* 
flood  in  his  time. 

The  horizontal  Refradton,  being  the  gicatcil,  is 
the  caufe  that  the  fun  and  moon  appear  uf  an  oval  form 
at  their  rifmg  and  fctting  ;  for  the  lower  edge  of  caclf 
being  more  rcfiatlcd  than  the  vppcr  |^dge,  the  perpeo- 
dtcunr  diameter  ia  Ihoitened,  and  the  under  edge  ap> 
pears  more  Hotted  alfo.'^Hcnce  ^Ot  if  «c  take  with 
an  inlltument  the  dtftsnce  of  two  Rara  when  they  are 
in  thi.-  iinie  \';rt.ii.,it  .:n,]  ne-ir  the  lu>r  zi>n,  we  fhall  fiii<l 
il  c^julideiaaly  ItU  tlwii  ii  U'c  mcalurc  it  when  they  are 
both  at  fuch  a  height  as  to  fulfer  little  or  no  R.-f"f,iflion; 
becaufc  the  lower  ilar  is  more  elevated  than  li.e  high^-r. 
There  is  alfo  another  nheratioii  made  by  Rcfrai'tlon  in 
the  apparent  dt&ance  of  Aara  r  when  twu  liars  are  in  lif/: 
fame  almwanktr^  or  fOfaUd  of  dediaaUoB»  tlieir  ap- 
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j-'3iCi,t  jillAnce  islcis  than  th-  Iriif  ;  Cctr  fincc  Rcfiac- 
tion  inakctcach  of  tliem  higher  in  the  arimiith  or  vcr- 
ti<.al  in  which  they  appear,  it  mull  bring  them  into 
(>ait&oi  the  vertical  wh^-ic  th^y  come  nL-arer  to  each 
other  ;  brcau.e  «II  vcrticJ  ctrtlc*  converge  and  meet  in 
the  Zfnith.    This  conlr;i^tion  of  diftancc,  according 

to  Dr.  Hall<r  (Pbituf.  Tmtf.  yumlkjiS}  m  >t  the 
nte  of  at  lc«ft  one  fccond  m  ■  atgnt  j  fo  ifcit,  if  the 
ilillaHce  between  two  dmi  in  a  pufition  parallel  to  the 
lion/on  meafurr  30%  it  it  at  moll  to  be  reci.oned 
only        59'  30". 

The  qiiantity  of  the  Rcfraftion  at  every  aUlrudc, 
fri'.tn  the  horizon,  v^hc^t:  k  i-;  grcUcll,  to  the  zcnitk 
\»liere  it  is  nothing,  has  been  dctcrtnincu  by  obfcnrm- 
liun,  by  many  aft roiioiners ;  thofcof  Dr.  Bradlcv  and 
Mr.  Majrer  tin  efteemed  tke  moft  correft  of  anj,  betag 
nearly  wSke,  and  arc  now  uCcd  by  moll  aftrooomcn. 
Doflor  Bradlty,  from  his  obfcrvationt,  deduced  this 
«ei7  limplc  and  gcticr«i!  rule  fur  the  Refn£lion  r  at  any 
akitude  a  wbaterrr  ;  vi<, 


either  2C)'b  ir.c.  Larwii.  and  50'  thermometer, 
or  30  —  baroiti.  and  5 ;  th'.-ru;omctcr, 
for  both  which  dates  it  anfwei  s  equally  the  fame.  But 
for  any  other  ftatci  of  the  barometer  and  thermometer, 
tike  Rcfiadion  above- found  \i  to  be  corretled  ia  thti 
manner  ;  viz,  if  i  denote  any  other  hiight  of  theba* 
ro meter  in  inchei*  and  /  the  degree*  of  tlie  thennone- 
tcft  r  being  the  RefraAioit  tmconrcAed*  a*  found  in 
llie  manner  above.  Then 

at   a9'6  :  i  ; :  r :  R  the  RcfriftFon  eorv<£ici  oa  ac- 

cr.unt  of '.lit  V'-irorrctcf, 
and  4C0  :  4^0  I ::  R  :  tiic  Uclruction  corrc£led  both 
m  account  ciiF  the  baramcterand  tbenooncter ;  which 

final  oorrcAcd  RefimAtoit  h  thcfdwre  s  ii2JZStr. 

11840 

Or*  teconecl  the  fame  RefnAimtr  by  means  of  the 
latter  Aate,  viz,  barom.  39  aad  thRm.  55,  it  will  be 

30  !  i  :  i  r  :  R  =: 


narad.  1 :  couuig.a  +  j  r : ; 
in  feeonds. 


S7" :  r"  the  Rcfraaion 
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Tliij  rule,  of  Dr.  Dradley'i,  ii  adapted  to  thcfc 
ftatet  of  the  barumeter  and  thcttnotnetcr,  viz. 


and  400 :  4;i  — / : 

correft  Rcfiadlion, 

From  Dr.  Bradley 'trule,  r  =  J'/X  COt*«  4*  foU 
low  ing  Table  of  tlie  mean  aftronom.  Rclk«C.i«com|iuted* 
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Mr.  Mayer  Ujt  hit  vAt  was  Mvneei  frpm  tbwy, 

«nd,  when  reduced  fmrn  French  nicafiirc  ami  Rt m- 
inur'i  thermometer,  lo  J'.nt'lifh  mcsfurc  and  i'ahren- 
hctt't  UiemoiBietcr,  it  i«  i  , 


74'4l  xcof.  g/ 


I  +*0CJ48/ 


I7*i4fui.<* 


1) 

.  74-4^  X  cof.  .  X  Ung.  iA,t^3t,faaio.i, 

(I  +  •00248/)* 

feconds,  correded  for  both  barometer  and  thermome- 
ter t  where  the  letlert  denote  tl^  ikme  thinn  u  before* 
netft  At  which  denotct  the  aag le  wbolc  mgent  k 

Vj  +  'O0ii48f 

17  •  1 4  fin.  a 

Mr.  Simpfon  too  (Diflert.  pa.  46  Sec)  haa  ingenioufljr 
dttLimincd  by  theory  the  aftronotnic.il  Rifra^lions, 
from  which  iic  brinj»»  out  thii  rulf,  vi/,  A>  1  to  •99S6 
or  as  radius  to  fine  of  86°  5S'  ^o'',  fo  u  tht  r.iic  of  any 
gitcn  '/cruth  dillance,  to  the  tine  of  in  arc  ;  then  of 
tht;  (ii/TLrence  between  tlii*  arc  and  the  zenith  didance, 
it  the  Reflation  fought  forth.it  zenith diftaoce.  And 
bv  this  rule  Mr.  Stmpfoncompnicd  a  Tabic  of  the  mean 
KefiniAtona,  which  ate  not  much  diffEieat  fiom  thofe 
«f  Dr*  Bradley  and  Mr.  Mayer,  and  ve  «» in  the 
fewiqgTdik. 
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It  i»  evident  that  all  oLferved  akituJei  of  tlic  }iea- 
»fT)Iy  bcn!ic$  ought  to  lie-  diniiriifhcd  by  the  numhera 
taken  out  of  t!ie  forepoin^  Table.  It  i»  alfo  evident 
that  ttie  Refra^lioii  daniiiiiliCH  the  right  and  oblique 
afcenlirnis  of  a  ilar,  ami  ir,erc:'.rca  the  defccDfions :  it 
increafesthe  northern  deelinatioa  and  htitudc,  but  de- 
cmfca  the  fouthcn :  in  the  callern  part  of  the  ben* 
wii  it  dininiflict  the  longitude  of  a  ftar,  hot  id  tlw 
erdlcia  fait  ef  ihe  heaven  it  iuraiftt  Ihe  bmu 


RiraAertov  ffiffeiM,  iaan  treef  e  lerlicd  eirde, 

as  A  D,  by  which  the  diitttde  of  •  ftn- AC  it  bi 

by  tlie  Rcfradiun. 


RsFK  ACTION  of  Afcenjian  and  Dtfctnfta,  it  an  are 
DE  of  the  equator,  by  which  the  afccudon  anddefcctto 
fioa  of  a  fijr,  whether  right  or  oblique^  it  tncveafed  or 
dimiDiflied  by  the  Refhtnion.  *  . 

Refraction  of  Det/i/:a/ion,  is  an  arc  BF  of  ^  c'rclo 
of  declination,  by  which  the  declination  of  .i  Jlai  DA 
or  EF  ttincrcafea  or  diniiniflicdby  RjfraiSton. 

Refkaction  of  l.aniuJt  u  an  arc  AGof  acircleof 
latitude,  by  which  the  l.-'/itiuk-  of  a  Aar  AH  itinercifcd 
or  diminished  by  the  Refraction. 

Refraction  of  Lon^lttuU  1%  an  arc  IH  of  the 
ecliptic,  by  which  the  Uvngitnde  of  a  ftai  is  incrcafcd 
or  diminifhed  by  meant  of  the  Rcfra£lion. 

Tfrrrfirial  RaFaACTIOIi»  it  that  bf  which  terreftriai 
olijcftt  appear  tobenifcd  hwher  than  they  really  air» 
>n  obferving  thtir  ultitudet.  The  quantity  of  tht*  Kc- 
frsfiion  is  eflimatcd  by  Dr.  Mafkelync  at  one-tenth  of 
t!ie  dili;uice  of  the  obi;  Ct  obfervni,  ex^Ji  oHi  d  in  di  ijrees 
of  a  great  circle.  So,  if  the  dilKnice  be  10000  fa» 
thomt,  its  loiii  pan  iocd  f.iihmns,  is  tiic  6  th  part 
of  a  degree  of  a  gieat  circle  on  the  earth,  or  i',  which 
therefore  is  the  Refraf^ion  in  the  altitude  of  the  objeft 
at  that  diftance.   (Rcquitite  Tablet,  1766,  pa.  134). 

But  M.  Le  Gendre  it  induced,  he  favt,  by  fcwal 
expcrimeiitap  to  allow  oaly  y^th  pert  m  the  diftance 
for  the  KefraAioik  in  altSteoe.  So  that,  upon  the  dis- 
tance of  lOOC'C  fnthoms,  the  t^th  pnrt  of  which  it 
;i4  falhunis,  he  allows  only  44'  of  terrcltri.d  Refrac- 
tion, fo  miiny  heiii^'  contalaed  itj  the  714  fuihoms.  i^x 
his  Memoir  concerning  the  Tngoriomelricul  opera- 
tions, &c. 

Again,  M,  de  Lambrc,  an  ingenious  French  attro- 
nomer,  makes  the  quantity  of  the  Terreftriai  Rcfrsc< 
tiontobethe  tub  part  of  the  arch  of  diftance.  But  tlie 
EngUfli  meafurertf  Col«  £dw.  Williams,  Capt.  Mudge^ 

~i  aofiHmttoni 


andMr.  Dalby,  fironanndtitudeof  cxafti 
made  by  them,  detennine  the  quantity  of  the  medium 
Refrjiiiion  to  he  the         part  uf  liie  f:jiil  diflrincr. 

TLc  quantity  uf  this  Rifi':!^!?!!!,  however,  i»  found 
to  vary  confiderably,  with  the  different  iKucii  of  the 
weather  and  atmofplu  re,  from  the  i  ;th  part  of  the  dif- 
tance, to  the  9th  part  of  tlie  fame  ;  the  mcdfam  of 
which  is  the  i:th  part,  at  above  meat ioncd. 

Some  wliimfical  eflcAa  of  thii  Refradion  are  al{i» 
rebited*  ariling  from  Dccnliar  fitiiationa  and  ciieum* 
flniicei*  Thus,  i(  ia  uid,  any  per  Ion  Handing  br  tlie 
fide    the  lifvTliaikt  at  Gtecn«ich»  wbeb  it  ia  nigh. 

waiet 
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watfr  their,  he  can  fee  the  cattle  grating  on  the  Ifle  of 
Dugt»  which  is  ttie  naoriliy  meadow  on  the  oUieriide 
of  tn«  river  it  tliat  place ;  but  when  it  u  hnr^water 
tlicn-,  he  cannot  (ec  any  thing  uf  thmi,  as  titcy  arc 
hill  fmm  his  view  by  tl>c  land  wall  or  bank  »in  the 
othor  fid'-',  which  is  raffed  higher  than  tho  marlh,  to 
kcc  (>  out  (he  watira  t>f  the  river.  'I'his  cin  ious  cflcrl 
ispr.yhuily  <n\iii^-  to  the  ni<ii(l  and  dcnfc  vigour*,  j'.ifl 
ab.'^t  :in:l  nfiiig  from  [he  furritjc  of  the  waTcr,  being 
raifcd  !>i;;!n.Tf)r  lifted  np  witli  ilie  fiiific^:  of  tlic  water 
at  the  tinte  rf  I  i^li  tiji-,  thtoiigh  which  the  njt  pjlfs 
and  arc  the  r-;ir  ■  i<  frartei.'. 

Again,  a  fimilar  inilance  ia  related  in  a  l<ttcr  t9  mCf 
fmm  an  tiututoui  friend,  Mr.  Abr.  Croclccr  of  Frame 
in  Suoierfetfhirci  dated  Januaty  My 
Devunlhire  fnend,"  frxys  lie,  (^vhofc  fent  is  in  t!u-  vlei- 
nity  of  the  town  of  Moi  bury,  tl  mile$  in  a  peogra. 
phical  line  fTi>m  Maker  t  c.ver  near  I'lynioulh)  "being 
on  a  plL-jfiiit:  I;:  t  1.1  Irs  garden,  on  tlie  4th  of  De- 
cemlwr  fjq},  with  foinc  friend*!  »itwiiig  tlie  fur- 
vonading  countrv,  with  an  achromatir  tilefcope,  do- 
fcitcd  an  object  lik^  a  ptrpendicular  pole  flanding  up 
in  the  chafm  of  a  hedge  wliich  bounded  their  vicWat 
about  9  miUa  diftance  ;  wh-ch,  from  itf  dinOion,  «at 
conjednred  to  be  the  ll:igllalF  on  Maker  tower.— 
reeling  the  gbf>,  on  ilic  morning  of  the  iiest  djy,  ta 
tlie  fume  part  of  the  hori/oii,  a  Hag  was  pcrceivti)  tui 
the  pole  ;  which  corroborated  the  conjecture  of  tin: 
preceding  day.  This  dayV  view  alfo  difcovered  (lie 
pinnacles  and  part  of  tlic  fhaft  of  the  tower. — Viewing 
ll;c  Isroe  fpot  at  8  in  the  motning  on  the  yih  of  Ja- 
nii.-iry  1794,  the  whole  tower  and  part  of  the  r«of  of 
the  church,  with  other  remote  objefta  not  bdiort  P0> 
ticcd,  bccjinc  viftblr. 

It  i«  neccflary  to  give  joa  the  Aate  of  tlie  wettber 
there,  OB  tlHiiie  dajFf. 


BaraiiMitr. 

Thcrmom 

Wind 

Dec.  4 

'9'93i  rifing 

56-0 

N.  E. 

Frofly  morning, 

a  mill  over  the 
land  below. 

5 

I9'97,  niing 

3^1 

\v. 

Ditto. 

J»t>.  9 

50*01,  falling 

29'8 

W. 

Hjrdwhitcfrofl, 

n  fog  ov-r  tilt 
lowbndticleai 
intfcefMrroiMid- 
inj;  country. 

•  "  The  fingttlarit^  of  this  phenomenon  hia  ooca- 
finned  repeated  oburvationt  on  it ;  from  aU  whtdi  it 

appears  that  the  fummer  frafon,  and  wet  windy  wea- 

ihti,  ;ir'.-  irMhi'.oiiinTjlt  to  tt  ;if:-:iinnl  cicvu'.ion  ;  V.it 
tl..u  c^tm  iVolly  wtathcr,  vmh  :].c  iiLiti.tc  <.(  the  la», 
arc  fa'.  (Uirihlc  to  it. 

"  From  hence  a  qneftion  .irifet;  what  is  the  princi> 
pal  or  moft  general  caufe  of  atmofpheric  Reflation, 
wli'ch  prmliices  fuch  exiriiordinary  appeatancen  ?" 

The  following  is  alfo  a  copy  of  a  letter  to  Mr. 
Crocker  on  this  cmious  phenomcnaii,  from  bia  friend 
above  meniioned.  yit,  Mr.  John  Anittm,  of  Traiae, 
-near  Modhmy,  dated  the  ift  of  Fcbraaiy  179;* 
^  My  good  Fi  icnd, 

**  'Findi^i^  bjrroar  firraor  of  Ul  Sttndaf^  tbe  pio* 


ccedingi  which  are  going  on  In  rci'pc  A  tny  obfer* 
vatioiu  on  the  phenotnenon  of  Lttimi^,  I  have  thought 
it  neceffiiry  tobeftow  about  half  thii  day  in  prtpaiini^y 
what  I  am  obliged  to  calj«  in  my  way,  aratuingt^  illul* 
trative  of  ihofc  obfertationii.— 1  have  endeavoured  lo 
didingiiifh,  by  diiferent  tints  and  fhadet,  the  ground*  - 
which  lie  nearer  or  more  remote  ;  but  liii»  will  perliap* 
be  better  ex]>laiiie J  by  the  letter*  of  reference,  whieli  I 
have  infctled  a»  they  m-;y  be  fervicfable  in  future  cu^- 
fCfpondcnce. — I  believe  the  drawin;u'S  ronj^h  as  they 
arc,  give  »  tolerably  exact  repicfcntati^n  of  the  fccnct: 
they  tnny  be  properly  copied  to  fend  to  I>ondon  by  one 
of  your  ingcnioiu  roos.^1  hat|^becn  attentive  in  my 
ob(emti(iii»»  or  rather  in  lookine  out  for  oUerrationt, 
during  the  htc  haid  froftf,  whicli  you  will  he  furprifed 
t  J  Irani,  ha^e  (except  on  one  or  two  days)  been  very  un- 
propitious  to  the  uIienoir.cniMi  ;  but  tliey  have  coinj-en- 
fited  for  that  difappiiintmcnt,  by  a  difcovcry,  that  a 
dry  froft,  though  ever  fo  inlenf;:,  has  no  tendency  ta 
puKhice  it.  .'V  lioar  fnjil,  or  tliat  kind  of  dewy  vapour 
which,  in  a  fufficicnt  degree  of  cold,  iiccafions  a  hoar 
frofl,  appears  cflentiatfy  iKcedary.  Thi^  took  place 
pretty  fawirjhly  on  thc'ithof  Janii.n.j',  v  hen  thcelc' 
vatioa  wa^  equal  to  that  reprefeotcd  in  tbe  third  draw- 
ing (fu  I  hie  z^,fs  3 ) '  ntuch  like  what  it  wm  od  the 
9tiiof  Jaiuiary  1794,  and  confirmed  me  as  to  the  cer- 
tainty of  fauie  jHTculiar  appearance»,  hinted  at  in  my 
lel'L-r  iiri'u'  u'li  tSi.i".  n-:irli..  hut  not  thcic  dc- 
ktibcd.  V'l'li.it  1  .I'liuK'  to,  u  ;i.>  a  f?iii."tu8ting  appear- 
ance of  two  li'ii  1/ out-  .I'l.r.c  il,e  other,  with  a 
complete  vacancy  between  tlicm,  exadly  like  what 
may  be  often  ohi'ervcd  looking  through  an  uneven  pine 
of  giafl.  Divers  indanccs  of  thin  vrere  feen  by  my  bro- 
ther awlntyfelf  on  the  6ih  of  laft  January  ;  continually 

wpmg  and  ii>tcn»ittta&  butnot  iapidly»  fo  that  thcr 
were  capable  oTdidind  obTcrvation.^ — ^Tifltliat  day  T  had 

formed,  a»I  thougla,  ;i  plaiinVlc  tlnory,  to  .-icemuj;  f<ir, 
at  well  this  latter,  .t^.iII  Uic  o:hti  p!ienL>r.ict^4  ;  hut  iiuvv, 
unlefjmy  im>ii;i:  At iiu  deceivei  me,  lam  left  in  impene- 
trable darknet'st.  I'he  vacant  line  of  feparation,  y  ju  will 
take  notice,  would  often  increafe  fo  much  in  breadth,  as 
to  efface  oitircly  the  upper  of  the  two  horizons  ;  form* 
in^  then  a  kind  of  dent  or  gap  in  the  remaining  ho- 
riaoDt  which  horizon  at  the  places  coijti^tious  to  the 
extremitiesof themcaocy,  feemcdof thcume  heigbtaa 
the  upper  hoitaoD  wa«,  before  dbced.  Thia  vacancy 
was  fevetal  tlmei  feen  to  approach  and  take  in  the  tower, 
and  i'limt  t!'<it  :lv  tn  niinu'l  a  view  of  tliL-  wlmloof  mod 
paitot  itibiii.y  {like  that  in  the  third  .Is.uving)  which 
was  not  the  cafe  before  :  exadtly,  to  all  appearance,  as 
if  it  had  opened  a  gap  for  that  purpofe  in  the  intevcepted 
ground.— It  rcm.iins  therefore  to  be  determined  by  fti-' 
ttirc  obfersations,  whether  the  fcparation  is  effeAed  by 
an  elevation  of  the  upper,  or  dcprelSon  of  the  Vntit 
horiaon;  and  if  the  latter,  why  tbevaeanc|r  doea  not 
caufe  tbe  tower  to  difappear,  at  well  a*  the  mtcrvening 
cround  ^^As  an  opportunity  for  tbia  parpofe  may  not 
umn  oceitr,  I  hope  you  will  not  wait  for  it,  in  your 
lonm  uii  k  itiooa  to  ium  who  ii,  .Dear  Sir*  youn 
very  truly, 

JoHK  AnD&Bwa,'* 

Sec  the  reprefentations  in  pliite  25,  of  the  appear- 
ances, in  three  diiierent  ilatct  of  the  aimofphcre,  with 
the  exphtntioatoftban* 
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REFR^NGIBILITY  Lgh,  xht  dirpofition  of 
the  rays  to  be  rcfr.iAcd.  And  a  grcattr  or  Icf»  Rc- 
frangihrlitj',  ii  a  dif  jiofrtioii  to  be  more  or  Icfurefraftcd, 
in  KilKng  at  equal  an^tcs  of  iKtdencc  iota  tbe  lane 

Tl.at 
the  founda 

»nd  ciilixiri;  am",  tin  truth  and  t  iroti-nlUiKt-s  uf  t!ic 
principle  lie  evinced  fium  fucb  c^iKrimrnu  at  the 


the  ray*  i>f  lljjht  are  dtflVrcmly  refrangible,  ?» 

indation  of  S'fwti.ii'j  whole  theory  of  light 


wmg. 


Let  EG  Tcpiefcal  the  wintlcw-JV.iitter  of  a  dark 
mom,  and  F  «  ImiIc  ia  it,  through  which  the  H^ht 
|Mllc>t  from  the  lumniout  o\>]<:&.  S,  to  the  glafa  prifm 
ABC  wkijiii  Uie  nov*  wLkh  refmai  it  towardt  the 
vppoCre  fide,  or  a  fereen,  at  PT,  where  ft  appnrt  of 
an  oblo-,^  furiu  ;  It  .  length  bting  about  tire  times  tLe 
breadth,  auu  ejLij,l>iliag  the  various  colour*  of  tln-i^  n- 
bow;  whereas  without  ihf  iiiitinolitiiin  of  tin-  pni'ir., 
the  ray  of  light  would  have  pun  r<-(ic  j  un  in  it»  liril  di- 
tediu"  to  D.    Hence  then  it  i, 

J.  Tlini  the  tap  of  light  arc  rLtrmi^iblc,  This  ap- 
pcji-sby  [he  ray  being  ttiraded  from  iij  oi  iginal  direc* 
tioo  SUD,  into  another  one»  HP  or  UTf  bj  palSng 
thran^  a  diUcrent  neditnt. 

•  2.  That  the  ray  SFH  ita  conpound  one,  which,  by 
means  of  the  prifm,  is  decompounded  or  frparated  into 
Its  parts,  HP,  HT,  &c,  wlui.li  it  liciice  apjjcari  arc 
all  endued  with  Jifltreiit  <le;^rixs  of  Ri  traiigsLuuy,  as 
llit-y  aie  traMfKKttnl  U)  nil  liic  i[i:!.rirc(lia!c  points  from 
TtoP,  audtheie  painting  all  the  diilcrcnl  colours. 

Fiom  tbw,  and  a  great  mieqrof  other  experiments, 
Newton  proved,  that  the  blue  raya  are  more  rcfra^ed 
tlan  tbe  red  one*,  and  that  there  U  lifcewife  unequal 
refraaion  in  the  inlermediata:  laya  %  and  upon  the  whole 
it  appears  that  tTie  fun't  ra^f  have  not  all  the  Umt  Re* 
frangihility,  inid  cniirctiiicntly  arc  not  of  the  fame  na- 
ture. It  1-.  alio  oblcivcil  Hull  tkufc  vvijtcli  are  moil 
refranjMblc,  A<r  alio  mod  rellcxiblc.  See  RrrLEXt- 
JILITY  i  alfo  Newton's  Ojitics,  j;a.  iz  £cc,  jdcdit. 

The  differetice  between  Rtfiangibility  and  rcrtexibi- 
Kty  was  iirftdifcovcredbf  Sirlfaac  NVwtuu,  in  1671-2, 
and  communicated  to  the  Royal  Society,  in  a  letter 
dated  Feb.  6  tX  that  year*  w  hich  w  a«  pubUdicd  in 
tbePbitor.Tranf.  miotb.  So,  pa.  3075  ;  and  frant  that 
time  it  was  vindicated  by  him,  from  tlic  objedion*  of 
fevcral  authors ;  patticufarly  Pai^irt,  Mariotte,  Linus 
orLiti,  .ind  (Jihtr  ja;  ilcmcn  of  the  £n^h(h  colki;c  :.i 
Liegt ;  ai^!  Kul,!!!  it  uas  more  fully  laid  down,  ti- 
hillrat<.-J,  a. id  couhrmed,  by  a  jfrtat  variety  of  CXpCri- 
ineiit»,  \u  Lis  (.xctUcnttrcatirc  on  Optios. 

But  tarilicr,  as  not  only  ihcfc  cnloiirs  of  light 
nodnccd  by  tcfrafiioa  in  a  prtiini  but  aUb  tholie 


rfflcfled  from  cpafi'.n-  1  ni3ic5,  Invc  tLtir  d 'iTorent  de- 
f^rees  of  Kcfrangibility  and  leflexibility  ;  and  at  a  white 
li;jht  arifes  from  a  mixture  of  the  fevcral  coloured  raye 
together,  the  (amr  great  author  concluded  that  aU  ho- 
oio^neous  light  hat  itt  proper  colour,  oorrefpondinj^ 
to  iis  degree  of  Kefrangibility,  and  not  capable  of 
Ixing  chan^jrd  by  any  rcfiexions,  or  any  rcfTafliom  t 
tliit  the  fiisi'i.  Ljrlit  it  corapoftd  ol  I'a-  ji'ini^ry  lh- 
l<irjrs;  .i!i<l  th.K  ull  compound  coiuui*  ar.lo  !ioii!  lUc 
HMXtuir  cif  itir-  ])ri:iiary  ones,  Stc. 

1  lie  dtifrrctit  dcfncrsuf  Kefmngihility,  he  coujcrtures 
to  arifc  from  the  diflereni  magnitude  oi  the  particle* 
compofiiig  the  difTfnnt  rays.  Th»r,  the  reoft  refraii> 
gible  rays,  that  is  the  red  ones,  he  l'.i(^^K.>tco  iniiy  conGft 
of  the  largctt  tMrlicUt  |  the  leaJl  rcfnuigibie,  i.  e«  the 
violet  rajrs,  of^ the  fmallcft  paitideai  aMtbememc^ 
diate  rays,  yellow,  gtTeti,  and  blue,  of  pattidea  of 
intermediate  Gjte*.    See  Colour. 

For  the  method  of  corrtrting  the  effef^  of  the  dlfftr^nt 
Refraugibilitj  of  the  ray» of  light  in  glaFc  ,  Ice  Aber- 
aiTiON  and  r>:  LF  .K'opt:. 

REGEL,  or  Ktcci.,  «  fixed  ftar  of  t!ic  firft  nu^tu* 
t«de,  intlielcft  foot  of  Otion. 

RHGIOMONTANUS.  See>*«  Mv;tLf  a. 
REGION,  of  the  Air  or  Atmufphere.  Authoia 
divide  the  at mobhcrc  into  three  ftaffei»  called  tbe  ap* 
per,  middle.  andWer  Regions. — The  Wed  Regfoa 
it  tli.it  in  which  we  brcat'io,  and  inKiiiridrd  by  the  re- 
fli.-\ijn  <if  tl»e  fun's  ra>*,  t!>Lit  i^,  by  the  hc-i,;hl  to 
which  tltrv  rclxjiiiid  Ir  rn  the  cur;h  —  riio  iniJille  Re- 
gion is  th4t  la  which  the  clouds  rctide,  and  where  me- 
teors are  formed,  &c  ;  eatcnding  from  the  extremity 
of  the  lowed,  to  the  tops  of  the  higheit  mountains.-^ 
The  upiKf  Region  commences  from  the  tops  of  the' 
noiintaimir  and  reaches  to  the  utmoft  limits  of  the  at«' 
mofpbere.  In  this  Region  there  probably  reigns  a 
pcrpetoal  equable  calmnefs,  dearnefa,  and  ferenit^. 
Jbilniinilffry  RsGioN,  according  to  the  ArifiotcUaoa, 


is  a  fphere  terminated  by  t!ic  concavity  of  thei 
orb,  campnrhcndini^  the  caith's  atmolphere. 

K:hertai  Rsgion,  is  the  whole  extent  of  tliC  uni* 
vcilc,  comprifing  ail  the  heavens  with  lite  orbs  of  tlie 
fixed  ftara  and  other  cclcftial  bodka. 

Region,  in  Geognphy,  a  oouatry  or  particular  dt« 
vifion  of  the  earth,  ora  tnift  of  bad  iahabiud  by  peo- 
ple of  the  fiiinc  nation. 

RsoioNi  tftht  JIfow.  Modem  aftramaten  divide 
t)K  >r  ton  into  fcveral  Regions,  or  piwviocaii  to  each  of 
u  h  ich  tliey  give  itsprojK-r  name. 

Rkgions  of  tht  Sea,  are  the  two  part*  i  Lt.i  »  l,lch  the 
whole  depth  of  tlie  fea  is  conceived  to  be  divided.  Tiie 
upper  of  thcfc  extend*  from  the  furface  of  tlic  water, 
down  as  low  as  the  rays  of  the  fuu  can  pierce,  aadcx* 
tend  their  influence ;  and  tl.e  lower  Region  estcndii 
Iram  thence  to  the  bottom  of  ti)C  fea. 

Satterrman  RfiOiOM$.  Thcfe  are  ihice,  into 
which  the  lai  ill  is  divided,  at  different  depths  below  the 
furface,  according  to  difFerent  degrees  of  cold  or 
warmtli  :  and  it  i-.  irii  r'' n  'i  th.-.t  the  i  l  or  middlemoll 
of  f  licl'c  Regions  isthc  caldcll  ut  the  three. 

REGIS  (I'ei  ea  Sklvain  ;,  u  !■  1  .t  ii ;  hilofophcr, 
and  greU  propngator  of  Cdrtdiintlm,  was  born  114 
Agtnois  1632. 

He  ttudied  the  languagei  aad  philolbphy  undn-  the 
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Je£uitiat  Cahors,  ind  afteiwarda  divinity  in  tlie  unwer- 
lUyof  il>a(  town,  being  defigned  for  tht  <  It  irtli.  His 
progrcfsin  le^Tning  wa«  fu  uncommon,  that  at  tlie  end 
of  four  yeas  s  he  vvai  ofTered  a  doAor'i  dtprce  without 
the  ttfuai  dMigei }  but  be  did  not  think  it  became  him 
till  be  Aould  miy  ■Jib  in  the  Horbonneat  Pari<.  lie 
accordingly  repaired  to  the  capital  for  tliai  purpofe  ; 
but  be  r>on  became  dif-^'dlcd  witb  tbcobgy  ;  and,  at 
the  philofopliy  >;  C:.<u.  Ik^mh  .ti  fi:a  t'mc  to 
make  a  noilc  through  tlie  iecturet  oi  Ri»iault,  he  con- 
ceived » taftc  for  it*  aftd  gsv«  bifliiclf  up  catticly 
to  it. 

Having,  by  attending  ihofc  Icf^nrcii,  and  by  ckife 
ftudy,  become  at:  adept  in  :l:at  pbiiofopb)',  be  went  to 
Tuuloufe  in  i66<,  wlitrc  !ic  fcl  up  kaam  in  it  him* 
feir.  Having  .1  cl-ar  and  fluent  manner,  and  i  happj 
truyof  expUiuiti^  hi»  fubjed,  he  drew  all  forts  of  pco* 
pie  to  his  dif>.'>i;i  ie»;  tlx  niagiftrate*,  the  literati,  the  cc- 
clcliailics,  and  the  very  women,  who  all  now  afl°edcd 
to  renounce  the  artcier.t  ;)h;lijfophv. 

In  1671,  he  received  :it  Mi-i.tpcUirr  the  fame  ap- 
plaufcs  for  his  Icfturess*  at  ToulL.-iit.  riin.lly,  in  it'-o 
nc  icturncd  to  Pans;  where  the  concourfe  ahou'.  I.im 
was  fuch,  that  tlic  fticklcrB  for  Peripatcticifm  ^'■■^^ri  to 
be  alarmed.  Thcfc  applying  to  the  archbilhop  of  Pa- 
via,  be  thought  it  expedient,  in  the  name  of  the  king, 
to  put  1  <l«p  to  the  ledum!  which  acoordiiig ly  were 
difcontinned  fiir  femal  montha.  AftermMb  bfi 
wholtlirc  wasfpcnt  in  propagating  the  new  philofoplir, 
buth  by  Iciftiirea,  and  by  publilliiii^  booki.  In  ili  tcru  e 
of  liis  fyltcm,  he  I. .id  dilputc-  v.-ith  Hurt,  Dn  lintncl, 
^liljranthc,  and  othrrrt.  His  wgiks,  t:mii^;h  abvumJ- 
ipg  with  ingenuity  add  k-nrninfr,  liavc  bet  ^  nL-.;lt.C{<:d  in 
conrrqiirncc  of  the  ^rt.it  ijiicoverici  and  adrancement 
in  philoluphic  knowlcdj^e  (hat  hat  been  fwcc  made- 
He  w^cbofen  a  member  of  the  Acadcmv  of  Scieaccsia 
tfiao  J  and  died  in  1 70',  at  75  years  of  age. 

Hitworki,  which  hepubli.lico,  ai€, 

I.  A  S^em  if  Fliilofophy  ;  contfeining  Logic,  Me- 
tr.p'.yrii--,  niid  Moral-i  ;  1:1  i''m:,o,  3  vo's  10410.  bein^; 
a  compdatiuu  ol  tUe  different  idcji  ot  IXs  Cartes, — U 
wa^  repiinted  the  year  after  at  Aroilcrdani,  witli  tiie 
addition  of  a  Difcourfc  upon  Ancient  and  Modtni 
fhOoIbphy. 

1.  l  b!  Uff  tfRtofon  tin  I  of  F,ild-. 

y  An  Anfwtr  to  Huct's  Cru  i;ris  nf  tlie  Cartefian 
PhUufopbjri  and  aa  Anfwcr  to  I>u  Hamel'a  Critictd 
Relleaioiifc 

4.  Some  piece! ^giinftMalbranche,  to  (hew  that  the 
apparent  magnitude  of  an  objeft  depends  foltly  on  the 

Biagn:tudc  of  its  iniJi^c,  ti:KciJo!i  t?.c  it  .i;i.-(. 

5.  A  fniall  piece  upon  ti  c  q-.;c  Whether  IMea- 
fiirp  makes  our  prcJcnt  It.ippint  J>  : 

RbGRESSION,  or  Retrogradation  of  Curvri, 
&<•.    bee  Re  rMOORADATioM. 

REGUX^'VR  FiiuTf,  in  GeotnetTTj  >ia  fignre  tiiat 
ia  both  equilateral  and  equiangular,  or  hamn  j  all  its  Jidct 
«nd  angles  eqtui  toone  another. 

For  the  dimenfiuDs,  propertiea,  &ic,  of  regular  fi. 
gnrea,  fee  PotvooN. 

Rkculak  Jicufy,  Cdlled  alfo  Platonic  Rv:iy,  u  a  bo- 
dy c.x  ro.ul  ciirr.;)ri ilkiii'.Lil  'ly  like,  equal,  and  regular 
plane  figures,  and  whofc  lolid  ang!c«arc  all  equaL 

The  plane  ligam  1^  which  the  blid  j*  contain* 


ed,  are  the  facet  of  the  folid.  And  the  fidet  of 
the  plane  figMtca  «re  the  edgei^  er  Jinctf  iidea  cf  tb* 

folid.  , 

7'here  arc  only  five  Regular  Solids,  vis. 

The  tctraedron,  or  regular  triangular  pyranud»  liaf» 

ing4  triangular  facet ; 
The  hexaedron,  or  cube,  having  6  fquare  facet; 
The  odaedron,  having  8  triangular  ntcet  t 
The  dodccaedron,  having  1 1  pentagonal  facet  | 
The  icoCiedron,  having  ^0  truo^uiar  facet. 
Ikfidcs  thefe  five,  ihcTCCOnbe  no  other  JlqpilirBo* 

dies  in  nature. 

Ppob.  I.    To  caafii  u8  or  firm  ihe  Jir^^ular  SeTidi.^ 

See  the  method  of  dcknbing  thtfc  figuret  under  the 

article  B  my. 

3.  7t>J:n/l  e'l.'ha-  the  Surface  cr  the  Sulid  Cvntnt  tfMJ 

of  tht  Regular  Bulici. — Muhiply  the  prupcT  tawlar 

area  orfuxface  (taken  from  the  fadloufiug  Table}  by  the 

fquare  of  the  linear  edge  of  the  folid,  iur  the  fuperw 

ficiet.  A/id 

Multiply  the  tabular  ioiidity,  in  the  tail  column  of 
thi.  T.('jU,  by  the  cube  of  the  linear  edge*  for  the  fe« 

lid  coutcut. 


Surfacrt  aad  Sioiuiuut  of  Rtguiar  Bailuif  the  JiJt  being 


No.  of 
iidu. 

4 
6 
8 

12 
20 

Naow. 

Suibcc. 

Solidity. 

Tetraedron 
Hcsaedron 

Oaaedron 

Dotltcai  drun 
icolaedron 

6'oococoo 
5 -464 1 016 

:q-()  .1577^8 
8-660,:  540 

i78)i3 
I  •0000000 

o'47>4045 

3.  The  Diameter  of  a  Sj  'i.-u-  hcin^  pi.xr,  to  fiiij 
llic  fide  of  any  of  the  Pljiut;.^  l)oLiits,  th.it  may  be  ei- 
ther infciibtd  in  the  fphcrc,  or  circumfcribed  about  the 
fphere,  or  that  it  ecnal  to  the  fphere. 

Multiply  the  given  diameter  of  the  fphere  by  the 
proper  or  cuTrelponditijj  number,  in  tlic  following  Ta» 
iili ,  .I'll  .  ( uii^  tu  liie  tiling  fuught,  and  thepisdua  tunll 
be  the  iikC  ot  the  flatunicbodf  required. 


4.  The  (Me  of  any  of  the  five  Fhtonic  bodic*  being 

given,  t'  l  fKic!  '.Tic  di^amcterof  a  fphere,  that  mny  either 
be  infcribed  in  tlii-t  bo<lv,  or  circunvfcribed  about  it,  or 
that  it  ccpidl  to  it. — As  the  refpc£\ivc  number  in  the 
Table  above,  under  the  title,  infaribtJ,  eircumfrtltJ,  or 
«ipia4  ii  to  If  fo  ii  the  fide  «f  the  giten  Plntoaie 

bod^ 


T  .c  Ji.ini.  of  a 

fpliero  b;iii2  i, 
■:uu  fiJc  ol'  ^ 

Th.it  iTiiiv  be 
in{ciit>i:<<iiiti>c 

rh.it  may  be  cir- 
oumlti  ocj  .ibout 
(lie  f(  lie;  c,  is 

That  it  equal 
tu|hefphcr*, 

IVlrardrou 

siexaedrun 

Jdiedron 

Dode»edron 

Icofscdron 

o'lii64^; 
0*737107 

344943 

I'oooao 

l'2J4  4 

o'G6 1  j-i 
.  «>'4490J 

1-64417 
.o-886io 
iC3s;6 
0*6^  1^3 
0-408^3 
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txxl}',  to  the  diaiaitcrbf  bt  infinibedi  ciiendfiribcd, 

or  cqtial  fphc re. 

5.  T!iL'  IkIc  of  ,iny  urn;  <if  llie  five  Pbtunic  btMlic* 
being  givni  ;  to  iijjd  the  inic  of  any  of  the  olhtr  four 
fcodit'St  that  m.iy  he  equal  in  foliditj  to  that  of  the 
given  body. — As  the  iiunihcr  under  the  title  equr.l  in 
the  Uft  column  cf  the  tahlc  above,  ngainfl  the  given 
Platonic  body,  is  tu  the  number  under  the  Gune  tititf* 
aind  the  hr^Ij whole  fide  at  fought,  fo  h  the  fi'Jc 
c  given  Phtonic  body,  to  tfa«  fide  of  the  body 

fought. 

bee  demonfliationj  nf  rni'^y  other  properties  of  the 
Fktonic  bodies,  it)  my  MenfuraiiuHt  part  3  fc^\.  2 
jm.  249,  &c,  zd  edition. 

R1GUI.A&  Cu'-'^f.  SceCutTK. 

REGULATOR  0/ a  /TatrK  it  arnwll  fpnng  be. 
longing  tr>  the  balance*  fcrvinglo  adjuil  the  going,  and 
to  make  it  go  either  fiiller  or  flower. 

REGULUS.  in  Aftrnnomy,  a  Dar  of  the  firft  ma.f' 
nitudr,  in  the  cnnftcllation  Leo  ;  called  alfo,  from  lU 
fituutiuu.  Cor  Lr'nisi,  or  the  Lima's  /.'  .ir/;  by  the 
Ara!i5,  AUahr ;  ami  by  the  ChAldcrj  H,  K.i'btUceJ,  or 
KarcnfCfiJ;  from  an  opinion  of  its  -iiflucncirt^  the 
affairs  of  the  heavens ;  as  Tlieon  obfcrvi-s. 

Till  I  11  .;ittidc  of  Re^nliis,  as  fixed  1>y  FLunllted, 
»  25"  3  r  21",  and  its  latitude  oP  26'  38"  noith.  Jkc 
Ltn. 

REINFORCE,  wGimneiT*  m  that  part  1^  ■  gun 

nat  the  brcrch,  which  ta  naae  ftronger  to  refill  the 

force  of       t  owdcr.  Tticre  are  ufually  two  Reinforces 
in  each  ;>icie,  (.alkd  the  firft  and  fccond  Reinforce. 
The  fecotid      fomtwliai  (n;.~>(ler  than  the  firft, 
Ciafc   the  inllamcd   jioudi.r   in    that   part   is  lefs 
treng. 

RtiNFOKCE  Ringt  of  3  cannon,  arc  ftat  mouldings, 
'Uke  iron  hoopn,  placed  at  the  breech  end  of  the  fnft 
•  sad  lecmid  R«ii»foree,  projeftingbe]>^ond  the  reft  of  the 
ncttl  ahoot  ■  quarter  of  an  Indi. 

REINHOLD  (Erasmus),  an  eminent aftronomer 
and  mathematician,  was  b<irn  at  Salfcldt  in  Thnrinpia, 
B  province  in  Upper  Sav  in,  the  iiili  of  Oifl  ii.. r 
f5Jl.  He  ftudied  mntluniijucs  undtr  Jamc»  MslicUi 
»t  \\'ttteTnberg,  in  w  f,ii  |j  univerfity  he  afterwards  be- 
came profeflor  of  thofc  Iciences,  which  he  taught  with 
l^rrat  appJaiife.  After  writing  a  number  of  tifcful 
and  learned  works,  he  died  the  19th  of  Fcbruaij  '55)* 
at  42  years  of  age  only.  Hu  mitinga  are  chicHj  the 
fiiUowiH : 

1.  Thftrtd  tiev*  Plaitetttrvm  G.  Purhuhli,  aug- 
mented and  ill'.in.i.itcd  wilh  diagrams  and  Scholia  in 
fivo,  I  ^42  ;  ,iml  ii^'.ilii  in  I  ;8o. — In  this  work,  among 
other  lhiiif;s  «oi;hy  (  f  noiitr-,  he  teaches  (pa.  7J  and 
76)  that  the  centre  ot  the  Itinar  epicycle  defcribe*  aa 
oval  figurt  in  each  monthly  period,  and  that  the.  ocblt 
of  Mercury  is  alfo  "f  the  lame  oval  figure. 

3.  I'tol  my'i  jllmigfjl,  the  f.rft  book,  in  Greek, 
with  a  Latin  vcriion,  and  SchoUa,  explaining  the 
more  flblcure  pa(&geit  in  8vo,  i549« — At  theradof 
pa.  125  he  piomiic*  an  edition  ot  Thcon'a  Commeu- 
taricsi,  which  are  \eiy  uitfiil  for  uoderilandiog  Pto- 
loniv's  nu'iiniiij:  ;  but  li'?  iiV.iii.iturt,-  ■.Icitii  prevented 
Reifihold  irom  giving  this  auu  oii.cr  wjrk>  wtiich  be 
^•d  proji^ed. 

j.  i'raUmut  TduU  Cmrfiitm  Meiuum,  ta  410, 


'5?'i  in  ipi:  and  alfo  in  ijfjj. — Rfmliold 

fotiit  fcvcii  )c.Ji'a  Ubour  ujxm  tr.iii  wotii,  in  which  he 
was  afljftcd  by  the  muniikenoc  of  Albcr',  <iiil;c  of 
Prufti.-!,  from  whence  the  tdbi<;»  had  the;r  name.  Rein- 
hold  compared  the  obfervatians  of  CoperiiictH  witb 
thufe  of  Ptolomy  and  Hipparcbut,  from  whence  he 
coiiftriiflcd  thefe  new  libtet,  the  ufct  of  which  lie 
lia*  ftiU^  exjjiained  in  a  great  mmber  of  ptvceptK  and 
■  fikoODS*  forming  acooqtkttt  introdnftion  to  prai^-cal 
•Hnmoniy. 

4.  Primas  tiher  Tjhuhrum  DinS'mnum ;  to  «l:ich 
aic  added,  the  Cnmrn  FmcunJus,  or  Table  of  Tangcnti, 
to  every  minute  of  tlu-  qusdrant  \  and  New  Tbhics  of 
Climates,  P;ira!leis  and  biiadovrt,  with  an  Appendis 
cpnUiinir;?  the  fecond  B.Mjk  of  the  Canon  of  Direc- 
tion*; in  4;  ',  I  ^54.— Reinhold  here  fuppiies  what  wa» 
omitted  by  Rceiumontanua  in  his  Tabic  of  DircAion*i 
&c ;  ftieu-ing  the  finding  of  the  fiaet.  and  the  conftmo* 
tionof  the  tangents  the  fines  being  found  to  every 
minute  of  the  quadrant,  to  the  radius  io.coo,coo ; 
and  he  proJuLcd  the  tItiLqui.'  Afcenlions  from  60  de- 
grees to  the  end  of  the  qnadiaiit.  He  teache*  aUb 
lite  ufc  of  tbcfe  t&Mei  in  the  fblAtioa  of  fphetied 
problems. 

Reinhold  prepared  likewrfe  an  edition  of  many  other 
.works,  which  are  enuoietatcd  in  the  Emperor's  Prtvi- 
kgc,  prefixed  to  the  PrltfeMc  Tafalea.  Namely,  Ephe- 
mendn  ibr  leveral  jreara  to  come,  competed  from  the 
near  tablet.  Tahbi  of  the  Rifing  and  Setting  of  fere- 
ntl  Fixed  Stara,  for  many  different 

The  iUaftration  and  eftabiiftimctn   ..^ 

the  eclipfes  of  the  luminaries,  mid  iht-  ^<rc-\t  con;unc-^ 
tions  of  the  nlsr!e»<>,  and  by  the  a)>]Karance  of  corncUi 
Ihc  i;.clil..iU;c.il  CalertHar.  The  HifiorySf 
Years,  or  Allroiiosnical  Calendar.  Jfa^oge  S^iiiea^ 
or  Elements  of  the  Doftrine  of  the  Primum  Mubikw 
Hrpotjp^tt  Qriima  Cglf/lium,  or  the  Tbeoiy  of  flaoetl* 
Conibudioo  of  a  New  Quadrant  The  Dodn'ne  of 
Plane  and  Spherical  Triangle*.  Commratanes  on  the 
work  of  CopemictM.    Alfo  Commentaries  on  the 


cliiii:ifLS  ?.ud  fines. 
ot  Chronology,  by'  < 


cl.i     on  tl 


uoIil',  on  Ptolemy's  Geography,  a::J 
ic  <.j^a.K.i  uf  ALijiiztn  tlie  .\:uhian. — Reinhold  alfo 
made  Ailranomical  (thfti siuSutis,  but  with  a  wooden 
quadrant,  which  oLfe:vation»  wcic  feen  by  Tycbo 
Brahc  whsn  he  pafied  through  Wittenberg  in  the 
year  1575,  who  wondered  that  fo  great  a  culcira- 
tor  of  allrouomy  wat  not  furailhed  with  better  inftm.- 
menta. 

RejabdU  left  a  foo,  named  atfo  Erafmns  sftcr  him- 
felf,  80  eminent  matin  mat  ict.in  and  phvfiiian  at 
Salfetdu  He  Wrote  a  fninll  work  in  the  German  Ian- 
gu.i  'c,  on  Subterranean  Geometry,  printed  in  4to  at 

New 
t 

pubi.lhcd  in 

1 5 ■■4,  in  the  (icrman  language. 

RELAI8,  in  Fortilication,  a  French  tCTm^  the 
Jatne  with  berme. 

RELATlOl^  ia  Mathematica.  is  the  lubitude  or 
nfiKiS  of  quintltJea  of  the  fame  kind  to  each  other, 
wit'i  r^j  tliLir  inLiL  iiitiide  ;  more  ufually 

r  r,-.  ;  .— Aii  J  1:.=  cquahi-, .  identity,  or  famctiers  of  two 
fuch  .\.i:l,uiiin9,  is  called  prupertion. 

RtLATioii,  JaitrmoHualf  ia  Mufical  Con^pofitioa, 
Zx  2 


gu.i  'c,  on  auDitrranean  t^eomctry,  printed  :n  410  al 
Erluit  — He  wrote  alfo  concerning  the  Nc« 

Stai  which  ;ipp<-ared  in  Cafiiopeia  in  the  year  157*) 
with  an  Afiniiogical   Prognollication,   publifhcd  h 


REP 


if  t'ut  wlio(e  extremes  rorm  a  Tulfe  or  ttinatwd  inter- 
tal,  incapaUc  of  being   fung. — ^Thia  i»  OlbCTWiTc 

c ^kd  a fa^t  Stb^,  awl  ftandt  qppoTed  to  »  jail  or 

true  one. 

RELATIVE  Gravity,  Leviljf  ALi:<i»,  S'trrjily, 
Flact,  Space,  loiie,  feLaty,  isfe.  Sec  the  fcvcriil 
fubflantiTcs. 

RELIEVO,  in  Architeaure,  denote*  tlic  £dlj  W 
pmjctture  of  any  ornament. 

REMAINDER,  ia  the  diffineDce  lictwceN  two 

Jjuntilicfl,  or  that  which  ia  fcft  after  fubtiaAiBy  one 
rom  lUe  other. 
RENDERING,  in  BuiUIIng.  See  PARCcriNe. 
REPELLING  Power,  in  Pliyfics,  is  a  ccitiin 
poM'cr  or  faculty,  rcliHinjy  in  the  miimtc-  paitidta  of 
natural  bodies,  by  wli.^h,  unc!--r  cnfiiii  c  iicumflanttf, 
they  mutually  fly  from  c»ch  other,  'i'hii  i*  the  reterfc 
or  oppofite  of  the  atiraftivc  power.  Ncwion  fliewa, 
from  obfcrvation,  th.it  fuch  a  force  doct  really  cxift  ^ 
and  lie  argues,  that  at  io  algebra,   where  poiiiive 

iuantitic*  onlc,  there  nnatUe  onct  begin  i  £»  in  uhy- 
ca,  where  the  attradive  force  eeafea)  there  a  Rcpcltiug 
fcrce  mull  btgin. 

Asthc  Repelling poucr  fnirs  to  arifr  fiom  tlie  fame 
pr!nci;^:li:  a»  the  attrj^livc,  only  exercilK]  under  diffe- 
rent orcumdaiicei!,  it  i»  govcmtd  bv  the  tame  latvs. 
Now  the  attrafli»e  power  we  liiul  is!h<  i;ycr  in  fiuall 
bodictt  thai  h  threat  orn,  in  proportion  to  the  maiics  ; 
therefint  the  R^iirlKng  is  fo  too.  But  tlie  rays  of 
fight  are  the  idok  minute  bodiet  we  kaow  of;  and 
WCTrforc  their  RepetUng  force  muft  be  the  grcateft> 
It  ia  comptited  by  Newton*  tint  the  attnAtte  (one  of 
the  rays  of  h'^ht  is  above  icodooeeoooooooo,  or  one 
dictifand  r;iiIl:oii  of  ir.ilKoTU  of  limes  f!r(K;^;cr  than  the 
force  of  gravity  on  tijc  Airiacc  of  the  lartii:  hence 
arife«  that  iiu onceivablc  velocity  wiili  H.'lit  muil 

move  to  reach  from  the  fun  to  the  earth  in  little  moie 
than  7  minutes  of  time.  For  the  rays  emitted  from 
the  body  of  the  fun,  by  the  vibrating  motion  of  its 
parts,  are  no  {boner  got  without  the  fphcrr  of  attrac- 
tion of  the  fun.  than  thcj  coMt  withui  tht  aftio*  of 
the  Repelling  power. 

The  eUflicity  or  fpilnginefs  of  bodies,  or  that  pro- 
perty by  which,  after  having  their  figure  altered  by  an 
ext  .  rn.il  ff  r'.c,  thty  rctiii  n  to  tlicir  foimer  (nnpc 
agim,  folkuvs  fi<.:ni  tltt  llrp«:Uin{»  power,    iicc  Ra- 

XULSIOk. 

REPERCUSSION.  See  Rvrticrtoa. 

REPETEND,  in  Aiithmciic,  denotea  that  part  of 
aa  inBniic  decimal  ir^iiion,  which  i»  continually  re- 
peated ad  infinitnnb  TIkus  in  the  nurribcrs  2*13  13 
ftc.  tiK  figwfli  1}  aie  the  Repetcnd*  aad  marked  ihua 

Thefe  R'pftfiiJj  tliitfly  arift  in  tht  rcdiiAion  of 
vulgar  fraciions.  to  dccimalt.    Thus,  }  = 

=:o'3t  tud  $■3  01666  ftc  a=  o>i6{  and  f  ss 

«'J4;S5'i     r42S,--i  —  o-l^zj!;;.     Where  it  ia 

to  he  obfcrve  J,  ilttit  a  point  tt  ict  over  the  Egure  of  a 
iingic  Kcpetcud,  and  a  point  over  the  firll  and  laft 
figure  when  there  are  icvcral  that  repeat. 

Rcpctcndt  are  cither  ^"X^e  or  compcuatf. 

A  S'mgU  RtrETEHD  u  thai  in  which OM  liglHt 
xq^u;  ato  3,  or  0*6,  &c. 


C  S5*  3  RES 

A  Ctw/cva./ RrpET?NT>,  is  tliat  in  w4iir^  th'o  or 
more  figuieit  are  repealed  ;  at  'i 3,  or  *ji5,or  '14283', 

Similar  RcrtTEHOt  are  fuch  at  begin  at  the  fane 
place,  and  eonfift  of  the  fame  ifjoiber  of  figures :  at- 

'3  and  •(>,        1141  and  jm;6. 

D'lJJtmilar  KhrFTEntts  begin  at  difforent  placet,  aitd 
confill  of  an  unequal  number  of  figures 

fa  ^nd  tbt  Jtnile  I'abj*  of  any  Rifctriu/,  or  to  re* 
dttCt  it  to  a  Vulgar  I'ra^'nn,  Take  the  given  repeat* 
ing  figure  or  figurci  for  the  nutnctrntor)  and  for  the 
denominator,,  take  at  many  q's  at  there  are  recwiing 
figure*  or  place*  in  the  given  Kepetend.  ^ 


—  i  and  •oe  B  *o^=s 

3  9  '/> 


I 

•"8; 


and*  123  ss. 


999 
•  . 

and  - 


and  • 769; 30  = 


4 

333 

999J99« 

7692  JO  10 


1         i   and  fb%  1 


_LL. 


6t  7 


999999 

Hence  tt  followi,.  that  every  fuch  iofinftc  Rrpetcnd 
liai  a  Ltrv.l-,  .I'.'i  .rminate  and  linitt:  value,  or  can  be 
cxprtlfcd  by  a  ttmiinatc  vulgar  friClion.  And  coiife- 
qucntly,  that  an  infinite  dtcimal  which  doct  not  re- 
peat or  circulate,  cannot  be  completely  exprcifed  by  a 
tinitc  vulgar  fra^ion. 

It  may  iartber  be  obCmred,  that  if  the  numerator  06 
a  vulgar  finadion  be  t,  and  the  denominator  anv 

Sine  Mnber,  «xc^  *  tmi  c,  the  decimal  whicL 
lO  be  eqoat  to  tkat  vd^r  ftacEioo,  will  alway*  be  a 
Rcpetend,  beginning  at  the  fir(l  place  of  dccimalt  ^ 
and  this  Rcpetend  muft  nccrOuiFly  be  a  fubmultiple, 
or  an  aliquot  putt  of  a  nunibc;  txprclTcd  hv  e»  many  i/t 
M  tht:  Kcpiltud  has  6),'m  cij  that  is,  if  the  Kepttciid 
have  hx.  iigiins,  it  w  ill  btr  a  fubmultiple  of  1^9999^  ^ 

if  four  hgurci,  a  fubmultiple  of  9999  Sic.  From 
whence  it  follows,  that  if  any  prime  number  be 
called  p,  the  feric*  9999  &c,  produced  aa  far  aa. 
it  nccelfary,  will  alwayt  be  divifible  by  ^  and  the 
quotiefli  wiU  be  the  Repeuad  of  the  dccuul  ftaAioa. 
I 


RESIDUAL  Figure,  in  Geometry,  the  Igune  tC*- 
maining  after  fubtra^iiig  a  left  from  a  greater. 

KisiDuAL  Riotf  iaa  rootcompoledof  twopattaor 
raembcrt,  only  conneAed  tOfeihrrwith  the  tign  or 
Dilr.ii*.  I'hii  ,  — (*,  or  i,  Is  a  iflidual  ru<>t  J  and 
it  lo  i-alltrd,  bt  i  aulc  its.  (f  uc  value  it  no  more  than  the 
rcfidm-,  urd  iTcnnce  between  the  parta  11  and  «r  5 
and  X,  which  in  this  cafe  it  *• 

RESIDUUM  •/  a  Churgf,  in  EleaHvity,  firit  dif- 
covered  by  Mr.  Cralatli,  in  Germany,  in  174^^,  is  thai 
part  of  the  charge  that  Iqr  oa  the  uncoated  part  of  a 
JLtyden  phial,  which  doea  not  part  writk^  all  ita  dedri- 
ctty  at  once  }  lb  that  it  ia  afterivaTda  graduallf  diiliiled 
to  the  coating. 

RESISTANCE, or  Rtsia-riNCi  Arrr,  in  Phjfict, 
any  power  wliicli  aifis  in  oupofitlM  toanothcrf  foaalQ. 

dciiroy  or  diminifh  ita  cficct* 

TheiK 


RES 


[   357  1 


RES 


Thfre  are  various  klnili  of  RsfiHance,  ariHng  fnm 
tiic  variuiis  lutuii!  !.J  [iropcrtics  of  the  refifting  bo- 
dies, and  gnv^inc  l  by  v'^r  oui  Ixwt :  a*,  the  Rc- 
liflaiiee  of  loli  i!,  ilu  Rtiiuiace  of  fluiiU,  the  Kc- 
fiftance  of  tUe  air,  &c.  Of  each  of  thcic  in  their 
•rdcr,  at  bcW. 

RititTAitCE  tf  S$£dt,  in  MeGlitnic%  !■  the  force 
with  which  the  i^nfefcrnt  pwti  of  Iblid  bodret  oppofe 
the  motion  of  oiIkts  contiguous  to  them.. 

Of  thefe,  tlarc  a:e  two  kinds.  Tlie  firil  w'lerc  the 
refifiiii^  and  the  reMed  parto,  i.  c.  the  moving  and 
quicfcenl  bodies,  are  only  contiguoui,  and  do  not  co- 
here ;  cotilliiulingfepardte  budiea  ormaflci.  Tliis  Re« 
fiflaacc  is  what  Leibnil-^  ralli  RtSftaatt  of  tit  ArftOff 
but  which  is  more  properly  eiStAffiSm  i  lor  thc  bwa 
of  which*  fcetbe  artick  FiiCTUHi. 

The  reamd  oafe  of  Rdifiaace,  !•  where  the  refill* 
Jng  and  refilled  parts  arenot  only  contignous,  but  cohere, 
being  parts  of  the  fame  continued  body  or  malt.  This 
Kefiilancc  was  lir;l  coniidorcJ  by  Oililcoi  and  WKf 
properly  be  called  fni;rri.-y. 

As  to  what  rc-,;.iidi  ilii;  Rcfi lance  of  bodies  wlicn 
flruck  by  otberi  la  motiua,  iee  Fincvm^u,  and 
Collision. 

Theory  ef  itt  RefifiaHft  »f  tbt  Vibrci  dJ  SJiJ  hoJ'ul. 
— To  conceive  an  tdca  of  this  Rcfiflance,  or  rcnitency 
of  the  parts,  fuppoCc  a  cylindrical  body  fufpended  ver- 
tically by  one  end.  Here  all  iu  parts,  being  heavy, 
tcid  downwards,  and  endeavour  to  feparate  the  t^vo 
conii;;uuiis  planes  or  furfaces  where  the  body  is  the 
wir.ikcll  ;  all  the  parts  of  them  refill  this  ft  j  nration 
by  the  force  with  winch  they  cohere,  or  arc  bound  to- 
gether. Hire  then  arc  two  oppodtc  powcis  ;  vi/,  the 
weight  of  the  cjliader,  which  tends  to  break  iij  and 
the  force  of  coocCon  of  the  pait%  whicli  -refiSt  tlw 
Iradure. 

If  now  the  bafc  of  the  cylinder  be  incicale^  with> 
•at  inereafing  ita  Icngtlti  it  k  cvMent  that  boA 
the  Krfiftance  and  the  weic|ht  wiH  be  increiled  tn 

the  fame  ratio  as  the  bafe  ;  auJ  hence  it  apjjc;  r;  l!i 
an  cyliudcrs  of  tiic  fame  matter  and  icagtli,  wlutcvcr 
tbeir  baCes  be,  btfc  ineqnl  Rcfiftaoc^  iriica  veiticaUy 
fufpcodcd. 

But  if  the  length  of  the  cylinder  be  iacreafcd,  with- 
out increaGog  its  bafe,  its  weight  is  increafcd,  while 
theRcfiAa  nee  or  llrength  continues  unaltered  ;  confe- 
^Dcittly  the  kngtbetiing  h«a  the  eSSeSt  ol  weakening  >tt 
orincnaGta  itt  teodency  to  break. 

Hence  to  find  the  grateft  length  a  cyKnder  of  any 
matter  may  have,  when  it  jud  breaks  with  the  addition 
of  another  given  '..xi/St,  "c  need  only  take  nr.y  cylin- 
der of  the  fame  r,  and  Liilcn  to  it  the  Itall  v^ci^fiit 
that  is  juil  fiifficicnl  to  Lnak  it  ;  ar.d  then  cunhdtr  li  iw 
much  it  mufi  be  lengthened,  iu  that  the  weight  of  the 
part  added,  together  with  the  given  weigiit,  may  br  juft 
equal  to  that  weight,  and  the  thing  is  done.  Thus, 
let  /  denote  the  firil  length  of  the  cylaidcr,  c  as 
weight*  g  the  gives  weight  the  leogtbened  cylinder  ia 
to  bear,  and  «/  the  leaR  weight  that  breaht  the  cylin- 
Aa  I,  aUb  «r  the  length  fought ; 

then  as  /":*::  f  :  —  =  the  weight  of  the  longeft 

qlittkr  £sticlu }.  and  thii»  togeihec  with  the  giaea 


weight  g,  muR  be  equal  to  t  together  with  the  wm'gbC 
<u>  i  benee  then 

^+ir»e  +  wi  tberefoie*;*  ~^./gathe 

*  e 

wliole  len  gth  of  tlif  cy!'i:dir  I'ln^'.t.  If  the  c\lindi.r 
mull  juit  break  with  in  otv;i  weight,  tiicn  is  ^  —  o, 

and  In  that  cafe  »  m'^^  I  is  the  whole  leugili 

that  juft  break*  by  itt  own  weight.    By  thtt  meant 

Galileo  found  that  a  co]>pcr  wire,  and  of  confcqucnce 
any  other  cylinder  of  opper,  might  be  extended  to 
4801  braccijs  or  falhorrjs  of  6  ftit  t.ich. 

It  tin:  cyhuder  be  fiX).J  byo:;c  end  into  3  \v;i!l,  with 
the  axis  h'jrixontally ;  the  force  to  hrc  ik  ir,  and  if  Re- 
fulance  tu  fratlnrc,  will  here  be  both  ditlcirnt ;  both 
the  weight  to  caufe  thefiadure,  and  the  3<^i  li  lan  e  of 
the  fibre*  to  oppofc  are  combined  with  the  cfledt. 
of  the  Itver;  for  t!ic  m  .  .ght  to  caufe  the  fra^ure* 
whether  of  the  weight  uf  ihc  beam  alooct  or  combined 
with  an  additional  weight  htmg  to  it,  is  to  be  fuppofed 
collefted  into  the  centre  of  gravity,  where  it  it  coa- 
fidered  as  a^ing  by  a  lever  equal  to  the  diflance  of 
tiiat  cfiitu  hcy  jiul  t'lr  t' ice  of  the  wall  vihtte  the  cy- 
linder or  otlici  pulin  is  fixtd  ;  an-.l  thrn  th<  produfl  of 
the  faid  whulc  weight  and  diU^ucc,  will  be  Ut  mo  ncn- 
tum  or  force  to  break  tiie  prilni.  Again,  the  Re» 
fidance  of  the  fibres  may  be  fuppofed  colleAtd  iotO' 
the  centre  of  the  tranfyerfe  fcdion,  and  aU  adliag  there 
at  the  end  of  a  lever  equal  to  the  vertical  femidiametCV 
of  the  ledioo,  the  lonndl  jpoiotof  that  diameter  being 
immoveable,  and  about  which  the  virhole  diameter  tin  .is 
when  theprifm  breaks;  and  hence  the  ptoduft  of  the 
ndheftve  force  of  the  fibre*  miiUipiieti  by  the  faid  femi- 
diameter,  will  be  the  momentum  of  Rcliibnie,  and. 
muft  be  equal  to  the  former  moment  tira  when  the 
prifm  jufl  breaks. 

Hence,  to  find  the  length  a  prifm  will  bear,  fixed  fo 
horizontally,  before  it  breaks,  cither  by  iisoivn  weight,, 
or  by  the  additiou  of  any  advcntitiout  weight ;  take 
anv  length  of  fuch  a  prifm,  and  load  it  WWl  wcighia* 
till  it  jttrt  break.    Tiien,  put 

/  ==  the  leugth  of  ilth  prifin, 
c  =  its  weight, 
si»      the  weight  th.-tt  breaks  it, 
a  "  diftance  of  weight  tv, 
»  Bs  any  ^iven  weight  to  be  borne^ 
0  s»  iti  djii.i!)ce, 
X  =3  the  length  required  to  break. 

Then  I  i  x  i  i  t  t~  the  weight  of  the  prifm 

A  I  ***       .  .... 

aad-j-x       —  sU Bttiacatiimj allb<jr 

r 

the  nomentOB  of  the  weight /ftlMMfer*  ^  -f*  «i^t»- 

the  m  initii'vim  of  the  prifm  x  and  its  added  weight.. 
In  like  manner  itl  4-  aw  it  that  of  the  foimer' 
or  flwrt  prifm  and  the  weight  that  brake  tt;  confc*  ' 

qneatly  —  +  ^  ^  f +         and  jr 

^  rttv_4^^y— X       tlie  length  fought,  that  iuff 
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brealii  -.villi  the  weljjht  g  at  the  diftance 

\vcij;lit  /  be  nothing,  lh''n  v  ^  — -~ 
in  thf  !c  ngth  of  ihc  pvifm  liial  jul^  hri.,1.!.  v,il!i  iu  own 

If  two  piifrot  of  tl>t  PjTic  matter,  Imviiijr  their  bafc» 
nail  lengllw  in  ihe  fame  prt)portion,  be  i;il|Mndcti  ho- 
riitontalTy  I  it  n  evMc;  t  that  the  gmter  ba»  n>"rf 
weight  than  the  Icfier,  b^th  on  account  of  it*  kngih, 
aniuf  it^i'jffi  but  it  l»a  kfi  Kerailwee  on  acoonttt 
of  Hs  If  r.,,!li,  confidered  a«  a  longer  arm  of  a  lever, 
and  has  only  more  RtTii'j^of  oti  accotit^t  of  it$  bafe) 
tlicrifnrf  it  exceed*  tlu'  IcHcr  in  itt  monnentum  fltort 
thati  it  Joes  in  it^i  Rc£tU-nct,  ai«l  conTcqiwntlf  k  ntttft 
break  morcejfily. 

Henc«  sppcam  tlie  rt-af^jn  why,  in  miikirf^  fmntl  ma- 
chine* »r('  ir;  [Kuplc  arc  apt  to  be  TT  -''^':cn  as  to 
the  Refr  .  .d  ftrimglh  of  ceit'  >  H/omal 
pieces,  when  tl'cy  cnme  to  etecme  iheir  dcA^^n*  in 
Inrge,  by  obferviug  ilic  fame  propottiom  a«  in  ibe 
fmatl. 

Whm  the  fixed  vertically,  i-.  juJl  about  to 

I;  1,,  t'li-  \-:  a  1  rqiiil'bi i'.im  btUvcen  its  p;  fl'Jve  liiul 
'1:  ;  and  runrequtntty  thole  two  oppofile 
eacll  other  ncifiincaily  as  ti.e  urms  <if 
the  lever  to  v  hii  fi  tbi-v  i'^  :ip]ilied,  tli  it  in,  as  luH  tl.c 
diameter  to  halt  1 :  1  ■  .  ,  1  '1  prif;n.  Out!. e  other  haiui, 
the  Keiirtitncc  ot  .1  h"vly  t*  ;«lM.(ys  etjiKtltothc  greattft 
Weight  wliidi  it  will  jtill  fii-'.a'n  in  a  vertical  purition, 
that  it*  to  it*  abfolutc  weight,  Thrrefure,  fubHiusi* 
ioj^tbe  abfiihite  weight  for  the  Rcliftanee,  it  appears, 
that  t!ie  ahfolutc  weight  of  a  body,  fcfpendea  hoci- 
zimtally,  is  to  its  rewtive  weight,  a*  the  diftance  of 
i'.vi  :  If-  i  t  ;;ravity  frum  the  fixed  point  or  a^cis  of 
motion,  I*  to  the  diilance  of  the  teiitre  of  gravity  of 
its  bafe  frcim  the  fame. 

The  difL<)very  of  this  !mpor;ant  truth,  atlcaftofan 
equivalent  to  it,  and  to  wliich  tin's  is  reducible,  wct>we 
to  Galileo.  On  thi*  fyAcin  of  RcfiAance  of  that  autlior, 
)ifanotlc  made  an  meeoioua  remark,  which  gave  birth 
to  a  new  fyfttok ,  Guiko  Aippofea  that  twhcre  the  body 
break*,  all  iKe  fibret  break  at  oti«e ;  fo  that  the  l^ody 
always  nrfU  with  ita  whole  al  f'i'u'c  r.n,.  ,  m  the 
wlKi1<-  turn  that  all  its  fibres  Lave  in  llic  jjli:.^  '.'.iit;c  It 
bn  iks.  Hut  Mnriotte,  finding  that  all  bodies,  even 
j;lals  iit'tK,  bend  befcre  they  break,  fhtw«  that  fibre* 
are  to  be  coiifidered  as  fo  many  little  hcnt  fpnng*, 
which  never  exert  their  wiiole  force,  till  firttchcd  10  a 
Ccrtiiin  point,  and  never  break  till  entirely  unbent. 
Henoe  tnofe  ncar«tt  the  fulcrtini  of  the  lever,  or  luwtft 
point  of  the  fraAorr,  are  ftrctchcd  kfa  than  thofe  hr» 
theroif,  and  confcqucntly  empby  a  kla  part  of  their 
fbrrc,  and  break  later. 

I  li;s  confideration  only  take«  jdace  in  the  horizontal 
'fit nation  of  the  b«idy  :  in  the  vertical,  the  fibres  of  the 
bafe  all  break  at  once;  fo  that  tin-  ;il  lolutc  wtiglit  if 
the  body  rnnft  exceed  the  liuited  Kd'i  iancc  of  all  i;« 
fibres  ;  a  greater  weight  i«  therefore  rcqttticd  b(re  than 
in  the  hprizonu!  fituation,  that  iii,  a  ptatcr  weight  it 
required  to  ovcrcoinc  tbek  naitcd  Kcfitbace,  than 
to  oTCfcone  ilieir  feveial  RcSflancct  one  irfler  an* 
«dicr. 

Vtr^QO  liM  unproved  oa  tbc  Ijica  of  MwJottej 
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and  /hewn  that  to  Galilro'i  fyftrm,  it  »dd»  the  conrtdc* 
raiitmof  thecentreof  peicufFion.  Incach  fyilcm,  the 
fe^tion,  wbeie  the  bodr  breaki,  moves  on  the  axis  of 
equilibriom,  orh'iie  attbe  hnvcrextremicr  of  t}ief*m« 

fe^liont  hut  in  the  feeond,  the  fibre*  of  thit  fcAiun 

are  coiiiiiiually  ilretching  more  r.nd  more,  and  that  in 
the  fume  ratio,  ab  tlicy  are  fuii..i<.ii  r  n:  d  fj:i;  t 

fr<im  t!ie  axis  of  equilibrium,   atia   conieqiicntiy  are 

Rill  cxrrtiug  a  greater  and  girnter  part  of  tbclr 

whi'lc  force. 

Thefe  imcqnal  atenfuins,  like  all  other  force*,  mu ft 
have  fome  commoti  centre  whirr  thej  are  united, 
Bakin|r cQiul  trffurts  on  each  lide  of  it}  and  at  tbcjr 
tre  prccitely  in  the  fiioie  pvoportion  a*  the  velo- 
cities which  the  frvcral  point*  of  a  rod  moved  circularly 

I  ;,,  c,    another,  tiie  centre  of  exieiit.'jn  1  f 

lliL  kaiLK  v.i.cri:  i lit  body  breaks,  muft  be  the  fame 
its  centre  of  pertiinion.  Galileo's  hypotbtiw,  where 
fibres  Hretch  cqi-aHr,  and  bnak  all  at  once,  corre- 
•  fponds  to  the  tafc  of  a  rod  moving  p.Trallrl  to  it- 
Jelf,  where  the  centre  of  eMctvikin  or  ptrcniCon  doe* 
u»t  appear,  a*  being  coobnadcd  vritb  4hc  centre  «f 
gravitjr. 

Hence  tt  Ibllovre,  that  the  RcAftmcc  of  bodin  in 
Mariottc**  fyHem,  i«  to  that  in  GaMo'^,  as  the  dif- 
taoce  of  tlie  cenire  of  perci^fiion,  taken  on  the  ver- 
tical diameter  of  the  fractiiiic,  is  to  the  ivholc  i  t  tl  it 
diameter.  Hence  alio,  the  Rtfillance  being  lefs  umu 
v»hat  Galileo  imagimd,  the  relative  weight  mull  alfo 
be  Icf-,  and  in  the  ratio  juil  mentioned.  So  that, 
after  conceiving  the  relative  w'ei);iht  of  a  body,  and  ill 
Refillancc  equji  10  it*  abfokite  weight,  u  two  contrary 
pow  ers  applied  to  the  two  arm*  of  a  lever,  in  thehjrpo* 
theliaof  GaUkoi  there  need*  oothiiw  to  diai^  it  into 
that  of  Manotte,  but  to  imagine  that  the  ReTiftance, 

III  tlic  nljfi  liite  wti;,'ht.  Is  IjCtomc  i-.  f^,  in  t'l?  ratio 
;ilu)vc  nuiitiuntd,  every  tlung  cllk.-  icmdini'ig  the 
famr. 

C):;c  nf  tlu'  tnoll  rurivMis,  and  perb.ips  the  moft  ufe» 
ful  qI:tl^i()t:^  in  this  rtfeareh,  is  to  fiod  what  ftgxire  a 
body  nuiil  have,  that  its  Refinance  maj  be  equal  or 
proportional  m  every  part  to  the  forte  tettdtng  to  break 
It.  Mow  to  thi*  end,  it  is  necctrary.fomepartof  it  being 
conceived  a*  cot  off  by  a  plane  parallel  to  the  fn&m, 
that  the  momentum  of  the  part  rctreucbetl  he  its 
Rcii(lai:ce,  in  the  fumeratioas  the  n.Dmcnium  <  ;  the 
whole  is  to  its  Refillance  ;  thcR  I  in  p.  i.v>  a;  im  ,^  by 
arms  of  levels  peculiar  to  liienifeives,  and  are  pruuor. 
tional  in  the  whole,  and  in  each  part,  of  a  {bBd  <if 
equal  Rcliflance.  From  thi*  piopottion,  Var^oon 
eafily  deduce*  two  foJidt,  which  fliall  relift  eijuai^i  in 
all  their  pant,  or  be  no  more  liable  to  break  in  oaejpart 
than  in  another  t  GaKIco  haH  feund  one  before.  That 
difcovered  by  Vaijgnon  i*  in  the  form  of  a  trumpet, 
and  is  to  he  fixed  into  a  wall  at  its  greater  eiid  ;  fo  that 
its  iiini;iiitiK:e  (irut:<,'l,t  is  ■.■]\::t\  ,  t.;:.i::ii;l,i  d  mi  propor- 
tion ;isl(rytli,  o;  tin  iirni  at  tl.i'  livri  liv  which  it* 
wiirhl  ;;Cts,  l^  iMri;iii.i'.  It  i?  iin,.irkable  that, 
bow  locverdilT< rent  tlic  two  fyiiems  may  be,  the  lolida 
of  cqtial  RcfiitniiH-  m  r  the  fame  in  both.  ■ 

For  the  Refilbnce  of  a  fulid  fuppoitcd  at  each  ea^ 
a*  of  abeam  between  two  wri!!»,  tec  Ba*H. 

JLiittTAHCB     fbadit  ii  the  jbtce  mlb 
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bodieti  moviAgf  tn  flmd  oediumi,  are  impeded  And  tc« 

taided  in  tVicii  ingtiott. 

A  btitly  moving  in  a  fluid  is  rcfilt  J.  from  two  caufet. 
'The  firit  of  theft  i(  the  cohcnon  of  the  patlR  of  ilie 
Haid.  For  a  body,  in  its  motion,  fc}>arating  the  part» 
of  ifluidr  mull  overcome  the  furre  with  which  thofe 
puts  cohere.  The  fecond  is  the  inertia,  or  ina^ivity 
of  matter,  by  which  a  certain  force  is  required  to 
moTc  the  paiUdca  from  their  pbcei»  in  otder  to  kt  the 
body  pafs. 

Th  -  t( tr.ii'  itioD  from  the  firfl  caiife  it  alv.-jtyt  the 
famu  isi  the  Umc  fpacc,  whalevtr  the  velo.-ity  be,  the 
body  remaining  the  lame  i  that  is,  tlii-  RcfiAaiice 
h  a*  the  fpate  run  thronj^h,  in  the  l.in.  titrie:  but 
the  vch'city  is  alfo  in  the  f.c-  ^-  laii  i  I't  the  fpacc 
run  uTiT  in  the  fame  time ;  auii  ihercture  the  Kefi(l- 
aucc,  from  tlii«  c;n;fe,  w  a«  the  velocity  itklf. 

ITie  Refinance  from  the  fcci>nd  catife,  w  hen  a  b«>dy 
move*  thnnigh  the  ikmc  fluid  with  dilTtrrnt  velocities, 
It  It  tlic  fqiiareof  tl  e  velocity.  For*  6rft  the  Krlift- 
anoe  incrrafes  acconliii}^  to  the  nnmtx'r  6f  partidct 
Orqiiintit}'  of  tin  n.ilii  .  in  tl.c  i'.;nn.  t iri^c  ;  wh'ch 
nua.l:Lt  nuiti  b-  .  s  liic  i  u:i  iLrough  in  liial  time, 

itiat  it,  as  tiiL  vilocity  :  but  the  Rtfillauiie  alfo  iiitreafes 
in  proporiu  n  to  the  furcc  wilii  whicli  tlic  b)dy  llrilict 
againil  every  part  ;  whicli  force  i>  slfo  as  tiie  velocity 
of  the  body,  To  at  tube  double  with  a  douh!e  velocity, 
and  triple  with  a  tripit-  one,  &c :  ihcrofore,  on  both 
thefc  accoiii!t»,  the  RcClbnce  if  as  the  velocity  mtdii- 

?licd  by  the  velocity,  or  as  the  fquarc  of  the  velocity. 
Jpon  the  uholc  tlicrcforc,  on  account  of  botli  ■-aiife*, 
Tix,  the  tenacity  and  inertia  oi  the  fluid,  the  bouy  ia 
ref.lled  j>:trtly  aa  tbcvdocitj  md  pMtly  as  the  fqanreof 
the  velocity. 

But  vrhen  the  fame  body  moves  through  Jiffercut 
flttidi  with  the  fame  velocity,  the  Rcfillancc  from  tlie 
fecond  cai:fe  follows  the  prapon;  oi  the  matter  to 
be  renwvcd  in  the  fame  time,  wliich  it  as  the  dcnlity 
of  the  floid* 

Hcnoe  therefore,  if  if  denote  the  denfi^y  of  the  fluid* 
V  the  velocity  ot  toe  body, 

and  J  arif!  i  conllan;  c<icffincnis  : 
ihftt  rjn'f'  +  'i'  V-  .1  lie  pr(!purtional  to  the  whole  Rc- 
[■\:v:xi-  III  the  Uiiiie  body,  tnnvin>  with  il.ff'Lrtnt  velo- 
cities, in  tl  i;  I  11  ••  direction,  thr«jugh  fli.  ds  of  diflc- 
rent  denfiliti,  hat  of  iht  fame  tenacity. 

But,  to  take  ill  the  confidevation  of  difTcrent  tena- 
cities «if  llt::d*  ;  if  /  denote  the  tenacity,  <  i  the  cohe- 
'Sun  of  the  parts  of  the  fluid,  then  +  kv  iriU  be 
tt  the  faid  vrliole  RclillBTKe. 

Ind'.eJthi;  quantity  of  R  fjlUncc  from  the  cuhelion  of 
thepr.rti  of  fluids,  except  ii  ;;l'i»iiiuiis  one%  'sveryfrnaH 
in  rtfptA  of  the  other  Kifi  l.nice  ;  and  i:  .  '  '  'ncreaks 
in  a  mu^h  lower  degree,  briiijj  only  as  itiv  vwloeity, 
wl.ilc  the  other  iucrtafc*  as  the  fquare  of  the  vcUn  , 
■nd  rj  her  more.  HcSKc  thm  the  term  ilv  is  very 
fmi\  in  leipiA  of  the  other  term  ath*  ;  and  confe- 
qncntly  the  Refiftance  i»  neatly  at  this  laitet  term;  or 
nearly  as  the  fquare  of  the  velocity.  VVhi.  n  rule  hat 
been  employed  by  moft  Mthorsi  and  is  veiy  iicwrtho' 
truth  in  flow  tnotSonti  but  !t»  very  lapid  ones  it  iif- 
fcTs  confidcr- 1  !•>  fr  iir.  the  truth,  as  we  (hall  perceive 
below  ;  not  indeed  from  the  omifiion  of  the  fmaJl  term 

due  to  the  cohefioflj  bnt  froai  the  mqtof  thofiitt 
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ooanter^rcflhie  •«  the  hinder  partvf  the  body,  a  v«. 

cnum,  cither  perfed  or  partial,  bcin^r  left  behind  the 
body  in  its  motion ;  and  alio  perhaps  to  (ome  compref- 
fiu:i  or  accumul.it ion  of  the  fluid  i^ouift  the  fan  put 
of  thv  body,  i  fence, 

'i'o  coiiiiivc  ttie  Refift,i?)ce  offluids  tea  body  moving 
in  them,  we  muH  dillinguifh  between  tliofe  fluids 
which,  being  greatly  coinprcffcd  by  fume  itjcumbcnt 
weight,  always  clofe  up  the  fpace  behind  the  body  i* 
motion,  without  leaving  any  vacuity  thCfCJ  and  thoft' 
fluids  which,  not  bein;::  :;-  'jijh  comprcflcdr  do  not  quick- 
ly All  up  the  fpace  quiticu  by  the  body  in  motion,  but 
leave  a  kind  of  vacuum  behinc  It.  'fhclc  d  litrcnccs, 
in  the  refilling  fluids,  will  ocr a'l  in  .t  ty  nmaricuble 
rieties  in  th^.'  Idwa  oi  tht  ii-  RLliit.iiii,^-,  .md  aix  ablohite- 
ly  neccHary  to  bcconiideixd  in  liie  determination  of  the 
aclion  of  the  air  on  IhoC  and  {licili ;  for  the  airpartakeOt 
of  both  thefc  afl'iJt^ions,  accorUii^  to  the  diflrreot  tC* 
locitics  of  the  projected  body, 

lo  treating  of  thclie  Rclittanocs  too,  the  flwida  rnnf 
be  eooGdered  cither  M  contioued  or  dllcootinued,  that 
it,  having  their  paitidcs  contiguous  or  elfe  a»  feparatcd 
and  uDconncdted ;  and  alfo  either  at  eladic  or  non- 
c'a.lic.  It  ;i  fluid  v.x  rc  f  j  c  jiillituted,  that  all  the  par> 
liclci  compuliii^  it  were  at  fume  diUancc  ffom  each 
otiui,  and  lijviiig  no  a(^ion  between  ihcin,  t-im  the 
Reliitance  ol  a  body  moving  in  it  would  be  ealiiy  com> 
puted,  tr.im  the  quantity  ot  motion  communicated  to 
thofe  particle*  {  fur  in  fiance,  if  a  cylinder  moved  in 
fuch  a  laid  in  the  diretlion  of  it*  Mu,  k  would  cob* 
municate  to  the  ^  pMtkks  it  mH  with*  m  vdocsty  ttful 
to  its  own,  -ond  in  itsovm  direAion,  when  neither  the 
cvh'f.dcrnor  the  part?  of  tl.t  fluid  art  cl.-flii.- ;  uhnce, 
ir  the  velocity  and  Jidiuttcv  al  the  cjiiotlcr  be  kiuivn, 
and  «lfu  ilic  dirnfity  of  the  lluid,  there  would  tiience  be 
deteriniiied  tiie  quantity  of  motion  cominuiiicated  to  tiic 
fluid,  which  (as  adion  and  reactiuii  nre  equal)  is 
the  fame  with  the  qitantity  kill  by  the  Oyhsder* 
and  conlctjueatlj  the  lieCilaoce  would  tbM  be  afoer« 
lained. 

In  this  kind  of  difeootinoed  fluid,  the  psttfclet  being 
detached  front  each  other,  every  une  of  thc:n  can  pnr- 
fi»c  itf  own  motion  in  any  dircciiun,  at  ie  tor  fomc 
time,  iii.'.'.n.-ii.':. rit  of  t'le  neighlio'.iriiig  cn.j;  fo  that, 
iafteaii  at  a  cylinder  movniir  ui  the  liiriction  of  its  dxis. 
It  ?.  boi:  >  with  a  iurlact  ij^-hj  ic  to  iti .flion  be 
pticd  to  move  in  (uih  a  ll.nd,  the  miiiioii  v  litch  ttie* 
p«rts  of  the  tiu'd  •vij',  hence  Li.'/.irc.  '.vi!!  iu)t  he  in  the 
diievtion  of  the  retiited  o;>dy,  but  perpendicuhir  to  its 
oblique  furfare  !  w.iti  c  .  the  Kelittancc  to  fuchahody 
will  not  be  eliioatcd  trwio  the  wh<^  owiion  wimmutu<> 
eated  to  the  particles  of  the  fluid,  but  from  tftai  part 
of  It  only  which  is  in  tiie  k,.  i  <ui  of  t'lC  rtli  l  .-  i  inHly. 
In  fluids  then,  wlare  the  ire  thus  dirjo.itiii-.;' d 

f  u  n  ench  other,  the  diifcrcnt  i>  l,  r:>.i<-so'  that  fiiitnc*! 
wuich  goes  f  )remi-il,  wiii  oc.  uii,-  i  l  u  unitle  <m 
in  the  lliiiiiafice;  .Jihoii;,:!  the  i.  -.i.-cite  r<^.)ij  of 
the  fiilid  (hoiild  in  all  cales  be  llie  lanu  :  A.;  i  NL-\v;aa 
has  particuLiiiy  dctcn.-.ir.ed  ttiat,  in  a  imid  ttiuj  coniti' 
tuted,  the  R  .Uttancc  of  «  gk>be  it  bkt  half  Re> 
finance  of  a  c)-Iioder  of  the  ftine  liiomttn,  oiuv- 
ing,  in  the  diradton  ofats  axis,  wiiii  the  fame  its 
iocity. 

J)ttt  Aoughtbe  bypotihefli  of  sliiid  Ihw  oonflitn*.  1 

be 
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"be  of  great  ofe  in  explaining  ibe  nature  of  Refift- 
*nen,  jtt  we  know  of  bo  Mcb  fluid  «xifting  in  na- 
ture ;  a  l  the  llnids  with  vhich  we  sre  eonverfant  bela|r 

iVi  rorrnti!,  il.;it  tlieir  p.irticlcs  cither  lir  contiguous  tu 
each  f.iur,  oi  at  Sidl  on  each  other   in  the 

f.imc  mninier  as  it  tlify  did  :  coiiftqucntly,  in  thcfc 
fiiiitlii,  no  one  piirtiilc  tl.at  is  ctntlpuoiss  td  ihc 
reCftcd  body,  can  be  mo%-ed,  without  umvu-.^  at 
the  fame  tinic  a  great  Mirrher  of  otiiers,  fome  of 
which  uill  bi-  diilant  fiotn  it  ;  and  tlic  motion  thti* 
conmumcated  to  a  imd  of  the  fluid,  will  not  be  in 
my  CM  detamihed  dirc^ioit,  but  dificrent  in  ill  tlie 
IMrti«lc*»  aceofding  to  tfae  difiemt  pofiriona  s«  which 
they  lie  in  contafl  trith  tliofc  from  wliicli  they  recef»c 
their  inipiille  r  "  r,  j^nat  numbers  of  tlie  p;i:;  l'vs 
being  divciti  !  i:iu)  o!>li<ji!f  dire£\ion$',  ihi;  K,il"i:.;i;ii. c 
«t  tiic  i  .iaii.;  Ixidy,  wl  lch  will  depend  oil  the 
q'jas  lit^  ol  iniiiion  ccin  mnr  iculed  to  tlic  fl'iid  in  its 
o»ti  diieflion,  wiJl  Le  I'.ifurful  in  quantity  from 
what  it  would  be  in  tbe  foivgoing  fiippoiilion,  and 
ita  eflination.  bconaet  much  more  comptvcsAed  and 

U  the  Auid  be  comprefTciV  by  the  iflcvmhent  weight 
of  itf  upper  parts  (a»  all  fluids  arc  uilh  Ut,  cKCepl  Vt 
iJjcJr  »ety  furfacc),  and  if  the  vilocity  of  tfie  mo»mgf 
body  be  much  It  f*  than  that  w'tli  tl    j  rits  ;,F 

the  fluid  would  riifh  into  a  voi-!  fi  .  ii  ,  y.:  conittjin  ate 
•  if  ll  eir conij/- . :"  i'.i  ;  it  is  f  i:!.  t!i;it  In  this  cafe  the 
fpacc  left  I  y  liie  n  ,)viUii;  body  « ill  be  in'lantancoiilly 
filled  up  by  the  fluid  ;  and  the  parts  of  the  fluid  a^.tinfl 
which  the  foremon  part  of  the  body  prcfFes  in  itt  mo- 
tion, will,  inftcad  or  being  impelled  forwanle  iiitliedi- 
ndion  of  the  hodv»  is  fomc  nadure  dicutate  toward* 
the  hinder  part  of  the  hmjfi  in  order  to  rellwethe 
c^oilihrium,  which  the  conftant  influx  of  the  fluid  be- 
hind the  body  would  othcrwife  deflroy ;  whence  the 
progrtfiivc  motion  or'  tl.f  flind,  ntid  confcquentiv  the 
~  ' i-!,i.h  "  -    -  -- 


i  ;u  nda  Upon  it,  would 
Icfii,  tl  111  in  the  hypothtlis 
fiippoled   to   acquire,  from 


Rrfillai  t-L  ot  tlir  btwiv, 
j.i  tliii  in;i:iiici-  he  mutli 
\',  tifif  I        jjarticle  is 

1  if  rtwikc  of  the  refilling  body,  a  velocity  equal  to 
that  with  which  tlie  body  moved,  and  in  tbe  fame  di* 
rrdion.  Ncwtou  hai  determined,  that  the  Rcfiflance 
of  a  cylindett  moving  in  the  diccdiun  of  >!•  axitb  in 
fnch  a  cooipreHcd  flntd  aa  we  have  here  treated  erf*,  i« 
but  one-fourth  part  of  the  Refillancc  to  the  fame  cylin- 
-der,  if  it  moved  with  the  fame  velocity  in  a  fluid 
con  11]  nut  J  in  llie  manner  defcribtd  in  thr  iuft  hypo- 
thths,  i-acli  fhiid  btinjf  fuppofed  ofthe  ("anu- tii  nfuy. 

pMiI  ;if;;iin,  it  i>  I'ut  miiy  in  the  qurnticy  cf  ihtir 
Refillance  that  thclc  fluids  differ,  but  aho  in  il  f  dUle- 
rent  manner  in  which  they  a<Fi  upon  fnlid»  of  c]:lT('rent 
formii  noting  in  them.  In  the  difcontinued  fluid,  fird 
defwribed,  the oUiquity  of  the  forennoll  furface  of  the 
noviae  bwdjr  would  dininiih  the  Refiftance  »  but  the 
fame  thin|f  doe*  not  hold  true  tn  compKlfed  tuid*,  at 
lead  not  in  any  cor.fiderablc  dcgrtf  ;  for  ttie  chief  Rc- 
fiJlaace  iu  compr«i''ed  fluids  arifcs  from  thr  fjrcriltr  ur 
lcf»  facility  w;;!i  « 'lit  ii  tin-  fluiJ,  impcHi  li  by  ilic  fore 
part  of  the  l>«>ijy,  t\»ii  <.ircul::tc  towards  irs  hinder  part  ; 
wild  thi*  being  little,  if  ;U  all,  ;.ftlcti.d  Ly  the  fonil  c.( 
the  moving  b*jdy,  whether  it  be  cyliiidiical,  conical, 
or  fpherical,  it  follows,  that  while  the  tranfvcrie  fedion 

of  the  body  ii  the  lame,  and  coafequcDt^  the  quaa^ 


tity  of  Impelled  fluid  alfo,  the  change  of  fijr'ire  ia 
tbe  body  will  Icarcdy  aSeA  the  quantity  of  Its  Re* 
iittance. 

And  this  cafe,  tiTS,  the  Reriflance  of  a  comprelTcd  ' 
fluid  to  a  foiid,  movirfy  in  it  with  a  velocity  much  K-f» 
than  what  ihc  parts  ol  th;  fluid  would  acquire  frotn 
their  comprcfTi  m,  liiis  Iilxh  very  fully  coiifidticd  by 
Ncv'  tiin,  V  I  .1  iur.  afccitair.cJ  tin-  q;ini>tity  of  fi'.ch  a 
Rcfiftatice,  according  to  tlic  different  niainitndei  of 
tlie  movlnjhody,  aiwtl.i  deiifiiy  of  the  tLiid.  Dulhe 
expre£dy  inf 'rn^s  uit  tint  the  i  ules  he  iias  Uid  down, 
are  not;i£nersl!y  (nic,  Init  only  ti|  ori  n  rnj»poiit ion  that 
the  conprefilon  of  the  11  he  incre»f  d  in  the  greater 
reiociTies  of  the  moving  ht  dy  :  howrvi  r,  fonie  un(l<iU 
fa!  writcis,  wiio  hav:  loUdwcd  him,  o'.cilo'iking  th'* 
CdiMion,  lAvc  applied  hii  detoi mipati>)n  to  bcdift 
moving  with  .ill  (crt«  of  velocities,  vithout  attending 
ty  the  difTcriiit  cotiipicf!ii>in  of  the  fl>iids  they  are  rc- 
GtieJ  by  }  ami  by  tiiis  nu-ans  th-.-y  have  accounted  the 
RififLince,  for  i-.ill  nice,  of  the  air  to  aoidket  ai»d  can- 
tun  fhot,  to  be  but  about  one-third  pan  of  vkal  h  it 
fouad  to  be  by  experien>re. 

lli« indeed  evident  ;hut  the  rcGftitig  power  of  th* 
mtdhim  null  he  incrca(cd»  when  the  telifled  bodf 
novo  fo  fall  that  the  flnid  cannot  inOanlaneoufly  prr^ 
ill  behind  it,  and  fill  tl;c  dclcrted  fpaci  ;  f  jr  wh'/n  tKii 
ii<ippeiil,  tile  body  will  be  deprived  oi"  the  preiiure  of 
the  fluid  behind  it ;  which  in  fome  meafure  balanced 
its  Rcrilbnce,  or  al  leaft  the  fore  preilure,  and  mull 
fupport  on  its  fore  pait  the  wliole  wei;;lil  of  a  column 
of  the  fluid,  u«cr  and  above  the  motion  it  gives  to  the 
parts  of  the  fame  ;  and  befides,  the  motion  in  the  par- 
ticlca  driven  before  the  body,  ia  leb  affeOed  in  thia 
cafe  by  thecowprtflion  of  the  flitfal,  and  canfeqnently 
they  are  lefi  deflcScd  from  the  direilion  in  which  they 
are  impelled  by  ihcrefirtcd  ftuface  ;  whence  it  happens 
that  this  fpccics  of  Rclitlaiicc  approaches  more  and 
more  to  that  defcribed  in  tlie  firft  bypothefii,  where 
est  Ii  p  i.-tielt  ut  t!ie  liuiJ  l-ci-r  '-^ii'cPiicv'Acd  witii  the 
neighbouring  one«,  purAied  itt  own  motion,  in  its  own 
dircAion,  withotit  being  interrupted  or  defleftcd  by 
their  contiguity  ;  and  therefore,  as  the  Refiflance  of  it 
difcontinued  fluid  to  a  cylinder,  ruaviiig  in  the-direo- 
tioBof  ita  alia,  i;  4  time<  greater  than  the  RefjftanGe 
of  a  fluid  fufficiently  comprefled  of  the  fiune  denfity, 
it  follows  that  the  Refiftance  of  a  fluid,  when  a  vacuity 
is  left  behind  the  movinjj  body,  may  l>c  near  4  times 
prcatct  thm  th.'.t  i  f  i.ir.x'  liuii',  when  no  fuch 
vac-.nty  ij  formed  ;  for  when  a  void  fpacc  ia  thua  left, 
the  R :  liibnce  approaehes  in  tt*  nature  to  that  of  n  dif« 
continued  fluid. 

This  then  may  fnrobahly  he  the  cafe  in  a  cyKndcr 
moving  in  tlic  lame  comprefled  floid,  according  to  the 
difTereitt  dcgrcea  of  ita  velocity  |  (b  that  if  it  fet  out 
with  a  great  velocitj,  and  movet  in  the  fluid  tiU  that 
Telocity  M  much  dim'nilhed,  the  reSftinu  power  of  th« 
incdium  may  be  near  4  tiir.esgieatcria  the  beginning  of 
itb  motion  than  in  the  end. 

In  a  globe,  the  difference  will  not  be  fo  great,  be- 
c;nife,  ou  account  of  its  oblique  futfacc,  its  Rcfillancc 
iii  a  uilcontiuued  triciiii.iti  is  but  about  twice  as  mnclt 
a*  in  one  properly  comprefled  (  for  it*  oblique  furface 
dimidifhea  iw  Refiftance  in  one  cafe,  and  wot  in  the 
otha;  h«wcvtr,  aa  tfaf  compfcflHau  of  the  nedium, 

even 
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mn  wlien  a  Taeu'ty  h  left  iKhind  the  moviog  body, 

muy  yet  confine  the  oblique  motion  of  the  part*  of  ihe 

fluid,  wluili  .in-  i!t;'.cn  "i.i  iijic  ttu'  b.  ilv,  nr.i]  ;ij  in  an 
tlailic  fliiiti,  itli'li  J  :  oiii  ,<1;  i'-,  t!ier<_-  m  i'l  be  furnt-  (U-j_  rrr 
of  ccndciifatton  in  '.UoU-  jrl:i ;  il  ii  1;  i.;My  prill  11  Mr  t  f.at' 
the  Rtrillante  of  a  globe,  moving  in  a  coropri'fTed  fluiU 
vrith  a  very  great  vcltKity,  may  greatly  exceed.' the  pro- 
portion  of  the  Rtrllftancc  to  flow  motions. 

And  as  this  incrcafc  of  the  rcfifling  power  of  the 


pared  together,  by  comparfng  the  HrfiHarcc  wttli  (Se 
gravity  <>r  quantity  of  matter.  It  !s  cJemcndrated  that 
the  lltl'l.iiuo  of  a  cyliiidiT,  which  move*  in  the  direc 
lion  of  ;u  axis,  is  rquul  to  the  weight  of  a  column  of 
the  fluid,  whufe  bafe  i»  I'qual  to  lh;i'.  uf  the  cy!inc!cr, 
and  its  altitude  equal  to  the  height  thnmgb  which  a 
body  muft  fall  in  vacuo,  by  the  force  of  erayity,  ti 
acquire  the  velocity  of  the  moWnjf  h  '!y.  So  that,  i* 
c  dtaotc  the  area  of  the  face  or  c  i  ot  ihc  cylinder,  or 


ncdium  will  take  place,  u  hen  the  vehxit^  of  the  iDovmg    other  prifm,  «  iti  Tdocity,^  aod  n  the  fpecific  gravity 


body  if  fo  great,  that  a  perftft  Taeuum  11  left  behind  it* 

fo  fome  dezree  of  augmentation  will  be  f;nfible  iu  vclo- 
citica  mticli  fttort  of  this;  for  even  when,  by  the 
comprifi-.on  of  the  fiuid,  the  fpace  left  behind  tl.c  b^^ily 
I'i  inftirit.-.nroiidy  filled  Up;  yet,  if  tlie  vcKnty  with 
wh'ili  i'k'  parts  of  the  fiuid  rufh  in  behinii,  ii  not 
mii..h  i^rirattr  than  that  with  which  the  body  moves, 
the  f.irr.c  irafont  that  have  bcrn  urf^cd  above,  in  th: 
cafe  of  an  abfoUite  vacuity,  will  bold  in  a  Icf*  tlcgrec  in 
thw  inllancc  ;  and  therefore  it  is  not  to  be  fnppufcd 
that(  ia  the  iacreafed  Refifhuee  whkti  bai  been  hitherto 


of  the  dtiid  I  then,  the  wtitndA  dne  to  ibc  vdoctty  v 
being      ,  the  whole  Refiftance,  or  motive  fmce  m, 

the  quantity  £  bcitig 


4g 

will  be  a  X 


4.?  4/ 
feet,  or  the  fpace  a  body  falln,  in  vacuo,  ia 
the  firil  fecond  of  time.   And  the  Refillunce  toaglobe 
of  the  fanu:  diameter  would  be  the  half  of  this. — Let 
a  ball,  for  inflancc,  of  3  inches  dinjicter,  be  moved  in 
that,  in  the  increafed  ReriRaaee  which  bai  been  hitherto    mter  with  a  celeiity  of  1 6  feet  oer  fecond  of  time  1 
treated  of,  it  immedtMrlynnilhet  when  the  compreflion    now  from  eapeirmenM  on  pendtilum«,  and  on  {glhW 
'  ■    "  ■■  ii  i'.ifl  fiffiv-ient  to  prevent  a  vacuum  hc^i'iid     btJtlits,  ii  has  been  foufd,  thrf  this  ;» the  celerity  whicu 

a  body  Requires  in  falliu^  fr.tm  tlie  height  or  4  feet  ; 
thcrr:i,ri-  tin:  wc'^lit  of  ,i  cybndcr  ofw.itiT  of  5  i-'c':i  « 
diaiHi:!*.!,  ar.d  4  iiii  liigii,  thfl  is  a  wti^t.t  of  ab  ist 
12  lb  4  oz,  is  equal  to  the  Rcfitlance  of  tlie  c>liiiu  r  t 
and  coufcquently  the  half  of  it,  or  6  lb  2  oz  ia  that  of 
the  ball.    Or,  the  formtdn 


of  the  fluid 

the  rcli.led  butiy  ;  but  we  mull  confidt  r  it  aa  iliiiujiilh' 
ittj  only  accoriling  as  the  velocity,  with  which  the 
parts  of  the  fluid  fotloM'  the  body,  exceeds  that  with 
«biih  the  body  moves. 

Hence  then  it  may  be  concluded,  that  if  a  globe 
fctsout  in  a  refilling  medium,  with  a  velocity  much 
cicecdtaff  that  with  which  the  particle*  of  the  medium 
wovid  rinh  into  a  void  fpace,  in  confcqococc  of  their 
cootpreflian,  fo  that  a  vacuum  ii  neceflariiy  left  behind 
the  globe  in  its  tr.oticn  ;  the  ReGllance  of  iliii  medium 
to  the  globe  will  be  much  greater,  in  proport'  ir'  to  ita 
Velocity,  than  wliat  wc  arc  furc,  from  Sir  I.  Newton, 
Would  take  pliccin  a  Toivcr  motion.  We  may  farther 
ciacUide,  that  the  lefiiliu^;  power  of  the  malium  will 
gradually  diniiniihaatbevvi'jcity  of  tltc  globe  decreafcs, 
tillatlali,  when  it  movca  with  yelocitica  which  bcarbia 
affflallproportion  to  that  with  which  the  particle!,  of  the 
Bcditnn  follow  it,  the  Rcfillanoe  beG«liD.ca  the  lame 
with  what  11  alligncd  by  Newton  in  the  cafe  of  a  com- 
prtfJld  HuM. 

And  f;t>!:i  tli;!.  (^'termination  may  be  f'jtii,  !iow  falfe 
that  pofuioa  is,  which  afl'crta  the  Rcfiftancc  of  any 
n^cdium  to  be  always  in  the  duplicate  ratio  uf  the  ve- 
locity of  the  refilled  bod)'  ;  for  it  plainly  appears,  by 
what  has  t  een  fjid,  thit  thi'ican  only  be  contidercd  as 
nearly  tnic  in  fm^il!  variations  of  Velocity,  and  can  never 
be  applied  in  comparifl;^  together  tiic  itclilkancea  to  all 
vekatiea  whatever,  without  incurring  the  inoft  enoN 
IBOiM  errors.  Sec  Robina's  Gunnery,  chap,  t  ptOp.  I, 
and  my  Svlc£t  Exercifei  pa. :  &c.  Sec  alfo  the 
articles  lUsiiTAMCK  ff  tie  jUtf  Pao|BCTiu,  and 

CvSNtRY. 

Rclillance  and  retardation  are  ufsd  iridiflerently  for 
each  other,  as  being  both  in  the  fame  proportion,  a  cl 
tlic  fame  Rclillanccalwjyji  generating  the  ianst  :i.ta'(!.i- 
tioo.  lJut  with  regard  to  difTerent  bodies,  the  fame 
Rcli;Urce  frequently  gcreratis  dificretit  retardations  ; 
the  Rtfiftancc  being  a»  ihc  quantity  of  OMitiun,  and  the 
xetardattoR  that  of  the  cchthy.  For  the  difference  and 
IBr.ifui'e  of  the  two,  fee  Rt  i  ard.m  ion. 

The  retarddtiofls  from  this  RvfiUancc  ntaj  be  com- 
Vol.  1L 


  gtVfl   ■■  "1" 
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or  12  lb  4  09t,  for  the  Refinance  of  the  cylinder,  OT 
6  lb  2  OT.  for  that  of  the  ball,  the  fame  as  b«forc. 

Let  DOW  the  Rcfiftancc,  fo  di  (covered,  be  divided 
by  the  weight  of  the  body,  and  the  qnntient  wilt  (hew 
the  tatio  of  the  retardation  to  the  fbt^  of  grr^vity.  So 
if  the  fatd  ball,  of  {  itches  diameter,  be  of  ca(t  iron, 
ft  wilt  wei;;h  nearfr       ounce*,  or  3tlb;   and  the 

r       ounce*  ;  therefore. 


gravity  a»  ()H  to  61 ,  the  re- 


llLribince  btin^  6  lb  1  i, 
if^f  RcUlbiiice  bcniig  to 

tar:latii>;i,  or  retarding  fdrcc,  will  be  or  1),  the 
force  ot  gravity  being  1.  Or  thus ;  bccaufc  a  il.i.  aica 
of  a  great  circle  of  the  ball,  is  =         where  </  is  the 

diameter,  and />  =  •78<4,  thcrcfuie  the  Ri-frftarjce  to 


the  ball  is  ffi  =: 


and  bccaufe  its  folid  ron- 


idiiig  the 


by  ilic  weight  a),  .givci 
=  /  the  retardation,  orretardaig  forct. 


tent  is  w  =  t/'/',        't^  wciTht  |N#//*,  where  N 

(l^r.Mtis  its  fpecitic  j:ir:N-t\  ;  tKruTiitr,  il'"."" 
Rcfaiancc  or  motive  foicc  m  by  the  weight 
m  3" 

that  of  Itraviiy  being  t ;  which  is  fhertffW  as  the 
fquarc  of  the  velocity  flir^f.^  ,  aid  3'>  tht  diameter  in- 
vcrfily ;  and  this,  ii  tbt:  1  cafon  why  a  large  t-a"!  ovcrcomct 
the  Rt  bttancc  btttcr  I  hart  a  fmal!  one,  of  the  faineden* 
lity.    Sec  my  Sd'c't  Krcercifts,  pa.  ;  ic  SiC. 

Kesis  I  ASCE  r,f  yuillMfJiumi  tuilx  /thtion  of  FJlSttg 
Boditi.-~-h.  body  freely  defccnding  in  a  fluid,  is  acce- ^ 
leraied  by  the  teUtivc  ^aviiy  of  the  body,  (that  in, 
the  difiio'Cncc  between  its  o^u  alfclute  gravity  end 
that  of  a  tike  btdk  of  the  fluid  >,  which  caotinualfy  aAa 

I  j  v.ii  ir,  ye;  -'aX  ecu, .My,  1:4  in  ,1  ^:;^:ln:m:  the  Rtliil- 
at>(.«  oi  the  liuiu  occaiiuni  a  retardaliuii,  or  diQ.iuution 
I A  of 
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of  occikmion,  which  dimin::t!on  incrtafts  with  the 
YcWcity  of  tljc  bovly.  Hcntc  it  Inppcii%  that  there 
js  a  iiitaio  vcV'citv,  which  is  the  greatell  ih  it  a  h'^Jy 
can  ac<iu:rc  by  failing;  for  if  it*  vclucity  he  fiich,  that 
tlir  Kcfiilance  arifin^',  from  it  bccotneii  equal  10  the  ic- 
!jtive  weight  <if  the  boijy,  its  Rvnioii  inn  Ix  no  longer 
aecelenttfd  ;  for  the  motion  here  conttnuaily  generated 
hr  ibe  trlntive  gravity,  will  be  deftroycd  by  the  Re- 
fili  in  e,  Or  the  (one  of  Rcfirtaiiec  is  oqiial  to  the  rd  tii.c 
j  r..vity,  and  ific  hotly  forctJ  to  go  on  equably  .  ft  r 
IiiKT  tlie  vi!o;  ily  is  awri.ol  at  fueh  a  ilegrte,  t!»at  the 
I'vluli'ig  foite  i*  c<]r.;il  to  the  weight  th.'it  iirpi-i  it,  It 
^v\i'l  iiicrt;ife  no  loDLcr,  and  the  globe  fn-A  nftcrwaid 
coiitii  iicio  ('cfcrna  with  that  \rlocity  uniformly.  A 
hoiiy coTiiiiiiially (jononeaitrr and  nearer  (othisgrcateft 
celerity,  but  can  never  altw'n  accurately  to  it.  Nowr, 
N  and  M  being  the  fpccific  giavitics  of  the  globe 
nnd  fiukl(  N— «  w31  be  tbc  relative  grr.wty  of  the 
|!iube  in  the  Bnid*  andiheKfinc  «  s=  |/</>(t<f  — n) 
u  the  weight  bv  wbitib  it  it  uiged  downwardj  alio 


87 


U  the  Refifiaoce,  a« above;  tberefore 


tlicfe  tivo  nta{l  be  equal  wbea  tlie  velocity  can  be  no 
fiirtbcr  ii>crcarcd»  or  M^tis  that  is         ^    =  Ifd* 

(N  -  ■).  or  nv*  =  'fJg  (N  -  •> »  nd  hence 

/  N— <• 

v = V         X         » tbefiiid  tttahm  or  grrateft 

vriocity  to  which  the  body  may  attain  ;  which  u  evi- 
dently the  grcntcr  In  the  Aibduplicatc  proportion  of  v 

tl  c  t!iji:  <.;cr  (_:f  I'u  bn:l.     But  v  is  alu  j\  ^  =  ^Sf** 

the  velocity  generated  by  any  acccleraiive  forte  /  in 
deCeribing  the  fpaoe  1 1  wUeh  being  compared  \nth  tbe 

it  give* «  =  f  tf,  whcQ/  ia  an    -  — »  tbit 

tbegKtteil  velocity  ii  thatwbichMgcttMatedbjthe 

accelerating  fane  ^-  ~"  in  palEng  over  the  (pace  jJ 

•r  t  of  the  diameter  of  the  ball,  or  It  is  equal  to  ihe 
vtlocity  gcocrated  .by  gravity  ia  defciibinir  the  ipaec 
N  "  » 

■  X        Tor  ex.  if  (he  ball  be  of  lead,  u  hicb 

.j*  about  11$  tine*  the  denfily  of  wateri  then 


and 


X  iJ  =  ^'//  2:  tJl*/;  that  is,  the 


Uiiiloim  orgrcatcft  rclocitv  of  a  ball  of  lend,  dcfrcnd- 
iii;j  in  water,  is  lo  lli.l  «h-ch  a  lieavy  botiy 

ac4uircd  hv  in  vacuo  through  a  /pace  e<}uai 

10  IJtl  of  ;<    .    meter  of  the  ball,  wbieb  velocity  it 


liearly,  or_8  tiateath«  toot  of  ttiefame  fpace. 

Hence  it  nppcart,  hovr  foon  fnuli  bodies  come  to 
ihrir  greatcft  or  uniform  vekx  ity  in  dcfccnding  in  a 

fluid,  ai  WT.Tir,  iinl  !i,>w   vity   hiii.ll  is: 

which  explains  the  aafon  o!  the  lioiv  precipitation  of 
»ud)  vA  fmall  {wrticka,  in  viur,  as  alTo  wby,  ia 
7 


precipltaticnj,  the  larger  aad  grou  pirticlei  dcfeenj 
foon  eft,  and  the  lowen. 

Fartlier,  where  N  =:  n,  or  the  denfity  of  the  riuiii  is 
equal  to  that  of  the  body,  tbea  N  —  n  =  o,  confr- 
qiiently  the  velocity  and  diflance  defeended  arc  each 
iioihing,  and  the  body  will  juA  float  m  any  part  of  the 
fluid. 

Mwenver,  «hcn  the  bodv  i«  lighter  than  tbe  fluids 

then  N  h  Uf'^  fh  jn  n,  and  N  —  n  becomes  a  negative 
qiiiintity,  or  the  fi  tco  and  onotioii  tend  the  contrary 
way,  tti.it  is,  ilie  bail  will  afcciid  uj)  ttuvartli  tiie  top  of 
the  f^i'ii  L)  a  ir.olivc  lorce  wliich  i&  e»  n  —  N.  Ii> 
lJ)i<iAfc  t'ur,  '.li:-  hrKly  afr<Tic'«ng  by  the  atlion  of  the 
flji'i,  is  ir.ovL-il  riifllr  by  ilic  t;iinc  lawn  a*  a  heavier 
b:jiJy  i'v^ll'i-g  in  M:;  flinM.  Wherever  th&  body  isplacedi, 
it  is  itih.i'icti  by  the  fluid,  and  cuiried  up  with  a  force- 
equal  to  the  difforviice  «f  tlie  weight  of  a  quantity  of 
the  fluid  of  the  Caine  bulk  bi  the  body,  from  the  weight 
of  the  body ;  there  i»  thcTcfoTe  a  force  vrhich  conb'n  uSiy 
Bcls  cqv.'  .My  upon  the  b^  dy  •,  by  \vh,  'i  ru  t  only  the 
nct-'on  vf -triiviiy  of  the  Lotly  is  C(j;inteta^UiI,  Ij  that 
)t  \i  no:  to  be  confiucrtd  in  this  calej  but  the  body  i« 
{Jfo  carrieJ  iipw.irds  by  a  motion  c<juabty  accelerated^ 
in  the  fame  mauiier  ns  a  fc  >uy  hcavi  i  t!.  n  a  tin  id  de- 
fccnds  by  its  relative  gravity  ;  but  the  eqiidbility  of 
atcelcration  Is  ('ArtroveJ  in  tlic  fitie  in;ui;ier  by  the 
Reilllancc,  in  the  accent  of  a  body  lighter  than  the 
fluid,  a»  it  ia  deftroyed  in  the  defccst  of  a  body  that 
is  heavier. 

For  the  circ-.jn»lljnce!i  of  the  corrcfponJent  velocity, 
fpace,  ti:iic,  .N:c,  of  a  b<  tiy  tiu  -.in^  in  a  t):i'd  in 
whic'i  It  is  p!t.jci:ted  with  a  given  velocity,  or  dclcend* 
i  g  1  y  ;is  own  weight,  &c,  fee  my  Scleft  Eseici&lh 
prop-  £<>,  3°»  3'>  "wi  3-.  pag-  22' 

Resiitanck  ^lA«^;r,  in  I'ncumatics,  w  thefbrCC 
with  which  the  motioo  of  bodice,  particularlj  of  pio- 
jefiilet,  is  retarded  by  the  OMoStioA  of  the  air  or  it« 
ipdUieie*   Sec  GvNKaaY,  FROjlCTibti,  fte. 

The  air  being  b  fluid,  the  genenl  lawe  of  the  Re- 
fidaocc  of  fluids  ob'n'  n  in  It  j  r,V;^^\  otily  to  foine 
variationi  and  ifrcffulanties  from  tiie  diflercnt  degree* 

d(  liity  io  tbc  ufferettt  flatiooa  or  regioBaof  the  at* 

niolphere. 

The  RefiRancc  oftlicair  ij  chiefly  of  tife  in  military 
proj«r6lilcs,  in  order  lo  allow  for  the  differences  caufed 
in  their  flight  arid  range  by  it.  Before  the  time  of 
Mr.  Robiw,  it  waathouiditthatthiaKcfiflanceto.the- 
aiotioQ  of  foch  besTv  bo3ic«  a*  inm  ball*  and  AelW 
was  too  ioconfidenble  to  be  regarded,  and  that  the 
rules  and  comrtufioni  derived  from  thccoramon  pareli  -he 
tl  .^^iiry,  '.vttt  fufliolcntly  exafl  ft.  r  ilif  common  pr, 
of  gunnery.  But  that  gcntlcinnii  Ihewed,  in  h:s  lNi\.w 
Principles  of  Gunnery,  that,  fii  far  from  bein^  •ncati- 
iiderabic,  it  it  in  rrality  rnormoufly  great,  asd  by  no 
flMaaa  to  be  rcjcdcd  without  inciirria^  the  graflelb 
errors ;  fo  much  fo,  tbat  balla  «r  (heUt  which  range,  at 
the  mofl.  In  the  air*  to  tbe  diflance  of  two  or  three 
mile*,  would  in  a  vacuum  range  to  xo  or  <o  inika,  or 
more.  To  detcrmiflc  the  qnantity  of  thil  Kefiflatice,  !b 
the  cafe  of  diifcreiit  TcIocJtlts,  Mr.  Robins  dif.'i.ii^ed 
mulket  balls,  with  van'oui  degrees  of  known  vtlociiy, 
againll  hlsballiilic  pcnd,  li  ms,  p!  u  ed  at  feveral  diflcrtnt 
diilancei,  and  fo  difcoreredby  experiment  tbc  qu-intity 
of  vciecitj  bflf  wbco  pafflijig  tbrotigh  tbofe  dillances 

or 
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orffMCM  of  air,  with  the  lewrti  kiwrwn  clefrN*  of 

Ctlfrity.  l-;ir  hp.viiig  ihtis  kmv,  11,  tl.c  vilooity  I.iil  or 
deflroycd,  in  p.lflin^j  over  a  crrtniii  lpai:c,  matiiUlO 
time,  (whkii  ti;iiL  is  \ii  v  iu.f:!v  tijLikl  to  llic  quotient 
of  the  fijacc  duidcd  by  the  rr.ci'.iuin  vtli>city  brtwtcn 
the  teat  II  and  Icift,  or  betwc'<-ii  the  vtlctity  at  the 
mouth  uf  the  gun  and  that  at  tlic  pciidulutn)|  that  it, 
knowing  th«  velocity  t>,  the  Tpjicc  /,  and  time  /,  the 
IcfiAing  force  >s  thence  eAfiljf  knotirn,  being  equal 

ta  ■      or  — — wl.'Cfc  i  dtnotci  the  weight  of  the 

hall,  and  V  the  medium  velocitr  ■hawiaentioiied. 
The  hall*  rm  ployed  upon  tht*  ooealMir  by  Mr.  RohCni*, 

were  leaden  <  r  -,  of  j*,  of  a  pound  weight,  and  J  of 
aa  inch  diameter  }  and  tu  the  medium' Telocity  of 
1600  feet  the  Refittancc  ^v.ia  1 1  lb, 
lo6{  feet  ..••><••  it  vra»  »^  ; 
hot  hf  the  thewT  of  HewtoDi  hefore  laid  dowOi  the 
furmer  of  thcfc  'Ihotild  be  only  4^  tb»  awl  the  latter 
a  lb  :  fo  that,  in  the  foimer  caff  the  real  Refiftance  fa 
more  than  double  ofthnt  by  the  theory,  being  iiu-rmfi.  J 
Jis  9  fo  Z2  ;  and  in  the  leftVr  »elocity  the  in^re^lt  i* 
from  2  to  if,  or  as  5  to  7  "uly. 

Mr.  Robine  alio  invented  aiiotUtr  machine,  having  a 
whirling  or  circular  motion,  by  which  he  mcafured  the 
EcfiUanccf  to  larger  bodies,  though  vrith  much  fmaUet 
vdocities :  tt  if  dcl'cribcd,  a:id  a  tiginc  of  it  gitcat  Mv 
the  eadof  the  ift  vol.  of  hi*  worJu. 

That  ihft  renilinf!:  power  of  the  air  ta  Mh  mationt 
is  very  utililily  iri<_i^.»ii.d  ho\onil  what  Ncwton'j  thcoiv 
for  Qov-  tr.(-;iur-i  nukis  it,  IcetTH  hence  lu  be  t-.idcr.t. 
Byotliii-  ni>'r. :  i  )■  .i;i|i:-»ri  that  the  Rcfiiliint-c  In 

Very  fcnlibiy  iatrtited,  even  tn  the  velocity  of  400  Jceti  • 
However,  this  iocreafed  power  of  Kcfiilancc  dimini(hc» 
%s  the  velocity  'jf  the  reli;led  body  diininifhct,  till  at 
length,  when  the  motion  is  fufuciently  abated,  the 
i^al  ReHAance  ooiacidct  with  that  fusoofui  in  the 
theoiry  aeaHy.  Fw  theie  vatyinir  Renttaiioet  lldr. 
Kubint  has  gifcn  t  nSt,  esteooing  to  1670  feet 
vclodty. 

Mr.  Eulcr  has  (hewn,  that  the  common  dodrinc  of 
Refiftance  anfwer* pretty  well  whcli  the  motion  is  not 
very  fwift,  but  in  iw  irt  motions  it  gives  the  Reliftr'.ncc 
lefs  than  it  ought  to  be,  011  two  accounts,  t.  Hccaufe 
in  quick  motions,  the  air  does  not  fill  up  the  fpace  be- 
hind the  body  faft  enough  to  prefa  on  the  hinder  fiorta, 
to  eodnterbaHnee  the  Weight  of  the  atmofpbetc  on.  the 
fore  part.  a.  The  denfjty  ot  the  air  before  the  b|U 
being  incrcafcd  by  the  quick  motion,  will  prcb  more 
firongly  on  the*  fore  y.ni,  and  f. .  vm.I  refill  more  than 
lisrliter  air  in  it»  twlural  il.ite.  Hi:  liiis.  llitwn  that  Mr- 
Robin;,  lini  rcllrtined  hij  rule  to  velocities  not  exceeding' 
}6'^o  feet  per  fccond  ;  whereat  had  he  extended  it  ttf 
grnter  vewdtics,  the  refult  mult  have  been  erroneoivi 
and  he  gives  anotlier  formula  himfelf,  and  deduce*  Oon« 
dufious  diiTering  from  thofe  of  Mr.  Robin*.  Sce 
hk  Principle!)  of  Giir.nrry  ia?eiligucdf  tranllatcd  by 
Bmwn  in  tj'j,  pa.  224&C. 

Adr.  RobiDa  ImviHg  pf  ovcd  tbit,  m  itrj  greit  change* 


of  Telocity,  the  Refifiaocc  doe*  not  accurately  follow 
the  duplicate  ratio  of  the  velocity,  laj*  do^n  tuo  po. 
filions  which  he  thought  nii^;!it  be  of  fome  fervicc  in 
the  prafticeof  artillery,  till  a  more  complete  and  ac- 
curate tlicor)-  of  RrfLldrirr,  anil  the  Hiangca  (if  iH 
auijinentatlon,  ni.-iy  be  ol/t;i;ced.  Tlie  fi.ii  of  thele  19, 
lli.it  till  ilic  velocity  of  the  pr  ijcclilc  furpaCi  iioocir 
i;oo  feci  in  a  fecond,  the  Kililiance  may  he  cAMmei 
to  be  ID  the  duplicate  ratio  of  the  vebcily  t  ud  the  ^ 
cond  i*!  that  when  the  vtleci'tjrexnrrda  t  tooor  t  ^cofcet, 
then  the  abfolute  quantity  of  the  Refiflzince  will  be  near 
3  tiriits  as  great  as  it  iliould  be  by  a  coir.p^irifon  witli 
the  fmallcr  velocities.  Upon  thcfe  principles-  he  pro- 
ceeds in  np[jroxiinating  to  the  a^uA  laiigirs  of  pieces 
with  fmall  un;;Its  of  elevation,  vi?,  fach  is  do  not  c  :• 
ccfd  6° or  10°,  which  he  fetsdawnin  atablc,  compared 
with  their  cortciponding  poleBtial  kaAgrt.  See  hi* 
Mathematical  Tradt.  vul.  1  pa-  1^9  &c  But  mt 
(hall  fee  prefcBtly  that  ihefe  pofittona  itv  both  without 
fottoihtiao  I  that  there  ia  jio  fuch  thin^  at  a  f  jci^^en  or 
ahnipt  chan||e  in  the  law  of  Rcfidance,  from  tiic  ft^uare 
of  tilc  vcl  irity  to  r  ne  tliit  j;;iie«a  quantity  three  timet 
a»tsiut  li;  but  til  It  ti  e  cli.iii^e  is  flow  and  gradual, 
C(iiitinu.<Uy  from  iKi-  friu]]  U  !•>  tiie  hijiheil  velocities  \ 
and  that  the  incrcafcd  real  Rcriilaoce  no  where  rifca 
higher  than  to  about  double  of  that  which  N<wtaa'i 
theory  gives  it. 

Mr.  Ulcnie,  in  his  Hiftory  of  Gunnery,  1776,  pa* 
49»  obfrrves,  in  confcquenceof  feme  CKpcrimcntS  tvitli 
k  rifled  piece,  properly  fitted  for  e«perimeni;d  purpofcs, 
t!i;.l  the  Rcfillance  of  the  .lir  :v  a  vr'in  It '  foni .  n  !,,-it 
lelb  linn  that  mentioned  111  the  lull  ut  tiu-  ,!!k>.x-  pro- 
pnl'.tioiiK,  is  I'lnfiderably  greater  th.m  In  th.-  tiuplicate 
ratio  ul  tiie  M  locity  I  and  that,  to  a  celerity  fotiewhat 
greater  tha  i  tint  llated  in  the  fefond,  the  Kclillance 
t»  ciuilidcraUy  leiit  than  that  which  is  treble  the  RclilU 
mce  to  the  faid  rattoi.  Some  of  Robins's  own  experts 
ncnte  r«em  ncoeflatily  to  mahe  it  fo  1  fincci  to  a  Telocity 
no  quicker  thm  400  feet  in  ■  fecond,  he  fcmod  tht 
Kerillance  to  be  fomcwhat  jrreater  than  in  rliat  ratio. 
But  the  true  value  of  the  ratio,  and  other  ciicuinllancca 
of  tliii  Rcfi&ancci  will  nore  fdly  apfcar  from  what 
follows. 

The  fubjeft  of  the  Rcfillance  of  the  air,  as  begun 
by  Robins,  has  been  profecutcd  by  tnyfclt",  to  a  very 
great  extent  and  variety,  hulh  wirh  the  whirilniT  nia- 
ehiaef  and  vrith  cannon  balli  of  all  fiae«|  from  I  lb  ta 
6  lb  weight,  at  well  aa  with  figuiea  of  many  other  d!f« 
iefCDt  (bapet,  both  on  the  fore  pait  and  hind  partrof 
thera»  and  with  planes  fct  at  ait  vaiictiei  of  anglet  of 
inclination  tu  th^-  j,alh  n  niLi-.iriii  uf  ilie  fanac  ;  from  all 
which  1  I'  r.  t  (jLit.ii:;eiJ  the  real  R,.iiL',<it;ce  to  bodien  for 
a-1  \el.icilics,  Iroin  I  u)?  lo  .0  teet  j-lf  Icuiid  ; 
t^tgcthcr  with  the  iaw  of  the  K(.i.lljiier  f)  tiic  (.inie 
body  for  all  different  velocities,  and  t^r  iiitterent  fi/.rs. 
with  the  fame  velocity,  and  alfo  for  all  an^jles  of  in- 
clination  ;  a  full  account  of  which  would  muNC  a  book 
of  itlclff  and  muft  be  lelienred  for  fome  other  occafiont^ 
In  the  mean  tiowt  foae  gencial  taUca  of  coodufiona 
nay  be  taken  aa  hdow* 
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la  thit  Tnkle  aw  eaaiaincd  ibc  Refiftuice*  to  r«venl 
Jomui  of  Iwdiet,  when  miHvd  with  fcwral  degrees  of 
Tctocity,  from  3  fret  per  fccoodto  zo.    The  nanu  nT 

the  btHlicB  arc  at  tlic  top*  of  the  columnii,  as  alfo  winch 
end  went  lorenn  it  i)uvji.j;ii  :Iif  air  ;  the  dilTt  toni  vclo- 
cnies  SIT  in  ttu-  mil  r(ilun;ti,  -jnd  tlic  Ktrili.mce*  on 
thf  r^rr.c  i'l'f,  in  tliclr  iVvcriil  ci/kiii:iis,  111  avoirdupoit 
ounces  »n<i  dcrcimal  partn.  So  on  the  lirtl  line  are  con- 
tained the  Rcfiflaiices  when  the  botlktmove  with  a  ve- 
locitT  of  3  fret  in  a  fecond,  vir,  in  tlie  «i  coiiunD  hit 
the  imall  hcmifphcrc*  ot  4^  mchct  dtanetcr»  I'tt  Re- 
finance -028  oc  wImb  tb«  flat  fide  went  fbunmll  i  w 
the  3d  and  4th  cdnniiit  t1i«  RdiftadcM  to  a  larger 

?:r  iml)  ficrr,  firft  witli  tUc  Rat  fidc,  »vA  nrXt  the  round 
tiiii:  ((jrciuoil,  tlic  cii::rnctci-  of  this,  St  Wtll  as  all  the 
/ollinv  r^T  fijnirts  lu-inj^  6^  ii.clus,  and  therefore  the 
•  rca  ot  the  great  circic  —  32  fij-  inthei.  Or  |  of  a  fq. 
foot ;  then  in  the  (th  and  6tli  coimt.nb  arc  tlic  Rcflll- 
■  ncct  tn  a  conc>  fiill  iti  vertex  and  then  it?  hafc  fortniof?, 
the  ahitude  of  the  cone  being  b\  incf.cs,  the  f.init  as 
the  diameter  of  iu  bafe ;  in  the  7th  column  the  Rdiil- 
uce  tAlhccsdof  the  cylinder,  and  in  the  8U1  tbtt 
agaiaft  the  wliolegkihe  or  fpher««  AU  the  aimbcri 
ftew  the  real  weight*  which  are  rquat  to  the  RefSflancct ; 
and  at  the  !n'ttii-i  6  of  the  col'iniiis  art  [ilfci  J  pr,ij,cir- 
tiona)  number^  which  flicwthc  tutau  f^n  pin  i  Aitii  ufiiie 
Kefiftances  of  all  the  liy,nies  to  one  auotln  i ,  u  irh  iiny 
Velocity.  Laftly,  in  ti>c  t>sh  column  arc  j^laccd  the  ci- 
poncntt  of  the  powerof  the  velocity  which  the  RcfiiU 
ancc*  in  the  8th  column  bt&r  to  each  other,  via,  which 
that  of  the  10  feet  velocity  bears  to  each  of  tbefinllewin^ 
enei,  the  medium  of  allofthem  being  aa the  a'Of  power 
•I  the  velocity,  ihtt      very  little  above  the  fipHnc  or 

fecond  power  of  the  Klocitf  » ib  finr  aa  the  tdacitica  in 
Ulit  Table  extend. 


From  thfi  Tthle  the  fJOomug  mieiiCBmaiv  eiClf 

deduced. 

»•  That  rtie  RefiRance  «  nearTy  in  the  fame  propor- 

ti'in  l5ic  Turf  :.  ;  a  fii^.il'  i:-::rc;>fc  nnly  r.il.K.^'  jjhrc 
m  tlic  j;rtj'.'- r  luL  t-:cL 3,  aud  fur  llic  gvcitci  vtli^t  itirs. 
Tliti-,  !))■  <_.irriJ^r;ii  ;  together  lie  nunibtrs  in  tKt-  zd 
ai:(l  ,<1  columtii,  iiir  the  bafi-»  of  the  l«'o  hemifphertt, 
llic  aicasof  whiih  bafcS  are  in  tlie  proportion  of  17^ 
to  32,  or  J  to  y  very  neaHy,  it  i>ppcar»  that  the  num> 
bcrt  in  thuetWO  COUUBIUi  exprefliiig  the  KeCftancei, 
are  marly  as  t  to  a  or  {  to  10,  ai  far  aa  the  velocity  of 
12  ^et ;  but  after  tliat.  the  RefiJlaK«*  on  the  gmtcr 
furface  ioorcaC:  gtaduaDy  ouire  and  aaote  ahew  that 
propoition. 

a.  Tlic  ncfifliincr  to  the  frmt  furface,  with  different 
vtlotitics,  is,  in  thefe  floiiV  nioi'oni,  nearly  as  the  fqiiart: 
of  the  velocity  ;  but  gradually  inrreafit  more  and  mnr« 
above  ttiat  prbportion  at  the  velocity  iocresfea.  I'kia  ia 
manifeft  Irom  all  the  eoluau>«{  and  the  indev  of  the 
power  of  the  velocity  is  fet  down  in  the  9'h  ci-i'utip-, 
tor  the  RiTifiaticci  in  the  8lb,  the  mrdittm  be  i-'^  ; 
l  y  u  !];^!i  it  [icarsthat  the  Refillancc  to  thi  iamt  [),jdy 
i<,  in  thcic  liuw  motious,  aa  the  2*04  po^vcr  of  ilie 
velocity,  or  nearly  at  tlie  fquarc  of  it. 

3.  Thenniad  eadit  and  fliavp  enda,  of  folid*,  tvSa 
kiaRclillaaGe  than  ne  flat  or  iriaae  «iid*r  of  tlie  fin* 
diameter  %  bat  the  Aarper  end  hat  not  alwaya  the  kfa 

Kefiftance.   Thua,  the  cylinder,  and  the  flat  eads  of 

the  hcroifphrrj:  and  cone,  have  niDn-  Rcfiftance,  than 
the  round  ox  <ha)pcod»of  the  fame;  but  the  round  lido 
of  the  Ik  milphere  haa  left  RefiAnce  tba«  the  lharper 
end  of  the  cone. 

4.  The  RelHIaoce  on  the  bate  the  henifphere,  ia 
to  that  on  the  round,  or  whole  fphcre,  a«  2}  to  1, 
inHead  of  2  to  i,  at  the  iheor)-  givei  that  relation. 

Alfo  tlic  cxpcri:iit:itcd  Refillance,  on  c.ich  of  thcfe, 
is  ocarly  \  aiQic  than  the  quantity  afligned  by  the 
theory. 

f .  The  Rcfiftance  on  tlic  bafe  of  the  cooei  it  ta 
that  on  the  vertex,  nearl^r  as        to  '  >  and  in  the 


fame  ratio  is  radius  t  >  the  fine  of  tlic  r.f  in 

clinatioii  of  tilt  luic  01  ihf  tunc  10  its  path  or  a\:s. 
So  tlir:t,  ill  this  iiillance,  the  Rc!i;'.aner  15  (iiri-i:t'.y  as. 
tbc  line  ul  the  angle  uf  iiwiUencc,  the  traofverfe  fc^oa 
being  the  fame. 

6.  When  the  hinder  t«rta  of  bediei  are  of  different 
ferms,  the  Refiftaneea  are  dil&reni,^  though  the  fore- 
parts he  rxaftly  ;iltkc  and  equal;  owin;^  |;r(b;iUy  to 
the  diticrirt  prelTiirci  of  the  air  on  the  iiunier  |jaitv. 
Tlvjs,  the  Rcfillaiicc  to  the  fiirc  jiarl  uf  the  Cjlinder, 
is  kit  llian  an  llif  eLji;al  ll.it  furfjcc  of  the  CODC,  or  of 
l!ie  htmiljjlitrc  ;  be  eaufe  tlie  liiiulcr  part  of  the  cylinder 
is  more  preiTed  or  pufhcd,  by  the  toUowing  air  than 
thofe  of  the  other  two  figures;  alfo,  for  the  fame 
reafon,  the  bafe  of  the  hcipifpbere  fufien  a  left  Rcfift* 
ance  tlian  that  of  the  cone,  and  the  imind  fide  of  the- 
hcfflifphere  leii  than  the  trliigte  lph«re« 
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nmr,  otim  flow  moUom,  tkt  SLtUtMte*  ire  aeu^  u 
Taim  !{•   R0meei  hoth  hj  Etfakml  W  Thmy,    theiquait  of  the  vebdtiet  t  but  tlwt  the  ratio  gnduallf 
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In  the  firft  column  of  tliif  Table  ar«  contained  the 
frvtml  vi-locitic!,  gr;idii;illy  from  o  'Jp  to  the  (jro.it  vr- 
Ixhy  of  3COO  feet  per  fccoiKi,  wiih  whuh  a  h.^!!  or 
g!o!>c  moved.  In  the  ad  colinaaArc  tl.c  experimented 
Kcliilancct,  in  averdupuii  oiinoct,  Jn  the  jd  columa 
are  the  corrcfpondent  Kefilbiicett  U  oomputed  the 
kmpmg  thcorja  la  the  4th  calumn  are  the  ntiot  of 
Iheletwo  Refilraneet,  or  the  quotients  of  the  former 

diWdcd  by  llie  InlUr.  And  in  the  5lh  or  laft,  llic  iii- 
dexei  of  the  power  ofih.c  velocity  which  is  pn  jiurLHuud 
to  the  txpenmented  Ke1iiiar.cc  ;  wlili  h  nre  ffiuml  Ijy 
fortipanii;^  d-c  Rcfiftaiiteof  2o  feel  Kclocity  with  cath 
of  the  following  on ei. 

From  the  2d,  )d  and  4tb  cohimiu  it  appears,  that  c.t 
tie  beginning  of  the  Oiotion,  thr  «q>enmented  Reinl- 
wioe  w  oeulf  cqod  to  thst  computed  by  thcorf  1  but 
tlMt»  Mthe  wfaicity  increafca,  thecxpcnmciitedRefift- 
mce  (taduiUy  exceeds  the  other  more  and  more,  till 
•t  the  Telocity  of  1  too  feet  the  former  becomes  jufl 
do>:b!c'  ti  t  hitter  ;  alter  uhlch  the  difference  inercafes  a 
liltie  farther,  till  at  the  velocity  of  t6oo  or  i~oc,  where 
that  excels  Is  the  jjnatell,  and  is  rather  le'  ■  than  2  ; 
aftei  thin,  the  difference  decnraks  graduAlly  »s  the  ve- 
locity increafct,  and  at  tlie  velocity  of  2000,  the  (01* 
awi  RcliAaBce  again  becomesjull  double  the  latter. 

Jnm  tlic  bit  cohJnn  it  ap peaia  tbat,,  nctr  tic  be^in  • 


vcl  :-cIty  llf'illlv,  \v  :i  J'l  I 
IJIJ-  It  gr;,dujUy  i:ti.nBi 


JtKTCWci^  «hh  fame  (mil  tiriatioa,  till  at  the  velocitj 
of  I  f  00  or  1600  leet  it  b«on>ej  ■«  t*>e  2  [  power  of  the 

r;;'icr}  Jifeeiu  ;  and  after 
sin,  a>  the   MltKlty  JfOea 
higher.  And  fimilar  ci.nehniiM  '  have  allj  been  derived 
from  exprrirr>cnt*  with  laiger  balls  or  globes* 

And  hence  we  pcrerisc  that  Mr.  Ri.binv's  pofitiona 
arc  ermneous  an  twt>  accoutxt,  viz,  both  in  Uatiog 
that  the  KeiitUiicc  cliaxsges  fuddrnly,  or  all  at  once^ 
irom  being  aa  the  r<|Uire  of  the  nlocitj,  fo  as  tlwn  to 
become  at  Ibae  hi|riKr  and  conftant  power  ;  and  alio 
when  be  flatea  tbeKefiAance  at  riting  to  the  height  uf 
3  times  that  which  is  given  by  the  theory  :  fincc  the 
ratio  of  the  Refiftanee  l>oih  i  u  iralirt  pradually  from  the 
beginning,  and  yet  acvcr  akcnda  bigoer  than  2^i^6t 
thethcorr. 


Tasle  III. 

RtSJlaiue  t9  a  PUmt  Jit  at  variMU  jim- 

fin  y  Iitdmalkm  M  Ut 
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»5 

*ldo 
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so 

•2^8 

•420 

35 

•302 

■363 

40 

•448 

•540 

45 

•534 

•594 

5° 

•619 

•613 

•6j^ 

& 

•(184 

•729 
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•736 

'  -688 
-727 

•770 

-778 

•761 

70 

•803 

♦808 

•789 

75 

•823 

•Ha6 

•8u 

80 

-835 

•827 

85 

•S38 

go 

'840 

•840 

■840 

In  tbc  zd  column  of  this  Tabic  are  contained  the 
;inii»l  experimertcd  KefiftanccSi  in  ounces,  to  a  plane 
of  32  fqiiare  inches,  or  ^  of  a  fquare  loot,  moved 
through  the  air  with  a  velocity  of  exactly  12  fiet  per 
frcond,  when  the  plane  was  let  fo  as  to  make,  with 
the  dircftion  of  its  patli,  the  correfponding  angles  in 
the  firft  column. 

And  from  thefe  f  have  ded\iced  this  formula,  or 

tlicoj-Lm,  vix,  -B.^j'^^ wliic'i  brlitjT'i  out  very  neaily 
tile  l.inR-  ni.nih(  .  r  ,  and  is  a  ^-encml  the(>rim  for  every 
angle,  for  the  iamc  plane  oi  |  ot  a  foot,  and  irovcd 
with  die  fame  velocity  of  la  feet  in  a  fecood  oi  mnc ; 
wbene  s  it  tbe  liiie»  aadr  the  cofine  of  the  wgle*  of 

If 


Digitized  by  Google 


R  E  S 


[   366  ] 


RES 


If  a  theoitm  be-de^ntd  for  aay  other  wloettjr  9,  and 
mmj  other  plane  vbofe  ana  i*  «•  it  will  - 


■^gov*^ '         or  more  nearly  4'^.-  u     ,  , 
denutea  the  RelUliiaoe  nearly  ta  any  plane  forface 
area  !■  m,  ttO«ed  thnm^  the  air  with  tha  fdocity  v, 
in  a  direflioD  making  with  that  pluc  a«  angle*  wholie 

ffM  W  I,  and  cufme  c. 

If  it  be  watei  or  a  ly  otlif  r  fi  I'-J,  different  from  air, 
thi«  f;>rmula  wili  be  Vdricd  in  prupurtiun  to  the  deulitj 
of  i:. 

D<'  tliis  theorem  were  rompHted  tb-  ni'mher*  in  the 
3d  tt.llimn  ;  whiih  it  is  evident  a^rcc  very  neaiiy  with 
(he  experiment  RcliHaaccs  <n  tite  ad  cutuafin,  excepting 
in  twooT  three  of  the  fmall  onmben  aear  the  beginaing, 
which  are  of  the  leaft  oonfequence.  In  all  other  cafei, 
the  theorem  give*  the  true  fillancc  w  ry  nearly.  In 
the  4th  or  lalt  cuhimii  zx<:  i  uuri."'.  thi-  s  uf  tliu- an- 
gle* •f  the  firil  coUiniii,  to  tlic  rduiu'i  -8;.  in  K  iirr  ta 
compare  thfin  with  tlu  Ri  liiljiicc  111  xU-:  iI'kt  cI  jiimis. 
From  whence  it  nppcars,  that  thole  Kctiilancts  bear  no 
fort  of  analo;ry  to  the  fine*  of  die  anglei,  nor  yet  to 
the  iquarei  of  the  fines,  nor  to  any  other  puwer  erthcni 
whatever.  In  the  he^nning  of  the  columns,  theilnet 
ntteb  exceed  the  Rel3lancc»  all  the  way  till  the  angle 
be  between  and  io  degrees}  after  which  the  finea 
are  left  than  the  Reliilanx  j  ;ul  the  tvay  to  thaCadf  or 
til!  the  angle  become  of  Jtgrtc*. 

Mr.  Jamc!«  Bcrnoulh  jjave  fome  theorems  for  the 
Rcfiitanccs  of  different  figures,  in  the  A£la  Emd. 
I.ipf.  for  June  1^93,  pa-s^z  &c.  Bjt  as  thefe  arc 
<kdiiccd  from  theory-  only,  which  we  find  to  be  fo  dif- 
ferent from  I  vjicrini^-iit,  ;!.iy  cannot  be  of  much  ufe. 
Jdeflieara  £alcr»  D'AlemUrt,  Gravefandcf  andSimp- 
ibn,  haw  atfo  written  pretty  largt  ly  un  thctheoTTof 
Rciiflinoeii  beiidca'  wiiat  aad  been  done  bf  New- 
ton. 

SoFtd of  l^aft  R 1:  s  I  s T  A s c s .  Sir  I faac  Newton ,  from 
his  general  thee)ry  of  R<,-JiiUucc,  deduce*  the  figure  of 
a  folid  vrhich  (hall  liavc  the  kali  Refittaoceof  the  lane 
bofci  height  and  conxcata 


be  thta^ 


which 
whofc 


ft 


The  figure  It  this.   SitppoTe  DN(?  tn  be  a  CTlrre  of 

fnch  a  luturc,  that  if  ftx)m  any  p  m  ii  N  (Ic  Dtdinatc 
fJM  be  drawn  pci  pcn Jicular  to  thi  axis  AB  ;  aud  triini 
a  iMMii  ].o!iit  G  t.'itie  1m:  drawn  GR.  patrdLl  to  a  taii- 
ifeiit  at  N,  »nil  m^iiiiijt  the  axis  produced  in  R  ;  then 
it  MN  be;o  GR,  a-.  G!lJ  to  4r»R  x  DG',  a  f.^lid 
dvfciibtd  by  thv  rcvo'ittion  of  thi*  ligure  about  its  axis 
AH,  moving  ia  a  medium  from  A  towards  D,  is  Icfs 
rc(t.lcd  jtfaan  any  other  circuhir  folid  of  the  fame 
bafe,  ftc. 

This  thcoiem,  which  Newton  pave  without  a  dc- 
mouiUittiun,  lus  bccu  dcmoalinitcd  by  fcretal  ffl«ihc- 


matictatttt  aa  Facio,  BcfnoDllii  Hofpitali  &c.  Sec 
Madaarin'a  Flux.  ftA.  te6  and  607  i  alfe  Horfley'h 

edit,  of  Newton,  vdL  a*  mg.  390.  Sec  alfo  Aa. 
F.rud.  1699,  pa.  514.J  and  Iwem.  del'Acd.  &c  ;  alfo 
Robins'*  Vinv  .it  Newton's  methofl  Fur  ctmir.Ti mi^^  the 
Re(iAaBce of  Solids,  Hvo,  1 734;  and  Simpfu;i'i>  Fluxions, 
art.  415  {  or  mj  Prineiplea  of  Bri4gcB»  -piop.  1 1  and 
II. 

M.  Bmiguer  has  refoKcd  this  problem  in  a  vctv  ^a"ne« 
ralmaiinci  ;  not  in  fuppofing  the  folid  to  he  formed  by 
a  revolution,  of  any  figure  whatever.  Tlie  prob1cai(  ' 
aa  enunciated  and  teiblved  by  M.  Bougnci*  ia  thia  s 
Any  hafe  bcinjr  given,  to  find  what  bind  nf  wHd  mnft 
be  formed  upon  it,  fo  that  the  impiillc  upon  it  m.iy  l-e 
thi  leart  poUible.  Proptrly  however  it  ought  to  ti)c 
reiardfve  f  ir.^c,  f,r  tlu-  irMjjiilfc  divided  by  l!ic  s\-ight 
or  mafti  of  m<irctT  tn  the  body,  that  ought  to  be  the 
in<iKn'i:m.  ' 

RESOLUTION,  ia  Phyfica,  the  rrduainn  of  a 
body  into  its  onVinat  or  natttfal  ftate,  by  -.i  (iifTolution 
or  fepaiatioB  of  ita  agf  rented  parte.  Tha%  fnow 
and  ice  are  faid  to  be  refoued  into  water  1  water  re» 
folm  So  rapour  by  heat ;  and  vapotrr  it  again  rcfutvi.  d 
into  water  by  cold  ;  alfo  any  compound  ia  refolred  iuto 
its  ingredients,  &c. 

Some  of  the  RKiiierr,  philofaphers,  particulwly 
Boyle.  Mariottv,  B  ii-rl,.):i\ c-,  mi-ntain,  t'ut  l!ie 

natural  (late  of  water  is  to  be  congcair d,  or  in  it  : ;  in 
as  mach  as  a  certain  degree  of  htat,  whicli  is  a  turL-iga 
and  violent  agent,  is  tecjitired  to  make  it  fluid:  fo  tiaat 
near  the  pole,  where  thii>  foreig-n  agent  wanth^*  it 
confiaatly  retainaiia  fixed  or  icy  date. 

Rfsolvtiow,  or  SoLlTTioir,  in  Matbeniatici*  la 
ar.  onV/i'y  nii  nuMv.ti  111  of  fcveral  thing*  tO  dOBC,  tO 
ob'.a'.ii  \\  h.il  urtijUiftil  in  a  problciii. 

Wolfius  makes  a  problem  to  confiil  of  three  parts  : 
The  prDpnfiiinn  (or  ulial  is  properly  called  XhcprtbltmJ^ 
the  K'/etnlioa,  and  the  demor^lraUEn, 

Aa  foon  a«  a  problem  is  demon  (Irated,  it  ia  converted 
into  a  theorem }  of  which  the  Rtfolutioniadichypo- 
thefi* }  and  the  prapofition  the  thrfia. 

For  the  proem  of  a  mathetnitical  RefolotioA,  foe  the 
following  article. 

RESonrrios  in  jll^tlra,  or  /lJ;t^ra'icnl  Resoi,!;- 
T  ION,  is  of  two  kinds ;  the  one  praC\ifed  in  nttDierical 
jirohlems,  the  other  in  geomttrrcal  oiiej. 

In  Ri-Jolviitg  a  Nhoi^ricii/  Proi/rm  jl{<^fl'rai'i-:!h,  t?ie 
method  is  this.  Firll,  the  given  quantities  are  dtfiin* 
guilhed  from  thofe  that  arc  fought  ;  and  the  former de« 
noted  by  the  initial  letteia  of  the  alphabet,  hut  the  latter 
hf  the  lall  lettera.~>a.  Then  aa  mnj  equationa  are 
Ibrmed  as  there  arc  unknown  ^lantitie*.  If  that  caa< 
not  be  dofie  from  the  propofitioTT  or  dat;i,  the  problem 
is  indctcrmir^atc ;  and  i  ci  t,;'ii  arbitrary  afrumptions 
mud  be  made,  to  fupniy  ifit  tJcftfl,  and  whicn  can 
faiisfy  the  «ji:cflion.  u  the etjuations are  net  con- 

tained in  the  problem  itfclf,  ihcy  arc  to  be  found  by 
particular  theorems  coaccniiog  equations,  i^uof,  pro- 
portions, ^'Scc.— Since,  in  an  equation .  the  known  and 
unknown  quanritica  are  miacd  together,  they  muft  be 
feparated  in  fuch  a  maniiert  that  tbeunhoowit  one  ro- 
main  alone  on  one  fidef  and  the  known  oncf  on  the 
oilier.  Til'--,  rediiftion,  or  fr|-r-i,-;T'.ii;,  ij  it  .n!-:  !i  J. 
dition,  iubtra^ion,  multiplication,  dinliun,  exiractiou 
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root*,  and  raifing  of  powcis ;  reiblvin^  eierj  kind 
of  oombfiNdion  of  the  quantities,  by  their  counter  or 
rrverfc  ones,  and  pctfonniii^  ilie  fameOMtation  on  all 
the  qtsautitics  ortcrmn,  on  butli  fldci  of  tbc  ei]UaTJ(i«p 
that  the  ci^iialitf  iMjr  fttli  be  prcferfcd. 

To  yjf/v.V.'  a  Gftmelrifaf  Prti/tm  ^gthrairaffr-— 

•  Tfie  ucni:  fort  of  op:  1  it ii'i.i  .".it-  U>  be  pt; fu'i rr.c J,  r;  in 
tlic  former  article  ;  bJidts  iivi-ral  otlnr.,,  dijjLisd 
upon  the  nature  of  the  <Iia};ijm,  ^ird  ;  i-  imctrieal  pro- 
perties. A«  111,  the  ihinj^  required  ui  propofed,  inuH 
DC  fuppofcd  dune,  the  diagram  being  drawn  or  con- 

■itructed  in  all  iu  pvirts,  both  known  ud  unknown. 
3.  We  miiil  then  examine  the  geaacttical  rehtiuns 
which  the  lir!<-s  of  the  figure  have  among  thcmfelvei, 
Without  le^nidmg  whether  thejrafekBowmor  unkoowo, 
to  find  what  cqvationa  nnCr  from  ihofe  relatiunt,  for 
Anding  ihc  unknown  tjuamitics.  3.  It  is  often  nccef- 
f  iry  tn  fiTrn  flmila.  triangl^a  and  rctla»f;1is,  r.it  tiroc* 
bj-  p.uiiucm^  of  tinc«,  or  drawinjj  p,ir.iikl!i  and  ptr- 
pindiculais,  and  formiii;;  cqiljl  ftc  ;  till  tq  .ii- 

ticin*  Clin  he  fornK-d,  fr>jm  theoi,  including  both  the 
known  and  unkiu.  wn  quantities. 

If  we  do  not  ilius  arrive  at  proper  equation!,  the 
thing  is  to  be  ttied  in  furac  otiier  way.  And  fometimct 
the  thio;;  iifdf,  that  it  le^uind,  it  not  to  be  ibucht  di> 
reedy,  i)ut  feme  other  thing,  bearing  certab  r&tlooa 
toit»  by  intans  of  which  it  may  be  found. 

The  final  equation  be  ing  at  l;itl  arrived  at,  the  geo- 
mttrical  conilrii^lion  islube  deduced  fnim  it,  which  i» 
oerfcrmcd  in  various  ways  according  to  the  different 
kinds  ut  rij^i.itiuns. 

Kesolu  I  ion  of  Foreti,  or  ef  Molwn^  i<  the  refolding 
or  dmdiog  of  any  one  force  or  motion,  into  fcvertt 
others,  in  other dircdioDit  bntwhich,  taJwittogetherf 
lhall  have  the  fiune  cileft  aj  tbe  fii^  on«  j  and  it  ia 
the  metic  of  tbecoBpofitioo  of  fiucn  oraaotiBiu.  See 
tilde  articles. 

Ariy  fin^^tf  (liri'i.'^  force  AD, 
msy  bt.  rclijKeiJ  iiitD  Wto  ubh'qne 
forces,  whofc  (;iiiiiuiti'.5  ami  cii- 
rcctions  rirc  A]5,  AC,  liaving  the 
fame  tfftd,  by  dil^ribiti^'  nuy 
parallelogram  ABDC,  whole  dia- 
gooal  is  A  D.  And  each  of  thefe 
■njt  in  Uke  vaiuer,  be  Mfolvcd 
into  twootberf ;  and  lb  on*  aa  fiir  as  we  pleafe. 
ali  thefe  new  forces,  ormotions,  fo  f^uiul,  when  r.::i:  7 
together,  will  produce  cxattly  the  f.ime  cftcft  a»  the 
£nglc  original  one.  See  alio  CotUtiON,  Paicvs- 
»iON,  Motion,  &c. 

RL.S  I',  in  Phyfics,  the  continoance  of  a  body  in 
the  fame  piacc ;  or  its  continual  a^hcatton  or  conti- 
gukv  ta  the  lame  parta  of  the  anbwat  and  contigaona 
iiodi«a,->Sce  Spags. 

Reft  ia  either  A^Ukrfr  or  njMor,  ai  pbce  k 

Some  ^line  Refl  to  be  the  ftate  of  a  thing  without 
notion  i  and  hence  again  Kell  becomea  eitlicr  abfoUite 
orrelative,  aamotionis. 

Newton  defines  n  uL  or  abfoliitc  Rcl>  fi>  Re  the  c«ir- 

•  tinuanccof  a  body  iu  the  runt  p:;it  of  ;il  iol\uu  an  l  im- 
moveable fpace  ;  and  relative  Kelt  to  be  the  continu- 
ance of  a  body  in  the  fame  part  of  relative  fpace. 

Thua,  ina  fliip  under  failf  relative  Keft  >■  the  contt- 
;«f«liod|'jBtIielanwpBEtoftbc{hip.  Buttnie 


And 


or  abiblutc  Rell  is  its  continuance  in  tlie  fame  p-irt  of 
univcrfal  fpace  in  which  the  ihip  itfelf  i«  contained. 

Hence,  if  the  earth  be  rcnily  and  abfolurely  at  Reft, 
the  body  itlatiwlj  at  Rell  in  the  Ihip  will  reaUftnd 
abrotiitciy  ouive,  and  that  with  the  Cune  vdocity  aa  the 
flii'p  itlelt.  Bnt  if  rbe  earth  do  likewlle  ttioTr,  there 
will  then  arife  a  real  and  ahfolute  motion  i  f  tdc  body  at 
Rc'.l ;  pnitly  from  the  real  motion  of  tin-  c  irtii  in  abfo- 
Iiiie  l'[ i'l:!',  and  partly  from  the  rihtivc  ivi  ition  of  the 
fliip  ou  the  fei.  LalUy,  if  the  I  j  ly  be  likewifc  telativcly 
moved  ill  the  fliip,  its  real  mi>ui>:)  \\.\\  arife  partly  fixim 
t!ic  reni  motion  the  earth  in  immoveable  ^pocCf  and 
partly  from  the  ri  '.iti  .*:-  moiioa  ^Ibe  fllip  00  the  lear 
and  of  the  body  in  the  <hfp. 

It  is  aa  atiom  in  philofophy,  that  matter  is  iodlfieient 
as  to  Heft  oe motion.  Hence  N'ewton  laya  it  down,  aa 
'alawdP  nature,  that  ever)  body  perl^yeresin  iti  ftate» 
eitherof  Rett  or  unil<rm  motion,  except  lb  fiv  an  it  it 
diOiirbed  by  cxltui.il  i  iiiifcs. 

Till'  Cartefians  all^-i-,  th^i:  tlrrnrcfi,  liardncfs,  or 
fuiidity  of  bodicr,  confdt6  in  this,  tLit  their  parts  are 
at  Rcil  with  regard  to  each  other ;  and  this  Rcil  thej 
cllahliih  as  the  nexus,  or  principle  of  cobefioo,b^ 
which  the  parts  art-  connefled  tOj^etke%  OntbeoUieV 
hand,  they  make  fluidity  to  conJift  in  a  perpetual  ino> 
tfon  of  the  parts,  &c.  But  tbcNciatainan  philofophy 
fiirnifhes  u<  with  much  better  lolutioni. 

Mauperluis  iiffcrts,  that  when  bodies  are  in  cquili- 
brio,  and  any  fmall  motion  is  iinprufTcd  on  them,  the 
fjuant'ty  of  action  rrfultin^  ill  be  ths  Icift  poflible. 
Tiiiii  he  calls  tile  liivv  A'./.';  .Tiu  fri't:!  ihij  law  he 
deduce*  the  fundaiucnuJ  prupoiitiuii  of  ftatics.  See 
BerNn  Mem.  torn,  a,  pa.  294.  And  fix>ni  the  ftne 
principle  too  he  deduccs  the  laws  of  pcrcuifion. 
.  RESTITUTION,  in  Phylics.  theretwuingofchr. 
tic  bodies,  forcibly  bent,  to  ihctr  natural  lute|  bj' 
fomc  (AJled  the  nwthn  of  ReJUmiM, 

RETARDATION,  in  Phyfics,  the  ael  of  retard- 
ing, (hat  is,  nf  delaying  the  motion  or  progrcfs  of  a 
liotly,  or  of  dlriiiulfh ing  its  velocity, 

'I'he  Retardation  of  muvinff  bodies  arife*  from  iyto 
great  caufes,  the  refillance>of  the  aaediont  and  the 
totot  of  gntntji 

7h  RKrAKl»ArT«lt >9wri  ihrSMhun  is  often  con- 
founded with  the  refinance  itfdf ;  becaufe,  with  refp<-£i 
to  the  lame  moviivg  body,  they  are  in  the  fame  propor- 
tidii. 

liut  with  tcipeS  to  difTiicnt  iMidicn,  the  fairie  niii'V- 
ance  often  generates  diilVu  nr  l\..trii d;  :on?.  l  or  if 
bodic? of  equal  bulk,  but  diikii;.i  dti.:iiAs,  be  iimved: 
through  the  fame  fliiid  witli  ctjiul  viljcity,  the  fluid 
will  ad  equally  on  e.ich  ;  f)  that  they  will  liave  equal 
tefiftanees,  but  difleteut  Rctarditiors ;  and  the  Ke- 
tardatioot  wiU  be.  to  eachother^  as  the  velocitia  which, 
might  be  generated  by  the  fiime  forces' !n  tbe  bodies 
propiifi  d  ;  th^t  is,  they  .ire  invcrfclv  a.ithcqii:intitie»of 
matter  in  the  bodies,  or  inverTcly  as  the  dcnlities. 

.S':p;i-:ifc  then  bodies  of  cqn;  1  d^:iLiy,  hmt  ut"  tine- 
tjudl  bulk,  to  move  equally  fati  liirough  the  fame  fluid  j 
then  their  reCftances  incrtafe  according  to  their  fupei- 
ficies,  thatiaas  the  fq'iarta of  their  di-imcfers}  but  tiie 
quanttttes  of  matter  arc  increafed  according  to  llicrf 
mafa ormagnitude,  that  iaas  the  cubes  of  their  dia* 
asetcraj  tbcrefiftaneea  are  tbe  quantitiea  of  notions 

the 
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tlic  Retanlationi  are  the  celerities  arifnig  from  then  ; 
•nddividinf;  the  quantities  of  motion  by  ttic  qiiantilin 
•f  matttT,  we  fhatl  have  the  cclciilii*;  ihmforcthc 
Kctardutiont  are  dircf^ly  as  the  fqiinres  of  tbe  diamrterii, 
ftivd  iaHffelr  Mthc  cube*  of  the  diameten,  that  i»  tii< 
wcrfrly  ai  the  d!»n«t«i«  themleltet. 

If  the  bodies  he  of  equal  magnitude  and  dcnfity,  ■*nd 
moved  ihrc/Hsrh  diffeie'.t  fluid*,  with  equal  cclmty, 
thcif  Ketau!.;'i  Ills  arc  .is  the  denfitici  of  the  fluid*. 
And  when  r.jiMl  hudit  <  irr  carried  through  the  fame 
fliiid  u-.ih  (!itt<jn.iit  vcIkli'Iis  the  RfitardatMnii IK  aa 
the  fquarcaof  the  teUicttici. 

So  that»  if  J  denote  the  fuperliclea  of  a  body,  w  it* 
weight,  //iu  diameter,  « the  velocity,  and  «  tbCdeii< 
iity  of  the  fluid  mediam,  and  N  that  of  the  body ; 
■then,  in  Smhr  bodiea»  the  i«fift»iice  i*  M  or  m 
«/*«>,  and  the  RcDuditioii,  «r  ttlBdn^  force. 


The  RtTA«nATio«  from  Gravity  !s  peculiar  to  bo- 
dies projedci!  upward'!.  A  body  throvrn  upwards  is 
retariiod  after  (i<c  tame  maitner  as  a  fallin;;  body  it  ac 
■«dcntcd  {  only  in  the  one  cafe  the  force  of  gfavitj 
xoflfpiiTt  with  the  motioa  acquired,  and  in  the  other  It 
ad&cuntrarr  to  it. 

As  the  farce  of  jpravhy  is  itnifamn,  the  Retardation 
/rom  that  cattle  win  be  equal  in  equal  timet.  '  Hence, 
as  it  is  the  fame  force  which  generates  riiotion  ti  c 
falling  body,  and  diminilbes  it  in  the  ufmg  or.e,  a  bcxly 
■f\W6  till  it  !•  Ic  .ill  its  inr  ri-ci ;  which  itduciio  the  fame 
time  in  which  a  body  faliiiis  would  have  acquired  a  tc-> 
locity  equal  M  thik  with  midi  the  body  tras  thrown 

A\\o,  a  body  thrown  up,  will  rife  to  the  fiune 
lieigiit  fiain  which,  in  iaUtn|f,  it  would  acquire  the 
f;tmc  velocity  with  which  it  waa  thrawn  op ;  thereibre 
the  faen^la  whidt  bodiea  can  rife  to,  wncn  thrown 
jup  Willi  different  velocities,  arc  to  each  other  as  the 
fqiiarc;-  uf       \i  '  u-i'i.- s. 

HcntL,  tlic  Ui  1 , Mii.i; iKMi.  ol  ri'Kionf,  may  be  com- 
pared togctlui.  1  en  tiny  ,-trc,  iitll,  as  the  fqiiares 
of  the  velocities  ;  J<ily,  as  the  dcnlitics  of  the  fluids 
thtuugh  which  the  bi>dics  arc  moted  ;  jdly,  inverfely 
a»  the  diamctcni  of  thoiie  bodiea ;  4thty,  ioverfcty  at 
tlie  deafitiea  of  the  bodiea  theaklvc* j  u  csficfied  by 

tbe.theoFeai  nbotef  -^i^ 

Thr  Lu'A's  cf  RsTAtDATioN,  are  the  very  fame  at 
tfaofc  fur  acceleration ;  motion  and  velocity  being  dc- 
llroyed  in  the  one  cafe,  in  the  very  lame  quantity  and 
.  propottton  as  it  it  generated  in  the  other. 

REl  ICULA,  or  Reticu  LE,  in  Aflrononiy,  a 
c<  nrrl«'ancc  for  otcarvrin^  vay  aicrlj  the  quantity  of 

ctiipl'cs  &C. 

This  inHriun-nt,  fiitroditcrd  foms  years  finceliy  the 
P.iriii  At  ;-d.  of  .S.ii  iKCs  \\  a  little  frame,  coiilillinjj  cf 
13  finefilkcn  thriiads,  par.iUcl  to,  and  cqiiidiil.'.iit  from 
ti.ch  othev  ;  pl.tced  in  the  foc-.is  of  objvti-glafTeji  of  tc- 
Icfoi^»  ;  that  is,  in  the  pl-iix-  ivhere  the  iina;;c  of  the 
Iwninary  it  painted  in  ita  full  extent.  Conreutieady  the 
dmowter  of  the  fun  or  noon  it  tbua  fecn  divided  into 
IX  equal  paria  or 4E£ita :  lb  that,  to  iad  the  quantity  of 


the  eclipfe,  there  is  nothing  to  do  but  to  cumber  tlio 
iNirtstbat  arc  daik,  or  that  are  luminous. 

As  a  fquare  Riticule  it  only  proper  for  the  diame^ 
ter  of  the  luminary,  not  for  the  circumfereBce  of  it,  it 
it  fometiaica  made  circular,  by  drawing  6  eonoeotrie 

3iididant  cifdca  t  wUeb  rcpriefentt  che  phafea  of  the 
•ofe  perfcdly. 

But  It  it  evidetit  that  the  Reticule,  whether  fqntre 
or  circu-ar,  ougl  t  to  i)c  pnfcCf^y  equ  il  t'l  tin  d'uru-tt  f 
or  circtimfrri-VL-c  of  thr  fnu  or  iiiu,  .t>  it  ipjjcii-}.  in 

the  focon  of  the  pl.Tii  ;  (I'-'it  rw  if-:  the  il  viiion  cannot  be 
jull.  Now  this  IB  no  ealy  matter  to  etfc-Cl,  becaufclhc 
apparent  diameter  of  the  fun  and  moon  dtffcra  in  each 
eclipfe  ;  nay  that  of  the  moon  differs  from  itfjf  in  the 
piogrcfsof  the  fame  eclipfe,— Anoihcr  impcil^ction  in 
the  Ktticule  is,  that  tia  majrnitude  it  determined  hj 
that  of  the  image  in  the  foent  t  and  of  confeqacnce  iC 
will  onlv  fit  cut  cettain  magnitude. 

But  M.  dc  la  Hire  has  found  a  remedy  for  all  thefe 
inconvrnierc.  s  pn  i  r<;r  t;  ivi.il  that  the  lame  Keticule 
fltall  fervc  for  all  ickf-  'ipt  s,  and  bU  magnitudes  of  the 
Inminar)'  in  the  farrc  ixliplV.  The  princific  llp^l» 
which  his  iuvention  is  founded,  is  that  two  object •glaiies 
applied  againft  each  other,  having  a  common  focus,  and 
ihcle  fotmio|r  an  image  of  a  certain  magnitude,  thit 
image  wili  increafe  in  {proportion  as  the  diftancc  be* 
tw«ea  the  two  j^ea  ia  increai«d»  aa  ftr  M  to  «  cerUia 
limit.  If  therefore  a  Reticule  be  tahett  of  fueh  ■ 
magnittiL!':.  a-  lufl  lacoxprch'-Td  ;^e;^Teatcrt  di.imctcr 
the  fun  ur  muui.  can  ever  have  i«  the  common  focus  of 
two  objcct-glalfcs  applied  to  each  other,  ihere  needa 
nothing  but  to  remove  them  from  each  other,  at  the 
flar  conie'i  to  have  a  Irf»  diameter,  to  L:ivf  the  image 
iiill  exa-Aly  comprehended  in  the  fane  Reticule. 

Farther,  as  the  Glkrn  threads  ate  fuhjcA  to  Iwerte 
firora  the  paralkiibn,  &c,  by  the  diifcrcnt  temperature 
ofthe  mir,  another  improvement  ia,  to  make  the  Keti* 
cule  ofatbinlooking>glaft,  by  drawing  linet  or  eirrlea 
upon  it  with  the  fine  point  of  a  diamond.   See  Mi* 

CR'iMfcTtH. 

RETIRED  Flakx,  in  Fortification*  Sec  FLixK* 
RETROCESSION  rf  Curvtf,  fit.  See  Rbtko. 

GKADATION. 

RtTtocisjiCN      the  F.'piinc.v.  See  Pp  Et  EtMOs. 

RETROGR.ADATION,  or  RRTaor^RK^s.ox,  in 
Aftronomy,  it  an  apparent  motion  of  the  planets,  by 
which  tbey  fcem to  go  backwards  in  the  ecliptic,  and 
to  move  contraiy  to  the  order  or  facceffiou  of  the 
Cgns. 

When  a  planet  mom  in  flonftquentia,  or  according 
totlteorderoftht  li;^iis  as  from  Artetto  Taurus,  from 

ea(^,  it  it 
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Tuiirus  to  G 

fiui  lo  be  iliiii'l, —  Wlitn  it  appe.ifs  for  loinc  davs  in 
thfl.-.nif  [il-ick-,  or  point  of  the  heavens,  it  il-  Uii.l  to  be 
jiaiioKiiij.—Am\  when  it  goes  in  anteti-drtitia,  orbacic* 
wards  to  the  following  figns,  or  contrary  to  the  or* 
drr  of  the  iigot,  which  is  from  eail  to  wett,  it  ia 
laid  to  be  rmngnde,  AQ  thefe  dilTirrent  aficAwna 
or  circumAancea,  may  happeo  in  all  the  pl.-tnctr,  cxcrpt 
the  fun  and  mooo,  which  are  fixn  to  go  iUntt  only. 
But  the  timet  ofthe  fuperior  tnd  inferior  phtnritl.rin^ 
retrograde  are  diffcrm ;  the  former  appeartog  fo  about 
their  ^poGtioa,  and  tlie  latter  about  their  conjunc- 
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fSea,  T ke  Intcmli  of  time  alio  betweni  two  Re^ 
tu))ir.^huom,9£  the  fevenit  pliiieii«  are  mj  an- 

In  Sahini  it  h  i  year    13  day*. 

In  liijiitcr  -    .  [  .  - 

In  Mirs     -   ,  J  .  .  JO 

In  V'criiis    ,    .  I  .  .  220 

In  Mercury   -  O  -  -  1 1  j 

A p:n,  Saturn  continufa  retrograde  140  days,  Jupi- 
Ur  110,  Mar*  73,  Venus  43,  ami  Metcury  12;  or 
ncany  fo ;  for  ihr  fc*eral  Retrogtadationi  ot  the  fame 
planet  are  not  conlbrtlv  equal. 

Thefe  variou*  circamdiuicct  bowcvir  in  the  motioni 
of  the  planets  are  not  real,  bot«niy  appaitnt  j  as  the 
inequalitict  arife  from  the  motion  and  pofitMW  of  tbe 
cnth,  from  wfaenoe  they  are  viewed ;  for  when  tbeyaiv 
cooGdcnd  as  leen  firom  the  fiuif  their  motiomt  appear 
alwiTi  odfbnn  aad  regular.  TheCe  inequalitie*  axe 
tbttt  explained : 

Let  S  denote  the  fun  ;  and  ABCD  fee  \hc  path  or 
orbit  of  the  caitS,  mming  finm  well  to  cjft,  and  in 
that  orJrr  ;  ^K^t  GK.  4iC  the  orbit  of  a  fupcrior  planet, 
as  Satuiii  ti)r  iiiilanc-e,  mo»ing  the  fame  way,  or  in  the 
diredioa  GKLC,  but  with  «  moch  Ida  oelcri^  thaa 


tiie  rnrth't  motion.  Kow  when  the  earth  ii  at  the 
p<<:tic  A  of  ittorbit,  let  Saturn  be  at  G,  i:i  conjunction 
»ilh  the  fun,  when  it  will  be  feen  at  P  in  the  zodiac, 
■ranong  the  ftart  ;  and  when  the  earth  ha*  muvetl 
Iroor  A  to  B,  let  Satoni  ha««  atovcd  htm  G  to  Hin 
itooiliitt  wheaitwfflbefeeniiitheliiieBHQtkttdmll 
npear  to  haw  moved  from  P  to  <^ta  the  mditci 
auo  when  the  earth  hat  got  to  C,  let  Saturn  be 
arrived  at  I,  tut  found  at  R  in  the  zixh'jc,  \vho»e 
being  fccn  in  tKc  line  CIR,  it  appcuj  il.itionary,  or 
Without  motion  in  tin  ,  jj u  at  R.  But  after  this,  Sj. 
turn  will  appear  for  fome  litne  in  Rctrugradaliuo,  viz, 
moving  baiiwardi,  or  the  contrary  way  :  for  when 
the  caitii  baa  movcxl  to  D,  Saiirm  will  have  got 
to  K,  aH^  being  fcen  in  the  line  DKQ,   will  ap- 

rr  to  have  aaoied  retrograde  io  the  eodiac  from 
to  Qj  aboat  which  place  the  planet,  ccaGngtore* 
Crde  any  farther,  again  bcromet  ilattonary,  and  after* 
Ward  pnxieeds  for^vard  again.;  for  while  the  earth 
moves  from  I)  to  I'.,  and  Saturn  lro:n  K  to  L,  tliia 
latter,  b^ing  now  fccn  ia  the  line  ELR^  cars  to 
VOL.il. 
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havemoTcd  fuiwaid  In  the  /.r>dlae  from  Qjo  R.  And 
fo  on  ;  the  fuperior  planet,  alw.ij  s  l;jcot:M<.g  rc  trog!  adc 
a  little  before  they  arc  in  opposition  to  the  tun,  and 
continuing  fo  till  lame  time  after  the  oppoHtioa  :  the 
retrograde  motion  being  fwifteft  when  the  planet  i*  in 
the  very  oppofitinn  itfcif ;  and  the  direil  motion  fwifi* 
eft  when  io  the  conjunaigo.  The  arch  RQjwhich  the 
plaitet  deicribet  whue  thai  mrogrtde,  ia  called  the  a(«K 
of  Retrogradatioii.  Thefe  art  he*  are  uneijual  in  alt 
the  planet*,  beini;  grcatell  in  the  mol  dillaat,  and 
grjdiially  Icfi  in  tiic  nearer  one?. 

In  like  manner  may  be  (hcwu  thtf  c[rc'.mif:.jncr8  of  the 
Rctrogrjdations  of  the  inferior  pkiuts  ;  by  "hitli  it 
will  appear,  they  become  flationary  a  little  before  tlieir 
inferior  conjunfuon,  and  go  retrograde  till  a  L'ttle  time 
after  it  ;  moving  the  4|iuaieft  rctraemik  juA.  at  that 
cunjunaioD,  and  the  qvicheft  diitft juft  at  the  fupcrior 
or  nirtber  coBjunftio  n. 

RrrtOOKAOBTloit  of  tin  NaJes  of  tie  Moon,  \t  a 
motion  of  the  line  of  the  nodes  of  her  orbit,  by  whicit 
it  continually  (hifts  ita  fituatioo  from  ea<l  to  weft,  con. 
trarytotbc  oidcr  ol  llic  iiiftis,  complc;i:ig  its  rctroj^radc 
Circiilation  itt  the  period  ot  about  19  years;  after  Mhich 
time,  either  of  il>e  nodes,  having  needed  from  any 
I>oint  of  the  ecliptic,  rtrturns  to  the  fame  again. — N'cw- 
ton  lias  dcmontlrated,  in  his  IVincipia,  that  the  Ke- 
trogradation  of  the  moon's  nodes  u  caufcd  by  theic* 
ttoQ  of  tbe  fun,  which  continually  drawing  lhi«pbneC 
from  her  osbit,  d^eAt  tbia  orbit  from  a  planct  and 
caufo  ttfl  mterfeAton  with  the  ecli|it«c  ooaciBuilly  to 

vary  ;  niul  his  determinations  OOthit  faint  bKVeDCCB 

Ciijiliimrd  by  obfervation. 

Rt  iRoGHADA  I  Ion  of  the  San,  amotion  by  wliich  in 
fiomc  fituationt,  itt  the  torrid 
Mtngnde  or  backward*. 

\V1icn  the  fun  ii  ia  tbe  torrid  cooe,  and  has  hit  de- 
clination AM  grcKter  than  the  latitude  of  the  place  AZ, 
but  cither  northern  or  fouthern  as  that  ia  (lali  fit;, 
above),  tiie  fun  vvill  appear  to  go  re trogxadf^  or  lack- 
wards,  both  before  and  attcr  noon.  For  draw  the 
vertical  cffLlf  ZGN  to  be  a  tangrt.t  to  the  fun's  di- 
i!r:;al  circle  MGO  in  G,  and  another  ZON  through 
the  fun's  rifing,  at  O:  then  it  i4  evident,  that  all 
tbe  intermediate  vertical  cir-clcs  cut  tiie  fun's  diurnal 
dreletwice  i  firft  is  the  are  GO,  aad  the  locond  time 
in  the  arc  GL  80  that,  a*  the  fun  afccnda  through 
the  arc  GO,  he  continually  arrive.iat  farther  and  farther 
verticals.  But  as  he  continues  his  afceut  through  the 
arc  Gl,  he  returns  to  his  former  verticals ;  and  there- 
fore is  feen  retrograde  for  fome  time  before  noon.  And 
in  like  manner  it  may  be  (hewn  that  he  dufs  the  I  uve 
thing  for  fomc  time  after  noon.  Hence,  as  the  Ih.'doiv 
always  tends  (jppoGtc  to  the  fun,  the  thadow  will  be 
retrograde  twice  even  day  in  ail  place*  of  the  tor* 
rid  zone,  wbcre  the  mn'a  declhution  exceeds  the  hti. 
todc 

But  the  fame  thinjj  can  never  happen  without  the 
tropics,  in  a  uatai^d  v/ay. 

RETtoGRADATiON,  or  R £ T ROG R I s s ION ,  in  the 
Higher  Geometry,  is  the  fame  with  uhat  is  othcrwife 
raOed»a/r«7^«iMOrj&a»v.  See  Fi.utrRX,  and 
Itcnszlolk 

5  B  '  RETRO- 
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RETROCRADB,  dtnotet  bnckwurd,  or  contrtry 
lotke  rorwanl  or  mimaliUredioa.  See  Retrocra* 

PJITIItl.. 

RETROGRESSION*  or  Rbtkocxs*ioii.  The 

fcmr  with  Rf  rron*  APATfCV, 

Ivli'l'UH  M  Nfl  >  i.i  IJrftricirvi  ij  an  cxprcf- 

Tdh  iiLJ  h\  h.id  i\Liliot)  (now  carl  Sl;)nhopc)  to  <le- 
I,  llic-  i-)T(.;l  pLiJuctd  I'V  t'  c  rrtuin  oi'  the  cltc- 
t^if  liir  i("<>  a  hoiiV  from  wliicli,  in  certain  circumlliir.- 
•e;,  ii  lia*  btcn  cxj>r!l[i!. 

To  liodcriUixi  prupcrl)-  tlic  rnearirg  of  thdc  teun*. 
It  HMlft  be  pivnitfcd  thuT,  recording  (o  the  r:r)liU»0. 

trxpcriments,  an  infuiated  fmooih  bcK<)'i  itiuncr- 
gcd  within  the  ek-cb-[cal  alfliorpherr,  but  be}'ond  the 

llnkiiif;  ("Ki.iiuc  uf  aiuittxr  bLuly,  clu.  jjetl  politivclft 
is  -4t  the  fiimc  time  -n  i  Arc  ol  tiiriji  Md  c!rflric?ty. 
The  end  next  to  the  charpi-J  body  t;uircs  iiej,'iUi*e 
flccttitity  ,  iIk:  fjirthir  end  h  politi  ;  y  clvCtt Ifu-ci  ; 
wliik-  a  certain  pail  of  tlic  body,  fo  ik»'1kic  bciwrcn 
it»  T«  rv  rxtnmcs,  is  iu  a  tiiiural,  untlcftniied,  or  nm- 
ti^l  i  lo  lliat  the  tkvo  coiitranr  eKitticities bshncc 
each  other*  It  niay  farther  be  adticii,  that  if  the  bodf 
be  not  infiilatrd,  but  have  a  commnnicBtion  with  tb« 
e«rth.  t}ic  whole  of  !t  wiil  be  io  a  negative  0Mr.  Sup* 
pofc  tlicij  a  brafs  ball,  whiih  may  be  oiled  A,  to  Be 
coTiftinlly  p!arril  at  tbe  flriking-  diftjiice  of  a  yr'nxr 
co:;dii£tor  ;  fo  that  the-  cordiidtor,  the  inliatit  when  it 
brccmei  fiJly  cliar^'.cd,  cxi  'iiKk.i  into  it.  Let  another 
Uivc  or  fecund  londutlor  be  iufpcr.drj,  in  a  j.i«.rfci5lly 
infulatrd  flate,  further  fi-oni  ilic  prime  condi  i'ior  than 
die  (Irikinj  diflauce,  but  v,itbi;i  its  tlcclrical  alnio- 
Jphere :  k"t  a  pcifoti  Uandinjif  on  an  infuiated  tt.o(A 
touch  thia  fccond  oondaAor  very  lightly  with  a  finoer 
of  hh  right  hand  I  wliiki  with  •«  finger  of  bit  ttft 
hand,  he  communicates  with  the  cartn,  by  tonchmg 
very  lighilr  a  fecund  braf*  ball  fixtd  at  the  lop  of  a 
JttetalaC  Aand,  i-i  tl:tr  iLur,  %slinli  triiiy  Ijc  cji.^J  B. 
tlow  whik'  the  piimc  coiiuaUor  is  rct^ivitig  iu  cicCtri- 
dty,  fparks  pafs  (at  lealt  if  the  <li(Unce  between  the 
two  condu^^ors  is  t>ot  too  ;{reat )  fi  om  the  fe cond  con- 
duAor  to  the  riirhi  band  of  the  infulutcd  pcifon  ;  while 
iimilar  and  linwuaneoua  fparks  pafs  out  from  the  fiager 
vt  hiileft  hand  into  the  fccond  metallic  ball  R,  cum* 
iniiiitcatii>K  with  the  earth.  At  Icagth  however  the 
prime  conduAor,  havin;;  acquired  !tt Toil  eharjr^i  fai. 
dcnly  llrikr^  ii  '  j  ilic  I.  i.i  A,  of  the  firil  mctall  c  flaai*, 
placed  (or  tiidl  jiui(,ok  at  iJic  fliikirtg  diilanuc.  I'liu 
cxplofion  being  made,  and  the  prime  cunduftur  li;J'iti.. 
)y  nibhi'd  lif  its  clal^ic  atmufphcre,  it!i  prelTure  or  action 
uii  tl>e  fccond  co:idi:£tur,  and  on  the  infulatcd  perfun, 
a«  iuddenly  ccafcs }  and  the  latter  intlantly  fccU  a 
foiart  Returniejt  Sliokr,  though  lie  hati  no  dircdl  or 
vtfifak  cosimuoieatioa  (except  bj  the  iioor]  with  either 
of  the  two  bodiett  and  h  phced  at  tW  cuftanee  of  f 
©r  6  feet  fiotn  b«»th  of  thenu  This  Rttuming  Strohe 
is  i  vidchtly  occ5iii>n-,  ,l  by  the  fiidden  rc-entrance  of  the 
tkflric  f;if  nrtutdlly  belonging  Jo  his  body  at  J  lo  t!..- 
fcc(;iid  conductor,  uliicli  had  lirfarc  been  cxpcikd  fn^iu 
tiitm  by  the  aftlun  of  the  tliargvd  prinie  condudor 
upon  ihcm  ;  and  v.hith  rtlurns  to  its  formir  place  ia 
the  inftant  vvhi  ii  ilui  ailion  or  tl.iftic  pnflure  ccalcs. 
*-\Vhcn  the  fccoitd  cooduilor  and  the  inhilated  pcrfon 
we  plactMl  in  the  deoJieft  put  of  the  dcAdcal  auno^ 
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Inhere  of  the  prime  conduftor,  or  Juft  tryond  t^•^ 
nrikiqgditUi»ce,  tbceSc^arc  lUll  more  conltdcrabk  j. 
the  Returning  Stroke  being  extlcn)^.Iy  fevere  aud  pua« 
ge«t»  md  apiMaringcoodderablr  fliaiper  than  even  the 
main  llrotce  ftfelf,  locelvtd  direftty  frr>m  the  prime  con- 
ductor. Lord  Maliosi  obfurv:  ,  ll,:.t  pcrfon*  and  aiil- 
in^ls  muy  be  tlcftroycd,  .ind  parl:j-L.i  |  jttsot  buildii',:* 
may  be  much  danrjgfd,  l.'y  an  ck'flric;il  Returning. 
Stntk'",  occiilioiicd  <:vcn  bv  fomc  very  dilUnt  cxjiK-fian 
from  a  iliuntkr  cloud  ;  poinbiy  at  the  dilhtnce  of  a  mile 
or  itiore.  It  i»  cci  taiuly  not  difliculr  to  eim^ruc  thaC 
a.  charged  neten&ire  thundifr  cloud  mull  Ic  ;t  Kju^tiw - 

of  effects  fimOar  to  tiwfc-  produced  by  the  pi  ime  con> . 
dndort  hot  perhapa  tbe_  tSetU  are  not  fo  great,  nor 
tbe  danjrcr  f>>  (crribte,  as  it  fce.T.i  have  been  appr^hen.'. 
ed.    If  the  qu.intity  of  ele<'iric  fluid  naturally  cim- 
tained,  for  exampio,  in  the  body  <>;  a  m.in,  were  im- 
nieufc  or  indefinite,    llien  the  ellimalc  between  the 
cflcols  producible  by  a  ckuid,  and  thofc  caufcd  by  a 
prime  co;iJiirtor,  ini^ht  be  admitted  ;  but  furdy  nO" 
de^brica!  cloud  cjn  c:cpel  from  a  body  more  than  the 
natural  quantity  of  ekclricity  wbidi  tbVeontainl.  Oib 
the  fud«kii  remoTsl  therefore  of  the  prrflure  by-  whieh- 
this  aatnral  qaaat^  Jnd.b«eo  otpcUed*  in  coiifrquenec 
of  iheexplonon  of^ tbeclotid  into  tbe  e^rtb,  no  more 
(  .1  t'.t  „[  1  .". J  than  lii»  wholv  oaturjl  llock  of  ekc- 
trjciiy  cAii  li.  filter  hi^  body,  {)roi.ijL-d  it  be  fo  fituatcd, 
tlmt  the  rtturning  fire  of  oiIkt  bodies  mull  nccediirily 
pill's  thiou^h  hi»  body.    B.it  perhaps  wc  have  no  rca- 
fon  to  fiippofe  that  this  quantity  i»  fo  griat,  as  that' 
its  fuJdcn  iC'Cntrancc  into  hit  body  ihould  dtilroy  or< 
iiijnre  him. 

Allowing  thercfiire  the  exiOence  of  tbe  Returning 
Stroke^  M  (bflieienlly  alcertalned*  and  weD  iDuftntc^  . 
in  a  variety  of  circumihnces,  by  the  3Mthor*§  experi- 
ments, the  magnitude  and  danger  of  it  do  not  feem  to 

be  fo  alarmln;^  as  he  a  ;.i;  i.  lu  iid>.  Sec  Lord  Mahon't 
Principle*  of  £Ic£lticity,  tec.  4.10.  i7>9f  pa.  ;6r 
113,  and  131.    AU6  MoDtbly  Rctiew,  «oL 

pa.  436. 

REVERSION  o/3en(j,  in  Algebra,  ia  tbe  find* 
ing  the  vjilue  of  the  root,  or  unknown  quantity^. 
wSofe  powers  enter  the  terms  of  an  inlinitc  frriCi* 
by  mean*  of  anotber  iofinite  feriea  ia  which  it  ta< 
not  containrd.  At,  ia  the  infinite  feriea  %  ^  ax 
+  ii'  fc'  dx*  ice;  th-.M  if  thric  bt  fL^aitd.. 
v  =  A3  -j-  Bz*       Ca'  &c,   that  lerits  is  tnvcit- 

cd.  >jr  ill  root  9  it  Ibaad  ia.  aa  iafinite  lieriet  of. 

other  terms. 

This  was  one  of  Newton's  improrements  in  analyfts, 
the  firll  fpecimen  of  which  was  given  in  his  .■Xnaiyfta-  , 

TEquatiooes  Nuraero  Terminurum  Intinitas;  and 
u  t(  of  great  iife  in  reMring  naaay  proUaota  in  .Mrioaa* 
porta  ortbe  mathctnatics. 

Tbe  noft'ufusl  and  general  ivay  of  Rcverlion,  ts  4o 
aflttme  a  ferics,  of  a  projK-r  form,  for  the  value  of  the 
KCiiiiiii  ii  fkuovvn  quanlity  j  then  fubllitut;  tbe  powers 
<j:  ihij  v;iltie,  inftcad  of  thole  of  that  quantity  intis 
the  i;i  .  t  ;i  1,-rics  i  laftly  compare  tl>e  rcfulting  terms  with 
the  faid  j<ivcn  ferics,  and  the  values  of  tbe  alTumrd 
coefficient!  sriit  thus  be  obtainrd.  So,  to  revert  tbe 
fcrict  •  B  AT  ^jc*  •f>  ex*t  ftc,  or  to  find  the  value  of 
»iatcnMo{s}aii»eittbo^«aAii-|-B**-f  C*<  - 

Ite; 


Digitized  by  Google 


!l  E  V 


[    371  1 


R  E  Y 


&c ;  tTien  bj  inwUiag  this  fcritra.  Tor  the  kverel 
ix.wir-s  of  jr,  ifldnultiplyini^thccorrctpunJiii^  powcn 

I»y  a,  i,  (,  Sic,  thirc  ri-ltjlt^ 

m  ^  aAx  +  oBs*  +    wCs'    +    «1>«.*,  &c» 

Tlirn  by  comparing  the  correfpon«litig  tcnni  of  tl>5» 
lail  feni.:s  <  r  inalung  their  cocfllckitt  c^nady  there  are 

obtained  thcfc  cqiuiiuns,  viz, 

■<A—  i,andiiB  +  ^A^= o,ai](]<iC'^  alAB  4  fA<=30» 
'tK,  winch  ghe  thde  vahiei  of  the  afliuMd  ceeflkicBUi 
«»» 

0  M  a* ' 


■ti 


i  Ice. 


and  coafvqucolly 
I  i 


T^*^  3?  ^ 

ftC)  which  i«  theitfoie  agem  ral  formula  or  fJu  oTcm 
for  tnrj  fcnn  «f  the  fame  kind,  as  to  the  powci»  of 
the  quantity  x.    'Hi  us,  f^r 

£«.  Suppofc  it  were  roqttiivd  to  rereit  ihe  feri«l 
•  SB  jr        •^  A-*  —  j;*,  &c. 

Here  «  b  1,  ^  as  —  ij  «  k  ^  sc  ~  <,  fce  i 
which  values  of  thefe  Icttert  being  fubftituted  !n  the 
-theorem,  there  refuUs  .1  —  -  4.  +  +  Scc, 
which  i>  tlwt  feric*  reverted,  01  the  value  of  j» 
in  it. 

In  the  Tame  waj  it  will  be  found  that  the  theorem 
'toe  reverting  (lie  fcrici 
«  as  ax  +  Ixi  +  fA*  +  dCi?  Sec,  li 


■ 

-And  if  s  a 


-L  t+n 


ma 


t  4-  m 


&r.  where jf  is  =  — . 


Varions  mclhuila  of  Rcvcifioa  inay  be  fccn  a»  fiven 
"by  Do  M 

Madaunn'j  Algebra  pa.  263  ;  or  Stuart's  Kxplaiiaf.un 
of  Ncwtcn's  Analjfis,  &c.  pa.  455  ;  or  Coiilion's  Com- 
ment oa  Ncwton'a  Flux.  pa.  219  or  Hotfl«y'»  ed,  of 
Newton**  works  vol.  1,  pa.  391  ;  or  Kimp&«1t  T^ntt' 

'voL  2|  or  moft  ainhoii  on  A%cbra. 


REVRTEMENT,  ta  ForUfication,  a  Arong  xvall 
built  on  the  outfi.lc  of  the  nmpart  and  parapet, 
to  fopport  the  ««rth»  i:id  pRv«»t  in  tolliog  into  the 

diteb. 

inotion  of  ro- 
tation 01  a  ]  nc  abu'j;  a  lutd  puiiu  or  centre,  or  of 
ary  figure  about  a  fnid  axis,  oi  upon  &ny  line  or  fur- 
face.  Tliuj,  the  Revolution  of  a  pivcn  line  about  » 
fixid  centre,  ^jiTcratci  a  circle  j  and  that  of  a  rigllt^ 
angled  trianKlc  about  ooe  fide,  as  an  aita,  genemtej  a 
cone  I  and  that  of  a  femieirde  abotic  lu  diameter,  geao' 
ntct  a  fphere  or  globe,  tto* 

RiiroiirTioir,  in  AfiTooomr,  1%  the  perio<!  of 
a  ftar,  pVirr',  cr  c^niL't,  ^-i'-' ;  or  cn.nk  i-r>m 
aoT  point  oi  )[*  uibit,  ull  ii  itturn  vj  Uic  l.irne 

The  p!.iiictii  hare  a  twofold  Rcrolution.  The  one 
about  their  own  axij,  ufually  called  ihfir  Jiurtia!  rty» 
taiion,  which  cooUitutcs  their  day.  The  other  about 
the  fun,  called  their  «MaM/i(fiMAtf«M,  or  fnhd,  oaa> 
flitutitijf  their  Tear. 

REVNEAU  (CHAatVt-RBits%  coninmily  caDed 
Father  Reyneaii,  a  noted  Freodi  matliematictan,  wat 
bom  at  Bnflac  in  the  ptorince  of  Anjou,  in  the  year 
At  20  years  of  age  he  entered  himfelf  among 
t!ii.  Ontorlans,  a  kin-l  of  religious  order,  in  which 
tt>L  iiiLiMbcib  li.ij  in  i.o:ii::  iinity  without  making;  any 
»ow»,  and  :jpplied  ihcnifci»c»  cbie.ly  to  the  education 
of  youth.  He  was  foon after fi»t,  by  hit  fuperiort,  to 
teach  philofophy  at  Perenai,  and  ibeo  at  Toulon* 
Thi»  requiting  fome  acquaiotaoce  with  geometry,  he 
cootnded  a  great  aiTc^ioa  for  this  fctencc,  whfdi  be 
cultivated  and  imprtmil  to  a  great  entettt ;  in  confe- 
qucnri:  lir  w.is  I»  t\v'/-.-^  i:i   if  :-";,  t  j  fill  the 

mathcrnatic.il  ciirc!  ;  and  llic  ^\,c3d>.iiiy  of  Anjfcr* 
cle€led  him  a  inc;;)ber  in  1^94. 

In  this  occupation  Father  Reyneati,  not  content 
with  making  himklf  ni;iller  of  every  thiii^  worth 
knowing,  which  the  modem  aialyfij,  fu  fruitAd  ill 
fobliine  fpcculations  and  tngenibu^  difcovciie.s  had  al« 
ready  piodiiced,  undertook  to  reduce  into  one  hody> 
for  the  ulirof  his  fthohra^  the  principal  tlieoriea  fcat^ 
tcred  here  and  there  in  Newton,  Dclcirtc",  1  j^ibniix» 
Bernoulli,  the  I.tipfic  Ad»,  the  Memoirs  uf  tlit-  Paris 
Af.idi  ;riy,  and  in  other 'works;  treafurrs  which  by 
being  10  widely  difpttfed,  provcti  much  Icfs  uridil  than 
they  olher«-tfc  nii{^!it  have  h»-en.  The  fruit  cf  thii 
undertaking,  vraa  kia  Aneljfe  Dtmontru,  or  Ana* 
lyfis  DimontlrHted,  which  he  publiihed  in  1  volumca 
4to,  1708. 

Father  Rcyneau  called  thin  ufcful  work,  Anatjfit 
DeiponAratcd,  becawfc  be  dcamnftnitcs  in  it  fevenl 
methods  which  had  ttot  beta  drmonftrBted  by  the  au. 

thors  of  thrm,  nv  at  L-iT:  :i<  '  witf,  fiiifi. |i  ■  f,  'cu- 
ity  Sii;'.  f  Xiictiicf;-  ;  t<n  it  ulr^.i  riippciis  ili.:;,  iij  ai.iiU'rs 
of  this  k  Hi),  a  j:Lrfi>:i  tt  dear  iii  a  thin;;,  without  liting 
able  'o  iL r.i.tnftra!!.  f;.  Some  pti-fons  too  have  l*cn 
fo  niilliikingly  kr.il  of  ;.:ior;'  ;n  to  i-.ake  a  ftcret  of 
their  <k-monltrations,  in  order  to  pcrpicx  thofc,  whom  it 
would  become  them  r:iiicb  better  to  i;ilUu(?t.  Thi* 
book  of  BeyiKsu's  was  fo  well  approrcd,  that  it  ioca 
became  a  maxiBtat'leaHufFtancctthat  tofnllov  him 
was  the  hefty  if  ttHthcaiiilf  way»  to  make  any  extra- 
.5  B  Z  ordiiuiy 
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•i^nanr  pwjpwft  in  the  matbrauUci.    Thii  wai  then   He  wti  born  at  FeUkirk  in  Tyrol  the  15^ vf 

conft'^rnn};  htm  at  tlw  firft  oufter,  as  the  Eodtd  of  Fcbntaiy  tn4>    After  tmbit^nj;  ihe  rleraentt  of  the> 

Ihf  l  ihiiruc  jjfoirntiy*'  ma; hematics  at  Ti^tiri  «it!i  Ofuatd  Mycone,  he  wmt 

Kvr  iii.m,  jftcr  tliii*  giving  It  fTone  to  tliofc  wUo  tin-  to  V'i'tcfnhcrg,  wliCre  Itt  dili(;eiitlf  cu!liv;-t«l  iJiiit 

deift.iuti  li)!Tn.tl«iiij;  of  goomctiy,  thmiglkt  proper  to  fcicncc.    Here  br  wai  ntade  maHer  of  ; ''.il.  '  m!  v  l.i 

di  r.v  up  fome  for  furh  as  were  ull'il'ly  iiimcquainttd  I53>»  a<^<3  pr4>lclTi)r  in  i?J7.     He  qiiiucil  ttn>.  litu.w 

v  i;  iti.it  ftii-iicc.  Thi*  was  ill  rt>ir<i:  iiR,i!nr»--  a  con-  tian  h«v«'ovcr  two  y^'ars  atitr,.  and  went  to  Fiurnburj 

tlckxiiTion  in  him,  but  liib  puflion  ta  be  uleTul  made  it  to  put  him  under  the  alatfance  of  the  cc'.cbt.iircl  C<i- 

(afy  aii<l  aj^rceablc.    In  1 7 14  he  puhlillicd  a  vohinne  ia  pdnucus,  being  induoid   to   lhi»   Hep  by  l»is  z«il 

410  on  cakuiitioiit  vn«kr  the  title  of  Sctrnct  tlu  Cakul  Jiur  aUronomical  ptirfuitt,  and  the  grut  fatne  which 

^Evtf'MiAarf*  tfT  which  the  i!a»Ci'nlur  R(i)al|  a  moft  Copemicut  bad  tbeo  acquired.    Khciicus  aiHiU-d  this 

intdltgeot  and  impartial  ju^Pt       M>  ^  approbation  aUronoatcr  Iwr  (bme  «Eai*r  and  oonftaiitiv  exhorted  hint 

of  it,  that  '*  tliough  fevrrafbookt  bad  already  appi.'ar'  to  perfcft  hfa  work,   D*  RrwAitiimmit,  which  hfc 

c  J  1     :i  tliL'  Til  ir;  fi:!iir*f,  fuch  a  tieffiifc  a»  that  be-  nubliflied  after  the  death  of  Copernicus,  viz.,  in  i;4;?, 

for*:  !t.m  wai  Ui.l  «ju;nijj,  a»  in  it  every  thing  was  folio,  at  Noriinbcrx,  together  with  a!i  ilUiUration  of 

LanilWd  in  a  niaiuier  fufTiLittiily  extciiri-c,  ;ind  at  the  the  fjme  in  a  nai  1  o nii,  il  uci^  l  t  >  SJ'  tm  i.  \lKte 

llime  lime  with  all  poiTiUe  exa<:hiefi  aiKl  perfpicuity."  too,  to  rentier  al4ro«oniic.il  cli  iiLstuiin  muro  inirate. 

In  fa/ft,  thotigh  inoH  branches  of  the  matheniatics  had  he  began  hii  very  elaboraic- oai  <  u  uf  fuics,  t.in^tnts 

been  well  lireaiedof  before  tb-it  period,  there  were  yet  and  Iccanis,  to       placet  of  h)>ureij,  and  to  every  )• 

ttp  good  (WoKiltSf  Ct'cu  of  praiiicJ  geometry.  Tlxife  feconds  of  the  quadrant,  a  dclign  which  he  did  BDt 

who  knew  no  more  than  wlut  preciicly  luch  a  book  live  quite  to  coinplcic.    The  canon  of  fines  however 

ought  to  contain,  knew  too  little  to  complete  a  good  to  that  radius,  for  every  1  o  feconds,  and  for  ewrrf 

one ;  and  thofe  who  knew  morr^  thought  ihrmMves  lingle  fccond  in  the  firit  and  laft  dc|pce  of  the  qua* 

probably  above  the  taftt)  whereat  Rajneau  poSeiTed  at  drant,  computed  by  him,  was  puhGfliedin  folio  at  Fnnc- 

oriCi-  .ill  l!ic  ItaMHu;;  uiu!  rt.odiflf  DeCflflary  to  under-  fuit  iU\  \  \\\  I'  lili-iis,  \>lu)  hiirir.:lf  ;i'Urd  a  f^u-  wf  '.]\e 

tOfcC  atl.i  cx^.'.;wiic  liicl:  4  woik.  lull         tujiij^iilcJ  to  ;i  [ilaix-ii  nt  fi;;nrt9.     ]^^\^  t'  c 

As  foon  a»  the  Royal  Ac-ideniy  of  ScteiKCs      Parfs,  Urger  vvork,  or  canon  of  &ic:-,  tan;;i.'nis  and  fci-a' ts, 

in  conftquciicc  of  a  regulation  made  in  the  year  1 716,  to  every  to  feconds,  was  perfected  and  publiihcd  aiicf 

<i^-ned  its  di>ors  toother  learned  men,  under  the  title  Lis  death,  viz,  in  1  596,  by  liis  difciple  Valentine  Otho* 

ot  Frtf  /IJ'inairs,  Fttlitr  Rc)  ncau-was  admitted  of  the  mathematician  to  the  Electoral  Ji'riocc  Palatine  }  a  pa>» 

nuiubcr.     lac  w  01 L  4  however  which  wc  have  already  tiuiiar  account  and  analyfis  of  which  .work  may  be  fcen 

mentioned,  bciiUcs  a  fm^l  piece  upon  Lfg^t  nK  the  in  the  HilLorical  lnurod«Ckiao  to  mj  LogwitbaB% , 

only  ones  he  ever  publiflied,  or  probahly  ever  cucn-  pa.  9, 

poied,  cseept  moll  01  the  matcndi  Jor  a  fconodfolune  After  the  death  of  Copernicus,  Rbeticua  retunted 

of  hnSwnttJu  CattmU  which  he  left- behind  htm  in  to  Wittembtrg,  vi?,  io  1541  or  1542,  and  was  again 

IJiaT  Lifrrip;.     Tl.c  IjH  yc.i-s  of        lift-  wltc  alti-iu!c^l  aJmilud  to  tiiR  tiitU'i;  ot  pi c '"'.fC'r  ut  iratli^Tiiatic!.  T!ie 

witli  !Oi.  :ni]cJi  l;^lv:i^:ls  in  adiint  oi  a;iy  cxtranriiaip.ry  fanu'  year,  by  iKc  roqommcndalion  of  M;.U]id!.i)ri,  I* 

ai>jilKa;iiii.    He  "lied  in   I'jlH,  at  7:  yoais  <:t  agv,  wtiit  C(J  Nuiiinbi.!jT,  where  he  found  certain  ntanufcripts 

out  more  regretted  on  account  of  his  gre±t  learutng,  ol  Werner  und  Ri');iDmontanus.    He  afterwards  taught 

than  of  his  many  virtues,  which  all  confpired  iu  ia  mathematics  at  LcipiiJ.    From  Saxony  he  departed  a 

tcrinr-nt  degree  to  make  that  Icnming  agreeable  to  itcond  time,  for  what  rcafon  is  not  known,  and  weitf 

tl.oU'  ..'iKiiit  him,  and  ufeful  to  the  world.    Tlic  ftfft  to  Poland  ;  and  from  thence  to  Caflbvia  in  Hungary,, 

■ten  in  France  deemed  it  an  honour  mid  a  happioert  to  where  he  died  Dcecrabcr  the  4tb,  l$y6,  near  63  jeaxa . 

connt  him  among  their  friends.   Of  this  ntmwcr  were  of -age. 

the  chancellor  of  that  kiigdam,  and  Father  Malle-  His  Nnrratio  de  Litrh  Revoluticnum  Coperniei,  vm. 

branche,  of  wboia  Rcyneaa  was  a  zealotis  and  faithful  iird  publidied  at  Gedunum  in  410,  1^40;  and  afier> 

di;ri;j!t-.  wardo  aJJed  to  the  editions  of  Cojuruitus's  work.  He 

KHAIjDOLOGY,  or  Raeijoloov,  in  Aiithmc-  a|!'o  compofed  and  publifhed  Ephtmeruiet,  according 

tic,  a  nanic  given  by  Napii-T  to  i  method  of  perform-  to  itic  dot^rine  of  Copernicus,  till  the  year  I5>l> 

ing  fomc  of  the  inorc  difficult  operations  of  numbers  Rheticusalfo  projected  other  works,  and  partly  exe*. 

by  means  of  certain  fquare  lillle  rods.    Upon  thefc  are  cuted  them,   thotigh  they  were  never  pukifbed, .  of  r' 

infcnbed  the  lit^ple  nunibcis ;  ibciv  by  (hifiing  them  various   kinds,  aflronomical,  ailrological,  ceographi*, 

accotding  to  ccuain  rules,  thofe  operations  are  per-  cat,  chemical,  &c;  as  they  are  more  particularly  mc0>. 

limntd  by  limply  adding  ot  Aibtraaiog  of  the  nnmbera  tinned  in  hia  ktter  to  Peter  Ramna  m  the  year  1568*. 

they  (land  upon  the  fodi.  See.  Nnpier'e  Rnbdo-  which  Adrian  Romamu  Inlcrtcd  in  the  prence  t»  the 

logia,  printed  in  1617.   See  aU«  tlie  Micte  NAriwti,  £ril  part  of  his  Idea  of  Mathematics. 

It^nft-                        _  RHOMB  Solid,  confifts  of  twu  cqujl  acd  right 

1\H"0- STAT  ICS,  is-ufed  Ly  Tome  for  the  ttMMMf ,  cones  joined  '.w-itlicrat  tlicir  lufc:-. 

or  tit  liiticcof  the  eqitihbriui.T  of  iiuidt.  UHOMliOlD,  or  Uhomsoides,  in  Geometry,  a 

r.HEl'lCUS  (C.    iK.iE  Joachim),  a  noted  Grr-  qiiaJnLitcr.il  figure,  whofe  oppultte  fides  and  angles 

Btan  aUronomer  and  maliiemaiician,   who  was  the  are  equal ;  but  which  is  neither  equilateral  nor  c^^tli* 

colleague  of  Rcinhold  in  the  univerfit^  of  Wittem-  anjrular. 

>T{,  beii^  joint  profcffora  of.  naUwaatteatliene  toge.  kaOMfiUS,  i*  aaobiique equilateiil psralitlogna  |, 
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•r-  a  ouadnlattral  (ii^urc,  whofc  li<!ci  are  eqnal  and 
panllcl,  but  the  four  angles  not  all  cqiul,  two  of  the 
oppcfitc  one*  being  obtiSct  ind  the  otncr  two  oppoliie 

•a<r<  acute. 

The  two  tll:i:^on.il5  of  a  Rlmmbtt*  illt*rfeft  tt  right 
atjgkii;  but  nut  ot'  a  t homhoide'. 

A  ■.  to  the  ?.:x^  oi  the  Khombut  or  rhomboiilcc, 
k  is  found,  like  thai  of  all  wthcr  parallclognim,  b/ 
aiiiltipljing  the  Ua^tk  or  bile  bj  the  pcrpendioihr 
bieadth. 

ViHOMWi'SaM.   See  ^HUHn-Saluf. 

RHUMB,  RuMB,  or  KoM,  in  Kav^jration,  a  ver- 
tical tiitU  i  f  anv  given  pLicc  j  *ii  tlj'-  inttrfcclion  of  a 
p.ir;  oi  IulIi  a  OTclc  with  \he  liuri/on.  RlimnUj 
tilcrctorc  coincitle  witli  point*  of  tbe  world,  or  of 
the  horizon.  And  htnce  mariners  diliingiiifh  tbe 
Rhumbs  bj  the  hmc  name*  a*  the  points  aiul  wioda. 
But  we  majr  obfervc.  that  the  Khuir.bs  are  dcDomiaaled 
firon  tbe  pointi  of  the  compala  in  a  diSrcent  anMMr 
from  tlw  windi  t  thtw,  at  fea,  the  nor  A-e«t  wind  k 
that  which  blow*  Ivontbe  notth-eall  point  of  the  ho< 
rizon  toward*  the  Aip  ID  which  we  are  }  but  we  are  iiud 
tufall  iii.>oii  tlic  noftli-ealLILhinihywheQwepiciNrania 

toe  north-e-j!l. 

Tlicy  ufuilty  reckon  v  Rliunibs,  wliicli  are  rcprc- 
tBoted  by  tbe  33  line*  in  tbe  rose  or  card  of  tho  rorj- 
pifa- 

Aubin  define*  a  Rhiiinb  to  be  a  line  on  the  trrrcilrial 
globe,  or  fea>con)paf«,  or  (iaxlMrti  rcprelcDtino;  one 
•r  the  it  wiwi*  which  tem  t»  condtiA  •  veflcU  So 
dwt  tbe  Rhumb  a  tfeflelpaffiieataeoaceived  aaita  route, 

or  courfe. 

Rhumbs  are  dividrd  ami  fu'Klivi.ie  l  like  points  of  tKc 
Compafs.  Ttuis,  llic  whole  Riiunib  anfwcrt  to  the  car- 
dinfll  ptjint.  Ttie  half  Ubumb  to  »  collateral  poitt, 
or  make*  a*  angle  of  4)  degree*  with. the  former. 
And  the  quarter  Rhumb  naket  an  angle  of  iz'  30' 
with  it.  Alfo  the  halfH|naitcr  llhuiab.aiakn  an  angle 
of  11?  1$'  nrith  the  hmt, 

For«  tabk  af  dic  Rhumhaf  or  poiati,  and  their 
diflancc*  irona  the  meridian,  (ice  Wino. 

Rhumb-Line»  Loxodromia,.  in  Navigation,  i*  a 
line  proloii^cd  from  uay  point  of  the  cuinpaT*  in  a 
nautical  chart,  except  the  four  cardinal  [rjint*  :  or  it 
xi  t!ie  hnc  v<liich  a  fhip,  kcep:::t;  in  the  fame  col- 
lateral point,  or  rhumb,  dcfcribc*  turoughout  it*  whole 
courfe. 

The  clitcf  property  of  the  Rhnmb-Iiue,  or  lox- 
odromia,  and  that  from  which  fome  author*  de&nft 
it,  it,  that  it.  cutt  all  the  lacridiane  in  the  Ibbm 
BAgie. 

l*hi«  angle  is  called  the  anjfe  -•/,'/.  Rfiim!<,  or  the 
kxtxlromk  .  Atxl  the  aagie  which  the  Rhumb- 

liae  m,iki-a  with  any  parallel  to  tbc CqnUor».la  called 
tbe  eompUmtat  tf  the  Riiami. 

An  idea  of  the  origin  and  propcrtie*  of  the  Rhumb- 
line,  the  great  foundation  of  Navigation,  may  be 
conceived  ttuu  :  a  velfel  beginniiig  it*  courfe,  the  wind 
h]r  which  it  it  driven  make*  n  certain  angle  with  tbe 
neridiaa  of  the  place  {.and  a*  we  (hall  fuppofc  that 
the  veflel  runs  exao^  in  the  diredion  of  the  wind,  it 
vafcea  the  iaiae  angle  with  .the  mciidian  which  the  wind 
fiupjpofing  then  die  wisd  to  .eoMinu^thc 


fame,  a*  rach  point  or  inftaiit  of  the  progrela  ma^  Iw 

efleemed  tlie  iHrgimiing,  the  veffcl  always  make*  the 
fame  ani»le  with  the  mtridi-iu  of  t^i-  pj,n;o  whiic  it  ii 
each  nmmcnt,  or  in  Cith  po.iit  ui  iti  cjii:fc-  whiL;li  the 
Wind  ni  tkei. 

Now  a  wind,  f  ir  ttamiile,  tb»t  i*  north-call,  and 
which  confequcntlv  m  ik^san  angle  of  4$  degree*  With- 
thc  meridian,  i«  ei^ually  north  call  wherever  it  blowf,- 
asd  makes  th«  fane  angle  of  4;  degree*  with  all  the 
men'diaoa  it  mcetn.  And  therefore  a  veiTel*  driven  br 
the  {ame  wiod,  always  makei  the  fame  aiM^e  with  all- 
thc  meridians  it  tnceta  witb  on  the  filrfiice  of  the 
earth. 

If  i!ie  vc'Jel  fail  north  or  fouth,  it  di-rcriU".  the 
^rcat  circle  of  a  meridian.    If  it  run*  calk  or  well,. 
It  cut*  all  the  meridians  at  right  angle*,  and  defcribca 
cither  the  circle  of  the  equator,  or  clfc  a  circle  parallel' 
10  it. 

But  if  the  vefcl  fail*  bet«reen  the-  two,  it  don  nor 
,tbea  delcribe  a  circle  t  finet  ft  drde.  drawn  ah%iiclr  to 
a  tneridiaR,  v«ould  cut  all  the  ineridiaM  at  unequal' 

anglrn,  which  the  velTcl  cannot  do.  It  defcitbiM  there- 
fore  another  curve,  liic  cfTtnfial  pii)pvity  of  which  i?, - 
that  it  cut*  all  the  meridian*  in  the  fame  angle,  and  ir 
is  called  the  /wwfriiiigi  Oft> A«Mfrwmt  rnrw*.  or  JMm*^ 

ThiaciRfe,  cathegkhc^  I'e  a  kind  of  fpira!,  tettd- 
ing  contianally  nearer  and  otarei-  to  the  pole,  and 
making  an  infinite  number  of  circumvolutions  about  it,, 
but  without  ever  arriving  cnAlf  at  it.  Bat  the  fniial 
Rhumb*  on  the  globe  betome  proportiMwl  fpieab  in 
the  ilereographi*  pcojeftloB  OB  the  fhne'of  ihe- 

cquator. 

The  length  of  apart  of  this  Rl.iiinb-lliie,  or  fpiraT, . 
then,  i*  the  dil^ancc  run  by  the  tbip  while  the  keep*  in 
the  fame  courl  ■.  IVat  as  fi  ch  .1  fpiral  line  would  prove 
Teiy  perplexir.ji^  in  tiic  calculation,  it  was  neccffary  10 
Iftfe  the  Ihip's  way  in  a  right  line  {  which  right  line 
hove»er  mult  ba«e  the  effiential  properties  of  the  curve 
line,  visi  to  cut  all  tbe  meridiani  at  right  aa^.  - 
The  method  of  cflcfiiog  which*  fte  mdcr  the  article 
CHAar. 

The  arc  uf  tlie  Rhumb-l'ne  li  nut  the  fbortefl  tlif- 
tanec  bctwceriat))'  two  places  through  it  pillts  ;  . 

for  the  fhortcft  dillance,  «n  the  furtacc  of  ilie  j;l'ibf,  i» 
an  arc  of  the  ;;ifat  circle  paOing  through  thofe  placet ; 
fo  that  it  would  be  a  (hotter  coutfc  to  fail  on  the  arc  of 
this  great  circle :  but  then  tite  fliip  cannot  be  kept  io  ■ 
tbe  great  circle,  becaub  tbe  angle  it  make*  with  the  - 
meridians  is  continually  varrtng*  ttuat  or  le&» .  ^ 

Let  P  be  the  pole,  RWihe. 

-  r,  AECDEP  a  fpiral 
Rhumb,  divided  jnlo  au  uijcfi-- 
nite  number  of  equal  parts  at. 
the  point*  B, CD,  &ct  through 
which  are  drawn  the  meridian^. 
P8,  P  I",  PV,  Stc,  and  the  pa-  ■ 
raiKlsI  B,  KC,  LD,  «cc,  alfo  • 
draw  the  }>arallel  AN...  Thesy 
aa  a  (hip  (ail*  along  tbe  Rhomb*  - 
line  toward*  the  pole,  or  in  the 
direfUon  ABCD  &c,  from  A 
to  E|  the  diif^mtt  liHled  AEL 
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,  J,  „^,>.  ,.,-£,f  111!  tlir  fn  i'l  eq'isl  parti  of  the  Rfamnli 
AU  +  nC  +  CD  +  l)\L  i  and 

ih-  film  "(  ill  tilt  fmn'il  (liffLrrnct*  of  Ia*'Twk 
Air  +  BO  +  CH  +  r>i  «n»1ie  up  Ihe  whcdc  dili«r- 
rnc*  of  htinidi:  AM  or  EN  ;  aod 

t.'o  riir,>  (,{  M  jh.  f.o«lli'  .rjl!Js  I  B  +  C.C  +  HD  + 
I  E  is  V'hax  '<i>  tnlkd  'h.  (IfpjiUiri' m  ( lant-  filling  ;  and 
♦IE  M  fh.r  iiiiiidional<l'rt.incc,  or  <l!hlnnf<-  bi-tw<-cii  the 
firil  and      iT;ci  idijns,nu;fiirt\!  <;n  \Uc  hW  p.MnlKl ;  alfo 

-ir.V  is  iKc  (inTiTtiice  of  lonptiide,  tr.rafuivd  on  the 
cqualnr.  So  lhar  tli«fe  lait  ihrse  are  ail  diflerettt, 
vf7,  the  dcpnrttue,  the  io«ridi«ial  tfilanceit  t«w 
di^icrtnceoMoneAude*  *     «  « 

If  tlie  ftip  fail  towsiadi  t1i«  equttor,  froin  E  to  A  ; 
t!)e  dip.i!turf ,  u  -i  i  •  latiiude,  and  Jiflcreiicc  of 
lon"ii'!'if,  vviil  I  c  tlutctlii:  fame  as  btforc  ;  bwtthe 
m.r,:';.  dilla<:c'  v.  ,11  now  be  AN,  i-H''-i  -f  Mil  ; 
the  one  of  thcfc  AN  bfing  greJUtr  lli.ni  tin  .Ic  parluic 
FD  +  GC  -l-  HD  -f  IK,  and  the  <  ili^r  WE  is  Icfs 
than  the  fame  ;  and  indeed  that  depaiturc  is  nearly  « 

•jnran  proportional  bttween  the  two  meridional  diftuset 
ME,  AN.    OtfuT ;  roputii.-  ai l  as  Icl  '.n'. 
■I.  Al!  I'lf  fmali  tltmciitary  tii»;igles  ABF,  BCO, 

•CDH.  A  ',  art  mutitMly  fimilar  and  equal  in  all  their 

Kt».   For  all  the  ar-RleJ  at  A,  D,  C,  D,  &c  are  equal, 
og  tht  »ni;lrs  which  the  Rhumb  mak«  with  the 
mcrtdiaBt.  or  the  •ngfc»  of  the  courfe  j  alfo  all  the  an- 
Rk»  F,  0,*H,  I,  are  cqiMl«  being  right  an;;Us;  there- 
Wore  the  third  angles  are  •cqnal,  «nd  lh«  tiiaqgka  all 
fimikr.  Alfo  the  hvpoientdct  AB,  BC.  CD»t(c»  are 

illcqiKil  by  thclivl>otl:tTn  ;  and  CodcfttCBtlf  tiw  ClMW 
^Icj  arc  both  fimilar  and  equal. 

2.  At  raditu  !  dt(lance«im  AE 

: :  fine  or<;nin  f.-  Z  A  :  departure  FB  +  GC  &Cf 
-: :  cofin.  of  coutle  /.A  :  dif,  oflat.  AM. 
Tor  in  any  one  ABF  of  the  equal  elementary  tiianglea, 
-which  lUT  te  coofidered  a»  fmall  ritfht-angled  plane 
-triailglni»  It  iti  «»  niid*«r  An.  iLV:  tin.  courfe  A  : 
AB  i  FS  :  t  (br  conpofition)  die  fum  of  all  the 
diftancrt  AB  BC  CD  &c  t  (he  fum  of  all  the 
^epaitures  FB  +  GC  +  FID  Ate. 

And,  in  like  Tr.anner,  as  radiun  :  cof.  courfe  A  j  : 

:  AF  :  :  AB  +  BC  &c  :  AF  +  BG  &c. 
Hcoce,  of  thcfe  four  things,  the  coorfCi  the  differ* 
.eoce  of  latitudf,  the  departnrr,  and  the  diflanee  nm» 
liaving  rr  V  •.    ^  i^iven,  the  other  twotR  bund  bj  the 
proportions  .ib^'ve  in  this  atticle. 

By  means  of  the  departure,  the  length  of  the  Rhumb, 
or  diftance  run,  may  be  connected  with  the  longitude 
■ad  latitude,  by  the  following  two  theorems. 

3.  Aandiua  :  half  the  fum  of  the  coCnet  of  both 
the  latitude*,  of  A  and  E  t :  dif.  of  long.  R.W  t  de* 
^atture. 

Becaufc  RS  :  FB     radius  :  fine  of  PA  or  cof.  R  A, 
and  VW  s  IE  ti  radius  :  fine  of  P£  or  cof.  EW  . 

4.  As  ra(!int :  eof> middle  latitiide:.«  dif.  of  longi« 
tisdc  :  departure— Pecaute  coiSne  of  n&fdk  htitndc  h 
ceailv  <(]<•]     half  the  fiuB  of  ibc  cofinct  of  the  two 

.extreme  lafitudts, 

mCClOLl.  (  ]*ANMtft.BA*Tiat«), «  kwaed  lu- 

1t 


I'an  alrnnoTifr,  p^lofophti,  and  mathematicltnf  wtt 

•  bnrn  in  1 198,  at  Fcrrar-i,  a  city  in  Italy,  iti  the  do- 
mrnions  t  t  1  'I  l\  ,  ;.  At  tO  years  t  t*  ai;.  h.- 
mitt(d  into  liic  ioticty  tifthv  J-iiiits.  tie  was  i:/duwcd 
witli  uncom'niotT  talents,  whi  h  he  cultivatrd  with  tx- 
tra<iriJinaTv  application  ;  fo  thai  the  pr'ignU  he  made 
in  every  branch  of  literature  art!  fciencc  WhS  lurprifmg. 
He  WM  firft  appointed  to  te  ich  rhetoric,  pottry,  plii* 

^loifophy,  tind4cfaolaflie  divinity,  in  the  jLfuits' it^IIc^ 
•t  Parma  and  Botoena  i  ftt  applied  himfelf  in  the  mean 
time  to  making  bblerT«ioiis  in  geo^phy,  chronoto^^y, 
and  allronomv.  This  was  liis  natuml  bent,  and  ai 
lenpth  he  cl.tainrd  kavc  from  hii  fupciiort  to  quit  ait 
other  c:)>pIoynH'nt,  that  he  might  devote  himwlf  cn<* 
tirely  to  ihofe  fcieneej. 

iie  proji-fted  a  large  work,  to  be  dlvi  ltd  ii'ti  tiirec 
pnrtu,  ancj  to  contain  aj  it  were  a  complete  lyfiem  of 
Ijhilofophicai,  mathematical,  and  aftronomical  hsow- 
Icdfe.  The  firft  of  ihcle  prnUj  which  regards  aflr0Bom^» 
came  oat  at  Bologna  in  1651,  t  nls.lalib,  with  thia 
title,  y.  B.  Rkaoti  Atmng^vm  ATmmw,  ^ranaaijm 
x^Mertm  Kovjmijue  eemfttSftu,  dftmmtitmtmt  nfknm  H 
frofnir,  nevifqat  ihtoretnatibut,  frolftwirt^fmi  ac  lnhuHt 
jro'inclam.  Riccioli  imitated  Ftulomv  in  this  work,  by 
coUcrting  and  lii^iitui^r  into  pmper  oidcr,  witU  oMfi- 
vatinns,  every  thing  ancient  and  modern,  wiiichreiattd 
to  his  fiihjcd  ;  fo  tliat  GaUendus  very  juftly  called  hi« 
work,  *•  i'rompttiariuin  el  thefaunint  ingcntem  Atlro< 
nomiie.** 

In  the  firft  trolame  of  this  woHb  he  treata  of  the 
fpherc  of  the  world,  of  the  fun  and  moon,  with  their 

c^I-r.fis  ;  of  t!iL  "i\L-d  Ri.r-,  oftlic  p'anets,  of  the  comet* 
and"  new  ft  lis,  ut  die  itvtrul  mundane  fyftems,  and  fix 
fccliom  (jf  i;encral  problems  ferring  to  agronomy,  &c. 
-^n  the  lec-or.d  volume,  he  treats  of  trigonometry,  or 
the  doArinc  of  plane  and  fphcricai  triangles ;  pmpafi-, 
to  give  a  treatife  of  aftronomical  inllrumcnts,  and  the 
optical  part  of  aftronomy  (which  part  was  never 
pubUlhed) :  treats  of  geeigraBhr,  hydrography,  with  an 
cpitowe  of  chronology.— Tne  third,  compithends  ob> 
Ifiv.i-ii  of  i!u-  fun,  mrtou,  eclipfcs,  fixed  liars  an4 
plaiais,  with  piccepts  and  tables  of  the  primary  and 
fccondary  motik>n«,  ;  n  !  <>tlu  r  ailriinoinieal  tables. 

Riccioli  printed  tdiu,  two  other  works,  in  folio,  at 
Bologna,  vit, 

3.  ^rouomia  Rrfomata,  1665 :  thedefign  of  which 
wai^  that  of  conlidering  the  various  hypotheles  of  fevcnl 
iftronomers,  and  the  difficulty  thence  ariCng  of  con- 
cluding any  thing  certain,  by  comparing  together  aH 
the  bcH  obfervations,  and  examining  vrhat  is  raoft  cci^ 
tain  in  them,  thence  to  reform  the  principles  of  aftn^ 
notny. 

3.  Clrcnplo^ut  Rrfarmata^  l66<?. 

Riccioli  died  in  1 67 1,  at  73  vt.;us  of 

RICOCHET  Firing,  in  the  Military  Art,  Is  a 
method  of  firiniT  with  fmall  rh.irgcs,  and  pieces  ciceated 
but  in  a  fmiill  (legree,  as  fr^m  3  to  6  degrees.  The 
word  fignifies  duck-aiid-drake,  or  rebounding,  becnufe 
the  or  (hnc,  tluM  difcharged,  goes  bounding  and 
ToUing  along,  and  killing  or  deftrSyfng  every  thing 
in  its  vvuy,  like  the  l  .uiu!:  >  !  :»  rt.it  H.  :!e  along 
the  furface  of  vraler  wh«ii  ti.;u.vo  »)t&<.>i\  horixon- 

tallf. 

dllDKAU, 
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RIDEAU,  In  Fonlfication,  a  fm^il  elevation  of 
earili,  cxtei  ding  iifdf  lcngtli\v,iy4  on  a  plain  ;  frrv- 
>Bg  to  cover  a  camp,  or  give  an  aJvanLigc  to  a 

R 1 1)  E  A  u  is  fomelimcs  alfo  ufcd  for  a  trencb«  the  earth 
of  u  hicli  i«  tlimwt»  up  aa  ita  fide»  to  f«rve  a»  ■  pmpeC 

for  cuvt'rinj;  l':c  n  et). 

RIKLK  Gu.'.s,  in  tlic  Military  Ail,  arc  tfiDfc  whofc 
baruis  inucad  of  licin''  ooia  i  :<  the  inside,  are 
formi'd  H'iili  a  nurnlKT  ot  Ipiral  ciuiiLjtls,  makinj;  each 
sboia  a  turn  and  a  hall  in  the  Ici-^th  ot  the  barrtl. 
ThtTr  carry  thtir  halls  l>otii  forthcr  and  truer  than  the 
ooinnum  pieces,  l  or  t he  mtilM  wd  ({lulitict  of  ibcai, 
fee  Rabiu»'»  Trad4,  vul.  i  pa.  3*8  5cc. 

RIG  EL,  in  Anronomy.    See  Rrott. 

RIGHT,  ill  Geometry,  fomcthinT;  that  lies  evenly 
or  equally,  «';li.jut  inclining;  or  Ltrdinp  one  mayor 
another.  Tli  i^,  .1  Il  ghl  liue  h  that  wlmfc  finall 
pru  all  tend  the  lame  wajr.  In  thi«  kn(t.  Right 
means  the  laiBe  a»  Anighti  M  eppoied  to  cuncd  or 
ciooked. 

RtOHT-vfi^lr,  tint  whklv  ate  Kae  niakn  wftlr 
aaotber  upon  which.it  fiauds  fo  as  to  incline-  ii^iiJu  1  in 
one  fide  nor  the  other.  And  in  thJt  ronfc  the  vvcid 
H  ;ji.t  ilaiuli  opp.ilf  d  ii*  oblique. 

V-iGttr-a/iguJ,  it  faid  of  a  figure  when  its  fide?  arc 
M  Rij^hi  anglca  or  perpendicular  to  each  otlieri— This 
famctitr  f  >  hoMs  in  all  the  Ujjief  of  the  figure^  n  m 
f^uarc«  ?.n<j  1  c  ct.inglet ;  JbiBCtiaes  obIjt  ia  pM,  in 
x^bt-uglcd  triangle*. 

RiaUT  Cone,  or  Cylwiir,  rr  prlfm,  orpyramJdi  one 
wtiofe  asisi*  at  rig'.it  dogits  ;o  tbt  bafe. 

KtGHT'hmtd  Jir^ltf  one  formed  by  Right  !incj. 

RiGBT  Saift  one  that  flanA  at  flight-angli^^  to  t&e 
diameter;  as  cppofit!  to  virfc-finnr. 

RiGiiT  S/Lrr,  15  il.at  where  the  equator  cutt  the 
Wizon  at  Right  au'/ies ;  or  that  which  has  the  polea 
in  the  horizon,  and  the  eauiooctia!  in  the  zenith. 

Such  ii  the  pofuion  of  the  fphcre  with  re^rd"'tO 
thofewho  live  at  the  equator,  or  under  the  equioo^ial. 
The  cui.ftcjiuT.cei  of  which  are  ;  tl»at  they  haw  no 
latitude,  oor  ckraikia  cfibe  piilc ;  .tbcj  fee  .both  pdet 
of  th«  world,  and  all  the' Sara  rife,  culminate  and  fti ; 
.•Kb  the  fun  aKvavb  i  .Tis  ai  !  dtfccnds  at  Right  angle*, 
and  makes  ihtir  lia^  j  ia-  i  i^^h  a  equal.  In  a  Rijjht 
fpherc,  the  borls'on  i«  a  mtridiaa  ;  and  if  lhtf;jlirTt  lie 
fuppofr-d  to  revolve,  all  the  meridian*  fucccfc.cly  bc» 
C»n;e  horizons,  one  iiflcr  another. 

R1G8T  Afcenfion,  OefcctilioD,  Parallax,  &c.  .  See 
the  tefpeaiee  Airticlca. 

Right  Cinje,  in  ihc  Stcr^c  gr.ii.hic  Projefi'i  n  of  tlic 
Sphtic,  ia  a  circle  at  Higlc  audits  to  the  Libne  of  pro- 
jettion,  ot  that  is  ;  ro  t  cted  into  a  Right  Kdc 

Right  Suillag,  u  that  in  which  a  vojage  h  per* 
formed  on  lome  one  of  the  imr  cudinal  |i«nt8»  eatt, 
«veft,  noith,  or  fouth. 

If  ilie  ftiip  fail  on  a  mertdtati,  tttatH,  nortlt  or  fouili, 
ine  doe«  not  aJtcr  Iter  lon^it^idc,  but  i;r.K  cl:.;,- tnc 
Mlilude,  and  that  juft  as  ir.udi  as  the  n,.:i.lnr     v  c.m  c« 

Jhc  irii  ; 

Hal  11  liie  uil  on  the  equator,  dirttlly  call  or  weft. 


flu-  vatks  nnt  her  latitude,  but  only  changes  the  longi- 
ttidi-,  and  that juft u iBttch  as  tb« aunbariif d(|^ee * 

{lie  has  run. 

And  if  (he  faildiretUy  call  or  weft  upon  any  parallel, 
fliea^ain  doc«  not  change  h«.r  l.vitudi-,  Uut  only  tlie 
km^ltllde  $  yet  not  the  fame  as  the  r.umhcr  of  dtgrLes 
of  a  great  circle  (he  both  latled.  a«  on  the  oioator,  but' 
more,  according  as  the  pataUel  ia  remoter  frofli  the 
tquiiioc^ial  toivards  the  pole.  For  the  If  fi  ar.y  -laialltl 
is,  ihc  j,^r;atcr  is  the  diCertncc  of  loJigitud^'  -iif.viiing 
to  the  dilliiiice  run. 

RIGIDITY,  a  brittle  iurdnefs  ;  or  that  kind  of 
hardiufi  uhich  is  riqipoM  to  aiife  from  the  mntwd  • 
indentation  of  tlie  component  partitas  wiibin  one 
another.  Rigidity  is  oppobd  to  doaiHt7i  nalkability,  ■ 

RING,  in  Aftronomy  and  Navigation,  an  inflm- 
ment  ufcd  for  taking  the  fun's  altitude  Sic.  It  ik  ufually 
of  brafa,  about  9  inches  diameter,  fufpendcd  by  alildc 
fwivcl,  at  the  dillancc  of  4.5<>  from  the  point  of  which 
19  a  pcHoration,  which  is  the  centre  of  a  quadrant  of ' 
90°  divided  in  the  inner  concave  far&or* 

Toufe  it,  let  it  be  held  up  by  the  fwirel,  and  turned 
nnrod  to  the  ftti»{  til  Urrays  falling  through  the  hole,  • 
make  a  fpot  .itr.ung  the  dcgiec%.wblcb'-iaaik[i  the ' 
rJtitude  retjuiivd. 

'1  (  IS  itillrument  is  prtferrcl  (  .-fore  the  aUrolabe,  • 
becaufe  the  diviliaas  are  here  larger  than  on  thatin>' 
flnimcnt. 

RutO)  of  Sattim,  Is-  a  thin,  hroad,  opaque  circular  - 
arch,  encompafling  the  body  of  that  planet,  like  the 

wooJm  hori.-.oii  of  an  artificial  gloi  je,  wittiotit  touching 
it,  and  appt^riug  double,  when  fcta  through  a  goM 
tclefcope. 

This  Ring  \n%  lirfl  dlfcovcred  by  Hiiygens,  who, 
after  frequent  obfcrration  of  the  planet,  perceired  tSVO 
lucid  points,  likeanfat  or  bandlea,  arifing  out  from  the 
body  in  a  right  line.  Hence ax'in  (hbfcqoentobl^vationB  ' 
he  uwayt  found  the  fame  appearance,  he  concluded  that  ; 
Saturn  wa»  encompalTed  w  ith  a  permanent  Ring ;  and 
accordingly  i.toduceJ  his  Y.rw  Sylleni  (  f  .S.it;irn,  in  • 
1659.  However,  Galileo  firil  difcovcrcd  tliat  the  figure 
of  i>aturn  was  not  round. 

Hjygen»  n.<ikesthefpace  between  the  globe  of  Saturn  • 
and  the  Ring  ejttti  to  the  breadth  of  the  Ring,  or 
rather  more, -being  abbui  2:o-c  milea  bnrid  ;  ,-ni  ' 
the  greateft  diameter  of  the  Rhj^',  in  ;  oponioa  lu  • 
that  of  the  pltlt,  9  la  4  i^ut  iMr.  Pound,  by  an  ." 
excellent  mitiomcter  .-.p^iied  to  the  Hiiygeniau  glafs  of  ' 
i23fcct,  detenoined  tfaia praportlON,'  aoic  mol^.  t»  > 
be  as  7  to  3. 

Obfetvatlons  liave  alfo  determined,  thst  the  plane  of  ' 
the  llitig  is  inclined  to  the  phuie  of  tbe  ecliptic  in  an  ' 
^n^e  of  30 degrees;  that  the  Rhg  probaWy^ turns,  - 
IB  tbe  dirv>flion  of  its  plane,  roum!  lis        ,  l.i  raufo 
when  It  is  almoft  edgewife  to  us,  it  i-jipcaii  rather 
tl  ii  krr  nr.  one  fide  of  the  planet  than  on  the  other; 
;i'  J  the  tliitki.(l  edge  has  been  ften  on  diiTerent  iidts  ' 
ii:  diiTerent  titntt :  the  fun  ftiines  ahnoil  i{  of  our  yean 
to^rcthcr  ou  o::c  fide  of  Saturn's  Ring  iv-r'wiiT  fating/ 
and  as  lorg  on  tlie  other  lu  its  turn  ;  {,>  ;!i;,t  1;,  Rjag 
i«  vilible  to  the  infaabitanta  of  that  planet  fur  aliaofl  i; 
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oPourreiin,  and  u  long  {nTifiUct  by  turni,  |f!ttacU 

lira  no  iiulinaiioii  to  iu  Rir^  ;  but  tf  tike  axi*  of  the 
plaprt  he  inclined  to  thi  RmiT,  »'x.  gr.  about  JO  degncii 
ti  c  Riiip  will  apprar  and  on  ifricar  once  every  aaiurfl 
ilay  to  all  tlic  inhalHiantB  v  iiii  n  t,o  iVgrce*  of  il»e 
ctjiiator,  un  both  fidcn,  ftcquL:i:ly  c  lipl'in^  tlic  fun  in 
3  tSitij'niin  div.  Motto^'tr,  if  .Sjtiin;'>  axr'a  be  fo 
iiKJt>id''i  lii,  Rmp,  it  U  pcrp<ndii:ul.u  lo  his  orbit; 

by  which  the  iocoovoiieooe  of  dificKBt  fealuoi  (o  that 
puutkafoidcd* 


Tbn  R!«gt  (een  from  Situni»  appctnlSw  »  hiye 
InmiMMia  area  in  the  bea«ca»,  'M  if  it  did  not  bekog  t« 

the  planet. 

When  we  ft-e  the'R'n'T  "inft  open,  its  flia^iw  opOB 
ibt  planet  ib  liioadi  il  ;  ;'ml  troin  tliat  time  the  (haiioir 
grows  iiaimwcr,  a«  the  Rirg  a|ipi  us  to  cn  to  u»  ;  iini  il, 
bv  Saturn's  aunual  motion,  tin  lun  ci>r.  cs  to  the  plnne 
of  the  Ring,  ortvcn  with  its  eiljre  ;  wLicli,  beitij^  thet» 
dircAcd  to«^rda  as,  bccoroci  iitvitibic,  oa  account  of 
•ita  tbtMclfc 


The  phenomena  of  Satum'j'Rinj;;  arc  I'lltiftratcdTjy  a 
\Kw  of  thi»ilK"rc.  Let  S  hr  the  ion,  ABCDEFGH 
Saturn's  oih  r,  and  1 KL M NO  the  earth**  orbit.  Both 
Saturn  nnd  tliecailh  move  accoriling  to  the  ortler  of  the 
letters;  and  when  Sa'.urn  i«  at  A,  hi»  Ring  i»  ttirned 
e^gcwifc  to  (he  fun  S,  and  he  is  then  fccn  fiom  the 
eanh  a*  if  he  had  loft  hia  kingi  let  the  earth  be  in  any 
part  of  its  orbit  wlmtever,  except  between  N  and  O  % 
for  whilft  it  deferibea  that  ^lace,  Sattmi  it  apparently 
fo  near  the  fun  as  to  be  hid  in  hi»  bcanu.  As  Saturn 
;;ofs  from  A  to  C,  his  Rinj^  appears  more  and  more 
iipen  to  the  earth  ;  ai  C  the  H  ing  appears  moft  open 
of  all  ;  and  feemi  to  groM'  n.iriuwer  and  D.irrower  as 
Saturn  goes  from  C  to  £  ;  and  when  he  comes  to  E, 
the  Ring  it  again  turned  edgcwife  both  to  :hc  fun  and 
earth;  aad  as  neither  of  its  fides  is  illuminated,  it  is 
inviliUe  to'vik  bccaolieitacdge  is  too  thin  to  be  per- 
eeptihk  t  and  Satnm  appeara  agan  aa  if  he  liad  loll 
IiIb  Ring.  But  as  he  goes  from  E  to  G,  his  Ring 
opens  more  and  more  to  our  riew  on  the  under  lide  ; 
and  fcems  juft  at  open  at  G  as  it  was  at  C,  and  may  he 
fern  in  the  ni^rht  time  from  the  earth  in  any  part  of  its 
orbit,  except  about  M,  when  the  lun  hides  the  planet 
from  our  view. 

Aa  Saturn  goes  from  G  to  A,  hii  Ring  tvims  more 
and  neit  edgewife  to  ua,  and,  ilierefore,  it  fccms  to 
grow  narrower  and  narrower  i  and  at  A  it  difappcan 
aibcftte. 

'  HeMe«  whik  Satoni  jnea  from  A  to  E,  the  fun 
Afhet  on  the  upper  fide  otnis  Ring,  and  the  under  fide 

is  dark  ;  and  whilfl  he  goes  from  E  to  A,  the  fun 
(liinc?  on  the  under  fide  of  his  Ring,  End  the  upper  fide 
i:i  dnrk.  '1  he  Ring  difapf  (nts  twice  in  every  annual 
revolution  of  Saturn,  viz,  when  he  is  in  the  19th  de» 
{rce  of  Pifcea  and  of  Virgo,  and  uhen  Saturn  is  in  the 
niddlc  between  thefe  points,  or  in  the  i^th  degree 
cither  «f  Gemini  or  of  Sagittarius,  his  Rin^  appears 
noftonento  iit ;  and  then  its  kmgeA  diameter  ia  to  its 
flwrtefl,  as  9  to  4.    Fergufon's  Aflr.  fed.  104. 

There  are  vaiioin  hypothefes  concrrning  (his  Ring. 
Kepler,  in  his  Epitom.  AiilroD.  Cojicrn.  ar.d  alter  bin 


Dr.  Hallcy,  in  liis  Enquiry  into  the  Caufes  of  the 
Vau'at ion  of  the  Niciile,  I'liil.  Tranf.  No  l()5,fuppofe 
our  eaiih  may  be  compofed  of  feveral  cnt!U  or  mclls, 
one  within  anotlicr,  and  concentric  to  each  other.  If 
this  be  the  cafe,  it  is  poQible  the  Ring  uf  Saturn  majr 
be  the  fragment  01  remaining  ruiu  of  liis  formerly  ea» 
tcrior  OkIh  the  reft  of  which  it  broken  or  £sUca  dows 
upon  the  body  of  the  phuict.  And  IbiDe  have  fi^pofed 
that  the  Ring  may  be  a  capfcriea  or  Ceifea  of  mooaa 
revolving  about  the  planet. 

Later  ohkrvations  have  thrown  much  more  light 
upon  this  curicjiis  phenomenon,  cfpcrially  rtfpcfting 
its  dimci. lions,  and  nit;itioii,  anddiN  fiDii  into  two  or 
more  parts.  Dc  la  Laude  and  l)e  la  Place  fay,  that 
Caflini  faw  the  breadth  of  the  Ring  divided  into  two 
feparate  parts  that  are  equal,  or  nearly  fo.  Mr.  Short 
amired  M.  De  la  Lande,  that  he  had  fccn  many  divifions 
noon  the  Rmg^  with  b«  t2  fecttcJdbope.  And  Ur* 
nadky,  with  an  excellent  feet  relleAor,  law  the 
R'ng  divided  icto  two  pur'.s.  Several  excellent  thcorict 
have  bctn  given  in  the  French  Memoirs,  particularly 
by  Dc  la  Place,  c<'ntcr.dinp  lor  the  divifion  of  the  Ring 
into  many  pnrts.  But  finally  the  ohfervat ions  of  Dr. 
Iletfchel,  in  feveral  volumes  of  the  Philof.  Tianf  fceni 
to  confirm  the  divifion  into  two  concentric  parts  only. 
Tbedimcnfiont  of  thefe  two  Rings,  and  the  Ipacebtf* 
twm  then,  he  ftatca  in  the  fbUowing  profwtion  t» 
each  other. 

Inner  diam.  of  fmallrr  Ring  14634 ( 

Oulfide  diam.  of  di'ti>  184393 
laaendiaa.  of  laiser  Ring  19048 
Outfide  dtam.  df  ditto  204&8 j 

Breadth  of  the  inner  Ring  •«•■••••  aocoo 
Breadth  of  the  outer  Ring  -  7:00 

Breadth  of  the  \arant  fpacc  2859 
Ring  revolves  in  its  own  plane,  in  I  o*  3  a'  i  i"**. 

So  that  the  outfide  diameter  of  the  larger  Ring  ia 
afanoft  26  times  the  diameter  of  the  earth. 

X)r.  UerfchU  adds,  Some  theories  and  obicivatiioSt 

af 
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of  otticr  petfood  "  lt^d  m  to  contiilfT  the  qucflion, 
VkctbCf  the  CORllnifiion  of  this  Ring  is  of  a  nature  fo 
M  Mranneatlj  to  rrmain  in  iu  picfent  iUte  ?  or  whether 
h  nc  fiable  to  contiDoal  aod  fic(|uent  changn,  in  fuch 
.KDiranerw Jktliccautfeer not  mm  ycsra*  to  be  fccn 
fobdirided  into  nirrew  ffipt,  and  then  ■lefain  tt  nntt«d 

into  one  or  two  circnl.ir  planer  L.:j|y.  Ntjw,  withnut 
enterinp  into  a  dilLuiTiDn,  tlic  misij  firms  to  n-vuli, 
t\-c:\  at  firft  fight,  an  idea  of  the  ch.-.ntic  Aatc 

i;i  wliich  fo  large  a  maf»  a»  the  Ring  of  daturn  mtifl 
ticriis  be,  if  phenomena  like  ihcfc  can  be  admitted. 
Nor  ought  we  to  indulge  a  fiifpicion  of  this  being  a 
tealitf,  unlefs  repeated  aod  wclUcunfirmcd  obfen'atioii!) 
iiadprovedi  br]'oadadoubtf  that  tbuft.iiigwa»a£kiuUy 
in  fo  fluAuatiog  a  condition.*'  But  fnm  V*  own  iHbr 
firatioM  be  ouicludet,  **  It  doc*  not  appear  to  me 
Vhit  there  t*  a  fufficlent  ground  for  admitting  the  Ring 
of  Sai'jri)  to  be  of  a  very  i.!unr^fa!ilc  p.itiin-,  .mii  I  ^nclt 
that  iii  phenomena  wiU  hctcattcr  Ik-  !i>  fully  cxjil.isncd, 
as  to  reconcile  all  obfcrvations.  In  iIjc  rriLaii  while,  wc 
mud  withhold  a  final  jiidgiiient  ol  iu  cuiillructiou,  till 
^e  can  have  more  obfervations.  Its  divifion  however 
into  tVroKry  iim«|ual  parts,  can  admit  of  no  doubt." 
See  Philof.  Tteft  vol.  86  pa.  4,  48 1  &rt  and  t1ie  vuh 
for  pa.  i  &c.  alfo  HiA.  de  I'Aead.  dct  Sdeoc. 
,   4itfuit,  «787,  pa.  249  &c. 

Rings  ef  Colonrj,  in  Opticif  a  bbenomenon  firfl 
obferved  in  thin  plate*  of  variout  fubftaoccs,  bj  Buyle, 
•n^  Huok,  bat  aftervi'wd*  nwre  fblly  explained  by 
Newton. 

Mr.  Boyle  having  exhibited  n  vsi  ittv  nf  nilours  in 
coluurlcfs  liquors,  by  fliaking  tlicm  till  they  roic  in 
bubbles,  as  well  a%  in  bubbles  of  foap  and  water,  and 
•Mb  in  tur{wntin«,  procured  gkfs  blown  fo  thm  as  to 
I  tkbibit  fitnilar  eolonn I  and  be  obfcr^-cs,  that  a  feather 
^  a  pnqwr  ihape  and  fixe*  and  alio  a  iilacic  r ibband» 
4icbl  at  a  proper  diftance  between  hit  eve  and  the  Am, 
Viewed  a  variety  of  littif  rainbows,  as  he  calU  ihcm, 
Vilh  very  vivid  coloiim.  Boyle's  Woiks  by  Shaw, 
Vol.  p.  70.  Dr.  Hfif  k,  nbniit  nine  years  aftcT  the 
linblication  of  Mr.  Binit's  TrL;iiifc  vn  Colours,  cx- 
liibited  the  coloured  bubbles  of  fo  ip  ;-rid  water,  ;itid 
tibfeived,  that  though  at  lirft  it  appeared  whtrt  and 
tiear,  yet  a*  the  tilrfl  of  water  became  thinner,  there 
cppeatt  d  upon  it  all  the  colourii  of  the  ra!nbov.%  iHc 
alfo  defcribcd  the  beaiiiifal  colours  thdt  appear  in  thin 
platct  fif  Muft  oN-y  glafs  ;  which  appeared,  through  the 
TBfcror.-ope,  to  be  ranged  in  Rings  furrounding  the 
white  fpccks  or  flaws  in  them,  and  with  I'm-  fu:'  orrJtr 
of  colours  as  ihofc  of  the  rainbow,  and  v.jiiLl.  v,  ci: 
t)ftfn  repeated  ten  times.  Healfu  took  two  iLiu  pieces 
'ofglafr,  ground  plane  and  poliihcd,  and  putting  them 
■one  upon  another,  prcfled  thrm  till  there  began  to 
appear  0  led  colo'.ireti  fpot  in  the  middle  ;  and  prefling 
ihtm  cliyfci,  he  obfctvcd  feveral  Ringb  of  colour*  en- 
rompafing  the  firft  places  tiil»  at  lafi,  >U  the  cobnra 
dirappearra  out  'ot  the  middle  of  the  eirdei^  and  the 
eetitial  fpot  appeared  white.  The  fii-ft  colour  that 
•appeared  wn  red,  then  yellow,  then  green,  then  blue, 

"then  puf'p'c  ;  \}.f^n  ^p;ilri  if  J,  ycllnw  ,  j^rfrn,  hlilc-,  and 
purple  J  and  jpiiin  in  tliu  fnmc  ouler  ;  lo  that  iitf  fomc- 
times  coiiritdl  r.'.r.:  ttr  ten  of  thcfe  circles,  the  red  im- 
scdiatdy  next  to  the  purpk  |  aod  the  h&  colour  that 
¥01.  Ik 


appeared  before  the  white  was  blue  ;  f  i  tliai  it  beg^n 
with  red,  and  ended  wiJi  purple.  Thcfe  Rings,  he 
fay*,  would  change  their  placet,  bjr  changing  Uie 

Eofition  of  the  eye,  fa  diat,  the  j|;lafl<«  remaining  the 
ime,  that  part  which  was  red  iu  one.pofition  of  fhc 
eye,  wai  bnie  in  a  fiecond,  green  in  the  third.  Sec. 
Dirch's  Hill,  of  the  Royal  Society,  ^^ol.  j,  pa.  1;  1. 

Newton,  having  demonllratcd  tlut  eery  iljiietciit 
colourcoofillsof  rays  which  Juvu  ad.tT-rcn*  and  fpccific 
degree  of  refrangibility,  anii  iliai  natitral  bodies  appear 
of  this  Or  that  colour,  according  to  their  difpotition  t» 
rtfleft  this  or  that  fpccie*  of  rays  (feeCoLot;*),  piirlued 
the  hint  fupgefted  by  the  experiments  of  Dr.  Hook, 
ah«adv  reciteds  and  cafualljr  noticed  bjr  himlelf,  wild 
regard  to  thin  tranfparent  fnbllancefl.  Upon  cMw 
prefling  two  prifms  hard  together,  in  onler  to  makii 
their  Gdes  touch  one  another,  he  obferved,  that  in  the 
pliccuf  coiuact  tlioy  were  peiR'C^iy  ;r.T;ip,ir;-nt,  uhich 
•ppc?,ri.d  like  a  tiark  Ipot,  and  vvlnii  ii  wa;.  Icoked 
tliri_n:i,'li,  it  fccmcd  like  a  liult  hi  tlut  air,  uliicli  was 
formed  into  a  thin  plate,  by  being  impr^  iTcd  bct»ce« 
the  glaflcs.  W  hen  thb  plate  of  air,  by  tiiinir.^the 
prifms  about  their  coinmon  nx'u,  became  fo  little  in* 
clined  to  the  incident  rays,  that  fnmc  of  them  began 
to  be  ttaafmittcd*  there  aiofe  in  it  manj  ilender  arci 
preoloura,  which  increaled,  as  the  notion  of  the  prifimn 
was  continued,  and  bended  more  and  more  about  the 
tranfparent  fpot,  till  they  were  completed  into  cirele% 
or  Ring9,  fuir  ^.nd  ngit ;  and  afterward* tbey  became 
coniiniially  niurcrind  more  coiH rafted. 

By  anii'Jicr  esipL-i  iintnt,  \i  it1i  twi;  ciiiicft  glafTcs,  l.e 
was  enabled  to  oWtrve  dilUnitly  the  order  and  quality 
of  the  colours  from  the  central  fpot,  to  a  vtry  con- 
llderable  dillantc.  •  Nest  to  the  pellucid  central  fpotj 
made  by  the  contsd  of  the  glalTei.,  fiiccreded  bluei 
wl|it«(  ]reUotr»  and  red.  The  seat  circuit  immediately  ■ 
furrounding  theft,  'confifted  of  vidlec,  Uue,  green» 
yellow,  and  ted.  The  third  circle fef  colours  was  pur* 
pie,  blue,  green,  yellow,  and  teJ.  The  fourth  circle 
confifted  of  green  and  red.  Ai!  the  ri:f. >  ;  di;.;r  colour* 
became  more  and  more  inperfefl  and  dilute,  till,  after 
three  or  four  itMlutiou^  dwy  tndcdtn  petied  wbite^ 

ncf;^. 

When  tlicTe  R'ivt;  were  exsmined  ia  a  d.irkcned 
room,  by  the  coloured  light  of  a  prifm  c?J[  0:1  n  fliect 
of  wbite  paper,  they  becante  more  difliiiti,  and  vitible 
to  a  &r  greater  Dunuier  than  id  the  Open  air.  He  Come* 
timet  faw  more  tlian  twcAty  of  thenit  whettas  in  the 
open  air  l.e  cciili!  r.iit  difceYn  above  eiglit  or  nine. 

Trom  other  curious  ohfirvation-'i  on  thcfe  Rings, 
made  by  difiercnt  i.ir  r'-  ol"  11.  iit  thrown  upon  them,  he 
inferred,  that  the  tliickntlits  of  fl'P  air  hetwern  the 

f^hlflei),  where  tlie  Jiingc)  arc  Akix  I!:  .1 1)  n  >  v  ;:  e 

imits  of  the  fcvcn  colours,  red,  or.inKC,  yeilow,  gn  cn, 
blue,  ir.digo,  and  violet,  in  order,  are  one  to  another 
1»  the  cube  roots  of  the  fqu^rcs  of  the  cl;^!it  length*  of 
•  choidf  whikrh  found  the  notes  in  vn  oc*.  >vc,  Toi,  faif 
ft,  fol,  la*  mu  fh  f<d  i  tbot  '^^^'^  *  ^ 

the  fquares  of  the  numbers  i,  J,  J,  I,  I,  f,   %,  {  . 

Thrfc  Rings  app<  jH-d  i.S  tl...t  pnlmatic  rolour,  •AitU 
which  ihev  were  ijlununated,  and  liy  pmircting  lit« 
prJ'nmtic  colours  itinnediately  tip-i.  tl,e  id.ilTcf,  he  fuuird 
that  the  lightj  which  f«ll  on  the  datk  ffaccs  between 
JC  Ike 
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the  cc/lr  cT-td  H  n;;?.  was  traufmittcJ  thioughlheplafics 
wttliout  i.iiy  til  jnj;c  t)f  colour.  Frotii  mis  circumllance 
he  tliHu^jlu  t.'iut  tilt;  origin  of  jhcir  Rings  is  mamfefl  ; 
bccaule  the  .;!r  fi  r'Arm  the  glafTcs  i*  dtlpoleJ  aci-orcJiiig 
to  its  various  thicknc  fs,  in  lomc  places  to  rcflt  tt,  and 
h>  others  to  traiirmit  the  hght  of  any  particular  colour, 
and  in  ihc  bme  plice  to  rcflc£t  itut  of  one  colour. 
There  it  tranfiniti  tbal  of  another. 

In  examiuin^  the  phmoincna  of  cniouri  made  hy  a 
dcnfcr  mediutn  funotindcd  hy  a  rarer,  ■fiich  as  thofe 
which  appi-  ir  i;i  pl  r.i  ;.  of  Mufcovy  f!^s^i,  hublik  ■  of 
foap  aiid  <vatcr,  &c,  the  colours  wire  found  tu  be  much 
mure  vivid  than  the  other<;,  which  were  OHlde  wUb  a 
rarer  mediutn  fuiroimdcd  hy  a  dciifi  r. 

From  the  precedii'.g  plienomcna  it  i'  an  obviotn  de« 
du^oOf  that  the  (nnlpareni  p;inii  at  bodiei),  according 
txr  their  fcvcral  iViici,  rcHccl  rayi>  of  one  ootour  and 
tranfmii  thofe  of  another;  on  the  lame  acoount  that 
thin  plat e»,  or  bubble*,  reflefi  or  tranfenk  thofe  ruy;, 
and  this  Newton  fuppofed  to  be  the  reafoii  of  all  their 
colours.  Hence  alto  he  hns  inferred,  that  the  lite  of 
thofe  compoi'.tii:  parts  of  natural  bodies  that  afTcd  the 
light,  may  be  coiiji  flurcd  by  their  coloun.  Sec  Co- 
lour and  KfritCTlON. 

Newton,  purfuing  hit  difco»eric»  concerning  the 
colours  of  thin  fubftances,  found  that  the  fame  were 
alfo  produced  by  plates  of  a  confideiable  thicknefli 
divifible  into  leffer  thicknclfcs.  The  Rin^s  formed  III 
both  cafiet  have  the  fiuie  origin,  with  thi*  diffei-eocct 
diit  thofe  of  the  thin  platet  ire  made  b7  the  alternate 
reflexions  and  tranfmiluons  of  the  rays  at  the  frctmd 
furface  of  the  plate,  after  one  pafTajxc  through  it  ;  but 
that,  in  the  calc  of  a  gbfs  Ipcciilum,  concave  Oil  niic 
fide,  and  tdnvfx  on  tfu-  other,  ami  quxkrilvered  over 
on  the  c;mvcx  Ikic,  the  lays  thruii;,'h  tli'j  ^Iii^e  and 
return  before  tbcv  Lire  akcinately  rcfled^d  and  tranf- 
■nitted.  Newtm/;  Optics,  p.  169*  &C>  Of  Newtoa'a 
Opera,   Horiley's  ediit.  vol.  4,  p.  121,  tiC.  p.  184, 

The  abb£  Mascaa»  in  hit  experimenlt  oa  the  Ringt 
of.eohMri  that  appear  in -thin  plates,  hat  difoovered 

feveral  important  circinnfljnrcs  aitir.Jiujr  iln.ni,  which 
were  OTrrfooked  by  the  i,ii;aL-ii)\j:.  Ntwtou,  and  which 
tend  to  invalidate  his  theory  for  explaining  them.  In 
nihhintr  the  flat  fide  of  an  obje'l  trlafs  ajtiixft  another 
jjliirc  (H  ti.it  irui  fiviootli  jjlaftf,  lit  f-iitiiil  tl.iil  llicy  ad- 
ht  ;c.i  vtT)'  hrmiy  togetlur  after  tliii  frtctiou,  and  that 
the  laiViC  colours  were  exhibited  between  thefe  plan* 
glafft*,  which  ^^ewtoa  lutd  obferved  between  the  convex 
t'hjeA  g]af»  of  a  tele£K>pe,  and  another  that  was  plane  ; 
and  that  thecai»ni«wefetn  proportion  totheir  adhcfion. 
Wlten  the  furlicetofpiecetof  gtafs,  that  arc  iranfpareiit 
aud  well  pohdicd,  are  cqunlty  prilTcil,  a  rciiiK.iiCe  will 
be  perceived;  and  whcrivcr  this  is  kit,  two  or  three 
vl-it  tine  curve  lines  will  be  I'.ifeovLiid,  loim:  of  a  p.ile 
ved,  and  others  of  a  i.iiiit  i;rcuii.  If  the  friciioo  be 
L  I  :  .,:  tlic  r<i;  and  j^rcLii  Unci  iiicrcaie  in  number 
at  the  pkcu  of  conlaft  ;  the  Loltsiira  beiug  fometimet 
miKcd  withoat  maj  order,  and  fumetimcs  difpofed  id 
a  regular  manner ;  in  which  onfc  the  coloured  linea  are 
generally  concentric  ciidctf  orottJt,  more  or  le&don- 
gitcd,  at  the  fucEtcet  are  more  or  lefs  united. 
Wbca  the  coloaia  ucfitnacd,.  Uic  gUOetadbere  with 

'  t 


conGderable  force  ;  but  if  the  glaTcJ  be  feparated  fuiT- 
dcnly,  the  colours  will  appear  iminediud  ly  upon  their 
being  put  tiigcthcT,  without  the  lealt  friction.  Begin- 
ning with  the  (li^htcll  touch,  and  iiicrcaling  the  pref- 
ftitc  by  iiifc:.lible  degrees,  there  (iril  appears  an  oval 

filate  of  a  faint  red,  and  in  the  centre  of  it  a  fpot  ol 
ight  green«  which  culargo  by  the  preiTure,  and  become* 
a  green  ovalM  with  a  red  fpot  in  the  centre  1  and  thta 
cnTar^'ng  in  iti  tunit  difcovera  a  green  fpot  in  its  centre* 
Thus  the  red  and  green  ftieceed  one  another  in  tuini, 
niTumiiig  different  Cades,  :uid  having  other  colourt 
mixed  with  ibein.  The  j;rca[cll  difference  between 
thefe  colours  exhibited  bctutcn  plane  furtacvs,  aiij 
thofe  by  curve  ones,  is,  tliat,  in  the  former  cafe,  prcf->- 
fure  ak>ne  will  not  produce  tbcatf  enept  in  the  cafe- 
abovc  mentioned. 

In  rubbing  together  two  prifms,  with  very  fouill 
rcfi-jding  anelci,  which  were  Joined  fo  at  to  form  A 
p»ralich>piped,  the  colours  appeared  with  a  fuiprifing' 
lullre  at  the  placet  of  eoataat  and  difinrentljr  colonrw 

ovals  appeared. 

In  til.'  itntre  there  was  a  black  fpot,  horc!i:rt:d  by  a 
dicp  purple  ;  next  to  tliis  appeared  riolet,  blue,  orange^ . 
red  tinged  with  poiplei  light  grccut  and  fiiiot  pur- 
ple. 

The  otiier  Rings  appeared  to  the  naked  eye  to  confiil 
of  nothing  but  faint  reds  and  greens.  When  thcfe 
coloured  glafTes  were  fufpended  over  the  fiume  of  a 
candle*  the  oolom  diiappeared  fuddcslyv  though  thef 
ftiU  adhered ;  but  being  fuRered  to  oool,  the  coloura< 
rvturned  to  their  former  pl  ircs,  in  the  fan-.c  order  as 
before.  At  firft  the  abbe  Mazca*  had  no  doubt  but 
tliat  thcfc  colours  were  owing  to  a  thin  plate  of  .Tir 
bttwtcn  tbi'  giancs,  to  which  Niwtoii  lins  afcnbed 
them;  but  the  n-maik-ble  difTtrcncc  In  tlic  cirLinni^aticcs 
attending  thofe  produced  by  the  flat  plates  and  thofe 
produced  by  the  objcA  glaffct  of  Newton,  cooviaioed 
Ilim  tliat  the  air  wat  not  the  caufe  of  thit  appetfw. 
•ncc;  The  culourt  of  the  flat  plates  vaniibed  at  the 
■raraacb  of  flame,  but  thofe  of  the  objed  glaflet.' 
dra  not.  Nor  was  thi»  diflerence  owing  to  the  plane 
glalTcs  being  lef*  comprelTed  than  the  convex  ones  ;  for- 
though  the  former  were  com p n  ITcd  ever  fo  much  by 
a  pair  nf  forceps,  itdui  not  in  tiu-luill  liindcr  llic  cdcA- 
of  the  dame.  Afterwani:  lie  j);it  both  tli'j  pl  inc  ^lalTta 
sod  the  convex  (inc:-.  into  thf  rrc!-i\L-r  ol  an  air-jjiinip,. 
fufpending  the  lormer  by  a  thread,  and  keeping  the 
latter  comprefled  by  two  firings  ;  but  bc  OMCrved  no 
change  in  the  colours  of  either  of  thcoi,  in  the  moll 
periiea  vaeunai  that  he  could  make,  Sufpe^ing  dill 
that  the  air  adhered  to  the  furface  of  the  glaflet*  ib< 
at  not  to  be  fepoi  ated  (nnn  them  by  the  force  of  the 

putnp,  tit'  haJ  rCvoniTc  to  ollit:--  cxp^i irntnt 5,  xvhich 
rendered  it        mure  improLabic  that  the  air  ihoulu  be 
the  caufc  of  thefe  colours.   Having  laid  the  coloured 
plates,  after  wanning  them  gradually,  on  burning  coak  ; 
and  thus,  when  ihey  were  nearly  red,  rubbing  tlu  rn 
together,  he  obferved  the  fame  coloured  circles  and 
ovab  as  before.    When  he  ceafed  to  prefs  upon  them,, 
the  colours  fitcmed  to  vanidi  i  but  they  retumedi  at  be 
renewed  the  friAkm.  In  aider  t*  determine  whether 
the  colours  were  owing  to  the  thickneff  of  Ibroe  matter 
iaierpofcd  between  the  gbflet^  he  nibbed  them  tiwe* 
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tW  tttib  fuct  and  oihrr  Toft  CubAaocrs  between  them  ( 
Tct  hn  cn«lcavoBPt8  produce  the  colours  liirt  no  effffl. 

However  by  coiitiimin;j  tin:  fri.'li.in  \\'\'a  d  Tjyc  <'.'•[;■  i-; 
ofvii'lciicc,  lie  obfLrurd,  tli;it  a  c:;!  Il^-  .ipj-ir-i't-il  tt,iii:i  ;h 
tlitm  c  iii  iir  tfl'cd  with  two  or  linri.'  ','uiu  ct  ■  ric  ^ri'  i  i, 
ajid  wuii  a  lucly  rfi!  iiu:liiiii;!;  l.i  wl'dW.  ,t;vl  .1  .'rcrii 
like  that  of  an  ctmrald,  and  at  linr  tli  ihc  Rings  ;if:iiir.cd 
l].c  colouiii  of  blue,  yellow,  ant)  violet.  Tiie  abbe  wa  i 
coi.Grmct!  in  his  rpir.'i  n  tl  at  iKere  mud  be  fame  error 
in  Ne«iou%  liypxthefi^bfcoiifideriuf  that,accanlin^to 
bi;>  tiK-afures,  :hc  colours  of  the  platei  nricd  mxlt  the  dif< 
ferviioc«fniniUitNithpartoran  mdij  tirheit;3$iie  wa>  f^tlf* 
fiedthat  there  muft  have  been  mtich  {jreater  dific:  enres  in 
t?i'.'  tli^'.it'cc- 1  ,  '  wi his  jjlafies,  when  tlic  crjl  cirs  rc- 
n  .ii  i.d  u-it'i;"  j^eJ.  Frii.n  otlicr  cxpeilmciits  he  con- 
clu  ii  !,  t'l  r.  tlie  plate  of  water  inliMdiiccd  hef.vccit  the 
gblTis  Wit*  not  the  cauFc  of  tlirir  colours,  as  Newton 
«^)prelienikd  ;  ai.il  tlut  the  coh.mcd  couM  not 

be  owing  to  the  comprefii^ai  of  tiie  L'h'ffi*,  After  all, 
he.  adds,  that  the  theory  of  light,  thus  retleftetl  from 
Uiio  platc^i,  is  too  delicate  a  wlMcd  to  be  complcti'Iy 
afcertained  by  a  rmall  numlKr  of  obfervatioM.  Rciiin 
'Menit  for  17  (2*  or  UenuNm  Ptefentea,  voL  £,  pa. 
i8— 43^  M.  du  Tour  repeated  the  expeiimimta  of  the 
abb^  Matn  ,  1:1  i  added  fome  ubfetvaltimt  of  hitmrn. 
See  Mem.  I'lcl.  vul.  4,  pa. 

Muffcltenhroick  is  »ifo  of  opiiiion,  that  tliC  co!  iiin 
of  thin  pbtbs  do  not  d"j)end  upon  the  air  ;  bi:t  ns  to 
the  ttiufe  ol  tlrciT),  he  acknowlrJges  th  it  he  coulJ  not 
fatisfy  himfcir  abojt  it.    Intrcd.      Pliil.  .N'at.  vol.  z. 

See  on  tills  fuhjift  Pricflley'a  IIIA.  of  Light,  kc 
per.  6,  fec\.     pa.  /[tj'i,  Sic. 

For  an  sccouiu  of  the  Ring*  of  colours  produced  hf 
eleftrical  explofione,  fee  Cohurs  of  natural  $oJiet^  Cia- 

CL't    R jMs,  and  F.'.IRY  iirr'-i. 

KISIN^G,  in  Aftn  ni: -ly,  the  apjlcannce  of  t)ie  fun, 
Cralh  r,  or  o'Iilt  Iimiiiiary,  aboVC  the  hortZODi  tvbich 
tL-t"iie  WM  l.ii!  1m  -.cat h  It. 

Jjy  rr^.fon  of  ?he  refraflion  of  the  atraofphrre,  the 
'heavenly  bodice  .nKvsys  appear  to  rife  before  their  time  | 
that  is,  they  are  fecn  above  the  hori/on,  while  tbejf  are 
YcaHr  below  it*  bj  about  zx  of adcjirree. 

Tliere  are  three  poetical  kinds  of  flifiag  of  the  fttfa* 
Se?  AcRr  virAt,  CosMiCAL,  and  HkliACAU 

RIVER,  in  Oeography,  a  Ilream  at  current  of  fir^ft 
Vater,  flowing  in  a  bed  or  chaBDclj  horn  a  foiuve  or 
■fpring,  into  the  fea. 

When  the  llrcani  is  not  large  enough  to  hear  boats, 
-orfmali  veflcbi,  h»den,  it  is  properly  called  by  the  di- 
mmntive»  rhubl  or  irmi  ;  but  when  it  i^  eonfiderable 
cnoagh  to  carry  larger  vefTeK  it  is  called  by  the  general 
name  Rivtr. 

RiviiKti  have  their  rife  fometimca  from  great  rainf , 
t)r  gre.1t  quantitieaof  thawed  fcow,  e&ecially  in  moun- 
tainous placeai  hut  dicy  nore  mmlly  Mftfe  from 

fprinjTS. 

Rivers  tliemfelves  all  anTe  either  from  the  COnfloCBCe 
of  fcvcral  rivulets,  nr  f'om  lakes. 

Riv».inPh;  lit dt  -  itLsa  (Ircam  of  w'ater  running 
by  itaowa  gnvityr  frt>ot  ^^<^  "X*^  devated  parts  of  the 
ttttb  towarda  the  lower  part*»  m  a  natunl  bed  or  dian* 
^dopcii  above. 


When  tkt  ehanad  v  artilkial,  or  cut  by  arf ,  ft  St 

called  a  canal ;  of  it-hfch  there  are  two  kiitds,  v!y,  that 

whofi  li.ii  rK  l  i.  t  ■,  t  •  whi  l  e  ope:],  without  fl-iiics, 
CLilIrd  ar.  artitieiai  River,  and  thai  wbofe  water  h  kept 
up  andletolFbjr  meaaiof  (laioeij  ^hich  ispiraperly  a 

.Modern  pMIofophers  cndcsvnur  to  reduce  the  tnolion 
.'!nd  A'lx  of  Rivci'n  to  prccilc  liu-b ;  And  with  liii*  view 
they  have  apphci!  geometry  and  (ncchanlcs  to  thitfub- 
jid ;  fo  that  the  doctrine  of  Rivers  it  become  a  part  of 
the  new  philofophy. 

Tbe  authon  who  have  moA  dilUngiHAed  thealclvct 
ro  lM«  branch,  are  the  Italianf^  the  Freach>  and  the 
but  tfpectally  the  full,  and  asiOOg  them  tOOre 
cipfcully  Oiiiiehnini,  and  Ximenes. 

Rivers,  fays  (tulielmini,  ufually  hive  their  fonrce* 
7ii  mountains  or  elevuttd  grounds  ;  in  the  defcert  from 
v  Jiich  it  is  mollly  that  they  ac(pn're  the  vrldcity,  or 
aceelerationi  nrbich  maintaiiw  their  future  cuueut.  In 
pro  lartioo  a«  tbcy  advance  fiuthcr,  thia  velocity  dimi« 
nilhec,  on  sccmtnt  of  the  continnal  iriftion  of  the  wate^ 
againll  the  baitom  and  Sdct  of  tbe  channel  |  a»  weD  a$ 
irom  the  varioiu,pbttadca  tbey  meet  with  in  their  prow 
grcf^.,  and  from  their  arriving  at  length  in  plaina  wher* 
the  def^-ciit  18  '.vf.),  dii.l  ri>-ifc-<|:ienily  their  inclinalr  m  t  j 
th.:  hori7'>n  greater,  'rinuthc  Reno,  a  River  in  Iluv^ 
which  he  fays  gave  occ?.f;nn,  io  fome  Tneafure,  to  Ui> 
fpcciilatious,  i»  focnd  to  have  near  its  mouth  a  declivity 
of  fcarce  jlfecomJi*. 

When  the  ri<|k,Mrcd  velocity  it  quite  fpcnt,  tliroufk 
the  tnanv  obfljc'es,  fo  that  tbe  current  becoaseahoru 
toftlali  tnere  wilt  tb^^i  nothing  remain  to  propi^ate 
the  motion,  and  continue  the  Krcam,  but  the  diptli^ 
or  the  pcrpendictdar  pteirure  «f  the  water,  which  it  al. 
vrdyi  pri)[>oitrott«1tO  the  depth.  And,  happily  for  us^ 
this  refource  incrcaf^'S,  as  the  occafion  for  it  increafes  | 
for  in  proportion  as  the  water  lofc«  of  the  velocity 
acquired  by  the  defccnty  it  rifci  «ad  laneafea  in  in 
depth. 

It  appears  from  tl;c  Ilv.^s  of  if.titliui  prTtainlng  to 
bodies  moved  on  inclined  planes,  lj»at  wiuu  watr r  ftowf 
freely  upon  an  inclined  bed,  it  acquires  a  vtlocit)"v 
which  is  alM-ays  as  the  fquare  root  of  the  quantity  of 
defceitt  of  the  bed.  Bat  in  an  horizontal  bed,  opened 
by  fluicei  or  othcrwife,  at  one  or  bo4hend»,  the  watc^ 
Iowa  out  by  its  gr.ivity  alone. 

The  upper  parts  of  the  water  of  a  River,  and  thofe 
at  a  didance  from  the  banks,  may  continue  to  flovr, 
fiom  tl.e  llmplc  cauf::  or  [irineiplc  of  declivity,  how 
ftrall  I'otitr  it  be  ;  for  iMt  bt  ing  detained  by  any  ol-» 
flaclc,  tbe  minuted  difTcu  t u  l'  of  level  will  have  itsef* 
ktii  but  the  lower  parts,  which  roll  along  thebottonn 
wiQ  feUrce  Ijc  fenilbh:  of  fo  fm.dl  a  declivity  ;  and  will 
only  havf  what  motion  they  receive  from  the  prcfiiire 
of  the  fupcrincumbcnt  waiei^ 

Thegreatcft  wlocity  of  a  River  h  about  the  middle 
of  its  depth  and  breadth,  or  that  point  whidh  »  the 
farthefl  polTible  from  the  farface  of  the  water,  and 
from  the  bottom  and  fidca  ofthchedorchannel.  Wherr» 
S  ",  on  tli  _  trortniry,  the  Irail  velocity  of  the  water  is  at 
the  b  .itam  and  (l  b  s  of  thr  bed,  becsiife  there  the  refin- 
ance arifing  from  friction  ii  the  ).rrv.1tc;l,   .vliich  is  Ci-'',1- 

mnnicated  to  the  other  parts  of  the  fe^ion  of  tbe 
J  C  «  Rifcr 
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RJvrr  Inverfely  as  ihe  diflances  from  tfic  bnttcm  and 
fides. 

To  find  whether  the  water  of  a  Rirer,  almod  hori- 
HOntllf  flcm  by  lAcam  of  the  trrl  icity  acquired  in  its 

«kfccnl»  4wbr  tttepretliiR  ol  its  depth  i  Mi  »f  *n  ch- 
fiacTe  perpendrcuUr  to  it  t  then  if  the  water  rife  and 

fwttl  imfncdu.ti.lv  .irjainfl  theoV  'bi  !  -,  't  n.".i  by  virtue 
of  its  fall;  bwl  if  il  Ctft  Hop  a  Uiuc  v,  liilf,  in  virtue  of 
its  ivcffiiic, 

l'<ivi-rj,  atcordln;;  t«  this  author,  alm-ili  aS»ays  nuke 
tUr 'r  o«  II  bcdit.  If  the  bolli)m  hnve  oti^innlly  been  a 
Inige  dccl  vity,  tlic  \rntcr,  hence  falliiiij  \(itli  a  ;;rcL:t 
force*  will  Hare  fw-rpt  away  the  moll  tlcvattd  parts  nf 
the  fuHt  and  taijying  them  lowtr  d.jwr.,  will  gruduaUy 
iVndcrtlie  bottom  more  nearly  horiAont.d, 

THe  water  baWiw  niad<  it."  bcdtiorixoatnl^  become* 
ib  5tfelf»  and  conlcquently  inku-  with  the  left  forte 
t;'ain(l  the  botton»,  till  at  lcii;;tli  thjt  foiic  liicoiriis 
oity  equal  to  the  rofilljtice  of  tlii:  LiiUom,  vWiich  ig 
nowr  arrived  at  a  (lute  of  porm.iiKHL-y,  at  le.i^l  for  a 
ronfideraijie  lime;  and  the  longer  according  tt>  the 
qiulity  of  :l.e  foil^  day  tutd  cbalk  reliftmg  longer  than 
^nd  or  mud. 

On  the  other  hand,  the  water  continually  wc-rincj 
•wajr  the  brims  of  its  chaond,  and  this  with  the  more 
JbiCCf  as»  by  the  dtrc£Uon  of  its  Rreant,  it  impingca 
more  diredqr  againft  ihein..  By  tbia  nwans  it  bas  « 

cOntCitull  tendeiicf  to  reitder  thetn  parallel  to  its  own 

criiiifc.  At  th  -  r,i;iir  ii:in  t' St  it  Ik.s  thtis  rctliricJ  its 
it  b.K  wi(J.,:u  I  its  own  Ij-'d,  and  thence  becuin- 
ilijj  lefideep,  it  lofes  p.;rt  i  f  lis  luixc  and  prefr.  :  i';.)* 
It  continues  to  do  till  these  h  equilibrium  between 
the  f<»rce  of  the  water  and  the  refillancc  of  its  bank.?', 
and  then  they  will  remain  without  farther  change.  And 
it' appears  by  experience  that  thefe  equil'brturrs  are  all 
real,  a«  we  find  that  Rivcrt  only  dig  and  widen  to- a 
•aruiii  |nich. 

The  very  reverfe  of-  aU  theii:  thinifsdoes  alfo  on  fame 
oceafions  happen.  IRivers,  whofe  waters  arv  thick  and 
muddy,  raifc  their  bed,  by  dtp.jlltinf;  p.:rt  <J  the  he- 
terogeneous mattcK  contained  in  ilimi ;  they  ilfo  con. 
trait  thrir  banks,  by  a  continual  oppofIt!<'.n  of  the  fame 
matter,  in  brufhing  over  them.  This  matter,  bi-ing 
thrown  afulc  far  from  the  flrcam  of  water,  mijjht  even 
in  ve,  bv  rcafbn  uf  the  dulhicfs  of  the  motion,  to  foim 
acw  bankr. 

If  thefe  var;ci)s  c.iufcs  of  ncMancT  toth*  motion  of 
Aowin;;  waters  di  l  not  exill,  fh,  the  attraAioQ  and 
euntiiiiiial  ftidtonaf  the  bottwA  and  ftdest  tiM  inaqna* 
lities  tn  both,  tlie  windings  and  an^ks  that  Accnr  I'n 

lhi-!r  ciiii ff,  an<I  the  O'lninntir:!  i  f  •.]■'.'  .''■.'tv  tlic 
t  iithcr  tliry  rcc'tle  fri>m  tin  ir  i  Wng  .,  iiit-  ulucily  ot 
thrir  eii! tents  wou'd  be  ■ 'it^it-jvl  to  i-?,  15.  or  cvin 
:u  :i<nc«  more  tha»  it  is  .-<:  prefent  in  the  fame  Rivers 
by  whicli  tKey  vnmiUI  become  abMutafy  wnnaiiigar 
bie. 

The  union  of  two  Rivers  into  one,  makes  theitl.  lc 
How  the  fwiftcr,  becaufe,  inftcad  of  the  fridtian  of 
bur  fhorc^  they  )ia«e.  only  two  to  overeotnei  and  one 
bottom  inflead  of  two  ;  alfo  tbe  ftream,  brine  farther 
diftant  from  the  biuiii«,  jyoes  on  with  the  left  intemip- 

;,i  r.,  !ir)ii!t  '-,  thr.t  ;i     L.itrr  q.i.i::iif.- of  water,  movinjr 

•  «b  a  greater  felicity,  dig*  deeper  iq  the  bed>  and  of. 


courfe  retrenches  of  its  former  width.  Hence  al£>  Il  m». 
that  Rivers,  by  beinj;  united,  take  up  Icfs  fpace  on  the 
fiirface  of  the  earth,  and  arc  more  ad»antajreou»  to  low. 
proiiiidi,  winch  drain  their  fiipetfluous  inoiAure  iai» 
them*  and  h-ive  alfo  Icfs  o«cafioo  for  dykes  to  prc»cn& 
their  owrBowing. 

A  very  f;ood  and  fimple  mtthod  of  meajbiia|f  the- 
vclocity  of  the  current  of  a  River,  or  canal,  h  the  fo1» 
lowipp-  Take  a  cylindrical  piece  of  drv,  1  L;!;t  w.iuJ,, 
and  ot"  a  letigth  fometliiiif;  K-fs  th.iti  the  .!<.(  '.li  ti  the 
water  in  tiic  River  i  tiboiit  one  end  of  it  let  there  be 
fi;rj"-ndcd  .T£  inar.y  fniall  »ci_';l.t>,  .is  may  ktcptlie  cylin- 
dtr  ir.  a  vc:lK-al  or  iipiigiil  polition,  with  its  head  juft 
abow  witcr.  To  the  CL-titre  of  this  end  fix  a  fmall 
ftraight  ri>J,  pn-cifvl)  in  tlu  Jirettion  of  the  Cylinder's. 

axis ;  to  the  end  thai.  »4icn  the  inilnunent  i»  fnfpeuded . 
in  the  water,  the  deviatioosof  tbe  rod  from. «per]iendi- 

ciiUrrity  to  th^-  fiirf  ice  of  it,  may  indicate  which  end  of 
the  cylinder  ^^oci  foieniott,  by  which  may  bc  difcovcrid 
the  drfTcrent  vilocitics  of  the  water  .n  difrtrent  depths 
for  »-hcn  the  rod  ruclincs  forward.  Pccr«rdiii;:;  to  the  di- 
rrclion  of  the  cii:rert,  it  U  a  '('"■j  ■■  il^t  i.'^     ifjce  of' 
the  water  has  the  prcaieit  velocity  ;  but  when  il  reclines, 
baekwsrd,  it  (\itv;i>  that  the  fwifieft  current  is  at  the  - 
bottom  }•  and  when  it  remains  perpendicolar,  it  is  a 
Itgn  that  tbe  *dodtict.at  tbe.  top  and  boUon  ate- 
et|u^ 

Thisfflftrumentt  bcin^  phcedinthecunrentofz-Rt*. 
VL'r  or  canal,  receives  all  the  pcrcuflions  of  the  water 
throu<;hout  the  wboie  depth,  and  will  have  an  equal 
velocity  with  that  of  tlic  whole  current  from  the  fiir» 
face  to  the  bottom  at  tbe  place  where  it  i»  pii;  in,  and  < 
by  that  incans  may  be  fou-jd,  bcth  with  exaftncfs  and  • 
eafet  them«nn  velocity  of  th.-tt  part  of  the  River  for  any  ' 
delenntnatedtllancc  and  time. 

But  to  obtain  the  mean  vekcity  of  tlie  whole  f<;dioii  ■ 
of  the  River,  .the  nflrumctit  mtttl  be  put  fuccedivcly 
both  in  the  middle  and  towards  the  (tdes»  becauCe.  the 
vclrcilies  at  thofe  placet  are  often  very  different  fions 
each  other.    I  ln'ng  by  this  means  foij  i  '  i'k-  f^vt  r.l 
velocities,  from  the  fpaccs  nin  over  in  t^iUKi  Iihils, 
the  aricbmeticnl  rvictin  proportional  of  all  thefe  tr-iah,  . 
W'hich  it  found  by  dividing  the  co:nmon  fum  of  them 
all  by  the  number  of  the  trials,  will  be  the  mean  velo- 
city of  the  River  or  canal.    Ard  if  ''  is  medium  velrv, 
city  be  multiplied  by  the  area 't  t^  t  ti.uirvcrfe  fcdion  . 
of  tbe  waters  at  ar^v  f>l3ce,  the  produd  will  be  the  - 
ijnantily  running  t^iuu^h  that  place  In*  feoond  of 
time. 

If  it  be  required  to  fmd  the  velocity  of  the  current  > 
only  at  the  furfac  .-,  o:  ;  t  the  middle,  or  at  the  bottom^  , 
a  fplxrre  of  wckI  li>itied,  or  a  commcn  bottle  corlud 
wli'.t  .1  liitif  i\-i!..T  in  it,  of  focii  a  weight  as  will  re- 
main fulpenil^-i  ill  equilibrium  with  the  water  at  the  r 
furface  or  depth  which  \vc  want  to  mcifurc,  will  be  • 
bettrr  f  >r  the  pnrp.ifc  than  the  cyhnder»  becaufe  it  ia 
1  11!)      L ctcd  by  the  w.-»ier  of  th.il  fole  put  of  the  «ur»  . 
rent  where  it  remains  fuipcaded. 

It  follows  from  what  has  been  faid  in  the  former ' 
part  of  this  article,  that  the  dcipcr  the  waters  are  ia  . 
tlietr  bed  in  proportion  to  its  briadth,  the  mere  llietr 
motion  is  accelerated ;  fo  that  thor  u!  city  incteafes  in 
the  ijiTcrfc  ratio  of       breadth  of  th«  bed|  and  alfo 
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•r  the  magoitude  of  the  fccUon  ;  wheocCt  in  order 
to  augmeat  the  velocity  of  water  ia  a  Rivrr  or  canal, 
without  augmenting  the  Jeclivity  of  the  bed,  we  mull 
iDcreafc  the  depth  of  the  chiopicl*  ud  ditninifli  its 
breadth.  AoA  sbcfe  principk*  art  agrcobk  to  obSer- 
vation  (  «•  !t  n««ll  knows,  tint  tht  udoettf  of  llow> 
ing  w.itcrs  depends  much  more  on  the  quaatitv  and 
dcpt!»  of  the  water,  and  on  tikc  compreflion  of  the  up* 
per  parts  on  ; h;;  Ilavlt,  tlian  on  the  declivity  of  the 
bed;  and  ihcrel'ui-  ili;  dicKyiiy  of  a  River  mud  be 
made  much  j^reatcr  in  the  li;:j^in«iog  than  toward  the 
end  of  itfcaurfe;  where  it  fhould  be  almoft  iufcufi'- 
fiite,.  If  tbe  depth  or  volume  of  water  in  a  Iltverw^ 
Miwl  be  confiderablct  it  will  fuJu-c,  in  tlie  pan  next 
tlie  aoutbi  to  aUow  one  foot  of  declivity  through  6oQO> 
•r  800Ok  or  even  (according  toDcdiMCir  £lk  Fi»ti< 
bn  et  Flaviis,  prop.  49)  toooo-Jcet  !n  horizontal 
f\ierit  ;  at  molt  it  nm!  u.ii  be  above  1  iit  <>i  7  tlijii- 
fjfid.  From  hence  Uic  tjuiulilf  of  dcdivit)  n  cqaal 
fpaces  mufl  flowly  and  frradually  iucreafe  as  far  n't  the 
current  is  to  be  made  fit  for  navi|ratiun  ;  hut  in  uicli  a 
manner,  as  that  at  this  upper  end  there  may  lut  Ix; 
above  one  foot  of  perpendicular  dccliTity  in  4000  £cct 
of  horizontal  extent. 

To  conclude  this  aftidct  M.  de  Boffbn  ob(ierm» 
that  people  accaftoincd  to  Riven  can  eafilf  fbretdl 
wben  tbefe  ia  going  to  fete  «  fiiddra  tBcraafe  «if  water 
in  the  bed  from  ifoods  prodooed  by  fuddcs  faHf  of  rain 

in  iVt  lii^'iir  cuuiitri.,'s  through  whicli  the  River*  pifs. 
Tills  tl.i.  y  px  ruiivi  by  3  partik  niar  motion  in  the  watci', 
which  tin  y  i  \[>rii'»  by  fnyioj.':,  tliat  t!ic  Ri»cr(t  bottoiU 
moves,  that  is,  the  water  at  the  bottom  of  the  channel 
nir.fi  off  falter  than  iifiial ;  and  thi»  increafe  of  motion 
at  the  bottom  of  a  River  alwayaannounces  a  fudden  in> 
creafti  of  water  coming  dowa  the  ilream.  Nor,  fays 
be,  is  their  optnioii  iU  poHtM  i  becimfe  tbe  ootioa 
uA  weight  of  the  watcn  ooniiig  down,  tbo^gb  not 
jetarrivedi  auft  i&  upon  the  waters  in  the  lower  parts 
of  tbe  RifCr*  and  communicate  by  impullioa  part 
of  their  aiotiaa  to  thoH  within  a  ocrtam  dif- 
tance. 

On  the  fubjeft  of  tltis  article,  ft c  nn  cla1^orate  trea- 
tifc  on  Rivers  and  canals,  in  the  PhiloL  Tranf.  vol.  Ca, 
pa.  $55  &c,  by  Mr.  Mann,  who  baa  availed  himfclf 
cf  the  nhftn-Ettoiis  of  Guliclmini,   and   moli  other 

writ 

RiXQOLXiARi  a  filter  ooin,  Amck  in  levenl 
Ibtea  and  firee  «ftie»'  in  Germany,  u  alfo  in  Flanders, 

Poland,  Denmark,  Sweden,  Sic. 

There  is  but  little  diffirrence  between  the  Rixdollar 
and  the  dollar.,  anotlui  liKer  coin  ftrufk  in  Cicimany, 
each  being  neaily  eoual  to  the  French  crown  of  three 
livrt^,  or  tbe  Spnnim  picoe  of  eigbl«  or  41.  tid;  fler> 

ROBERVAt  (Gins-P.  ssonve),  an  eminent 
French  ntatheoaticinn,  w^sboru  ia  1^02,  at  Roberval, 
a  pairilh  in  tbe  dtoccfc  of  Beauvait.  lie  waa  firll  pro- 
ftflbrof  flmhcmatics  at  tbe  Coll  -  r^cof  Maitte<Gcr«ai(y 
and  afterwarda  at  the  Cdle^e-i<  ynl.  A  (iniHarity  of 
tsfteconneded  bina  with  Ga(T»rnii  and  ?!ui:n  ;  ihc  lat- 
ter of  whom  be  fuccecded  in  the  mathcmaiicai  ciiair  at 
the  Royal  CoUege,  withoHk  qtutting  bowCTer  that  of 
l&mua. 


Rubervai  made  e.tperiraents  on  the  Torricellian  fn> 
cuiim  :  he  invented  two  netv  kinds  of  balance,  one  of 
which  was  proper  for  weighln;j  air;  and  made  many 
other  curious  experiments.  He  was  one  of  the  firfr 
memberi  of  the  ancient  Academy  of  Sciences  of  1666 
bot  died  in  l675t  at  73  years  of  age.  His  principal - 
works  are« 

r.    A  treatlfe  on  RIcchanics. 

H.  A  work  entitled  Ariftarcliiis  Samos. 

Uc  had  fcveral  memoirs  infertcd  in  the  volumes  of  the 
Ai-aJcrnyof  Sciences  of  ib66,  viz, 

I.  txperimeiits  concerning  the  Preflurc  of  the 
Air. 

2.  Obfcrvations  on  the  Compontioa  of  Motioily  and* 
on  the  Tai>gents  of  Curve  Linrs. 

3.  TheReoi^itioBof  Efiaationa.  '     ■  ' 

4.  The  Geonctncal  Rcromion  of  Jim  aad  CvkHa 

Bqnations. 

tTrtatife  on  Indivifibles. 
On  the  Trochoid,  or  Cvcloid.  •  . 
7,  A  Letter  to  Father  Merfenuc. 
o.  Two  Letters  from  rorriceUi. 
9.  A  new  kind  of  Balance. 

ROB^ERV.'iLLIAN  LW, a  name  given  toccrtairj- 
L'oes,  ufed  for_  the  transforniation  of  figures ;  tbua 
oiUid  from  theirinventor  Rbbcral. 

Thcfe  lines  baaad^MMxatbat  we  ialiBitel7«xtended' 
in  length,  which  are  nevcrthetefs  equal  to  other  fpacvs 
th;it  ait  lcrnii;i;itcd  on  al!  f.lci. 

Thi  ii'iibut  CjIIois,  itt  tiie  AIc:nt)irs  of  tin:  Rnyal 
.'Xcadcmy,  a:in[)  1693,  obferveJ,  that  the  m<tli  .  d  <-.{ 
transforming  bgures,  cxplaincd'at  tbe  latter  end  of  Ko- 
berval's  trcatife  of  Indivihbles,  was  the  fame  with  tliat 
afterwards  pubhfhed  by  James  Gregory,  in  bi&Geomc- 
trla  Univerfalis,  and  alfo  by  Barrow  in  his  Lectiones 
Gteotnetrkxi  and  thatj,  bjr  •  letter  of  TorcioeUi.  it 
appears*  that  Robeml-was  the  inventor  <of  tbil  naA- 
iier  of  transforming  figures,  by  meaat  of  certain 
lines,  which  Torrtcelll  therefore  called  RobcrvaUiaii 
Lines. 

He  ailds,  that  it  is  highly  probable,  that  J.. Gregory 
firil  learned  the  method  in  the  journey  he  made  to  Pa- 
dua in  1 668,  the  method  itfclf  liaving  been  known  in 
Italv  from  the  year  1646,  though  the  book  waa  not' 
pt:hiifhLd  till  the  year  1692. 

l  ii^j  account  David  Grc^oiy  has  endeavoured  to* 
refuttf)  in  vindicatioo  of  his  lucie  Ja^nc*.  Hi*  anfwtr 
h  infertcd  In  die  Pbilof*.  T^nf.  of  1694*  ^nd  the  ab- 
bot rejoined  la  the  French.  NCsmvin  o£  ifac  Academy 
of  170^. 

(r>t  n  [  am  1  n ') ,  nn  ".r;,"fh  m.-ithcmaticiaii 
and  |>iiii4ilo.phir  ot  great  gts.uia  *iid  tmincnce,  wiis 
Ix'rn  at  Bath  in  Scnierrctfhire,  1707.  liis  pirctit?  w-re 
of  low. condition,  and  Quakers  ;  and  curtl'iqiienilv  nei- 
ther able  from  their  circuml'.inces,  nor  il!iiig  :'r(<ni 
tlieir  religious  profcHum,  to  have  him  much  iukruCtrd 
in  that  kiitd  of  karniug  which  tbey  are  taught  to  de- 
fpife  as  human. .  Nevescbdefst  bemaijk'  ap-carly  and 
furpiiling  piogreft  in  various  bnutcbr*  of  fctence  and 
liieiaturi',  patticulaily  In  the  mathematics ;  his 
friends  bciii^  defirous  tlwt  he  niigUt  cui-.tiuuv  lii.i  }jur- 
iiiit,,  ;i[idl[.Jt  liijiiiui;!  niiglil  ntit  be  biuicd  in  otl'cu- 
ijty,  wi/hcd  that  he  could  be  pvopcrly  t«ctuiuacM<r4 
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-ts  tctdithat  fcteoce  in  Londas.  Aconrdiaglyt  >  fpe-  deriag  of  riren  mvicahk,  tml  making  of  liailwliM* 

cim«o  of  hif  Rbniticii  in  this  «ay  was  fait  op  thither,  Anongother  srltof  tlui  iciiid,  fbrtifiration  rerj  niuidk 

anf? 'hcv.n  to  Dr.  Kinhfrtcii,  tl^e  :ii;llior  of  tiic  "View  cnjja^ietl  hi»  attention  ;  in  which  lir  met  with  oppoiai- 

of  ^Ir  Ifaac  N'cfi'tortS  Pliilo{bj;I;v  ;"  wlio,  tlicacr  con-  nitios  of  pcrfc^tinj;  himfclf,  by  a  view  of  the  printipil 

Cfiviiif  n  pood  opinion  of  the  vvii':r,  in  ;i     U>cr  tiial  Rrong  places  trf  Flaiider*,  in  foTur  jmuneji he  ntadc 

of      ikill  lent  hini  lomo  proW< m  =  ,            Robins  rt-  a1)ro:»J  v»!th  prTfors  of  diflinfiiion. 

folvtil  very  much  to  his  fa'  i-'.ic;i(  n.    l  iC  thtii  came  fj.i  h-?  ici  n  i  Imji.u-  from  otic  of  thcfe  excurf:otis.  Ire 

to  Loinloiif  where  he  couhrnitd  the  oprnioa  which  found  the  k-arncd  here  wnufed  with  Dr.  Bfrkelcy>  frca- 

hail  been  prKuoccived  tS  Iril  abflitia  md  kooir-  tif«,  printed  in  t7|4,  entiled,     The  Aoi^lytl ;"  in 

-kdac.  which  an  examtnanon  wu  made  into  the  grounds  o^' 

5nt  thoii^'li  Robhn  wM'poliea'cd  of  much  moicfltill  ^he  dodrine  of  Fluxtcina,  atid  6cca(inn  thence  taken  to 

-than  is  itiuully  n-i]uiped  in  a -common  teacher}  yet  eipladciJMIt  method.  Robina  w*»  tlwfefere  advifed 

'befnp  Tcry  yovnjf,  it  wi»  thought  proper  that  he  to  cYear  tipthia  nfl^ir,  by  };ivinj;;  a  ftitt  and  diftinA  ac 

'fliofl:!  iir-i)'.'-.'  t  ri.c  t"ii  t  -  I  iv.ulli  jT  ti.cbcft  ■Writers  court  uf        ton's  doAnncsi,  in  fiich  ar  :         ;■-  (o 

upttii  liic  utWiiuci-  pJil5  ol  tbc  niali.n  Uilicf,  before  he  obviate  all  liic  obje^^ions,  W'tbout  nifniticr  tJitin,  v»i.ich 

fliould  tiiideitake  piiblii  ly  the  inftniCtion  ot  1  tt;! :  >i.    In  d.iri  ht  en  advanced  by  Berkeley;  and  accndinj^ly  h« 

-thii  interval,  betides  in>proving  hiutfeif  in  ()i<-  ii-ikI  iii  pul  '.IHcd,  in  IJ^i^,  yf  Drfriur/i  toncrrnin^  iL-  Nature 

Jangnai^eH,  hchad  oppoitunitics  ofrcadinjiin  p^nin  l  ir  :ir  '.  Crrtttitity  nf  U'tr  IfoiK  Nrwton^t  Mclbmi  tf  FttjxioHt, 

*the  works  of  Archiiredes,  ApoHor.in-!,  FcrniTtt,  Hiy-  mJ  of  Prime  and  Ultimatr  Ratits.  Tiiii  i.1  a  very  clear, 

gens,  Dc  Witt,  Shitius,  GreRory,  I'M^ynw,  N'nit<  ;i,  neat,  and  ekgnnt  perfoi-msnrc  :  and  yet  forrc  pcrfons, 

Taflor,  and  Cote*.   Tbefe  authiirs  he  readily  nndcr-  crrn  amon;;  thofc  who  had  written  againft  The  Am- 

^ftood  withontany  amilanee,  of  ndiich  he  {rnyc  firqucnt  lyfi,  takinrr  etecptioB  at  RohWa  manner  of  defending 

iuo<if(  to  his  frieiid»:  one  was,  a  dcmonftraiion  of  ilic  Newton's  dodrine.  he  «ftcrwimla  wrote  taro  Of  three 

lait  prop4)iition  of  Nekton's  ireatifc  on  Qnadraturrs  addition.-ddifroiirre*. 

which  was  thought  not  iindcfcrving  a  place  IP  the  I'hi'  In  1738,  he  defended  Newton  again  ft  an  objc<3ion, 

lofophical  Tranfartions  for  1727.  contained  in  a  nrilp  at  (he  end  of  a  Latin  pictc,  caUed 

Not  I'lnv,  .iftci .  r-ii  ())>prrt,iii.ty 'ilT':-<'(i  liini  of  exhl-  "  Muth'i,  live  CofniM- 1  njr.ria  ptierilis,"  written  by  Bax- 

biiitijj  to  the  piihliL  a  fj  I  i  lir.' 11  alio  of  hiii  knowk-d'jc  in  ter,  aiitlior«>f  the  "  Inquiry  into  the  Katiirc  of  the 

Natural  Philofophy.  The  Ro^al  Academy  of  Scien«a  Hainan  Soul:"  and  the  year  after  ho  printed  RtniarLt 

•*t  Paris  bad  piopofed,  amon^  their  prize  queftions  in  0:1  E«kr't  Trcatiftof  Mothn,  on  Smith'*  Sjficm  ofOf- 

^714^  and  17«<5,  to  denHMilltate  the  laws  of  motion  in  tirt.  and  on  Jurin*f  Difimirft  r.f  Difi'mS  md  ttuifiutit 

'bodica  iRAptnging  on  one  another.  John  Bernoulli  Vifa«,  annexed  to  I)r.  Smith**  worki 

hereconde&endvdtobea  candidate;  and  aaliiadifler-  In  the  mean  time  R(d>int*a  perfonnaticei  were  not 

tationloft  tt  <  tiw:ir:1,  hc  appealed  to  the  teamed worfd  confined  to  mathematical  ftihjcfts :  for,  in  i'^q,  the  e 

bv  printing  jt  in  i          In  this  piece  be cndeawmred  came  out  three  pamphlets  upon  political  affnirs,  which 

ti)  dli^blifll  Leibi;it/'s  (r(  ii  it)!!  of  the  force  of  bodies  in  did  him  great  honour.    Thcfirft  waseiititltil,  (U/lr-:,;- 

moiion  from  the  efiects  ot  their  itrikinf;  againft  fpringy  is'int  on  ll^c  prrfcnt  Convention  w!ih  S/a  n  :  the  ft  tor^d, 

materials;  as  Poleni  had  before  attempted  to  evince  the  /f  Narratiw  cf  v.-hat  p-iffrii  in  tf'r  Con-ron  ILi'l  0/ 

fame  thing  from  experiments  of  bodies  fidltntt  nn  fott  C  r  z^ni  if  I.cndcn,  njf.fnhlf.l fnr  il'f  tVf  r'j'.n  f/ a  I.rrJ 

and  yielding  fuhftaiicca*    But  as  the  inluilu  iency  of  Mnjor:  the  third,  /In  /IdArrf!  toll.!  F.i'.:^':rt  nhj  r!htr 

foleni'a  •nnimenta  had  been  demonftrated  in  the  Fhi-  frr:  StdJtSt  9f  Great  liritaiiit  Kcefontd  bj  tin  Utit  Suc- 

lofophiealTranlaAioa^  for  1711 }  fo  Robin*  publiA  c  J  r^^w ;  m  tiikifh  u  eMlmied a  Ftinhufmr  Aeetmt  tf  aU 

in  the  Prefcnt  State  of  the  Republic  of  Letters,  for  our  Negotiot'wn  tviih  Stutlrt,  ami  tf.  c'u-  Tnntmrn!  ef  ut 

May  1728,  a  Coiifutalton  of  Bernoulli's  perfennance,  for  alovt  tm  yr.i'-t  puf,.    Thtfc  were  all  pnbllihed  with- 

•wh  i-hum  .--.llDivi-tl  to  lie  UTinrw  LTnWt.  oil'.        .i.iitlioi',  name  ;  an  J  tlie  firft  and  lad  were  fo 

ll  ilvns  now  b'-'i^itn  tii  ;,iki:  itliiila.i;  d.'.J  j'.iout  this  uii!n.);.iUv  tlUimcd,  tliat  they  were  grncially  reputed 

time  litr  quitted  the  jratb  and  profcfiion  of  a  Quaker;  to  have  been  t'c  produaion  of  the  v^r<;At  nun  him- 

for,  having  ntither  enthufiafm  nor  fiiperilitian  in  his  fclf,  w\vi  wms  at  the  Ijead  of  the  <>[•[  olition  to  Sir  Ro« 

nttarea  as  became  a  mathematician,  he  foon  <hook  off  bert  Walpule.    They  proved  of  f-jth  coi^rc^uence  to 

the  prejudices  of  fuchea-ly  habits,    but  llioui'h  lie  Mr.  !<■ '.  'n?-,  m.i  to  oc-c>-;fu>n  his  In-  ng  empliyed  in  a 

profeflcd  to  ttach  the  mathematics  only*  be  would  fte-  very  hoDuiiiabk-  pi'fl  ;  for.  the  pntiiota  at  length  p»in» 

•tqnentlf  afiift  particular  fticnds  in  other  matters ;  for  he  Jng  f;round  agaiuik  Sir^ubert,  and  a  committee  of  the 

was  a  man  of  univerfal  knowlcd^i  and  the  confine*  Houfe  of  Commons  In  in^,'  ippointed  t»  examine  into 

meiit       this  way  of  life  not  fnitin^r  his  difpofition,  ln's  pail  conduft,  Robins  was  r?  r'rn  t^ic'r  fe.  r.  : 

•whit;;j        active,  he  jr^adually  declined  it,  and  went  But  after  the  committee  had  piv:\;.;L(l        rt  ports  uf 

into  other courles,  t h.il  ntjuin-d  more  exercife.   Hence  their  procecdin;;*,  a  fiidden "Ibi;,  v.  -,  p  ;t  t  i  thtirfai- 

hc  tried  manv  latH>i  i«U!«  experiment?  in  j^ttrjticry  :  be-  tVer  pioivtiefj,  by  a  omproinife  bciwien  tKt  contending 

lieeing  that  the  refillance  0}  the  nir  lisJ  a  r.-.uc  i;  l;.  .  ..u  r  j  arti^  . 

cff.  ri  on  fwiit  piojettile^,  than  was  jjenerally  fuppokd.  Jn  1742,  bring  sgain  Bt  Irifurc,  be  publifhcd  a  fmall 

A  111',  hence  hc  was  led  to  confider  thofe  mi'chanic  arts  treatifc,  entitled.  New  Prnui^et^ Gunnery  ;  contain- 

tlat  dcpewl  upon  inathematical  principles,  in  which  ing  the  refult  of  many  cxperinrnts  he  had  ptadet  hy 

he  might  employ  hit  indention :  as,  the  conOniftingof  which  are  difcorered  the  force  of  gunpowder*  andtW 

the  baiUmg  of  btidge^  distrnqg  of       tea*  d^itrenee  in  the  refitting  power  of  fhenir  to  fwift  and 

Hair 
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0DW  mottont.  To  tbi*  treatife  wai  preficed  a  ftdl  and 
Icjrnrd  account  of  the  progrrft  which  moilcrn  fiirtifica* 
tinn  liadmade  from  it* firft  rife;  aaalfo  of  the  invcDtion 
of  gunpowder,  and  of  what  liad  almdy  b«cn  performed 

in  the  theory  of  giiniiL-n,-.  It  fccrni  ;  ti.at  ll.tr  (Kcafinn 
of  thii  publication,  was  t}:r  dilappointintnt  of  a  Gtoa- 
tltm  at  the  Rm  ;il  Miiitaiy  Ai.n^i  my  ut  \V'o;,lM)ch.  On 
the  new  imxidlitig  and  cftabiiihing  of  that  Academy, 
in  174I1  our  author  and  the  hte  Mr,  Mtiller  were  com- 
petttfln  for  ihr  place  of  profeflbi  of  fortification  and 
auaMiy.  Mr.  Muller  held  then  fomc  pod  in  the 
Tovtr  «f  Loodoo,  under  the  hoaiA  at  Urdnanoe, 
that,  iMtwithftandioff  the  great  itnowlediie  ami  alnli* 
t!e»of  onr  author,  the  intereft  which  Mr.  Muller  had 
with  the  Boai^  of  Ordnance  carried  the  ele^iun  in  hit 
favour.  Up<m  lliis  tl'lappointrnfut  Mr.  Ro'>im,  iiuli,;- 
nant  at  tlic- alTrant,  determined  to  Ihew  thcro,  and  the 
woiM,  by  ilia  military  publicatioolf  wbat  Csfft  of  a  Baa 
he  wa«  that  they  had  rrje^cd. 

Upon  a  difcourfe  containing  certain  experiments 
being  pubh'fhed  in  the  I%ilal«phtcal  Tianfit£^>on*,  with 
a  view  to  invalidate  Ukk  of  Rfll»nii*i  opiniona,  h« 
diouffht  pfopcr.  in  an  aoeoaiM  he  ^me  oThia  book  in 
the  ftme  TraiifiAioni,  to  take  notice  of  thole  etpett* 
mrnt^ :  nn.l  In  rn.',r,.q-,-.c  <  <:  ^^-1  Is  ri-vcrnl  (^inVrtation* 
of  his  on  tlic  rtliii.inci.'  nl  the  air  wcrs:  read,  and  the 
(xpetimentt  exhibited  before  the  Royal  Society,  in 
1746  and  1747  J  for  which  he  wa»  pr<;fented  with  the 
annual  gold  medal  by  that  Society, 

In  1 748  came  out  Anfon*»  Voyajj?  roy rr?  World  j 
which,  though  it  bear*  Walter'i  nam <.  in  ihc  tltle-pajre, 
was  in  reality  wiitten  by  RoImm^  Of  thit  voyaow  the 
public  had  tat  Ibnie  tioie  been  In  cxpeAation  of  Teeing' 
an  eccooot,  ewnpofcd  under  that  commander's  own  ir- 
^ClioD  :  fi>r  which  purpufe  the  reverend  Richard  Wal- 
ter wa$  emploVL'?,  a-,  hiivi-ig  bcrn  chnpl.nin  on  li'i.irJ 
the  Centiiriun  tii':  ^rcatcll  t  art  of  thi  i  xpeiiit  ion.  W,-il- 
tcr  had  accor(J:n;;ly  almolt  fiiiiftml  his  t.illv,  li'dvicg 
brought  it  down  to  ilia  own  departure  from  Macao  for 
£o(^land  ;  when  he  propofcd  to  print  bit  work  byfnb* 
.  fcription.  It  was  thought  proper  however  that  an  able 
Judge  ihould  iitft  re«M«r  aad  conefi  it,  and  Rotnna  waa 

S Minted  1  when,  tipon  aaninatioo,  k  waa  refelved, 
t  the  whole  fliotnd  be  written  ettttrely  by  Rohins, 
and  that  what  \V.i!;cr  had  Ji.-ic,  m  ililv  I  i'mh 

terbatim  irom  the  jui;rii;u»,  nuMilti  (:  ;vcri'i  n .  r  i,,!, 
onlv-  Hence  it  wni  that  the  whfilcof  thi-  intr  r'  n  ti  r, 
and  many  differtaticins  in  the  boily  of  the  work,  were 
compofcd  by  Rubins,  without  receiving-  the  leal!  hint 
firom  Walter's  manufcript ;  and  what  he  had  tr.mfcribcd 
ftom  it  re);arded  chiefly  the  uind  and  weather,  the  cur* 
l«nl«,  oourfei,  bearinga,  diAancei,  offingn,  brandings, 
■Moriitgi,  tite  t^ualitir*  1^  the  ertiundtbcy  anchored  oit, 
and  foch  particiilnrx  a«  ufunlly  fill  up  a  feaman'*  ac- 
cotmt.  No  production  of  ihi«  kind  ever  met  with  a 
mon."  f.v'.'Diiial  U-  icM  piioii,  four  large  impri  inon»  hav- 
injf  been  fold  t»li  wiihtn  a  year:  it  was  .iltii  trirflated 
into  ntotl  of  the  Curopcan  language*  ;  ami  it  rip- 
portaita  reputation,  having;  been  repeatedly  reprinted  in 
tariom  (tzcK.  The  fifth  edition  at  London  in  1749 
was  reviiVd  and  currcded  by  Robiun  himfclf ;  and  the 
9th  I,:  iition  was  printed  there  in  1761. 
Tltui  becoaung  faiaou»  for-  hia  ekgaat  IiIcbU  ia 


writing,  he  waa  reooefied  to  corapofe  an  apolbgr  fyr 
the  unfortunate  anir  at  PrrAonpant  in  Scotland^ 
Thit  wai  added  at  a  prebee  to  the  itaoR  of  the  Ptr»> 
cecdingi  and  Oprntoo  «f  the  Board  of  General  OilKera 

on  their  Exammatioo  int.i  tl  c  Cunduf^  of  1  .iiutrnant 
General  Sir  John  Cope,  &c,  printed  at  London  iir 
17-;  /;  and  thii  pieboe  WMeSeeoBcdtanict^picoeiB 

itj  kind. 

Robin*  bad  afterwaid*,  by  the  favour  of  lord  Anfoo, 
of'portunities  of  making  farther  experiment*  in  Gun* 
nery  ;  which  have  been  publifhcd  fmcc  hin  death,  ii» 
the  cditioo  of  hia  work*  by  hia  friend  Dr.  WiUon.  He 
air»  not  a  littte  eontribnted  to  the  iinpni«emeMt««iade 
in  the  Royal  Obfervatory  it  Gfteowich,  bv  procuring 
for  it,  iliroujrh  the  inlerefl  of  the  fatne  noble  perfoo,  a 
fi  tii  'l  nmr.il  c  .rlrant,  nnd  other  inilrumciits  ;  hy 
wiistji  it  became  pe rh.ipB  the  complelcll  of  anv  ohfciva- 
toiv  in  the  worM. 

rlia  reputation  bein^  now  armed  at  itt  full  height^ 
he  waa  offered  the  choice- of  two  very  eouAlenbk  en- 
ptoymentt.  llie  firft  wat  to  go  to  Parfi.  at  one  of 
the  cumouffimca  for  a^ofting  the  limit*  in  Acadia ) 
the  other,  to ba  engineer  gencnTto  the  EaA  India  Goni>- 
pany,  whofe  fbrta,  being  in  ■  mod  rttiama  condtthm, 
M.nitcd  a-.  aWf  perfon  to  put  tbcin  info  a  proper  tlate  t  f 
i!'  ftticc.  Her  a  ■copied  the  latter,  as  it  was  fuitahlc  to 
his  L'enius,  and  as  the  Company'*  termt  were  both  ad- 
vantagcott*  and  hoi>ourable.  He  defigned,  if  be  had 
remained  in  England,  to  have  written  a  fecond  part  of 
the  Voyage  round  the  World }  as  wpcara  by  a  letter 

from  lord  Aofo*  to  hiA,  diiei  B«n»  OA.  «a>  1749^ 
aa  follow!. 

'•*  Deaf  Sir,  wliea  Ttaft  flnr  too  ni  towg,  I  Ibirot  to 

nftc  you,  whether  you  intended  to  publifh  the  fecond 
volume  of  my  Vovape  before  you  leave  ii» ;  which  I 

coiilcfi  I  am  ver\-  f.iiTV  tor.  If  vou  (honhl  have  laid 
afi'le  all  thnii'^rht.s  of  f,ivoi;i :ni.'  the  worh"!  with  more  of 
voiir  woik'i,  it  will  he  miu-h  (iirapp<iiiitri!,  and  m>  oOC 
in  it  more  than  jrour  very  obliged  humble  fcrvant. 


An 


tON. 


Robin*  was  alfo  prepaTing  aaenhn^ed  edition  of  htr 
New  Prineipka  of  Oonoery :  hot,  hatine  provided 
himfelf  with  a  complete  fet  of  allnmomicti  and  other 

indtument*,  for  rr.,Tktng  ohfervation*  and  ript  I'lOMitr. 
in  the  Indie*,  he  departed  hence  at  Chrillmai  in  I'^i/; 
.u:  i  after  a  voyajje,  in  which  the  fhip  wa*  n»r  hcing 
call  away,  he  arrived  at  India  in  July  feillowing.  Thcic 
he  immediateir  fet  about  hi*  proper  bulinef*  with  the 
ireaieil  diligence,  and  formed  romplcte  plan*  for  Vr.it 
St.  David  and  Madrat:  but  lie  d<d  not  live  t«  ]  <  t 
them  into  eaecutioB.  For  the  great  diBirrence  of  the 
'diinate  ftomthat  of  England  hein^;  beyond  hhcoiifti- 
tutlon  to  fnpport,  he  was  ati-icked  by  a  fever  in  8ep» 
t ember  the  fame  year ;  .ind  though  he  recovered  out  of 
this,  yet  about  eight  n(>onth»  afti  r  he  fel!  in'.'  ■^  Un- 
gi  iihinjTconditiuD,  in  which  lie  continu<"d  till  hi*  death, 
\xi.i.  i.  I  pi'cned  the  «9th  of  July  lyji,  at  only  44 

J  CM  »  <■  r 

!jv  '.Hi  I:  il  V  Mr.  RoSinsleA  the  publilhingof  hia 
iNk'.liimaticalWorkfto  hia  honoured  sr.d  intimate  friend 
M>trtiii  I'olkes,  F.fq.  prefidcnt  of  the  Royal  Society, 
and  to  Dr*  Jane*  WiUoo )  but  the  fanner  of  thele 


Digitized  by  Google 


■ROB 


T   3H  1 


HOC" 


Reiltlemen  bciajr  incapscitetfd  by  a  paralytic  diforder, 
ioi  ("oTnc  time  bcff.rc  liis  deuth,  ikcy  wtfie  rfiL-nvardl 
publi(hcdl)V  the  latter,  in  a  volumts  3to,  1761.  To 

'tltis  rollriftioii,  whiiih  coutains  lii:)  rnathcmatioil  and 
pKilofophical  pieces  onlf.  Dr.  Wiiron  bn  prefixed  an 
account  of  Mr.  Robins,  from  which  thSa  memoir  «• 
cUieAy  exlra^ed.  lie  addtd  alio  a  lar;;i:  appendix  at 
Imend  of  thcfccond  volume,  conlainii.;:  a  grc^at  many 

•Cliiimis  ?nd  crittctl  maftou  ill  various  iiitcrcfling  parta 
()f  ihc  tnathctnatict.  As  10  Mr.  Rubins'a  own  papers 
in  l)>e/c  two  vokuMib  ihcf  are  aa  fdlow :  m,  m 
T, 

I.  NVw  ■Tfindpla  of  Cwaxxj,  Firft.  pnrited  in 

3.  An  Account  of  tlat  book.    Read  brfinc  tbe 
ko)ral  Soctetr*  April  the  I4ih«nd2ift  I743« 
■  3.  Of  the  KeMance  «f  tbe  Air.   Read  die  12th  of 
June  174.61. 

»  4.  OF  the  Rcftftaneeof  the  Air  :  tojrciher  n-ith  the 
^lethod  of  cooiptuingthe  Motions  of  Kodic* prejcdcd 
ill  that  Medium.    Rrnd  }imeiq,  ^''^h. 

5.  Account  01  E.\prrinH-iit-,  II  latir..;  to  chc ReGftanM 
•cfthc  Air.    Read  the  4thof  June  J747. 

^  6.  Of  tlie  Force  of  Giinpa«der»  mth  the  Computa> 
.tion  of  iheVclocitin  thereby  commnnicated  to  tnilitary 
projedile*.    Rend  tlte  ijth  of  June  1747. 

7.  A  Conntriton  ,of  tbe  £x]i«fimental  RanKa  of 
'Cannon  and  nfoitais,  with  the  Thetnj  contuned  tn 
tbe  preceding  p!iper«.   Rc.nl  the  27:11  t.;  Juuv  1751. 

8.  PraAical  Maxims  relatiug  to  the  EiFecit  and  Ma- 
wffrment  of  AniOtuj,  nod  «be  flight  of  Sbdh  md 
Shot. 

9.  A  Pi  opofal  for  Jncresfmg  the  Strength  of  the 
Britifh  NaTf.    Read  the  id  of  April  1747. 

10.  A  Letter  to  Martin  Folkes,  Efq.  President  of 
-theRoyal  Socictf .  Rend  the  7th  of  Jaauaiy  1 748. 

II.  A  Letter  to  Lord  Anloo.  Read  tbe  26th  of 
Odobcr  174^ 

U.  On  Pointing,  or  Directing  of  Cannon  to  ilrike 
diflant 

13.  Obffrvaiio:.!  on  ilu-  Hcipht  to  which  Rockets 
afccrd.    Read  tlu;  .jdiof  M.iv  i-^g. 

14.  An  Account  of  fome  iixperiraents  on  Rock«t», 
by  Mr.  Ellicott. 

IK.  or  Ihc  Kature  and  Advantaee  of  RiHed  Bar- 
vel  T;«oci,  hf  Mr.  Robuw.  Rand  the  id  of 
«747* 

la  volunie  II  «i«t 

16.  A  Difcourfe  conceminjf  tlie  N^itiire  btk!  C  r- 
ta'nty  of  Sir  Ifaae  Ncwton'a  Methods  of  I"li;;;;i;ii.,;4iid 
of  Prime  anJ  Ultinntc  Ratios. 

17.  All  Aciot;rjt  f  t  il.c  preceding  Difcotirfe. 

18.  A  Rrjvifw  uf  icr.:r  of  the  principal  OhjcAionf, 
that  have  been  r)>a<Je  to  the  DoftTineof  Fhixionj  and 
LMtimatc  Proportions,  with  fome  Remarks  on  the  dif- 
ferent Methods,  that  hare  been  taken  to  obviate 
tbem. 

19.  A  Diflcitatifto  fitcwinjt,  that  the  Account  of 
the  OoAtinet  of  FlaxioBS  and  of  Pv-ime  and  t^timate 

Ratios,  delivered  in  Mr.  Rtbini's  TTt  iift,  is  aj^rct- 
tblc  to  the  real  Mi.inirp  cif  ihcirgrt.i;  hucntor. 

ao.  A  Dtmonfti.-i'i  II  uf  the  Llcvmfh  Propofition  of 
Sit  liaac  NcwiAit't  TieatiTc  of  (^ludmiuea. 


X I.  Hematt  s  on  ^k'ruo'.illi'i  DiftO'irfi  upon  the 
Law*  of  i!k-  CoiniiiiiiiicMti'in  of  Motion. 

32.  An  Examination  of  a  Note  concemiDg  the 
Sun't  Fafilbuc,  poUilhed  at  the  end  of  Rnzter*!  Ma* 
tho. 

aj.  Remarks  on  Euler's  Treat ifc  of  Motion  ;  Dt* 
Smitb'a  Sjftcm  of  Optica »  and  Dr.  Jurin''«  Sffiir  <Mi 
DittindandindiftioA  Vifinn. 

14.  Appendix  by  thi-  Publiflier. 

It  is  but  jufticc  to  fay,  that  Mr.  'Robi^rs  was  one  of 
tlio  n  iiil  accurate  and  clegattt  matiiematical  «iittrs  that 
our  laiigxiagc  can  boall  of;  and  that  he  made  more  real 
imprbvemcntt  in  Artillery,  the  flight  and  the  leiiAance 
of  projc£iile»,  than  all  the  preceding  tarritert  00  that 
fubjed.  His  Xcw  Principle*  of  Gunnerjr  «ere  tnod 
hied  into  feveral  other  kuiguagc*,  and  ODOnncated  opON 
by  fcvcral  eminent  writers.  The  celebrated  Eoler  ttwt 
iirted  tbe  wofk  into  tbe  Gennan  kapHigr«  nceoon- 
nicd  wtrh  a  large  and  cnttcal  rommentary  t  and  tnff 
work  (Si  Eolcr'-.  wns  :ii,;,iin  trHi;fl:aii!  into  Engllfii  in 
1714,  by  Mr.  liJijli  llravvn,  witli  Notes,  in  ouc  vo- 
lucnc  4;<i. 

ROLiNS,  or  RoBYKS  (Johk),  an  Enghfli  mathe- 
matician, wat  born  in  Staifordlhirc  about  the  clofc  of 
the  1  ^th  centur}-,  as  he  uras  entered  a  (Indent  at  Oxford 
in  iei6,  where  he  waj  educated  for  the  church.  But 
the  bent  of  bit  gcniiw  lay  to  tbe  icienceat  and  he  foiMt 
made  fiich  a  pr^grefi,  fayi  Wood,  in  *■  the  pka&nt 
fludics  of  mathematics  and  adiulogy,  that  tic  brcime 
the  ablcfl  pctfon  in  his  time  for  thofe  fludics,  nut  ex- 
ccj  t'.d  liij  fiicm!  Record,  whofe  learning  was  more 
gcuttai.  At  length,  taking  the  dejrree  of  bachelor  of 
divinity  in  1531,  be  wns  ilic  )c,ic  lollowing  made  by 
king  iivnry  the  Vllith  (to  wh  m  Ue  was  chaplain) 
ooeof  tbecaiont  of  culligr  in  Oxon,  and  in  De- 
cember 1543  canon  of  W  indfor,  and  in  llac  chaplain 
to  Qiiecn  Mary,  wbobad  him  in  gixat  veoerition  far 
hta^  IcamOIK*^  ^"""f  '<^'<^ral  things  that  he  hath 
written  rel«t!n|f  to  aflrology  (or  allronomy)  I  find 
thtTc  following : 

"  Z).'  Culmlnal'wne  Fixo  um  Suiiurum,  idc, 
I  'U  Or:»      OiCafu  Stdlnrum  Fix^rumy 
ulttuolotitnrf  AftroLgUjt,  Uc.  Lb.  3. 
,-1»n'4aliovei  Jid-amrJo  VI, 
TraHjUu  Jt  PrcgncJl'iCiUtone  prr  Edff.a. 

**  All  which  books,  that  arc  in  MS,  were  fometiiTW 
in  the  choice  library  of  Mr.  Tliomaa  AOen  of  Gkccf^ 
ter  HaU.  After  bia  death,  coining  into  the  hands  of 
Sir  Kcnclm  Digby,  they  were  by  him  given  'o  tt.c 
BodUian  library-,  where  they  yet  remain.  It  ,i  jlfu 
faid,  that  he  the  faid  Robyns  hath  written  a  bodk  inti- 
tled,  Ih  Pcrtert/^j  Comfth,  but  fnch  a  thrng  I  have 
not  yet  feen,  nor  do  I  kcuw  any  ihiiig  clfe  of  the  aii» 
thor,  only  that  paying  his  lafl  debt  to  nature  tbe  2$tb 
of  Augult  he  WW  btnied  in  tbe  cbappelofSu 
Georeeat  Wiudl'ore  " 

ROCKET,  Ki  Pyrotecbov,  an  aitilicia]  firework* 
ufoally  coofiAin^  «f  a  eylindncal  cafe  of  pnpor,  fdkd 
with  a  compolition  of  certain  combufttble  mgredientsf 
wl  iili  !h  I'l.!  tvi  a  r(iJ,  nuun'.ii  iiiUi  the  air  to  a  fori- 
fidtr.iMi-  lii  i-.;lit,  itiid  ihire  burJts.  'I'htie  are  called 
Sly  /li, /.'/.■.  Ik-fide  which,  'a  rc  arc  otheit  Called 
4t  atir  Jtioiktii,  from  their  adii^  in  water. 
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TliecaiBi|iofitSiin  with  which  Rockets  are  filled,  con- 
fills  oT  tlie  rliree  following  inpredieott,  vir,  faltpetre, 
eharcoil,  and  fulpliur,  all  well  p^uund  ;  and  in  thc 
fmallcr  Czcs,  gunpowder  dutt  ia  alfo  added.    Bat  tbc 

fn  i:[.(rr(  ions  i-t  all  the  inti^rc  ttients  vary  with  tlMWn|{ht 

of  the  Koi-kct,  as  ii!  I  hi- tcil 


iuwing  Table. 


C«mpripti(int  far  Rocktit  of  Var'wui  Sizri. 

The  Gcoeral  Ccmpolition  for  RockcM  ii^ 
Snitprtre      4  lb. 

F,il-!.,ir  1  lb. 

tbarcoal        t  lb.  ' 
But  for  brge  Roeketii  . 

Saltpetre  4  lb. 
Sulphur  I  lb. 
Mealpowdcr  i  lb. 
For  Rockcttora  Middk  Sttej 
Saltpetre  $  lb. 
Sulphur  i  lb. 
Mcalpotvder  i  lb. 
Charcoal       i  lb. 

Wlicn  Rockets  an  intended  to  mount  upwardt, 
they  have  a  lon^  (lender  rod  filed  to  the  lower  end»  to 
difed  their  mutiun. 

Theory  of  the  Fright  of  /?«fl(«r.«>Matiaitte  takft  tbe 

rife  of  Riif  kcT5  tu  }:c  owiii(r  to  tlic  Impiilfc  or  rcnn.inft.' 
of  the  air  agaii'.ll  tlic  flame.  Dcfagulicrs  accomits  for 
it  tbui. 

Conceive  the  Rocket  to  liavc  no  vent  at  thc  choke, 
and  to  be  iVt  oti  fire  in  tlic  conical  bore  ;  the  conle- 
qacoce  would  be,  cither  that  tlic  Rocket  would  burli  in 
Uie  weakeft  place,  or  that,  if  all  parts  were  equally 
ftrong,  and  able  to  fuftai'n  the  impulfc  of  the  flame,  the 
Kocket  would  hura  out  imtnoteable.  Now,  as  the 
Ibree  of  the  flame  ia  cijuable.  fi^pole  ita  action  down- 
trtrds,  or  that  upwards,  rnfficlcnt  to  fift  40  pounds  ; 
as  therefore.--,  nrc  ce|u.i?,  bnt  their  dSrcdionB contmjt 
ihcy        (Icftroy  cub  oiher's  at'^ton. 

Imagine  then  t'<c  Rocket  opened  .it  tlie  choke  ;  by 
this  means  thc  atlion  <jI  tlie  flame  dowiiward*  is  taken 
asv;u-,  and  there  remains  a  force  equal  tti  43  (ii;unils 
acting  upwaida,  to  carry  up  the  Rocket,  and  thc  ftick 
Or  n»  it  is  tied  to.  Accordingly  «re  find  that  If  tbe 
aimpontion  of  the  Rocket  be  very  weak,  fo  at  not  to 
give  an  impttlfe  greatei  than  the  wei^tof  thc  Rocket 
and  tank,  it  don  not  rife  it  all  (  or  if  tbe  eooipolhion 
he  llmr,  fo  that  a  fman  part  of  it  ooIt  kindles  at  firft, 
the  Rocket  will  not  ilfe. 

The  ftick  ferveii  to  keep  it  perpendicular  ;  for  if  the 
Rocker  f)'.oi;l:l  bt'jnn  to  turvihli;,  moving  round  H  pouit 
In  the  ehokc,  H^:Hin'^  the  conirnoti  Crntrrvjt  '^^laviTyof 
Rotkrt   and   i'slek,  tliert-  woald  he    lo  much  fiichoii 

Sgainfi  thc  air,  by  the  ttick  between  the  centre  and  the 
point,  and  the  point  would  beat  a^fainH  the  air  with  fo 
mnch  velocity,  that  the  readbon  of  tbe  RKdium  would 
re  (lore  it  to  ita  perpendicularity.  When  the  compoli- 
tioait  bonit  oat,  tnd  the  imptilfe  ofWMidt  hna  oeuidi 
the  eoaimnn  centre  of  j^ravit y  Is  bmn^t  lower  towards 

the  mlJJle  o*" the  H't  k  ;  hv  wtiu  ii  nie.liil  the  vi-I(.<-itv  of 

the  point  of  tbe  nick  1*  dccrcakd,  and  tiiat  ut  the 
Vou  II. 


point  of  the  Rocket  is  increafed  ;  fo  that  the  whole 
will  (iiinble  down,  with  the  Rocket  end  fbremoft. 

All  thc  while  thc  Rucket  burns,  the  eommon  centre 
of  gravity  i«  Ihifting  and  petting  downward*,  and  ftdl 
thc  f3l>cr  and  the  lower  as  the  ftick  is  lij;htcr  r  -fo  thatit 
fonv  times  begins  to  tumbfcbeforejt  isquite  burnt  out  i 

but  when  the  flii  k  ;  rnj  lieavy,  thc  comrnon  crr.tre  of 
giavlty  will  not  gel  Ui  law,  but  that  the  Roeket  will 
rife  (Iraight,  though  not  lofall. 

From  the  cvpcrimcnts  of  Mr.  Robins,  and  other 
pcntlemen,  it  appears  that  the  Rockets  of  J,  3,  or  4, 
inches  diameter,  rife  tbf  hijg^befl  ;  and  they  found  thcrn 
rife  to  all  heights  in  the  air,  fiom  400  to  1254  yards, 
which  is  about  three  quarters  of  a  mile.  See  ftobios'a 
TVaAt,  vol*  2>  pa.  3 17,  and  the  VliikiC  TVuT.  vnL  461 
po. 578. ' 

ROD,  or  PaJ!^  it  n  kmc  riieifinvi  of  (6^  (eet,  or 
^\  y.iru^,  orthe4(b  port  of  •  Oonter'a  chain,  iitrfaind- 

ROl.MF.R  (Of. .u  s),  a  noted  i>ani(h  aflronomer 
and  mathrmacicjan,  wa.s  Ijorn  at  Arlujfen  in  Jutland, 
1644  5  ""I  at  18  years  of  ape  wai  lent  to  tlic  iiniverlitJT 
of  Copenhagen.  He  applied  affiduouflv  to  the  Kudjr 
of  the  mathematics  and  aftronomy,  and  hccarae  fo  ex- 
pert in  thoTe  (deocet,  that  wlicn  Picard  was  feot  bf 
licwia  the  XlVth  in  1 67 1 ,  to  nuke  obCervations  in  the 
nortlit  he  was  grattly  fiiiprifcd  and  pknfed  arith  litni» 
He  engaged  Mm  to  return  with  him  to  Prance,  and  had 
him  prefented  to  the  king,  who  honoured  him  witli  tb.: 
dauphin  as  a  pupil  in  mathematics,  and  fettled  a  pculion 
uponliim.  He  vvati  joined  with  Picard  and  Caitini,  in 
making  ailronomical  obfcr\ntion»  5  and  in  1672  he  was 
admitted  a  member  of  tlie  aca<lemy  of  fcicm  es. 

During  thc  ten  years  lie  rctided  at  Paris,  he  gained 
great  reputation  hy  fiin  lUfcoverics ;  yet  it  ia  bid  he  oom« 
plained  afterwards,  that  his  coadjutors  ran  afvaj  with 
the  honour  of  many  things  which  belonged  to  Mm* 
Here  it  wan  that  Roencr,  firft  of  any  one,  found  out 
the  vrlocity  with  which  light  moves,  by  meant  of 
the  eclipres  of  Jupiter's  fatellitcs.  Mc  h,id  obferved 
for  many  years  that,  when  Jupiter  was  at  his  frreatell 
di'.^ance  from  the  earth,  where  he  could  be  ohfc've.'., 
thc  emerfions  of  his  firtt  fattllitc  liappened  eonllantly 
I  c  or  16  minutes  lattr  than  tlie  caknkHilon  pave  them. 
Hence  he  concluded  that  the  light  r^  .'lfi-ttd  by  Jupiter 
took  up  this  time  in  running  over  the  rxrcfs  of  diltance, 
and  cohfequcntljr  that  it  took  up  16  or  18  minutes  in 
nuining  over  thc  diameter  of  the  carth'ioibit,  and  8-or 
pin  coming  from  thefim  to  a%  provided  ittvdiDcity  was 
nearly  unironn.  This  difcovery  had  at  firft  many  op. 
poftr?;  but  it  was  aftei  wards  confirm  _d  by  Dr.  BrtlU 
ley  in  ih<:  moll  iiigeiiioiii  and  beaut'Kil  itianner. 

In  1681  Roemer  vas  recalled  b<ck  to  his  own 
country  by  Chrilliau  the  \  ih,k'n^;  of  Dcninark,  wlia 
made  him  profcflTor  ot  allrunotDy  at  Cojienliai^cn.  The 
king  employed  him  alfo  in  reforming;  the  coin  and  the 
arcliitcftuic,  in  regulating  the  weights  and  meafurca, 
and  in  meafuringand  laying  out  the  hi^h  roads  through- 
out  the  kingdom  ;  ulBces  which  he  ddchargcd  with  the 
sreauft  credit  and  f«tisf«dion,  la  conftquesoe  he  was 
honoured  by  the  kln^  wtih  the  appointment  of  clan. 

cellor  of  (he  I'xcbrtvi' r -11,'  i  i'i,^!iitie8.  Finally  he 
became  counidlor  ui         aud  iiurgotnalter  of  Copunt' 
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fcjigen,  nnJer  FroJerlc  the  IV'.b,  thelnOtcflbrof  Chitf- 

tiun.  RotmiT  w?s  preparing  to  publifli  thc^  rcfult  f>£ 
hit  ob(cr*a(iii^»,  wlun  lie  liird  the  iqth  of  Scptctnber 

i:  10,  at  '^'6  tfi>r«  i  f  »gc  :  but  this  ■  i  , 

Hiirrcbfuv,  hi*  liiftiplr,  then  pi-o!'i-fu.r  of  aitiiHUimy  at 
Copeiiha'Hni,  wht-  f  uWifl  i-J,  i"  4'"'  '"\3>  *»ti""* 
oblcrvaiiuns  of  Roemrr,  wiih  Wis  mcthoii  of  oWcrving, 
under  the  title  of  Jiti^i  AJtr,s,:{»n:,r. — He  liaJ  al<o 

m  fcvml  wlvnca  the  Memoltsof  the  Ko)al  A>.'.i- 
demv  of  Sciencnat  Fari%  «f  the  inflitutioD  of  i666, 
patticularly  vol.  I  and  loof  tint  coIfcflioB. 

KUHAULT  (jAMts),  a  Fr«Dch  philofa|dwr,  WM 

ihe  fon  of  a  iich  merchant,  at  Amiens,  where  lie  wa* 
born  in  1620.  Fir  cuImvm.'i'.  1.:- --u.-^-c  s  .iin? 
Icttrc*  in  his  <>«n  Loiititry,  and  lIm  n  v..i^  U  nt  tu  I'uiiS 
to  fttldv  phiU>foph)-.  He  fccms  to  !i.^»r  lui-n  a  great 
lover  of  truth,  at  Icaft  what  he  thought  fo,  and  to 
Iiave  fought  it  with  much  impartiality.  He^rcad  the 
•■uientrad  modem  philofuphcrt ;  but  Dct  Cartct  wu 
the  author  who  moft  eDga^  bi*  ooiice.  Accordiiiglf 
he  became  a  tcaloua  follower  of  that  |{i«at  Vnsn,  ai>d 
drew  up  an  abridgment  and  pxplanation  ^of  hi'«  philo- 
fophy  with         clcarncfa  and  method.    '  '"^ 


In  the  preface 


il<l 


fon-. 


to'hi's  Ph\fct,  for  fo  his  work  i»  called,  be  mate*  no 
fcruplc  to"Yay,  that  "  the  abij!  ics  an.'.  ;u-.-(,mi  HlTiment* 
of  this  philofopher  muft  obiigt  ihc  wh; 

fefs,  that  FiiUice  !»  at  leaJl  as  capabk  1  .  ^  

raifirg  men  vcrfed  in  ail  art!  an  J  branches  know- 
ledge, as  ancient  Greece.**  ^  Clerfclier,  wrll  k -own 
jbr  liiatnnfla|ion  of  oiany  pieces  of  D«»  Cartes,  con- 
eetred  fuch  an  affcdion  f>n  Rohault,  on  account  of  bia 
^ttarhmcDt  to  tbit  ptulofophert  that  be  gatrehim  hia 
'  mairiagf  cgattift  all  the  remonftrucet  of 


dii.i;;liteT  in 
his  tumnv. 
Roliauli^.  I'l 


pccn 


truiill.Utii  ir 


\vc,  c  written  in  I'rench,  bttt  hate 

J  L;,tfn  bv  I^r.  .Sann:.;!  Clarke, 


with  notes,  iu  which  the  Cartt-liLii  inoi.i  nrc  c<>nc£led 
opon  the  Newtonian  fyflem.  'llic  fuuith  and  btik  uli- 
tion  of  Stbauh't  PMira,  by  Clarke,  u  that  of  17 18, 
IB.  9fo»   He  wrote  aflo, 

JSkmiMt  J*  Mathtmaliquft, 
Trmte  dt  Meebnn'iqur,  and 
EntrttieiU  fwT  la  Fb^^^. 

But  thcfe  dialogues  tre  foiHMea  and  oiricd  on  opon 

the  princijilcs  of  ilic  Cartefian  philofophy,  which  hat 
now  liitlc  otlur  nurit,  than  that  of  hariog  corrcfted 
t!ic  errors  oF  tlit  Aiificnts.  Rcbault  died  iti  167J, 
and  kft  behind  him  the  character  of  an  aniiiiblt ,  as 
well  as  a  learned  and  philofopbic  man. 

His  poflhun>ou(  works  were  colledcd  and  printed  in 
two  oeat little  volume*,  firft  at  Parit,  and  t)>en  at  the 
llagueu  1^690^  The  contents  of  them  are,  1.  The 
irft  6  book*  of  En^d.  2.  Tri|j;onomctry.  3.  Prac- 
tical Geometry.  4*  FortUkation.  5.  Mechanica. 
6.  Pcrfpettive.  7.  SphericBlTogonoiiieuy,  8.  Arilh- 
Stctic. 

ROLI.E  (Michel),  a  French  mathematician,  was 
born  Ambcrt,  T  frr:iU  town  1:)  Auvcrgne.the  nil  of 
April  165  a.  His  firlt  lludics  and  employments  were 
under  notaries  and  attoincya  ;  occuj..it;.in8  but  little 
iiiiud  tobisgcniin.  He  went  to  Paris  in  1675,  with 
Ihiod^rctowceof  fioc  pennaiidupi  aadliiluiicilbj 


giving  kflbns  Sfl  »-:iting.  But  as  his  inclination  fiir 
the  iQathi-ntaLki  bad  dnwn  bin  to  that  cityt  he  it> 
teutlod  the  tnaltera  in  this  (ciepoe,  and  foon  hecame 

one  liim'cif.  Ozanain  pt^pofed  a  quellion  in  ai{thme> 
tic  to  him,  to  which  RoBe  «fave  fo  clear  and  good  a 
fohitiou,  that  thf  niui'llcr  CoKi  -t  irii  le  him  a  hand- 
fome  gratuity,  which  at  bill  fjrfw  lulu  a.  fist-J  pcnfioiu 
He  liicn  abandoned  priimanlhip,  and  ga%L  Junil  It 
enlirclv  to  algebra  a.id  other  hTimches  of  the  mailtcma- 
tirs.  Kit  condu^l  iu  life  pained  him  many  friends  ;  in 
which  liiitfrirntific  merit,  his  peaceable  and  regular  be*  ' 
baviour,  with  an  exact  and  IcrupiilOitt  piobity  of  mail* 
Bcrs,  were  his  only  Inlidtori* 

Rotle  was  cholen  a  nMrmberorthe  Ancicttt  AcadexoT 
of  Sciences  in  1665,  aitd  named  fecond  geometrical* 
pciilkinary  un  its  renewal  in  lti99t  which  he  enjoyed 
till  his  dcuilt,  wliich  happcDcd  the  $th  of  Jidj  1719^ 
at  67  years  of  n  j;c. 

1  lit  V oik:  (i.ibliflietlby  Rolle,  were, 

I.  A  Treatife  of  Aifjchra  ;  in  410,  \f>qo» 

II.  A  method  of  rtLlvinjr  Indeterminate  QodUa 


Al^'tbra  ;  In  1699.  Bciidcs 


infertid  in  the  Mcmoin 
^ieoccs,  as  ibiiow ; 


piece* 


;rcit  many  cunouft 
the  Acadenj  ^ 


1.  A  Rule  for  the  ApprokimatSon  of  TnatfcMiil 

Cubes:  an.  vol.  10. 

2.  A  Method  of  Refolving  Equations  of  all  Degreca 
Nvbu  ii  are  cxpreffed  in  General  Tonus  «ih  t666> 

val.  )0. 

3.  Reairka  npoo  Geonetrk  Lineti  1702 

4.  Ob  the  New  Syften  of  Infinity:  1703^  p« 
312* 

{.  0«  the  tamtk  Method  cf  IVngesta ;  1705*  pi. 
iSt  171,  sss. 

6.  Method  offindingr  th«  Foci  of  GeomMrie  Line* 

of  af!  kill.:.  :  : ;  :%  ;  a.  -'3^. 

7.  On  Cu;  VC5,  botli  Gcomcfricr.!  and  Mechanical) 
with  their  Radii  of  Curvature :  pj.  370. 

8.  On  the  Cooftruftion  of  iiquati  ins :  1708,  and 
1709. 

9.  Oti  the  Extermination  of  the  Unknown  Quatui- 
ticalv  the  Geometrical  AnalyHs:  1709,  pa.  419. 

10.  Rules  and  Remarks  for  the  Conftrudion  of 
Equations :  17 1 1,  pa.  86. 

11.  On  the  Application  of  Diiqthanttac  Riika  to 
Geometry:  lyia. 

1 2.  On  a  Paradox  in  Geometric  Bfledionai  I7i5» 
pa.  243. 

13.  On  Gcometrie  CdoSruAiont  t  1713,  pn.  lAu 

and  1714,  pa.  5. 

ROLLING,  or  Rtiancn,  in  Mechanics,  a  kind  of 
drctdaf  motion,  by  which  the  moveable  body  turn* 
raondltaow  n  axis  or  cmtrr,  and  conttnnally  appEct 
MW  port*  of  its  fur&re  to  the  body  ir  mitvca  upon. 
8nch  IS  that  of  a.  wfacdf,  a  fpherr,  n  garden  roBari  or 
the  like. 

The  motion  of  Rolliij;  is-nppofed  toAntof  ltdiflff| 

in  \\'W\k  \\  I.imct  ivot't.n  t'li'  Kline  fui(ace  if  oonttntuil^ 

appiitd  to  the  pl.iiu-  it  [n;;v;',  alung. 

In  a  wherl,  it  is  ni  lv  I'u  clTciim'rrtrre  tliat  pro- 
perly and  (imply  rolls  ;  the  leit  of  the  wheel  proceeds 
in  a  eompottnd  angidar  knd  ef  motum,  and  partly 
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Tolh,  pmtlf  flidci.  Tlie  want  of  iliftin|^!llriiif  be* 
iwcen  wliich  two  iaotiiMit»  oocaJioocil  the  dIfienEjp  of 
that  cdcbmcd  pfoUem  of  Arittntle'i  Wheel. 
.  The  firiAion  of  a  body  in  rolling,  is  much  left  ttitn 

the  jViflion  in  fliilinf;.  Ar.d  hc  'xc  ari!'-  .  tf.f  great 
ufc  of  wheel*,  ro[h,  Sic,  in  machines  (  a*  much  of 
the  action  aj  p  jfilblc  beiBg  liid  apoB  it*  to  nuke 
thercfillaiKC  tlic  lefs. 

ROMAN  Order,  in  ArchitcAure,  is  the  fame  as 
the  currpoHtc.  It  W3s  intrentedbv  the  Romau,  in  the 
time  of  Augvftui :  ami  it  i$  madle  up  of  the  lomc  and 
Corinthian  ordcra,  being  norc  OnUHMntd  t]iia  ei- 
ther. 

RONDEL,  in  Forllficatton,  a  round  tD«wr»  fome- 
time*  ereded  at  tliefbot  of  a  ballion. 

ROOD,  a  riji-.^i  ■•  m-r  fu  re,  Ijvi'niT  a  quantity  of  land 
juft  equal  to  til 'J  41I1  pjrt  oi  an  ucre,  or  tqu;.!  to  40 
pcrchci  or  iqiiart!  p«>ic9. 

ROOF,  ia  Aichitcfltire,  the  uppermoft  jia-t  at  a 
building  ;  being  that  which  forms  the  covering  of  the 
whole.  In  this  fcnfe,  the  Roof  comprlfcs  tlic  timber 
tt-ork,  together  with  its  furniture,  of  flate,  or  tile,  or 
lead,  or  whatever  eUc  lervesfor  a  coveriagi  tlwugh 
the  carpeotaa  ufuallf  reftrain  Roof  to  ue  timber, 
work  007. 

The  (orm  of*  Hoof  h  ▼arrout:  viz,  1.  P'linird, 
%)\cn  the  ritl^c,  or  .t.:^'1-  fornKci  hy  tlu-  two  luk-s,  is 
III  acute  angle — S'juart^  wlicn  the  pitch  or  angle  of 
the  ridge  is  a  right  angle,  called  the  true  pitch — 3. 
Flat  or  pediment  Roof,  being  only  pediment  pitch, 
or  tlic  angle  very  ohtufe.  There  are  alfo  various  other 
forms,  as  hip  R  jufs,  vallejr  Rooft,  hopper  Rooh,  dou> 
ble  ridges,  platii  nu,  round,  Ite,— In  the  tnie  pitch, 
whcu  the  fide»  iom  a  fquue^or  ttgirt  aitgle,  the  girt 
over  both  fkk*  of  the  Roof,  n  accounted  equal  to  the 
btadth  of  the  buHding  and  the  half  of  the  fame. 

ROOKE  (Lawrikce),  an  Englilhaftronomcr and 
pfomct.ici.Tn,  was  Iwm  at  Deptford  in  Kint,  1623, 
and  eduf.ucd  at  Eton  fchool.  From  hence  he  re- 
moved to  Kiutj's  Collrje,  Cambridge,  in  1639.  Af. 
ter  taking  the  degree  of  mafler  of  arts  in  1647,  he  re- 
tired into  the  country.  But  in  the  year  16 JO  he  went 
to  Oxford,  and  fettled  in  Wadham  College*  that  he 
might  hare  the  company  of,  and  receive  napiwwment 
from  Dr.  Wilkiat,  and  Mr.  Selh  Ward  the  Aftronomy 
rra^cflbr  |  and  that  he  might  alio  accompany  Mr.  Boyk 
in  bit  chemical  operations. 

After  the  death  of  Mr.  Fofter,  he  waschofen  Aftm. 
Bomy  Frofeflbr  in  Grefliam  Cdllixc,  Lundr.:-,  in  the 
year  i6;2.  He  made  fomc  observations  upon  the 
cnmct  ai  Oxford,  which  appeared  in  the  month  of  De- 
cember  that  year  ;  which  were  printed  by  Mr.  Sfth 
Ward  the  year  following.  And,  in  i6js,  Dr.  Wallis 
publifhing  his  treatife  on  Conic  Scdiona,  he  dedicated 
that  work  to  thofe  two  gentlemen. 

In  t6>7»Mr.  Rooke  was  permitted  toexchangr  tla- 
alhvnoiny  profcflbrfbip  for  that  of  geometry.  This 
flcp  might  fccm  lli-ange,  .in  aftmn  .r-y  ifij]  continued  to 
he  his  favourite  ftirily  ;  but  it  wa*  thought  to  have 
Nrn  trnm  I  he  convenience  of  the  lodgiiigji,  wliich  open- 
ed behind  tlie  reading  hall,  and  th<>ini>lbre  were  proper 
Mr  the  reception  of  thole  gentlemen  after  the  bc- 
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tunes,  who  in  the  year  1660  formed  the  Royal  Society 
there. 

Mr.  Rooke  having  thua  fuceelBvdjr  cnjojred  thofe 
two  places  fome  yeari  bcfine  the  reftontion  ih  |6;S, 
moft  of  lhofit{;cmlemen  who  had  been  accnftomed  to 
aflemb1ewit1ihitn.it  Oxford,  coming  to  London,  joined 
with  other^p!,i',jrophic.il  gL-titlcmtn,  and  uhially  m-t  at 
Grrfh.im  Cullc^jc  tu  hear  Mr.  Rooke't  ledurcs,  and  af- 
terwards w-ithdrcw  into  Ins  apartment;  till  tli-irmeet. 
»n{»i  were  interruplcd  by  the  quarto ing  of  folicra  in 
tlic  college  that  year.  And  after  the  Royal  S..cit!f 
came  to  be  formed  and  fettled  into  a  regular  bod  v,  Mr. 
Rooke  was  vcf)  iuilous  and  fervieeiblc  in  pr  imoting 
tliai  gnrat  «od  ufeuil  iqltitution )  though  be  did  not 
live  ttU  it  received  it*  eflaUilhraentbTthcRoyal  diartcr. 

The  Marquis  of  Dorchefter,  who  was  not  only  a 
patron  of  learning,  hut  learned  himfcif,  ufcd  to  enter, 
tain  Mr.  R  jokc  at  1,'-:  U-.A  m  HiL'hgaic  afttr  the  rello- 
ration,  .m.-l  Ivv.i-^  li'm  ^  .xiy  Wc.lr.cfday  in  hid  '-oach  to 
th^  Royal  S;;cirty,  \,  !,;<:[l  llicii  !lH't  on  til.:,  liay  of  thc 

week.  ,ic  (iicllsam  College.  But  thc  kll  time  Mr, 
Ruukc  was  at  Highgate,  he  walkctl  from  thtijcd ;  and 
it  beinjj  in  the  fummer,  be  overheated -himfcif,  and. 
taking  C  ud  afti  r  it,  he  was  thiown  into  a  fcvcr*  which 
cott  biro  his  life.  He  died  at  hia  aptttmentt  at 
Gitfliam  College  the  37th  of  Jme  i6<i,  in  the  40th 
year  of  fail  i|ge. 

One  other  very  unfortunate  circumftancc  attondt  d 
his  dent h,  wliicli  was,  that  it  Iiajipcnti]  thc  very  iiigbt 
that  he  had  for  fomc  years  cxpttttd  to  tiui.ji  his  accu- 
rate obk-rvations  on  the  fatellites  of  Jiijiitcr.  When 
he  found  his  illncfs  prevented  him  from  making  that 
obfcrvation,  Dr.  Pope  fays,  he  fent  to  the  Society  hia 
rcqucfl,  that  fome  other  perfon,  properly  qudified* 
might  be  appointed  for  that  purpofe ;  fo  ioteot  wat 
he  to  thc  la  It  on  DtakiiM;  thofe  curious  and  ufeful  dtfco* 
veries,  in  which hehaabeen  fi» long  engaged. 

Mr.  Rooke  'made  a  nuncupatory  will,  leaving  what 
fcebad  to  Dr.  Ward,  then  lately  made  biO 
tcr:  ivfiom  he  [)Cr;iiittcd  tn  ri.'ceive  what  wa>  due  iijioa 
bond,  if  thc  debtors  oiiL-rcd  payment  wiJliu^ly,  other- 
wife  he  would  not  have  the  hou;!:;  put  in  fuit :  for»  * 
ftid  he,  as  i  never  was  in  law,  nor  bad  any  content iott 
with  any  man,  iu  myUfeutlJUei  aeftbcr  would  1  be  lb 
after  my  dc.itli  " 

Few  perk  IS  1  a  i-  left  behind  them  a  more  agreeable 
chara^rthan  Mr.  Rooke*  fron  every  perfon  tl»t  was 
acquainted  with  him,  or  with  his  qualilications  ;  and 
in  nothii^^  more  than  for  his  verac  ity  i  for  vvh.i:  he  af- 
fcrted  pohtively,  might  be  fully  relied  on  :  but  1}  l^ij 
opinion  was  alktii  coiKcrning  any  thiMir  tiiat  was  du- 
bious, hi.s  ul'iial  aiilwti  was.  "  1  have  no  opinion." 
Mr.  H(nj1c  h.ii  ^nvcji  this  copious,  though  concife  cha* 
niclei  of  hirn  ;  "  I  never  was  acqoaintcd  with  any  per* 
fon  who  kntv.  tr.  nc,  and  fpoke  le&f  bdng  indeed  euii* 
neiit  for  thc  knowledge  and  inpfovemeat  of  alltono* 
my."  Dr.  Wren  and  Dr.  Seth  Ward  defcribe  him,  at 
a  man  of  piofound  judgment,  a  nft  Coraprthenfi;.n, 
prodigious  mcn;or>-,  and  folid  experience.  His  Ikill 
in  the  mathematics  was  rev,  'c ;,ctd  by  all  tht  lovers  of 
thofe  Undies,  ai.d  his  pcrft  ciii,ii  i.i  many  other  lorti  of 
li.rr:.;ng  defetvo  r;o  itl;  .-idii.irat-.jn  ;  b[:t  a'jcjve  all,  as 
another  writer  charaderiBW  him,  htt  cxtcuiive  know. 
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M«e  Ind  1  right  inSacnce  on  tlw  temper  of  mind, 
which  bid  wl  the  humility,  gocdncr*,  calmncfi, 

flnii^tli,  and  linceiity.  of  a  lutiiid  i>ml  unsffif^id  ]jhi- 
lofiiphcr.  Theft  aciniints  j;ive  i-«  his  picture  only  in 
ininiSMivc;  bii'.  fi.cctfTor.  Dr.  Iisec  Barrow,  h«» 
tliaivn  it  in  full  pii'jxmion,  in  hi»  uratiun  at  GrrOiMII 
C'.;ic(,o;  vliiih  Kdloiiu  to bciafcTtcdiulbiiphcet 
His  writing!'  wvTv  chitfly  ; 

1.  Ot ffr\a:'.vni  <,n  itr  Comrf  of  Dtc.  l6j2.  Tins 
WU  pritim!  1  V  Dr.  Stth  Wan!,  in  lii»  lectures  uii 

Cumctb,  4to,  3. 

1.  Dirtffieat  for  Stamen  wwrj  l«  the  and  Wefi 
/maeu  PubUflKd  in  tite  Fhtktfepbical  Vnab&im* 
fiH-Jan.  1665. 

3-  jf  Mftl.H,l  cfOf'f.t'An;;  tl.e  Frtfftl  eflhtHUottlSr, 
In  "the  rh-.lcf.  Traill-  i..r  Feb,  i(-M. 

4,  D't'-iitf.'  (ctuirn'ir^  lh(  {jkjti-^'alhrf  of  tie  R» 
tTtfJj  ofil.v  'Sauiltiet  r.f  ^ufitir.  lo  the  HiBory  of  the 
KojkI  Sjiifty,  pa.  if-  j. 

j.  Ar.  A^KUtil  of  as  Exp  rimect  n<a<!r  vi  hh  0:1  in  a 
hn^  -fub:.  Read  tr.  the  Royal  Soc.  Api  Ats.,  \f>iiz  — 
By  this  ex{.iriiT:tnt  it  w.i»  found,  thrt  the  oil  fmik 
when  the  fun  fcone  out,  aad  rofe  when  be  was  clouded  ; 
the  pioportww  of  whkb  are  f«t  down  in  the  ac- 
cminc. 

ROOT,  in  Arithmetic  and  Alprhra,  denote*  a 
qpaiiiiiy  vbichfaetDg  multiplied  by  itfdf  pioiluci*  f<imc 
biglicr  power;  or  «  quantity  conlidcred  as  the  b.nfis  or 
Ibiii  datioii  of  1  higher  power*  out  of  which  thi*  arifet 
8ncl  grows,  like  as  a  phut  from  ttt  Root. 

In  the  iini  "i.tii  II  of  poxvcrs,  from  a  giTen  Ro<it»  the 
Koot  isalfo  culku  thi-  firll  power;  when  thi*  i«  once 
ji.Liltiplicci  by  itfelf,  it  prcduccs  the  fij  iirc  or  fciord 
|)Owcr  }  thi>  multiplied  by  the  Root  p-^  .  i:",  luukc;  the 
cube  or  3d  power  ;  and  fo  on.  Ar.J  l:t  ricc  the  Roots 
■Kb  come  to  l>e  denominated  the  fijuarc  Root,  or 
cnbe-Root,  or  ad  Root,  or  3d  Root,  &c,  accord- 
ing as  the  given  power  or  quantity  is  confidcred  as 
the  fquare,  or  cube,  or  2d  power,  or  3d  power,  &c. 
Thu*,  t  it  tic  lii)uare>Root  or  id  Root  of  4,  aad  tbe 
ciibe.Root  or  3d  Root  of  8*  ud  the  4th  Root  of  tS, 

Hence,  the  fquare-Root  fa  the  mean  proponioaal 
bctuKn  I  tlic  fqunrc  or  given  power;  and  the 
ciibc  Koot  i&  il.e  fuA  of  two  mean  proportionals  be- 
tween I  and  tlie  given  cube  ;  and  fo  on. 

To  Extraa  the  RixH  of  a  given  number  or  power. 
Tliis  is  the  fame  thing  ai  to  ("mJ  a  n.urihcr  or  qiiam  ly, 
which  bein-;  multiplied  the  proper  niimlicr  t  t  times, 
will  produce  the  given  number  or  pcm  cr.  vSo,  to  find 
the  cube  Rjootof  8,  i»  finding  the  number  2,  which 
oinkiplicd  twice      ttfeU  pradiicet  tbe  gi*ca  mim* 

ber8.  ,   «  * 

-  Pot  the  dual  nediodt  or  cxtnAing  the  Xoott  of 
K«mber»,  fee  the  common  trcatifeaon  Aritbmetir. 

A  Root,  cf  any  power,  that  conBftaoftwo},«its,  is 
called  a  binomial  Root  ;  as  i:  or  10  +  z.  It  it  con- 
fill  of  three  parts,  it  is  a  tiinomial  Root;  as  126  or 
ICO  +  20  +  6,   Andfo  on. 

The  extrae^ion  of  the  Roots  of  algebraic  quantities, 
is  alfo  pcrfurroed  aftir  tlu-  l.nu  niniii.cr  ai.  tlial  of  num- 
bcrtt  «>  may  be  fecn  in  anjf  trcatife  on  algebra,  See 
■Ifo  the  mide  fxTMicrioii  «f  RmU. 


A  eenf^al  method  for  all  Hoots,  is  alfo  by  New* 
tos'a  binwfflial  iltcoiero.   bee  Binoi^ial  Thewo  u 

finite  apwaximating  rules  for  the  extiodion  of 
Roott  haw  alfo  been  gifenb;  feverel  autiwis,  asRMb> 
fon,  De  Ugney,  Haiky*  Ace  Set  the  vt^uiuihr' 
PKoxi  MATioM  and  Extraction.  Sec  alb  Ncwton'e 
Lnivcrfni  Ariih.ilit  Appeudix  ;  I'lilhif.  Trapf.  numb. 
210,  or  .\bri<<g.  vol.  1,  pa.  81  ;  Mackurin's  Alg. 
pa.  242  ;  .S;mj.ft.n's  Alg.  pa.  155  ;  or  Kit  li flays,  pa. 
82,  or  hia  Dillirtacions,  pa.  102,  or  hi«  Select  Excrc. 
pa.  wIkic  varioiu  gener;il  thLornnN        Lp'j  roxi- 

matinK  to  the  Roots  of  pine  poweis  arc  given.  Sec 
alfo  ^urarioit  and  Reductiok  of  Equation^  Af^ 
FKOxiMatnit,  -and  Cokvi»oimc. 

But  the  ffioll  commodioui  and  genera)  rule  of  any, 
Ibr  fbchnpproximr.tions,  1  believe,  is  that  which  has 
been  invented  by  myfcif,  and  explained  in  my  Trads* 
vol.  I,  p4.  49  :  which  ihcoicm  is  this  ; 

a  —  |/N.    That  is,  having  to 


.N 


>  .a" 


+  B  + 

extiaft  tfa«  nth  Rootof  tbe  given  number  K j  take  «• 
the  nearcU  rationd  power  to  that  given  quantity 
wbetbct  gmterorldii,  its  Root  of  the  Amc  kiadlieing 
a ;  then  the  required  Root,  or  ^'  N,  WiH  be  «•  ta  cs- 
1  u  Jtil  in  thib  formula  abovC|  or  the  fi«M  enjurcflcd  IB 
a  pioportiou  will  be  lUut : 

n  —  I.N  +  iff  i.d* :■+  i.N+n— ^.«*it#tyN 

the  Roi  t  iuiiirli'.  viTV  iicaiU.  rule  jni.Judcs  all  the 

pailii  uUr  ralioiLU  )u:i!.iJiij  of  Dt-  L.i^Micy,  ami  Hallcy, 
,which  were  fiparately  invei; bytlum;  and  ytt 
this  general  formula  is  pcifedtly  fimplcand  cafy  to  ap- 
ply, and  more  eafdy  kept  in  mind  than  iflf  ooe of  toC 
iiaid  particular  formulas. 

buppufe  it  he  required  to  doubk  tbc  CObCs  Of 
to  cxtra£i  the  cube  Root  of  the  uumber  ». 

Here  N      2,  n  =  3,  tbe  neareft  Rbol  d  ss  1| 
fo^  =  1 ;  hence,  for  the  cube  Root  the  fonnulfcb«> 
4N  +  2a»       aN  +  a*  , 

BlttN  M>  at  4,  m4  xN  •*  s 5 1  tbereftve 
aaf  tj  IS  I  t^s  1*2$  B  die  RoatneMif  bf  aCift 
ippraumatioa. 

'  Agauit  for  a  lecond  appfoztnatioak  take  *  —  ^> 
aadcenfieiinc«lly  s 

he«cc.N  +  -»  =  4  +  ^^  =  ^ 


and   K  +  2^s:s  •!> 


theiefeve  i 


2$o 
64 


378, 


s  Mi. 


4  J** 

I  ■  259(^2 1  &c,  for  the  required  cube  Root  of  1^  wbicb 

is  true  c-,vr,  in  the  lall place  of  deciinuh. 

Root  of  an  £^tta/imt  denotes  the  value  of  the  un- 

koowft  quantity  io  m  ci|MUun)  which  is  fuch  a 

quantity, 
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qiimtitv.  .1^  !«ring  fiibftitiitetl  inHc-r^tl  of  tliat  n'lkno'vn 
Kitrr,  iiiio  ttic  cquatiun,  ftiiili  m>ik.c  aU  liiC  tctmtto 
vaiiilVi,  Of  both  ftdw  equal  to  each  other.  'I'huk,  of 
the  equation  +  5  =  14,  the  Koot  or  vaiue  ot'jritjt 
(Mcau.e  fubllituting  3  for  .1,  nuke*  k  Sxconc  9  J  — 
14.  Aqd  the  Rmjt,af  the  equation  :  =  t«4, 
becaafe  a  x  4*  s  33.  Alfo  iIk-  Root  of  the  eqa«« 

tion  A'*  =  u*  +  <■*  ii  X  —  ^  .-•  +  I  \ 

For  the  Natore  of  Rooti>  and  for  cstraiftiu^  the  h- 
fmi  Root*  of  eqimrioM»  fa  EqPATioh. 

Emj  eqaation  haim  nmr  Rooli,  omlua  of  the 
tniknown  quantity,  ai  are  tne  dincafioat  or  higheft 
power  in  ic.  As  2  fimplc  eqttaiHHi  One  RoodaqiMdil* 
tic  two,  a  cubic  three,  ar.dfoon. 

Rootsarc-  po("i' V,  ,1  1  t;_;aiive,  realor  inugiauy,  n* 
lional  or  radical,  &c.    fete  EiyATios. 

CiMe  Root.  Thi«  is  thrcrfulJ,  even  fiyra  fioipk 
cubic.  So  the  cube  Kiwt  of  a*,  >•  citlttr 


tf,  or 


-  1 


^  or 


I  or  ~       ,  or ■ 

z 


a  a 

And  cTca  the  otbe  Root  of  1  iifeV  » tHker 

s 

Jbu/  MM<f  Imifgihury  RooTi.  The  odd  Root!,  a*  tlw 

3  ),  5t1i,  7th,  «ic  Koutih^  of  all  red  qmatiiiea,  whc> 
thcT  pofiiiv;:  or  negau'te.  arc  real,  and  are  refpe^ivelf 
;  :i',vu  ( r  :i  ,;ative.   80  the  cube  RooC  of  «*M«,  ud 

Ot    —  iJ^  li  —  It. 

But  the  even  Roots,  as  the  Jd,  4i!i,  5;c,  are 
only  real  when  (he  quantity  n  |>uiuivc  ;  Uriiig  imagi- 
nary or  impolliblc  when  the  quantity  i»  negative.  So 
the  fqiure  Root  of  1*  i«  a,  which  is  real;  but  the 
fqiurt:  Root  of  —  a%  thai  is,  ^/-'a*,  is  imaginary 
or  impofliblc ;  becatife  there  it  no  quantitfi  ncithn 

«  nor  -  a,  wliich  hj  fqutri^g  wiUottke  the  gi«Uk 
nejittivc  fquare  — 


Table  »f  Root8» 


THE  following  TaMe  of  Roots,  Square*,  and 

Ci:1)c5,  is  vm  uIl'I'i:!  in  niany  calculatioDii,  and  will 
ffiTc  to  Siiii  ii^uarc-Rwts  and  cube  Kootn,  at  well  as 
f(jii  irc  and  cubic  power*.  Ibc  Tabic  confifti  of  three 
I'uiumus:  in  the  firR  colunin  -irc  the  frnVs  of  romtnon 
numbers,  or  Ruotf,  i,  2,  3,  4,  5,  6,  &c  ;  in  die 
fecitnd  colunriD  arc  the  Iqstarts,  and  in  the  third  co- 
lumn the  cubes  of  the  fame.  For  examjilr,  to  itnd 
the  fquare  ot  the  ctibc  of  the  nunnber  or  Root  49. 
Finding  this  nuinbcr  49  in  the  firft  cnluHWl ;  upon 
tlie  fame  liae  with  tt^  fUndt  its  fquare  1401  in  the 
feoond  caluiu|»  Mid  itt  cube  117649  in  the  diiid 


Agaifli  to  And  tlie  fqnare  Root  of  the  imralwr 

78O.  Near  the  beginnit);-  uf  the  Table,  it  appears 
that  tilt  next  kl*  tiud  grtattv  tabular  fijuares  arc  676 
and  719,  whofe  Root*  arc  :6  and  27,  and  therefore 
the  fquare  Root  of  'co  is  Ictwccii  2  ft  and  2".  But 
a  little  fur'.livr  011,  viz,  amuii;,'  llic  liiiiidrcds,  it  ap- 
pears that  the  reqiiiicd  Root  lies  between  26*4  and 
a6*5,  the  tabular  fquarea  of  tbefc  being  696' 96  and 
fQy*2;«  cutting  oS  the  jpofv  port  of  the  ^gtwctfor 


dcamab.   Take  the  betwee»tbe1r1»fqnare- 

696*96  anc!  tt.c  given  m.llilicr  7CO,  wlkoh  ^'■  ■Cy  3 '04, 
and  divide  the  lialfi'FI;,  \\7.  I'^i,  by  tlu- Ids  givc;i 
t.ilnilar  Root,  vii  26*4,  and  the  quoticrt  ^75  ^ivti  a* 
many  more  fij"!rcs  of  ti  e  Root,  to  bcjoinctl  to  the 
firll  three,  and  lliui  makin;;r  the  RoOt  cqonl  III' 
36'4;75,  which  i$  true  m  all  tte  pUcca. 

Alio  to  find  the  cube  Root  of  the  number  7000;. 
near  the  bceinning  of  the  Table,  among  the  ten*,. 
it«q>peu«  tlitt  the  cube  Root  of  tUt  munbt  r  is  be- 
tween 19  snd  jQi  but  Arther  on»  among  the  hun- 
dredii  itappean  that  it  lict  between  19*1  and  19*2, . 
aHowing  tar  the  proper  namber  of  Jategen.   But  if 


more  ngtirpt  are  required ;  from  the  given  number 

7?00  tiiKc  the  next  lefi  t:<bular  one,  or  the  cube' 
of  19"  I,  vi;:  ^^^7871,  and  tlieTC  remains  -^2.' ll<f, 
tlie  jd  part  of  *liieli,  or  io-7jo,  divide  by  the. 
fquare  of  19*1,  viz  364-81,  found  on  the  fame  linc» 
Ai.d  the  quotient  293  i>  the  next  three  fi^^ures  of  the 
Root^aitd  tberefore  the  whole  cubic  Root  ia  19'  iz^if 
vbidi  w  tnieift  dl  itt  fignrei^Thc  TkUeAiBowfc. 
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734449 


3o6 ! 649636 
807:651249 
808 '652864 
809 1 65448 1 
8io;656ioo 
8i I ' 65772  J 
812  Y)59344 
8131  660.^69 


816 
817 
818 


66j  596 
664225 
665856 
667489 
669124 


8i9'67076i 


869 
87c 
871 
S72 

875 


736164 

7378«' 

739600 


746496 

7482:- 
749056 
7516S9 

7)}4M 
755161 
756900 
758641 

760384 
762129 

763^'^ 


5  37?'''^-797 
5393S3U4 
54I34337J 
543335496 
S4n385»3. 
54734343?! 
549353^59 


1876 

8-7 

S7S 

879 
880 


62722201'!    ;19'  ■'441'^'' 

629422793  9-01 8464c-"|7»  ^  , 
6316J8712  (921  848241  78i229<y5i' 

633839779  !9»2  850O84  7«3  7744fi  ^ 

,  y^^^     636056000      923  I  85  1929  I  7S633O467 

741321  '6'3827738ijj924j853776 
743044 !  640503928  ll  92  5  j  855025 
744769!64J735«'47  I9^6!8j7476 

644972544"i927'»i93:9 
(,.7:14625.1928:361184 
6494618761929  863041 
651714363 ';93o  S649co 
65397*03*  ■'93'  1^60761 

656234909  •  932  !S6'5624 

6585O300-'i'933  I  870489 
660776311  934,872356 

663054848 ''935  8742*5 
.936 
1937 
,938 

1 939 
40 


6653386 
66-027624 
7656-5 il6 9921875 
767376I672221376 
691 29:6745261 33 


876096 
877969 

879«44 
^8l72 I 
8836 


7S88S9024 

79'4J5'-J 
794022776 

7  96  5  979'^  3  i 
799'7»7S»  i 
801765089  I 

8043570CO1 

S0695449I  ! 
809557568'! 
S12 166237  I 
8I478O5C4.I 
817400375; 
8200258561 
822656953' 
825193672: 
8279360191 


770R84  ■67683^)!  52  541 '  8«548i 


771641 
774400 
776161 


679151439 
681472000 
683797841 


777924168612^968 


9421887364 
9 J3' 889:49 


8332376:1; 

835896888' 


944 
94  7 


■930?. 


R<K.>t 

946 

8940. ')j 

8v  )ic9, 

94  i 

^^;c4| 

Q40 

9'.  1.6c  1  1 

9  ;c 

9-25^: -5 

9\  1 

9-4401 1 

9-:6304 ' 

^  J  -' 

q29j09| 

054 

91-^16 

955 

912025 

95  ( 

91 7056 

I,:  -  849 

9177(^4 

060 

93 162)'. 

961 

02 t 521 

q6: 

9^7-'"! 

964 

92929 . 

/  y 

<(;!22  5 

966 

933  "i'' 

967 

94  5Ctiy 

968 

9rc:4 

069 

9;  8961 

070 

940(yOC 

942i<4t  1 

973 

946' 2iv 

974 

948676 

975 

050625 

976 

95257*-! 

97  ' 

9545'9i 

078 

9564H4, 

979 

95844 1 

980 

9604CO 

981 

962361 

982 

964324 

9^16289 

984 

968256 

085 

970225 

986 

972196 

97A169 

9fl8 

976144 

978121 

990 

980100 

991 

9S20S1 

fj02 
'4/ 

084064 

986049 

GO  J. 

9SB0  ;6 

g(i?o:5i 

99^1 

998 

996oo<; 

999 

993001 

JOCO 

lOOCCOC 

tool 

I0020CI 

1002 

IC04C04 

1003 

1 006009 

1CC4 

ic3Soi6 

lOi) 

ICICC25 

ioc6 

101:036 

1  oA 

1014049 
1010064 

"CnEe" 


»<465i,05  6 

84937^-':3 
8519-' 1 392 

854670349 
S57375000 
86008535; 
S6 2801402 
86,-523177 
H6fi2  5C.6''i4 
i;709SiS7  5 

£77722816 
S7'  467493 
S-92I79I2 

P8473600 ) 

:"87j0568f 

f^;.C277i28 

89505634: 

895^*41544 

89863  J 1 25 

9Ci4;S^696 

904231063 

90703923: 

909855J09 

91:67^000 

g  I  $498611 

91833OO48 

921167317] 

924010424  I 

9268SV3V5 
9297i4>76! 

932574833 

93>44'35» 

y3=3«3739 

941 192C01 

944076141 

946966168 

94986:087 

952763904 

952671625 

9>85b; 

961504003 

964430272 

967  61669 

9702990CO 

9732422-1 

9.61 714S8 

9-9146657 

982107784 

985074875 

988047936 

99 '-^6973 

99401 1992 

997002999 

lOCOCOCOOO 

i003Cs>j00i 
I006CI2008 
1009027027 

|C.I204t0'i4 

101 5075 125 

10lSloS2lf) 

J02II47343 
iot4i92S» 
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The  followinj;  another  Tabk  of  the  Square  Roots  of  the  firA  looo  Numberttotft 
flacet  of  dctimiil  figurtf  befide  the  intcigen,  which  nted*  oo  farther  ciplantKMi,  w 
Nambcra  flisd  sU  aju  iu  the  Ivft  ooland,  md  their  Square  Kuota  in  the  nett.  • 


No. 


9 
to 
II 
II 

«3 
«4 

«5 

|6 

i6 
'V 

JO 
21 
22 

»4 

26 

>7 
28 

29 
30 
3' 
.32 
33 
34 
34 

36 

37 
38 

39 
40 

41 

4-' 
43 
4  + 
45 

4'/ 
i'- 
5' 
5- 
53 
S4 
5S 
S(' 
5; 
$» 

1^ 
Ci 

61 


Square  Rbbt. 

I'OOOQCSCXXXt 

1-  414213(624  I 
i*7}aa$o8o76 

2-  eoocr:ooooo'| 
2»36o579775' 
:-44945Q74-'8 

ycoT . c.  c^co 

3-  3166247904 
3'464ioi6iSi 
3-6ojc$r27j? 
r74'OS738t>8 

3-  87»9833462 
4*ooocoooooo 

4-  -;:^.in687i 

'4-4-JMJ95P 
4-58:5756950 

4-69041  57, -98 


ToMr  0/  SqvMTt  RooTi  t9  H*  Duimoi  Pbeti. 


S<iaai«Kaat. 


Ko.  I     Sqnar«  R'i'<. 


4-79C«3Jji53 

4-  8989794856 

5-  00O0000000 

5-o9()Oi95i36 

5-i96i;z4ii7 

5-291502^221 

5 -385 1 648c  71  ■ 

>'477"?>75': 

r5'^77^H3^'=^i 
5  656y54J^o5| 

5-714;1j6}65 

58309;  18948 1 

5-  9160797831 

6-  0000090000 1 

6-082761 JJ03 1 

6-1644140030 

6-2445979984 

'^■•3^45553203 

6-4DV24»i74 

6-  4S-^o6r4 
'  •55W3*^5'43 
''•'•33249580: 
6'7oSio  ,93^J 

6'8  5  56546004 
6^9(82033303 

7*0000000000 
7*07 10678 1 19 

7-  I4I41S+285 
7-2  1 1 10H509 

T-i8-:lC(y8''93 

7  3484'i9"8.^ 
7-4»6i984S7i 

7-4833  •  47-35 
7-;448344'^5j 

7-6i57-;3io59 

7.68114574,9 

,7-;4596'>6jji4 

7-8102496759 

7-874007«740 

7N3:«S39I3» 


64 

65 
66 

67 
6t: 
69 

I  , 
7J 

75 
74 

79 
80 
61 

8? 
6? 
84 

86 

87 
83 

89 

90 

9' 

9^ 
93 
94 

95 
96 

97 
9H 

99 
100 

101 

I02 
103 
104 
,05 

loC) 
107 
108 
1 09 
no 
It  I 
111 

*«3 
1(4 

i'5 

116 
1 1  7 
118 

119 

I  }C 

121 

t22 

»»3 

124 

"I 
tao 


8-0000300000  1 1 2 7 1 1 1  -2694276696 
8-062257748^  128  1 1*3137084990! 

8-i2403*!4046  1 129  n -5578166^16 
3-iS;35277i9|' 130  11-4017541510 


8";46iiii5 

"-3666002? 53  I 

8-4:614977321 

^•4*5-813:4^; 

8*i4*033745." ' 

S-6d;3:5z67o 

8*6602540378 

8-7i7797g87i 

8'7  749643874 
8-8117608663 
8-838j9f  J173 

8-  944:7  I  glOOi 

9-  oor>ooooooo 
9-0553851381 

9""'433S79' 
9-1^51513999 

9'- '95444573 
9-2736184955 

9'3»73'9053' 
9-3308315196 

9  433  3*' 
943683298C5 
9.539^92014; 
9'i9  I  '630466 
9.6456507010 

9-  6953^97148 

9  74'>:943448 
9'7979;8g7it 
V-i^4''i8578oi8 
y89<»4949J'^''-' 
9'94937437«' 

10*0000000000 

iO  '''4y°7?ft2 1 1 
10-0995049384 
10-148S915651 
to*i98o39027; 
10-24695076^0 
10-2956301410 
ro-344'3So4j:8 
10.3923048454 
1 0.4  40;  065089 

10-  4880884817 
'0-5356537529 
10-5830052443 
io-6}Oi458ii7 
10-6770781520 

10-73  j8->J2ri48 

10-7-;  ■,- ;''!43 


No. 

190 
191 

192 
"93 

'95 


131  ii-4ii5:3!4i5| 

I  5J  ii'4^y'J5:93' i 
1 33  ii-,-32;6:59;7li  19'i 
i34jii-r  j'<3<'9''-8il  197 
135 1 1 1  •6i895'J0386^l  198 
1361 1  i-r6iiK)37"-:9  ." 


•39 
1 140 

|«4' 
142 

,'43 
'44 
'45 


195 
2:0 
201 
lo: 


11-7046999)  1 1 
n-747J44j8o8 
I  i-7698i6i2::6 
1 1-8321 595661'!  203 
11*8743420870 ''204 
ii-9i637;jS78jj205 

1 1-  958260743 1  '1 206 

12-  OOCOOOO'^OO 

12-0415945*88 


146  12-0^30159736 


'47 

1 48 

«49 

150 

'S' 
'5» 

'53 
'54 

\\l 

'59 
160 
161 
(62 
163 
164 
.65 
166 

168 
169 
170 
171 
172 
173 

•74 
•75 

'76 


207 
108 
209 
1 10 
2 1 1 

212 

"3 
*H 
»«5 


1 2-1 2435  i6c  50 
t2-i65  J  250606 
i2-2o655c6t53 

i2-2474437»39 
12-2882057274 
12*3288280059  ^ 

12-3693168769  ';i6 
12-40967J6460  '217 

11-  449'^99>  >'^3f  218 

I  2  "4^999;  9968  ;  219 

12-  5299640861  i  :;o 

I  2 -£698050905  '  221 
I2-6o95202i29l*222 


12*6491106407 
ia<68ls775404 
12*7279420614 
•2-76714J3348 

12-8062484749 
12-8452325787 
12-8840987267 
i2-92i84;983j 

1 2-  9614813968 
13.coooocc.ooc 

13-  0384048104 
13-0766968306 
13-1 148770486 
13-1529464380 
13-1909059583 

13.2287565553 
13.2664992614 

I3-304I34695-- 
13-3416640641 


!"3 
224 

'225 

■226 

|22S 

[229 
1 230 

i^3' 

-j3 
-31 
■-35 
23^' 
i237 
'238 

|«39 
;240 

24' 


-  y  i3-37rioK8i6o3  242 
io-8r  tii;  j;-l:64|!  ifio,  1 3.4  i'''4O78650  1243 
10-862780 19  r  2  (  i  S  I  ]  13.4  ,-3')2  4C47  1  '  244 
10-9087121 146jj  182  (13-4907375632  [245 

10-  95445"50'  [!i83ii.V5J774'">25><5 
1 1  -oooooococo 
110453610172 
11*0905365064 

11*1155287257 

11-  1803398875 

11.2249)21603 


■•83|i3-5J774'">25><5  [246 

'3-5'^4<'5996'-3'|247 
185!  13.6014705087  248 

186  13,63818169701249 

187  13*6747943312!  250 

188  13-711 309200^ ,  251 
189(13-7477270849;  252 


Square  V  cKt. 


3-840487521 
3-82027496 II 
3-8564064606 

•?-89244?9Sq4 

3-  c,283S?:77.- 

r9''424-t;4i8 

4  oooooooooo 

4-  0356688441 
4-0712472-95 
4-106735979- 
414:135623: 

4-17744^3798 
411 26.04036 
4-2478063488 
4-2828563571 
4-3178210633 
4'35270O0944 

4^3  8  7  494  5699 
4-422205 1019 

44568322948 

4-491376-462 

4-52  5  839^=463 
4-5602197786 

4-5945 '95 193 
4-6287388383 
4-6628782996 

46969384567 

4'7  309 1 9*^6  =7 
4-764823cfio2 
4-79864^-5869 
4-8323969742 
4-8660687473 
4-8r).966(4 

4-933  !S45i3' 

4-  9666  4-1 

5-  MMCOOOOO 
50332963784 

5^0665  IUI733 
5'0996683705 

i"'3274i9504 
5-1657508381 

,-19^6841 536 

5  2315462117 
5-2643375225 
5-r9705S54o8 
5-329-;097i68 
5-36229149^ 
5-394804318 
5*4272486209 
5-4596248337 

5"49«9333848 
5-5241746963 

5"55^'349'8<" 
5-5^84572681 
5-6204993518 
5-65:4758425 
5-6843871414 
5-716:536455 
5»748oi 57460 
57797338381 
5-8113^83008 
5-8429^95  <78 
^874t07866^ 


R  o  a 


r  39$  T 


R  O  O 


Tall-  of  i 


No.  ,    Squara  Root. 


No.  :     Squire  H  «'-. 


«S3 

2j6j 

257 

<6o{ 
;6i 

262! 
263' 

26? 

266 

267; 

269, 

27f>j 

271 
«7a| 

»7i| 
176 

»77l 
178 1 

289 
2B1 : 
282 
283 
284 

jR6 
187 

288 
289 
290 
291 
292 
293 

^95 
196 

Z92 
298 

»99 
3(X) 

30' 1 

JO', 

303 ) 
304 

307; 

3081 

3091 

jio 

;ii 

3" 

3«3 


'S  90597J7»o6;  316 

'5'9J7377450'.!;3«7| 

15  g687i942J7i  318^ 
1 6'ooooooooDc  1310 
16-0312 195419  5:- 
i6*o62 371(4042 1  321 

16x9347693941  32J 
i6'i245i54966  3i3[ 
«6-i5C49HJi4l'324, 

16  iS64i4o;6:  ^  325I 
16-2172747402  ,  326 
t6-24bo768o92  327 
i6-2-8820596i  328 
i6-3c<55oi.;j05  329 
16-3401346384,,  530 
16-37070,5417  331 

if  '4012  194669  !  332 
16-4316767252  '333 

16-4620776331  :334 
I6-49242250JS  i33e 
i6-^227ii64i9  1 336 

'^■55»9453S69 11337 
i6-583U39;t8;  338; 
I''WjI31477J5S  339. 

i6-6433i6977i  340? 
«6-673332ooo;  m 
1 6*703 293088 5 '  342 
i6-735;oo?30;i  343 
16-7030546142!!  344 


17-7:63888346  ;i  379 
17*8044936148 1,380 

«7*83iSS4Soo'  I  381 
i7-8(o<-:ici995 
1  •  ■!■  S:-;54j820O 
17-9164728672 
«7"9445  584449 

17-  97»20O7S56 

I  8-0000CKXX)00 

180277563773 
18  05  ,-4700853 

18-  cS3 14 13200 
18*1107702763 


19-467         ■  -.1 
lV-4/3Sti>'-5 
19-,-  Hy22i20?9 
58;  '  i9  ;44S2o:8)-; 
383;  i9-j7C3SS79o8: 


3«4 

387 
388 

389 


«9S959«7Mi3 
19*6214168^3 
19*6468827044 
19*6713155729 

19*72  30829^3 1 


No.!     S<^t:jic  fi!>iit- 

14.*!  :i-o.'-,7,/jo4i6 
4431  2  ro4-  565179? 
444'  2i*07>307sO)7i 
44 ; '  2 1  -Ci.;o:  3  ic/?! 
44'>  21-1  187  . 


390  19-7484176581 


591 


•9"7T37»09333 

19-79^939^-;^. 


iS*i33357i47al|392   

18*1659021246'  393!  ig-8;42J7toi6 
18*193405398-,   394  19-849431:413 


16*7928,' 56237 
16*822603^413 


16*85229954641347 


346 


395, 19*8746069144 

396  19-3997487421 

397  19-9m85884J2 

398  19^499373435' 

399  j9g749>W54i 

''401  ;ro-o:49943g4:: 
I a*4 1 1  ';;a6395  li  4BJ  ? ao  0499376 5 ,  ^ 
13-43908^9146  403!  20'074S,-9S.„,  ; 
18-46618; 3 12611 404;  2Ci*09>,7;  124;; 
1 8-493 1 : 0089!'  405  I  20*i  74?;  11797; 
18*5302 J91775'  406;  ;o*i4';44i'  79O 


18-2208671583 
18-2482875909 
18-2  7  {6668825 

»8:39jooj*if7 

«8-5?7$?97$«»7 

18*3847763109 


447  a"  '4-374>"9 

448  21*1660104885 

449  21*1896201004 

450  2i-2i320j43y6 

451  21-2367605816 

452  21.2602916255' 

453  :i-2837y6653S 
4i4;»«'307i7r5  =  7 
4^5|-''3S37»C/''^T" 

458  21-4009345590 

4?^  21-4142852856 

460  21-447610589? 

461  21-4709105536 

462  2i'494i852j79 

463  il'5t743479i4 
464;:i-i4o6,9::8; 

2i-j638>S652B 
21-5870131449 
:i-(^ioi827S5o 
2 1  63 33076528 


20-1743410018 
20'i99009S7£7 ' 
20-22374«4i62 
»-a4«45*Mt3 
20-273 1 3493»7 


18-5472369910  '  407 
18*57417562 10:  408 
18*60107523771409 
18*6279360102  '410 
18-6547581062  1411 
18-6S1 5416923 11412 : 20-2977831302 
18*7082869339  I413 i  20-3224014319 

«8734993<)9>2  iI  -tH ;  JO"3469399494  i! 
18-7616630393 11415  20*3715487875 
i8*7882942;8i  |'4i'>  20  3960780544 
18-8148877222 j! 417  :o-4J057785'>7 
i-S  84144368 14 1  418  20  4450483003 
18*8679622641  I  419  20-4694894905 
1^*894443^.27 7 M*o'  JO  -19390'J3'9 


168819430161  [348 

»6*9iiS345*53  349 
16.9410743461  ;350 

16-  9705627485 -351 

I  7*0000000000 1'  3 2 

17-  CJ93S636;9!  353 
I7*oc87;2io92 !  354 
I  7.ob8oo749'36  ,  355 
17-1172427686 1356 
17*14642819951  3,-7 

171755640373I  358 
17-2040505341 1  359 
«7»J36879396i36o 
17*26267650161361 

17-2916164658  S  362 
17*320508075:  '1363 
»7'3493i  •57ii(  1  j'':4 

>  7*378 '47  "/JO  iJ^? 
17*4068951855  ii  366 1 
'7'4J5?9j'74--;  ^67' 
I  7  '4''4249  u/y^ 

i7-49*8Sj'^S45..3<i9 
17  5214154679^370 
17-54992877481  371 

'  *S7839$'>l«i|  37* 
1 7*6068 1 6sf) 1 7  373 

'7-<'3$'V»oi^8>  {'374 
17*6635217327  375 
17*691  t!of>oi3C  13/6 

1 7-;2oc45i467  1377  i9-4i'J487ci389  440j  20-976i7t9t-,34 
';;748-:3v3493  1378; 


20*5182845287  I 
20-5426385843  j 
20*5669638012 
20*591 260:820 
20*615  528  >  28  r 
zo-6597i'744o6 

.  0-6639783  t  y8 

2o-688i6oti6,6 
20*7  1231  51 


18  9208879184 I42 
189472953215:1422 

i8*97366j96io|  423 
19*0000000000 1 424 
19026297(0041425 
19052  5  588933 1426 

I9-O7878402"83]4.*7 
19-10497  ;i745 .142K 
19131 1 264697  j<429 
19-1 572440607  j|430|  20-736  :4i  3533  • 
I y- lb  ; 326003  >  |U3I  I  20*7605 -.94.^^ 
i9'20{;37i;  1  23  1  j,j>!  20*7846.::.9^<9c'S 
19-23  j304f>6i7  1433:  20-8086520467 
19*1613602843  :434i  20-8326666560 
I9'28730i  5x20 1435 1 20«8j66536i46 
19-31320  ,9158  '  436 1  20'8«o6i30i;i- 
I9"330<' ? 37 ? •  4  '  ♦J?  j  20*9045449604 1 
19*30491673  10  I  43)^;  :o-y2'34495  365 
19*3907194297  ; 43V  :o-9,-23;6Sj9S 


4'^? 

4^^  7 

4^'*  . 

469  :i  656407S2-7 

470  21*6794833887 

471  21-7025344142 

472  21-72556098:4 
4-3  ' '•7485631 709 
474  2'*77«y4««$7« 
47$  -'7944947 '77 

476  21*8174242293 

477  21*8403296678 

478  ;  1-8632 1 1  logt 

479  ii-Hi<to68628:- 
480 1 .!  i*9l890j3coi 
481121*9317121995 
482,21-9544084024 

"  2 1  •9773609758 
22-oooaocoooo 
220227 15  5AJ> 
22*04C4076850 
22-0680764907 
22.0907220344 

"•".«44387> 

.-:i3vt,43^>2i2 
49:  122*15^51  ,9o'\i 
40  •  iz-iSiu-  ; 

v.;  22-203(0331  ijj 
49  ;  22"22fii  ro77.o9^ 
415  22  24859,40(3, 
496  22'27io5745 13 ( 
49:  22*j9j496Hc96j 
498  22-31591160441 

459  «'33t*3«'9«39l 
500  J2.JO06797750 

50 !  1  'J-;*;©;  ;2S36 

5o.-,i;-435;,,u;o24 

503  I  2j*427C6i49;o 


483 
484 

48s 
486 

487 
488 

480 

49c 


19442222095211441 1  2i*cooocooooo,  504122/449944.1  iof\ 
8  JS  » 


i 


K  O  O 


t  396  1 

Toblf  of  Square  Roots. 


E  O  O 


No. 

)Oi 

506 

507 
joS 
S09 
;io 

i<i 
;  12 

;'3 
•4 

16 
;'7 

i-3 
i*4 

:6 
'Si 

no 

533 
)34 

(35 
)36 

540 
H' 
>42 
;43 

544 
54; 

,46 

)47 
J48 

>49 

;5o 

:5' 
n"* 
)S3 
?>'4 

rss 

566 
5671 


Square  Rt>ot.  \\'ilo. 
i2M7»?r'054i  'I  5(>8 
"■■!944r«  /s84  j  >f  9 

57' 
S72 
573 
574 

575 


Square  Konc,     ll^'"-  |    Sqturo  Kooc, 


12-5  1666049  S4 

23-{6io^854^4 
«'j83i7959i3 

22-6c  j3cy  1 109 
j»*6;74 169980 
22-64y,'o?30je„576 
ij-67i568oi;7,-:|57 
22-69361 14358  157 

"•7J 5633385*  579 
^2737634001 8^1 580 


227^96153535;  581 
21*781  J714998I  582 
22*8035085020!  583 
12*82542442101  584 
IJ-8473I93J76;  585 
^2-S69i93  jjai  586 

;2-SviC4f);ti4?!  5^7 
2  j'tji  28784748 1  iS8 
22*9346898824  589 
22  9564805665  j  590 
-i«*i50j862  359i 
23*ooaQoooocoL  592 
23*oaJ72W464!'593 

*3'043437*436:594 
»3-o65i2?  1893  595 

^5*0867192  761 :  596 

23*io844Oci(j0,;  ^97 

j  5*;^ 

1599 
600 


23-831750:756  I631I2 
23-8537208838  }|632 


.  .  ..  6j3 
23-895606^907  634 
23-91653148621  6}$ 
«3"9374'a407»l  636 

23-  958297  iqiA  637 
23"9"9'S70»<»!  6ja 

24-  0050000000  639, 
24-020824.2989  '640 
24-04i6jo;b03  '  641 
24*0624186310  642 
24*083 16831,6  3  643 
24.1030411861.  644 
14*13467616361  645 
24*1453929353:  646 
24-1660919472,  647 
14-1867732449  648 

24*20743(>8v3f',  ''^9 
24-2280328792  i^))© 
^24*2437123060!  6;  I  j  2 
24*269322199011 652!  I 
H*-»89JMS6o|Ojj6s3j2 
24'3i049lf6c^654 
«4*33io50iti4y65j 

H'J5«59«32J«N*56 
24*3721152139  657 

24-39262183531,658 

24-413' > "315! 


23*1300670124 
2  3*1 5 1  (1738056 
23.1731604525 
33*1948270995  [6oi 
ii*3»637jJ325  l6o2 
»3-2379oeo77»  ;6o!i 
a3*2594066<)9t|604 
23*2808934536,  605 
23*3023603955,  606 
23-3i3«o7J7y4!  607 

^3-345i3;-?99 
23*366fi42s  yi  I  6-9 

23*388031 1271  '610 

'3"40939982»4  l^n 

23-4307490277  1 612 
23-4520787.;9i  1613 

^3'4733''^9i8!:'6i,6i4 
-3'494<^8oJ489;,6i5 
23-51 5^520326,1 'iiC 

^3'Sa7^0459'yr'"7 
23"5)8437978«  6i8 

23  5796522451 !  619 

23-r,DcS474424'  62c 
23-62 2C236220,  621 
23-6431808351 1.622 
j623 

_   ..  624 

»i'7-'-'539»8a3  625 
23-7276210354  |626 

2  ,-7486847  741 1  627 
2  -,-76972S64!3o ,  628 

^.r7'J- 7S4>-<^7'|629 
23-bi  1761 799C  j. 6^0 


2  ,-6643191334 
-54385647 


2 
3 

t 

2 
2 

2 

*4"43358l445  7K'6'!2 
24-454038521  j|,  661 
24*474^7  6jo  I  o  n  66  2 
***4948974278p63 

24*si53oi34«jj664 
24*5356»8292BH665 
24-5  5605  83 1 56  j:  666 
24-576411454911667 
24-596747752511668 
24-617C672502  i|669 
24-6373699895  1,670 
24-6576560119  1671 

-4"''7 79: 335-"^)"  !'67J 
24*6981780705  673 
247184J41886  674 
«4-7386337537  675 
24*7588368063  1676 
247790233867  677 
■24*7991935353  [678 

;  24  Su;  VJ7i920  679 

j  24-83  ,(.^^46967  I  63c 

24-  8596057593  1 68 1 
'24-8797106192  ,,682 

^4-899799 1  q6o  1683 
124*9198715888  ,  684 
24'9399'78267t685 
34*9^99679487 [686 
24*97999 '99361  687 

25*OOCi^OO.-2C;oo  6S8 

25*0199;  20064  689 

25-  039961105 1 1  I]  690 
2S  0599;8i7r3',.'.(ji 
25-07987240801,632 
125-099800796011693 


•"97>3374i 
-1396101800 
•15949 1 2  J08 
*i793j6620i 
*i992o63367 
*2i9O40«258; 
->J388589282 
•2586618806] 
•2784493195:; 
-2982212813 
•3179778023 
*3377ti'9iS6 
•3574446662 
•3771550809 
•3968501984 
-4165300543 
-4361946840 
-45584412271: 

•4754784057! 
■495097  5 '''^c; 
-5147016443  1 
-53439066^6 
•5538646784 
■5734237051 
•5929677841 
•6124969  J97 
•6320112360 
•65 15  [06768 
•6709953060 
-6904651573 
••,  099203  644  f 
•729360660J 
•7487863793 
•7681974535 
-7875939165 
-8C6975801 1 1 
-S26343f403j 
-84  5695  96*^6 
•8650343128,1 
•b8455!l2i  1 1  .j 
•9036676940  j 
•9229627936 

•942243542" 
-961 509971 5' 

•9897631135 
26*0000000000 


Kn. 
694 
695 
696 
697 
698 
699 
00 
01 
0: 
Oj 
04 
05 
06 

o 


260 192  2  3662  5 
^6*038433 1 326-; 
26-05762844161; 
26-0768096208 1; 
26-035976;  014I 
26-1151297144'. 
26-1342686907  I 
26-1533936612!! 
26*1725046566 
26-1916017074 
26-2106848442 
26-2297540972 
26-2488094968 
26-26785 10731 
26-2S6878S562 


:6-30>892S;59 


Squ.ii?  Rrxit. 


*t'"3438797446 
26*3628526529 
26-3818119165 

26*4007  57  5  H9 
26*4196896272 

36*4386081 3281 

a**4575'3"o6 

36^476404s897 
26*49528259^0 
;6-ji4i4-7i67i 
26^5329983228 
26-5518360947 
26*4706605 1 ;  2 
26*5894716006 
26*6082093913 
26*63  705  39 1 14 
26*6458251889 
26-66458325 19 
26-6833281283 
26-7020598456 
26-7207784318 
26-7594839142 
26-758176330$ 
26-776«$s678e 
36*795522013^ 
36*8141753556 
26*8328157300 
26*851.4431642 
26*870057685 1 
26-8886593195 

36-  007 2480941 
26*9258240357 
26-9A43871706 

26-  9639375354 
26*98«47Si36s 
27*0000000000 

27-  oi8lfl  21733 
27-03701 16692 
27*0554985169 
27-0739727414 
27-0924345683 
;--iioH.S34235 
27*1293199325 
27^>4774392'o 
27*1661554144 

2r»84554438« 
27-20294101 75 

27*2^13151776 

27-2396769438 
27-2580263409 

^ 7  -763633940 
2  7-294688I279 

37-  3130005675 
27*3313007374 
27^349j886624 

27-367864366S 
27-3861278753 

''7"4043792«-' 
27-4226184016 
53'  27^44oS4?4''8o 
54'27*4,-yo<io4.555 
5;  I  27-477  2633281 
7<6i27-4y5454'697 


09 
10 
1 1 

1 2 

'3 
<4 

'5 
16 

W 

'9 
20 

3i 
22 

23 

24 

»5 

26 

28 
29 

3« 
3i 
33 
34 
¥■> 
3^ 
37 
3» 
39 
40 
4' 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5' 
5 


Digitized  by  Google 
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.Rt>0. 


Titbk  of  Square  K«OTr« 


No. 


757 
7J8 

759 
760 
761 

764 

76s 
766 

767 
768 
769 

770 
77" 
77* 
773 
774 

775 

776 

777 
77« 

779 

780 

781 
781 
783 
784 

78j 

786 

787 

788; 

790 

79' 
792 

793 


Square  Root. 


r  No. 


Square  Root. 


7<SIS6339844 
7'5S»7WW59 
7*5W5+o*79 

27*568o97yo4z 

7-5^862284483 
7-6043471837 
7-6124,-46339 

7  64054992J2 

76586333719 
7-6767050062 
7-6947648483 
7'7l28i29Zii 

7-7308491477 
7-7488738510 

7-7r,6!<8«7r38 
7-734^379789 
7-6013775489 
7-82o85,-4S65 
7-838i>2  i8t42 
1VS56776JS44; 

17-  8747197195 
7-89265 1 3620 

*r9«oO«47}9t 

27-9284800875 : 

7-946377"50' 

7-  9642629082  j 

7982 137159311^*4 
,8  0000000000 1|  04  5 

18-  oi78^i45J2'j846 
:S-03569i5378  ^47| 

8-  o;3S202782|^48 
8-071337688.  849' 

8  0891438104  [350 
8-106938645.1,851 
;8'I24722JJ09| 

28  i424q4558y  353 
28' 1602556807 


818 
819 
820 
821 
822 
I823 
824 
825 
S26 
827 
828 
829 
830 
831 
332 
833 
834 
835 
336 

838 

839 
340 

8«< 

84* 
S43 


794;i8-i;8f>056072 

:«-2i347i9593 
28-231 1884170 
28-2488037837 
28'i66{88o{02 


79 
796 

79; 
798 

799 
800 
80c 
802 
803 
804 
80, 
806 
807 
80^ 
80r, 
810 
811 
8I:; 

8'3 
814 
8.5 
816 
81: 


854 

3,-5 
;>>56 

«59 
860 


28-6006992922 
28-6181760425 

28  6356421  2'j6 
28-6530975638 
28-6705413737 

28-6879765756 

28-7054CK>i8a8 
28-7228i32]i7 
28-7402157264 
18-75760-6891 
28-7749891399 
28-7  i2360c97S 
28-8o.>72o;8i8 
28-8270706108 
28-8444102037 

28-86I739S793 

28-8790581564 
28-S963665536 
28-9136645896 
28-9309522830 

28-948  2  2965  23 
28-9654967159 

28-  9827534924 
•9-0000000000 

29-  oi72|6>$7i 
29.0344622819 
29-0516780927 
29-0688337075 
29-0860791445 
29-1032644217 
29-1204395571 
29-1376045687 

547594742 
29-1719042916 
29-1890390387 
29-2061637330  , 

29-2232783924  t9«5 
29-2403830344 


ffaA  tgaai*  Smi.    |  Wa  | 


879 
8S0 
83i 
S82 
883 
884 
S85 
886 
887 
888 
889 
8i>o 
891 
892 

893 
894 

89  c 

896 
897 
898 

8-99 
900 
901 
902 

903 
904 
905 
906 
907 
908 


J9"6479r  474.3 
29-66+-,9394«4; 
29-6816441593: 
29-6984848098 
i97'>3'S9«<>2 

2973  "37494'^ 
29*7489495613 

»9*7<>S75*'3'3 
29-782545*137 

29-7993288515: 
29-8161030318 

29-H32S677bo4 

29-S496^3"3-'  ' 
29-8665690461  i| 

29-883 1 055950] 

29*8998327755 
29-9165506033  s 

29-9332590942, 
29-9499582637, 

29-96664812751 

29-  983328701 1 1 

30'000,X500000j 

30-  0166620396 

30-0333148354;' 

30-0499584026' 
30-06659275671 
30-0831179130 
30-0998338S66' 
30-1 1644069:8 ' 
30-1330383466,' 


940 

94' 

94- 

943 

944 

945 
946 

947 
948 

949 
950 

95' 


28-2842712475  36t 
28-3019433962!'" 

28-3i96o4;i;o! 
28-337'S4^'io6! 
»8-3  548937575 
28  3725^'9'8- 
28-390139133-^ 

28-4077454-27  ii^f 
18-4153408071:1869 


862 
863 
864 

365 

^66 


28-44*9253*67 
28-4604989415 

:S-4:So6i73i8 


870 
871 

I872 


:8-4956t3:9-^  :  873 


28-5'.  3  r  ^  V'  ^  '''^  '  '■'[/•^  ••  9  ■5'^'34=^'^9y8» 


909! 30-1496268634* 

910  30-1661062580 

911  30-182776^456' 

912  30-i99;37:4n  ■ 
9'3  30-^15859^595: 
9«4  30'23243-9'J7; 

30-2489669245' 
4>[9i6  30-26549190081 
29'2574776767l  9'7  30-282oo78,-95 ' 
29-2745623366  I918  30-298)148151 
29-2916370318  '  yig'  30'3'5oi2  7824 
29-3087017795  j, 9^0 130-33 1 501 7762 
29'325756597J;  9-='  3o*34793»8i  ic 
29-342801  5022  jj  922 
29'359f'3'55i»8  ,9«3 
29-3768616431  924 

29-3933:6913419^5 

29-410882  <397[  9^6 

2'r427^7'y39«  9^7         .     .  .  -. 
21/44  :S(^37-87  I  928  30-4630924235  j! 
29-46iri:;97253  '  929  j  30-4795013083 ' 
29-47 8S-J)94'-^oi  930 
29-4y57624075J93i 
29-5117091267  932 
29-5J9646i205|933 
29'5-f55734054r934 


30-3644529014 
30-3809150619 
30*397«68307i|j 

30*4158136515 

5o-43<>248i094l 

30-4466746953 


28-  5Jo65,-23H  :;75  -9  >'!33t./8i"Si 
2fi-5Vi2^4'47i  ^-^^ 

29-  ^!-i3.- 1 1     ju  S78] 


29-6141857899' 938  30-6267856622 
2q-6yio6478oili  yp<^|  y>'64.<K»689ai 


936 

937 


30-49  ;90 1 3640 
30-5 122926048 
30-52867504491 
30*54$0486986 

S«^4«35799 
3«*5777*970»» 
30*5942170816 

10-6104557300 


30-6594194335 

30'<5757233'»4 
30-6920185064 

30-7083050656 
30-7245829915 
30-7408522979 
30-7571 1299(15 
30-7733651069 
30-7896086367 
30-8058436015 
30-8220700148 
30-8382878902 
95'.!  30-8)44972417 
gj3  30-8706980809 
9J4  30-8868(704230 
95;  30'9<>307428o7 
9j6  30-9191496675 

957  3«*9354«^3965 

9jR  30-9515750811 

959  3''"9<'772?'344 

960  30-9838667697 

96 1  31  -cocoooccoo 

962  31-0161248385 

963  31-0322412984 

964  3  ••0483493925 

965  31-0644491340 

966  31-0805405358 

967  ji -0966236 109 

968  3 i-J  126983722 

969  31-2^8-648325 

970  31-1448230048 

971  31-1608729018 

972  31-1769145361 

973  3i"i9'947v!'o 

974  3'-2o89730687 

97 J  3'-2a4989992« 

976  31*1409987016 

977  3i*25<999tiSi 

978  3'"-7--99i542» 

979  3 •*2^i'^>:  5^^943 
9K0  31-3049516850 

981  31-3209195267 

982  I  31-3368792320 

983  3' •3528308 132 

984  31-3687742827 

985  3«'3847096530 

986  31-4006369362 

987  3i-4i6i;56i448 

988  31-4314672910 

9S9  31-44S3-03K70 
990  I  3  1-464-: 6; 4451 

99'' 
992 

993 
994 
995 
996 

997 
998 
999 
1000 


3I•4^'CJ  ,--'4-74 
3i-496c;3i49i'K3 

31-  51 19025232 

32-  5277655409 
31*5436205912 

3i'J75J«ao77 

31*5911379979 
3r6o<i96i2  586 
yi'6t«y766oiy 
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ROY 


TIOTA,  in  iMcclianic*.    See  Wh f t  L. 

Rota  ^IrlPGielica,  01  A'-ifioth^t  ff'herff  denotes  a 
•celebrated  probkin  in  mcchattics,  concerning  the  mo» 
t!on  or  rota(i>^;i  of  a  wUcri  about  itt  UM  {  So  Called  W 
cuufc  firll  noticed  by  Aiiltotk. 

The  uifilcalt]^  is  tbii*  While  a  circle  make*  a  ren>- 
liitioo  an  it*  centir,  advanciM  at  the  fttne  time  in  a 
rSgbt  line  along  a  plane,  it  delcritx*,  on  that  plane,  a 
right  line  v  hicli  i$  equal  to  it>  cii  cutnfcrcncc.  Now  if 
this  circle,  whit-h  may  be  eallcd  the  deferent,  earry 
V  tl  r.  '  fir.le,  cuncentrlc  with  it,  lilte 

ihv.  iu-.\c  iit  cojcii  wiitci ;  then  this  little  circle,  or 
rrui,  \^•iU  dcfciibv  a  line  in  the  tmiL'  01  the-  re vu'.uti^m, 
which  (hall  he  eqirjl  to  that  uf  the  Isrge  wheel  or  cir* 
cumfcrence  itfelf;  iKcuufc  itt  centre  advances  in  aright 
line  at  fall  as  that  of  the  wheel  doea,  bei^g  ia  realitj 
the  fame  with  it. 

The  folutiou  ghrea  bf  Ariilode,  is  no  more  dm  m 
good  explication  of  the  diificuitjr. 

Galiinik  who  next  attaaqNcd  itf  has  iceoorfie  ta  u 
infinite  number  of  Infinitely  Utile  Tacuttfes  in  tlie  nelit 
line  <Kfi;rifi;.<]  b)  (lie  t'.Mj  I'lrdts;  and  inui^ims  iTi.it 
the  link'  tirtU-  ntvci  .i])[Mii:>  >[■,  i-i;  ciiviiVrtiKL-  lu  tholt 
vacuities;  hul  ir.  nnli;v  it  (o  a  line  equal 

toil,  o.vn  circumfcrcocc  i  though  it  aj>[)eara  to  have 
ajijli^d  it  toamodilaiigvr.  ButiO  thia ia nollung  to 
tlic  purpofc. 

'lacqucC  will  have  it,  that  the  tittle  circle,  making 
its  rotation  more  dowly  than  the  great  oik,  do<-4  on 
tluitaieCDtintdcfcribc  a  line  lunger  than  ittuwu  cucum- 
Jntmoe ;  ytt  wittiaat  applying  aity  point  of  iu  cir- 
cumliemkoe  t«  tnore  tlHn.  one  point,  of  its  bale.  But 
Ibk  is  no  more  fati«f<£koTy  than  the  former. 

After  the  frulttcfji  attempt*  of  fo  many  great  men, 
Jf.  Dt.rtr^Ui  iIl  Meyian,  a  Fri  li^Ti  gentleman,  had  the 
good  tortune  to  hit  upon  d  tulution,  which  he  fent  to 
tlie  Aca<lemy  of  Sciences;  where  being  e;; Jn.ir.c-d  by 


KIcA'.  de  Louville  and  ^uulmon,  afpuintc^  fur  that 
^   J  their  report  lUat  ItwMMtisbd 

The  rohi;\:ri  ia  to  iliis  edect : 


purpofe,  titey  made  1 


tisbdorf. 


The  ^Oir.j]  of  a  coach  h  uulyadedon,  or  drawn  in  a 
right  i:ne  ;  its  rotation  or  circular  motion  arifci  purely 
fiuiu  the  rcfiliuiiee  of  the  ground  ujKiti  which  it  is  ap- 

Slied.  Now  this  rctiftance  is  c^ual  10  the  force  which 
laws  the  wheel  iu  the  right  line^  imfmuch  at  it  de. 
Heats  th.it  diredlion ;  of  ctafcquence  the  cayfes  of  tlie 
two  motions,  the  cr.e  right  and  the  other  drculart  are 
eijii.il.    Aii>i  111  ni  (  i!:c  wUct.t  ikfcnhcs  a  right  line  OB 

tlic  i"Oii:>'J  i.qi..(l  t'J  it*  ciiCUiiiUlClicC. 

A?  fiif  the  Have  of  the  wheel,  the  cafe  is  otherwife. 
It  is  diawn  in  a  light  line  by  the  fame  force  as  the 
«-heel ;  but  it  only  turns  round  bccatife  the  wheel  due* 
fo,  and  can  only  turn  in  the  fame  time  with  it.  Hence 
tl  fulloM't,  that  its  circular  velodtf  »  Icfs  than  that  of 
the  wheel)  in  the  ratio  of  the  two  circumfcrcoces;  and 
tberefiire  ita  circular  moiiun  u  Icfs  than  the  ic^ifinear 
OBc.  SinGB  then  tt  Mccibrily  defcribcs  a  right  I'lu- 
M)nat  to  that  of  the  wheel,  it  can  only  do  it  partly  i,y 
fliditi{^,  and  partly  by  iivolving,  the  fliJifig  i.t; ! 
mui'C  or  Icfs  as  tlic  nave  iileli  n  faialkr  or  Lij  ^  1. 
Cv  CLOin. 

KU'rATION,  Rolling,  in  Mechanics.    Sec  Roi-i.- 

IN«. 

HoTATiOKi  ia  Geometry,  Vm  circuuvoluuoa  of  a 
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furface  rotind  an  immoveaUe  line,  called  the  cxii  ef 
ttificn.  By  fuch  Rotation  of  pluiici,  the  fi^urti  of 
certain  regular  folidtarc  fuimed  or  {generated.  8-jch  afr 
a  cylinder  by  the  Kbtatiou  of  a  redlangle,  a  cuue  bf 
the  Koiation  of  a  triangle,  a  fphereor  glube  by  the 
Rotation  of  a  (tmisirclL-,  ^c. 

The  method  of  «abtog  Iblidsthal  are  generated  hy 
Itfch  Rotation,  is  laid  down  by  Mr.  DenKHere,  in  hi* 
fpecimen  of  the  ufe  of  the  do£\rine  of  i)uxion!>,  I'hiiof. 
Tranf,  numb.  2t6  ;  and  indeed  by  inoft  of  the  writers 
I  II  Fl-jxionii.  In  CM-.  Y  i  ^ !.  1- '  i1,  all  the  fe^ion*  per- 
}.n^iuhtiilar  to  the  axi^  ^lu  ciiciea,  and  therrfore  the 
t;ii\iuii  of  the  folid,  at  auy  feCtion,  is  ttjil.i!  10  that 
circle  multiplied  by  the  fluxion  of  ihe&xiii.  Ho  lhat« 
if  A  denote  an  abfcif^of  that  axis,  and  jr  an  ordinate  to 
it  in  (he  revolving  plane,  which  will  ulfo  be  the  tadiua 
of  that  circle;  then,  n  bcifiz  put  for  3'i4i6,  the  aren 
of  the  circle  ia  ay*)  and  coi&quently  the  fluxion  of  the 
folid  is  I  the  lucnt  ef  which  will  be  the  eonteu 
of  thefiwd. 

Sndi  folid  may  alio  he  exprefled  in  terms  oTtlie  f^ene* 

rating  plane  and  its  iiiitir  df  j nuiy  ;  T  ?  tlic  rulid  in 
always  equal  to  the  [ju.J'.iCi  aiJlju^  iikjin  th>:  gtacjuiii.g 
plane  multiplici!  by  i\\r  path  of  its  centre  of  jfravity, 
or  by  the  line  deks  lijtd  by  that  centre  in  the  Rotation  of 
the  plane.  And  this  tluouni  i;  gcneia1,bjr  whatever  kind 
of  motion  the  plane  is  moved,  in  dcicrib^ng  a  folid. 
RoTArtoir,  JttvtMmf  in  Allronomjr,  See  RC'* 

TOLtfTtOH. 

2)MrM«/RoTATioM.    See  Diurkal,  and  Cartii. 

ROTONDO,  or  RoTUNDo,  in  ArchiUClurc,  S 
popular  tertn  for  any  building  that  is  roiuid  both  uitli. 
in  and  withoutfide,  whether  it  be  n  church)  hallf  •  &> 
k»n,  a  veftibule*  or  the  Kkc* 

ROUNb,  RouNDXtss.  ROTITirBiTT,  tlic  pt%)perty 
of  a  cin;tc  srd  fi'hcK-  oi  ;J'''i<' 

ROVVNING  (JoUk),  aii  iii^i.iiiou&  Eiiglilli  nialiic- 
matician  and  philofopher,  waa  fellow  of  Magdalen  Col- 
lege, Cambridge,  and  afterwards  Rtilor  of  Anderby 
,  in  Lincoln  111  ire,  in  the  gift  of  that  focie:y.  He  Wdi  a 
conllant  atlcnJaiit  at  the  meetings  of  the  Spalding  So- 
ciety, and  M'tis  a  man  of  a  great  philufopbical  nabit 
aad  torn  of  mind,  ttiough  of  a  cheerful  and  compani- 
onable  difpofition.  Hehsd  a  good  genius  for  mechanical 
contrivances  in  particular.  In  17 38  he  printed  at 
Cambridge,  in  8vo,  A  Camprvcrumi  S^flcm  c/  N^urid 
Ph'tUfiU-y,  in  2  voU  8vo  ;  a  very  ingenious  work, 
whicli  han  gone  through  feveial  editions.  He  had  alio 
two  pieces  infeitc^  in  the  Philofophical  Tranlaftions, 
viz,  I.  yt  Difiripthn  of  a  Jiitrmrtfr  iirhirfin  the  ^cale 
ef  f  'nrialion  mtty  If  imrrjf:  !  c!  I'lmftit:-  ;  v<  !. 
pa.  }9.  And  2.  Dit(i?i->n  fir  tajim^  a  Miuhui;  fr 
Jhuh^  At  Rveli  tf  E.futtiaut  unkvifj!/,  <u-iiL /bt  Mjh- 
ncr  ef  vfn^tt;  vol.60,  pa.  240.— Mr.  Rowning  died 
at  ltdgings  in  Carev  llrcct  near  Lincoln's-Inn 
FielJs,  t!ic  latter  end  of  Notcmfaer  1771*  M  7a  y«ai« 
of  .igc. 

Though  a  very  ir;genln«s  oni!  pleafant  man,  he  had 
but  an  unpn  rr.ifip^  .mil  I'orbiddinjv  appearance  :  he  waa 
i.i",  lloo|>in};  in  ihc  /l^outdeiv,  and  of  n  fiJIow  down* 

Lgkin^^  ct  iinteiiiince. 

ROYAL  OA,  Ro'ur  C.ir.Jitium,  in  Aflrorciry, 
or.c  of  the  niw  ibuihcra  cooftvUationS)  the  Aars  of 

vbicbr 
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^Mcfc,  aeeordio^  to  Sharp's  catalo^u?,  annexed  to 
the  Britannic,  a  t-  i : . 

Royal  S^'-ic.y  nf  F.;>7i.Tii!,  n  an  acadcir.y  or  bojy 
«f  p«rfoD(,  fiip|i  iVil  to  tii:  tmi-!;rit  for  their  learning, 
uiflitutM]  by  k  ii^r  Cha  ki  she  Hd|  for  prumoting  na- 
•tural  knovvledj,'f. 

This  onct  illjft.'ious  body  originated  from  «n  anVni- 
bly  of  ingenious  men,  rcfiding  in  London,  who,  being 
ia^tfitm  Mto  mtur^l  knowl«dg«,  wid  the  new  and  ex- 
pcnmcaul  philofopKy,  agreed^  BboUt  the  year  164;, 
to  meet  weeklj  on  a  certain  to  dlfcourfe  upon 
/uch  fuhjeft*.  Thffc  tncetinn,  it  ii  faid,  were  fug- 
•gefted  by  Mr.  Thcudort  HaaK,  a  lUtivf  of  -lu'  Palnti- 
nate  in  (iL-miany  ;  a:<J  llitry  \vl"l-  helJ  fom'."tirr..-s  .it 
Dr.  ( T  jii.iarii'i  IoiIlJip-^s  in  WooJ-f^roct,  fonn-tin-.fi  at  a 
convfuk-nt  place  in  Chfapfidc,  and  foaif.'icr.cs  i-i  or 
nearGieftiara  College.  ThitaSerobly  feem$  lobe  that 
mentioned  under  the  tit!c  of  the  InvlfibU^  or  Pbiiv- 
J'tphlcal  Col.'e^,  1>y  Mr,  Buyk,  in  fome  letters  writUtt 
in  1646  and  1647.  Aboot  the  Tcm  and  16491 
tbe  company  whidi  (bnned  thele  mectiogt,  began  to 
be  divicicd.  fome  of  the  gentlemen  removing  to  Ox- 
ford, a»  Dr.  VVallis,  and  Dr.  Goddard,  where,  in 
conjur.^ion  wltliot^ur  gi-ijtltnicn,  they  luld  nuctivi;;5 
alfo.'and  br4iught  the  liiniy  of  nitoral  and  eitpctiinen- 
tal  philofophy  mro  Kiilion  tlicrc'  ;  meeting  firft  in  Dr. 
Petty'*  lodging-*,  afterwards  at  i>r.  Wilkiti^'i  ;ipan- 
meotj  in  ^VadLam  College,  and.  upon  his  rrniovnl,  in 
the  lodging*  of  Mr.  Robert  Boyk  t  wbik  thoic  geo> 
tkmen  who  remained  in  London  cootiniKd  tKeir  meet- 
jngt  B«  before.  Tbt  pmber  ptit  of  the  Oxford  So- 
ciety coming  to  London  about  tbe  year  16C9,  ther 
met  once  iir  f.t  'cc  a  u  ecli  in  T..Tin-tiine  at  Grcfham  Col- 
lti;t',  till  iLiy  vvcic  difpcrll J  bv  the  public  diftradiont 
of  that  year,  and  the  place  of  their  meeting  was  m.idc  a 
quarter  for  fo!(!ioT».  Upon  the  rciloration,  in  1660, 
tl  dr  meetings  were  revived,  and  attendedby  many  gen- 
licmen,  eminent  for  their  charafler  and  learning. 

Tlicy  were  at  length  noticed  by  the  government, 
and  the  Jung  gxaiued  them  a  charttr,  firft  the  i  jtk  of 
July  i66>>  ttien  a  more  ample  one  the  cad  of  April 
j66j,  and  thirdly  the  8th  of  April  1669;  by  which 
they  were  erc£led  into  a  corporation,  confijling  »f  a 
frtfittcr,!,  ^nuHeit,  aaJ  fr'.'i^'.i'j ,  far  prom9li/tg  tmttiral 
in',w/edge,  and  endued  wi;U  viirioua  privile^^cs  a«d  an- 
tl.onties. 

Their  manner  of  tlecting  member*  i»  by  baiJotting  ; 
and  two-thirds  of  the  member*  prefctit  are  neceffaryto 
cairy  the  cltftion  jn  favour  ut  the  candidate.  The 
council  confills  of  zi  members,  including  the  ppcfidciir, 
VK-prefideitt,  tieabireTi  and  two  fecictariea)  taa-  of 
arbich  go  out  anntiatljr-  ud  ten  new  nenbert  are 
ele£led  indead  of  them,  all  chofen  on  St.  Andrew's 
day.  Tlicy  bad  formerly  alfo  two  curators,  whofc  bu- 
fincfa  it  was  to  peifam  cKftrimcDtt  bcfitie  iIh  ib> 
cicty. 

Each  member,  at  his  admiffio:!,  fubfcribfs  a.n  en- 
gagement, that  he  will  endeavour  to  promote  the  good 
of  the  fociety  ;  from  which  he  may  be  freed  at  any 
time,  by  iignifjriog  to  the  prclklcnt  that  he  dcfircs  to 
witlidtaw. 

The  charge*  are  fire  gtiincas  paid  to  the  treafurer  at 
"~  11,  and  one  ihii&pg      «veefc,  or  52*.  per  year, 


a*  long  at  the  p^rfoo  contiaoet  ft  fiienber  |  or,  b  lies 

of  the  in^unl  fubfcription,  H  canipo&tioD  of  Sfguinew- 

ia  tir.r  p  lyrr.ent. 

The  oriJirinry  n'cctinjjs  of  the  facietv,  are  once  a 
week,  from  Noveniber  tiU  the  ead  of  Triuity  term  ilie 
next  fummer.  At  lirft,  the  meeting  was  from  3 
o'clock  till  6  afternoon.  Afterwards,  their  meeting 
wa«  from  6  till  7  in  the  tvcnm^r.  ti  '  alluiv  more  time  for 
dtnneft  whkh  continojt^  for  a  !>  n  ^  <  i  L-s  of  years,  till  the 
boor  of tneettn^  *nn  reinoved,  h}  the  prcfcnt  prefidcnt, 
to  between  8  a-ji  9  ai  night,  that  gentlemen  of  falhion, 
as  was  alleged,  niii^ht  have  the  opportunity  of  coming 
to  attend  the  merfngi  after  dinner. 

Their  defign  is  to  "  makcfaiiUful  rccoulsof  all  the 
"  work*  of  nature  or  art,  which  come  wiilisti  their 
"  reach  ;  fo  that  the  piefent,  as  wtll  as  after  ages, 
'*  may  he  enabled  to  put  a  mark  on  errors  which  liave 
"  been  ftrengtheoed  by  long  prcfcription  ;  to  reftorc 
"  truths  that  haiK  been  long  ncgle^cd  j  to  pulh  thofe 
**  alreadf  knotrn  to  more  nnoua  ufea  1  to  make  the 
**  vt*j  more  jnflaUe  to  what  remaiai  nnreiealcd,. 

&c." 

To  this  ptirpofc  they  have  made  a  great  number  of 
c\,'icriincnt3  and  obfcrvations  on  moft  of  the  works  of 
rd'nre  ;  ai  ce'.ipfcj,  comets,  pla:iet',  meteors,  mineSp 
phuits,  cjrthqiiikcs,  inu'.id^t  oni,  Ipriiig'S,  dsinps,  firci, 
tides,  currents,  tiie  magnet,  Sec:  tbctr  niot:a  bciitg 
Nulliuj  in  Verba.  They  have  rcgiftcrcd  expcr)meat%. 
biAorkv Illations,  obfervaticn?,  &c,  and  reduced  iheia 
into  one  common  llock.  They  have,  from  lime  to  time,, 
pubmhed  fboM  of  the  noft  iiicful  of  tbeCe^  under  tbe 
title  of  PhJIofophicat  TnA^ftiom,  ftc.  ti1t»1Iy  one  to^ 
lume  each  ye:ir,  were,  t "It  lr,ti.ly,  very  refp; 

ble,  both  for  t!ic  extct.t  or  ina^n-.lude  of  thcia,  atid 
for  the  excellent  tjuality  of  their  contents.  The  lefl^ 
that  are  not  printed,  they  lay  up  in  t^ieir  -riijifters. 

They  have  a  good  library  of  books,  w  hieh  iias  been 
formed,  and  continually  augmenting,  by  tmnicrous  do- 
nations. They  had  alio  »  ntnTeum  of  curioiliiei  ia  na< 
tuitf  kept  in  one  of  tbe  iMou  of  their  own  houfe  in 
Crane  Gant  ?leet>lbeet(  iriiere  they  hdd  their  meet* 
ings,  with  the  greatcll  n^vtatton*  for  many  ycart» 
keeping  lexifiers  of  tbe  weather,  and  making  other 
experiments;  for  all  which  purpofcs  thofe  apartment* 
were  well  adapted.  But,  difpofingof  thcfe  apartments, 
inordcrto  remove  into  thofe  allotted  tliem  in  Sjuierla 
Place,  where  hariug  neither  room  i»»r  convenience  for 
fuch  purpofcs,  the  mufeam  was  obliged  to  be  difpofed 
of,  and  their  ufcful  meteoralogua!  rr jiiler*  difconti* 
nucd  for  many  years. 

Sir  Godfrey  Copky,  barulcft  cguittea*  to  begitrea. 
anmutty  to  the  perfon  who  (bonld  write  the  beft  paper 
in  the  year,  under  I'liehcad  of  experimental  philofophy  t 
thi*  reward,  which  i>.  :iow  changed  to  a  g^old  medal,  it 
the  Iiigheft  honour  ttie  f^ciety  c^n  beltow  ;  ;md  it  is^ 
coriferrcd  on  Nf.  Andrew's  Jay  :  liui  the  communica- 
t  of  late  V  -s  have  been  ihtnij^Kt  of  fo  little  im- 
p  irtHTxe,  ih^t  il.c  prize  tuedal  remains  fornctitttcs  for 
years  undtfpo'idoF* 

Indeed  this  c'ce  very  refpeftabk  focletjr,  now  con' 
fining  of  a  ;r      proportion  of  bononuy'  memben^- 
do  DOt  iituaUy  communicati*  papcTt  \  and  tnan^ 

 being  difconraj^cd ftoniinakin;^T]:c!r 

uitu'I 
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uf  i.ll  ro!T.rtMm'c:il" i  'lis,  by  wJiitt  {»  deemed  the  prefint 
arbtirai7  gOTernmtnt  of  the  focitty. ;  the  annual  vo- 
lume* have  in  confrqiiencc  hccomc  of  muvh  U  im- 
ponanoc,  botli  in  n^prd  tlicir  bulk  and  the  (^ualitj 
of  thn'r  conttnis. 

Royal  Socmt  'fSroilanJ.    Ste  SocitTy. 

RUDOI-PHlNl-:  TaiL-t,  afttof  aUronumical  ta- 
bin  that  were  MibliHwd  bj  the  cdebntcd  Kepkr,  and 
&  called  from  tne  emperor  Rudolph  or  Rudolphui. 

RULE,  'Tit  Ctirfunieri,  a  f.jldiii^  ruliT  jjcneraDr 
efcd  by  caq}entci5  and  other  •rlitici:is  )  and  in  u(her«file 
calli-d  ihc  fltdirig  Rule. 

This  inltruint.-nt  oonfiilaur  two  equal  pieces  uf  box- 
wood, eiich  one  foot  in  length,  connc^\ed  togcthf  -  hy 
a  folding  joint.  One  fide  or  face,  of  the  Rule,  i» 
divided  into  iiichet,  and  half  quarter*,  orcifjhi!)*.  f)ii 
theiaiTie  face  alfo  are  fiveral  plane  fcalif,  divided  into 
iJtb  psiit»  hy  diagonal  lines  ;  which  are  ufcd  u\  plan- 
ning dimrniionfr  tliat  are  taken  in  feet  and  inchct.  The 
edge  of  the  RuU  »  commonly  divided  dct;iaully»  or 
into  lOtht  ^  Till  each  foot  into  lo  equal  psrtSf  and 
each  of  thele  tnto  lo  ]iart»  again,  or  roodth  partt  of 
the  foot  :  fo  that  by  means  of  tliis  laA  fcale,  dimcnfiuna 
arc  taken  in  fctt  tind  tentbt  and  hundred*,  aad  multi- 
plied together  at  coouWMl  danoal  nunbcni  which  ii 
the  bcft  way. 

On  the  one  part  of  the  other  f>cc  arc  four  lines, 
marked  A,  fi,  C,  D,  the  two  midiili.  uuea  B  and  C 
being  on  a  Aider,  which  runt  io  a  Ki  uove  made  in  the 
Aock.  The  fame  numberi  fcrvc  for  both  thcfc  two 
middle  linn,  the  one  line  being  aboTC  clw  numben, 
and  the  other  below  then. 

Thdc  fbor  line*  are  bgantknie  onca»  aad  the  three 
A«  B»  C»  which  are  all  equal  to  om  aaoUter,  are  double 
KfiM,  »  they  proceed  twice  over  from  i  to  lo.  The 
lo'ivcll  line  D  is  a  fingk  onr,  proc(.ti!:rr^  from  4  10 
40.  It  13  alio  taUcd  the  girt  l;nr,  fro;n  its  ufc  in 
calling  lip  the  contCBti  of  trees  andtLmbi  r:  nixl  ujum 
it  are  loarked  WG  at  17*15,  *t  'B'9>,  the 

wine  and  ale  gauce  pointa,  to  make  thia  lafinimeat 
feiTcthc  purpok  of  a  gnuciog  nJc. 

Upon  the  other  pirt  n  tma  face  ii  a  table  of  the 
value  of  a  load,  or  50  cubic  feet,  of  timber^  nt 
priccfc  £mn  6  Dcnce  to  it.  a  foot. 

Wheo  I  at  tW  bcgiaaiiM|  of  anj  line  ia  aocoonled 
edritthcathci  intheoMdkttiOtnndthe  loatthe 
end  100 ;  and  when  the  i  at  the  beginning  it  accounted 
10,  then  I  in  the  middle  it  100,  and  the  10  at  the  end 
looo)  andfo  on.  All  the  iiiMdlardtfifioBa  bai^g  (Mb 
altered  propo/tionally. 

By  means  of  this  Rule  all  the  ufu.il  operations  of 
arithmetic  nnay  be  eafily  and  liuickly  performed,  aa 
multiplication,  diviiiou,  involution,  cvoiution,  finding 
mas  prooortionali,  jd  and  ^h  proportional^  or  the 
itida-of-t]irer»&c.  Forall  wUcbtGeeaj  McaTpnticnt 
part  s,  fed.  3,  id  edition. 

RuLBi  e/  HUo/opinxaig.  8«ePKii.oio»mziMa. 

RuLBi  in  Arithmetic,  denote*  a  certain  mode  of 
OpCratioa  with  fi;;ucci.  to  find  fumaor  numbers  unknown, 
and  to  facilitate  computations. 

£ach  Kulc  in  aruhmctic  has  its  particular  naave,  ac- 
cording to  the  ufe  for  which  it  15  itueuJcd.  The  firft 
£0ur,  which  fcm  a*  a  fbuadatioB  e£  the  whole  iirtj  at« 


called 
Jon. 

Fiom  thefe  arife  numerous  other  Rulct,  which  are 
IJtdced  only  applications  of  thcfc  to  particular  purpofet 
and  oixafions  i  21  the  R'j]c-:>i'-tlirw,  or  Guhkr.  Ride, 
or  Rule  of  Proportion  j  alfo  thr  Rules  of  FcUowOtip^ 
Inteieft,  Exchange,  Fofitii)!i,  Progrcfliou*,  jcc,  tte» 
For  which,  fee  ea«:lt  article  fcvrmlly. 

KuLt-t/'TAntt  or  XiUe  ef  P>  '-/>ortioH,  commonly 
called  the  Gotdtn  HhI:  from  its  jrt  at  in\  ,  iu  a  K  .ilt  tliat 
teachea  how  to  find  a  4th  propoTtion.ti  ima.bcr  to  ilicc 
others  tlat  are  given. 

A»,  if  3  degrees  of  the  equator  contain  zo8  nulea* 
ho'.v  many  arc  voutained  in  jted^raeia  or  At  whole 
cirrumfcrcncc  of  :hc  e  arth  ? 

The  Rule  i»  thii  :  State,  or  fct  the  three  giirn  ICfWe 
down  in  the  fonn  of  the  firil  three  terma  of  a 
tioo*  ikatlog  them  ptopoftionally,  thua  t 

d<|>  atil.      <k{.  milu. 
at  3  :  to3  : :  j6o  : 
360 

1 1480 


Then  onikiply  the  ad  and  tenaa  together,  and  di- 
vide the  produa  by  the  ift  term,  fo  fliall  thr  quotient 
be  the  4th  term  in  proportion,  or  tin-  ;!t  lucr  to  ttn^ 
queftion,  which  in  thia  example  is  24960  or  nearly 
thoofind  wSkt,  fat  the  ciicanfereBoe  of  the 


ao  of  tw»  lciad% 


•jar!!). 

This  rule   is  often    1  1  n fidcTcJ 
tiz.  D'treft,  and  Jnvfr/e, 

Jiu/e  v/  Titrrt  Dirfff,  is  that  in  which  more  1 
more,  or  left  requirei  left.  As  in  thia  »  if  j  mea'mow 
ai  yardi  of  graft  iu  a  certain  time*  bow  much  wiR  9 
meanowiathe  finaetiaie?  Here  ■lore  requites  morcy 
that  1%  6  nca,  whidi  are  more  than  3  men,  will  alfo 
pciihnB  anic  work,  in  the  fame  time.  Or  if  i:  were 
thnat  if  6  nen  mow  4a  yards,  how  much  will  ;  men 
■(tow  in  the  fame  time  ?  here  then  Irfs  rc.|i:irs  i^is,  or 
J  men  will  perform  proportionally  Itfs  work,  in  the 
faint  time.  In  both  ihefc  caifs' l  Ikii,  the  R'.;lr,  Of 
the  propoiiion,  is  diicdt;  and  the  Hati4]gmaAbe 
thua,  a*  3  :  zi  : :  6  :  43, 
oethm,a»6:  4a  ::  3  :  21. 

Rale-»f-Tbm  hmirft,  ii  when  more  reqm'ftt  kT^ 
or  left  requiret  more.  At  in  this  {  if  j  meo  ntOV  a 
certain  quantity  of  graft  in  14  houn,  in  how  nuury 
boon  will  6  men  mow  the  like  quantity  ?  Here  it  it 
cffidcat  ^at  6  men,  being  more  than  3,  will  perform 
the  fame  work  in  left  time,  or  fewer  hours;  hence 
then  more  requires  left,  and  the  Rule  or  queftion  s  in- 
vcrfe,  and  mud  be  iatcdby  making  the  number  ol  men 
chaiifff  places,  iliui,  a»6  :  14  : :  3  :  7  houra,  the  time 
in  which  6  men  will  perform  the  work;  Hill  multi- 
plying the  »d  and  term«  together,  and  dividing 
by  the  ift. 

rarnoBoiabhrnutioav  aid  oibnrfartictiUra  t«- 

]a^i]^ 
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Ittiag  to^tfacfc  Rulcv  fcc  »y  oftbe  common  books  of 


RvLt-^llrWr  or  Cimfoumt  Rvle-of-Tbrett  it  where 
two  RuJn-of'three  we  mjuired  to  be  wrought,  or  to  be 
MoAtncd  together,  to  find  out  the  number  foueht. 

TliisRale  reay  ht  perfuirmed,  either  by  working  tlic 
two  ftat  ;  I  '  jjrupor'iiinii  lep.irattly,  making  the  rc- 
full  or4'  h  term  of  the  ill  oj)<  l  ation  to  be  (he  2d  term 
of  the  l.il^  proportion;  or  elfc  by  reducing  The  t.vo 
Ratings  iiitTone,  by  multiplying  ihe  two  mlt  term*  to- 
gi-ihcr,  »iri  the  two  ihtrid  trim*  together,  and  ufin^r 
the  projiidt  as  the  ift  and  3d  terrot  of  the  cumpuund 
tutmg.  As,  if  the  queftion  be  this:  If  lool.  in  z 


Regular  RofTica,  arc  tltofe  in  which  ihelloBM  arc 
chamfered  off*  at  the  edge*,  and  form  anprular  or  IqilMC 
reccffinof  about  an  inch  deep  at  tbcir  jdntivgib  or 
beib,  and  eod§» 

Rustic  OrdiTt  »  aa  ordar  deeOfalKd  nWk  niftie 
quoins,  ur  ruRie  work,  fra 

RUTHERFORD  (THOVAi,  D.  D  ).  an  Inj^rmious 
En^lifll  philofopher,  -.vus  tlif  h>n  of  itic  Rt  v.  1  homas 
Rutherford,  redur  uf  Pajiwortli  Evcrnid  in  the  county 
of  Cambridge,  who  had  made  large  t  oUtxtions  tor  th« 
hiftory  of  that  county. 

Our  author  vat  bora  the  tjth  of  Odlober  1712. 
He  ftudicd  at  Cambridge,  and  became  fellow  of  St. 


{ 


joo 
6 


Tean  jicid  9L  u»t«reit,  how  much  will  500I.  yield    John'i  collq^»  and  rcgiua  profeflbr  of  dititiitjr,  is 

—  *    —      —       ' —   tint  oBiverfity  (  aftennrat  reOorof  Shenfidd  mi  Efl«x> 

and  of  Barlej^  in  HcrtfordAiire,  and  archdeacon  of 
Eflex.    Hedtcd  the  5th  of  Odobcr  1771,  at  yeart 

of  ag^c. 

l)r.  Rutherfoi  J,  b^fides  a  number  of  tlieological 
Writings,  publifhcd,  at  Canbridge, 

I.  Ordo  liifiituthnum  Phjiftcarumf  1743,10410. 
But  to  S^em  of  Ntitural  PLilofophy,  in  2  ToLs,4tO^  . 

174S.    A  work  which  has  been  much  cdeemed. 

3.  He  communicated  a](b  to  the  Gentleman's  So- 
ciety at  Spaldingf  a  curioai  oomfiion  of  flutardi'a 
delcriptioo  of  die  inftrnment  tiled  to  renew  the  Veftal  ' 
fire,  as  relating  to  the  triangle  with  which  the  inftni* 
roent  was  formed.    It  was  nothing  clfe,  it  feems,  but  a  - 


HerSf  tiK  twoitatingt  are, 

TbCB,  to  work  the  two  ftatings  feparatcly, 

at  100  :  9  :  :  500  :  45I. 
and     2  :  45  : :     <i  :  1 35I. 

fo  that  13;!.  is  the  intcred  or  anfwer  fought* 
Mwrk  by  one  llatiug,  it  wiUbethtaii 


J  CO 


coo 
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aoo  t  9' 1 1  3000  «  xi%\,  die  atTwcb 

«*oo)  270.00(135!. 

Seethe  bookj  of  arithmetic  for  more 
CtntratKv\.t.    See Cemti ai.  ^iiflb 
ParaUti  Ruler.  See  Parai.lSI.  SiAr* 
&UMB,  or  Rum.   See  Rhvmb. 
Rum'Xntr,  or  iMttdnmitm  See  RwtiHS'JLw. 
RUSTIC,  in  AicbitcAuK*  desotea  a  manner  of 
hailding  in  imttatton  of  {impte  or  rude  natlHTt  ntber 

than  nccorillr.j;  ta  tin-  rules  of  art. 

Rustic  H''<ri  is  wlitre  the  (t(inc9  in  the  fact- .Stc  of 
a  buildiog,  inllead  of  being  fmooth,  are  hatched  or 


fhked  w&i  the  point  «f  aalnftnuiienu 


lum, 


whole  princ! 


jal  focK^,   v.hich  to!- 


COncavc  Ipcr; 

lc£tcd  the  r.ij  ,  is  nut  in  the  iciitrc  of  coacavity,  but 
at  the  diflaficc  of  Imlf  a  diju'.rtcr  from  its  fuifsce.  But ' 
fonie  of  the  Ancients  thought  otherwile,  as  appears  from 
prop.  31  of  Euclid's  Catoptrics. 

ihe  writer  of  his  epitaph  fajr»,  "  He  wai  eminent 
no  Icfji  for  bis  piety  and  integrity,  than  hit  exteofife 
Kaniag  t  and  filled  every  pnuic  ftatmi  in  which  he 
wai  placed  with  general  approhatloo.  In  prirate  Kfir, 
lifs  behaviour  was  truly  amiable.  He  was  elletnir:  ] ,  b^. 
loved,  and  liuiioured  tiy  I119  family  and  fricuds  ;  aod 
his  death  was  finccrely  hmentcd  br  aU 
beard  of  hit  well  defervcd  chanider.** 
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SIN  book*  «rf  Navipaiion,       tlciiotcs  fouth.  So 
*  alTvS.  Kit  itMh-oA;      W.  foutlvwcft;  atid 
.  8.  S.  £.  fiMitk.(bHtiMill,  Sec.    See  Cohfass. 

SAGIT  TA,  in  Aflronomy,  the  Afrew  or  /Jor/,  > 

coiifltliatioii  cUdie  n'iitSicrii  licinTphiw  near  tbe  eagle, 
and  one  oJ  thc48cJi5  alUiifrr.-.  The  Greeks  fay  thatthi* 
4:^Miri-!;ju,iii  owe~  if'  o:ir/n  to  one  of  the  iirrows  of 
lii  rcuic*.  wuh  wliich  iic  kiilcd  the  e.i^le  ur  vultiiie  that 
_gTiavvtd  tJleliwr  of  I'roimlli'jul. 

The  ftars  5(1  this  coullelldiion,  in  tlie  C4tftlogue4  of 
Proloiny,  Tycho,  and  Hevtlij>,  Rie  only  5»  but  in 
JF1«nil)red'i  ihry  aie  exieitded  to  1 8, 

&AonTA,  in  Griinuiry*  ut  tcnnulcdbf  fbme  wri- 
tera  fortbeabfd-i&of  aiatm. 

SACiTTAf  i«  Trigonomelry  Sec,  it  the  fame  ns 
the  vctffd  fine  of  an  anb  ;  Uing  {a  called  bccaufc 
It  is  like  a  dart  or  anow ,  ttaudirj;  oti  the  chord  of  the 
arcS. 

SAGITTARIUS,  Sagittarv,  ihc  A>.''  r,  one 
of  the  fifTiis  of  the  zodiac,  being  the  9th  in  onlci  ,  and 
marked  with  the  chura<%'-r  t  of  a  dart  or  arrow.  Tliis 
ConlleUation  is  drawn  in  the  fi};urc  of  a  Centaur,  or  ati 
•uimal  liJf  man  and  half  hnrle,  in  the  art  of  flioolinc; 
an  arrow  from  a  bow.  This  fipirc  the  Greeks  fiijjti 
to  be  Crotus,  the  fon  of  Euphemc,  the  nnife  of  the 
niufcs.  Among  more  ancient  natinnR  the  figure  «-a» 
piohahlj  meant  for  a  hunter,  to  denote  the  huntiug 
Tcafbn,  wfcen  the  fan  enters  this  fign. 

The  dars  in  this  confttll  ition  aiCi  in  Pt'ilomj '«  cata* 
lopue  31,  in  Tycho'»  14.  in  Hevtlius's  2z,  and  in  the 
Britannic  catalogue  69. 

SAILING,  in  a  sjtncrnl  fi-nfe,  dcnntes  the  move. 
mcDt  by  which  a  vefltl  is  waftt.!  aloii^^  lii  i  .n  f  Jteof  lb* 
water,  by  '.he  adinn  of  the  win  l  upon  licr  lails. 

Sailing  i;  alfu  ulcd  for  the  art  or  a^t  of  iiangating; 
W  of  dctiriniiiin^  .t!!  the  rnU?  of  a  flvp'f  ni;itioo»  by 
^of  fca  charts  5<.^'.    Th<  fe  charts  arc  cotiitrafira 


either  on  the  fiippufition  that  t)ic  eaith  it  a  large  n* 
trDdrd  flat  furfacc,  whence  «e  obtain  titofe  that  are 
called  pliiie  cbarta;  or  on  thi  fi'jip.  fii. ion  that  the  earth 
11  a  fphcrc,  u-licDcc  are  derived  gVibuIar  chaith  Ac- 
cordingly, S.iiling  mav  tie  dill  iiu.'i'ilht.d  into  two  gCHcnl 
kind?,  viz,  f'.'.mf  S.i.-.lr;,  n  ni  ^;'J:.!irS!nfir>^.  Some, 
times  ir.Jctd  a  lliird  fort  is  ticidn),  vi/.,  fi-'^rr':  i/  ^/i/- 
tiigt  wliich  prtKceds  upon  the  fiippofition  of  the  ipKc- 
roitJic.d  fi;:ute  of  tiie  earth. 

Pimt  b/iTi.iNC  is  tliul  which  it  ptrf-rmrd  hy  mean* 
of  a  plane  cliart }  in  which  cr.fc  the  meridians  arc  con- 
£«kred  as  parilUI  lines  the  parilletn  of  latitude  arc  at 
ngbt  anj:;!ci.to  the  mciijiaut,  th^  Icncthsof  the  degree* 
on  the  0Kri(jian«f  cquitOTi  and  paralleb  of  kttitndei  are 
every  where  equal. 


S  A  T 

In  Plane  Sailinj;,  the  prini:ipal  termt  ttid  ctrcuD- 
ftancea  mnde  ufe  of,  an;>  eaurfe,  diilancc,  departure* 

diffcnmcc  of !  iti'.iiif,  rluit-.il),  for  at  to  lnn;(itiidi, 

that  ha^  no  pljce  in  pl.itie  S  iiltiig,  but  bel<ings  proptiljr 
to  <,''.iihiil  ir  or  Iphtncal  fa  iing.  For  the  e ic pUiiatloil of 
all  wircli  terms,  ice  the  refptttive  ;<i tides. 

If  a  fliip  uii;  tiilier  due  uDrtli  or  fotitli,  (he  fails  on 
a  meiidiuii,  licr  uillaocc  and  tliilcrtiicc  of  latitude  are 
the  fame,  and  fhi:  makis  no  dejiarture  ;  but  where  the 
ftiip  laila  cither  d-ie  calJ  or  weil,  ihr  rurij  on  a  parallel 
of  UlUiidc,  makiiip;  no  diil'ercnce  01'  latitude,  and  her 
departure  anJ  dirt. nice  arc  the  f.inic.  It  farthk-f 
be  obfcrved,  that  tl;;  dtpait  me  .inil  i!i(rcr«.ii.  %  i  :  i.uitiide 
atway*  nakie  the  ks*  of  a  right-angled  triangle,  wiiofe 
hypotenufe  utbe  aiitancc  the  fliip  has  fiiled  t  vtA  the 
angles  are  the  courfe,  ita  eomplennent,  .md  the  right 
anj':;lej  theiefi>re  am<'n;T  thefe  fonr  things,  courfe,  dif- 
tance,  difference  of  Ijt  t  .df,  ami  il.  p.irtnre,  any  two 
of  thcra  b»;m}{  given,  the  rctl  may  be  found  by  plajie 
trigonooictiry. 

Tht:?,  in  the  anicxcd  fi>T"'"e> 
fupp')fe  the  circle  M  IT-TI  totc- 
ptclent  the  horizon  <if  the  place 
A,  fr;>m  whence  a  (Ivp  laiU  ; 
AC  the  riiiiinh  fhc  fa  ls  fipon, 
and  C  the  pl.icc  a.t  ivtd  at :  then 
HH  reprefi  iirs  the  parallel  of 
btitude  ibe  failed  frooif  and  CC 
the  parallel  of  the  btitude  ttr* 
rived  in  :  fb  that 

AD  becomcii  the  difTcrettce  ofhtioide. 

DC  the  departure, 
AC  the  di:tance  fa  IcJ, 
Z.DAC  14  the  cou;fe,  a'ld 
Z.t  )CA  the  coinp.  of  the  crjili  fe. 
And  all  thefc  particulars  will  be  alike  reprefented, 
whether  the  (hip  fails  in  the  N£,  or  N\7,  or  SE*  or 
S\V  quancr  of  the  horiz-n. 

I'rom  the  fame  fifjnrc,  in  which 

A  E  or  .*L  !■  01  k  H  reprefenu  the nd.  of  ihie tables 
E8  the  fine  of  the  courfe, 
AB  the  cofine  of  the  couife, 
wc  may  ealily  deduce  all  the  pruponion*  or  cwons,  at 
they  arc  ufuany  called  by  Miariner*,  that  oin  erifc  in 
Plane  Sailing;  bccaufe  the  triangles  .ADC  and  A^B£ 
and  AFG  ic  evidently  fimilar.  Thrfe  poporlronl 
are  exhibited  in  the  '  l  Ain-;  .'.'It,  «  iu  K  CMiififtsof 
6  cafes,  according  to  the  varieties  oil  the  two  parts  that 

*  Cafe 
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1  Rtqaired. 

Satntiaof. 

1 

/.  A^and  AC, 
i.  e.  courfc  and 

cill.m.  ;■. 

AD  and  DC, 

i.  C<  difference 
oT  latitude  und 

AE  i  AB  i:  AC  :  AD,  i.e. 
rad. :  Ccourfie  : »  dUL  i  dU*.  lat. 
AE  :  £B  i  t  AC  t  DC,  i.  c. 
rad. :  coT.  oourfe di!l. :  depart. 

ar.  !  .  .r;, 
i.  e.  courfc  and 
dilTcrcncc  of 
latitude.  ' 

AC  and  DC, 
!•  c.  diflanct: 
and  U«;parture. 

AB  :  AE  : :  AD  :  AC,  I.e. 
cof.  cour.  :  rad. : :  dif.  hr.  -.  dif!. 
AB  :  BE  t  J  AD  :  UC,  i.  c. 
coCcour.:f,<mir. :  sdiF.lat.  :dcp. 

'  5 

and  DC, 

1.  c.  coiirfc  uiiJ 
dcpartuic. 

.VC  and  AD, 
i.  c.  di!l;nice 
nnd  difference 
of  latitude. 

BE  :  AK  ::  DC  :  AC,  i.  e. 
f.  cour.  :  rad. :  :  dfpatt.  :  dift. 
BE  :  AB  :  :  DC  :  AD,  i.e. 
f*cour.:cof.oour. ::  dcp.;dif.lat. 

4 

•  AC  ail!  .\V, 

and  diffcrcucc 
uf  Lititttdct 

Z.A  and  DC, 
i.  e.  oourfe  and 
departure; 

AC  :  AD  :  :  AF  :  All,  i.  e, 
di((. :  dif.l.-t. ::  nid. :  col.  courfe. 
AE  :  EL,  :  :  AC  :  DC,  i.  c. 
rad.  :  f.  cuurfc  : :  dift. :  depart. 

5 

AC  and  DC, 
i,  c.  diilancc 

and  (iT>, 
i,  e.  ctiurfe  and 

JifRt  .  ncc  of 
latitude. 

AC  :  DC  : :  AE  :  EB,  1.  e. 
dift.  :  dep.  :  :  lad.  :  f.  courfc. 
AE  :  AB  :  :  AC  :  AD,  i.  e. 
rad.  :  cof.  cour. : :  dtil.  :  dif.  lat. 

6 

AD  and  DC, 
i.  r.  tlifTtrcnre 
ofidtUudc  and 
depsitiire. 

/.  \  .iiu3  AC, 
i. «:.  courfc  and 
diAance; 

AD  :  DC  :  :  AF  :  FG,  i.e. 
d:f.bt.:dep.  ::  rad.:  tang. courfe. 
B£  :  A£  : :  DC  t  AC,  i.  e. 
f.  cour.  :  rad.  :  t  dep.  t  dift. 

For  the  rcadj  working  of  any  Hngle  couifc,  there  it 
I  table,  called  a  Tnntife  T^ltf,  idViall^  aonexrd  to 
treattTcs  of  navjgatimi  l  which  is  fo  coatriwdt,  ifaat  bj 
finding  the  piven  courfe  in  it,  and  a  diffance  not  rr- 

CCcdiiig  lOO  or  I  20  n;ili  tlu-  kS.i  u  t  :,'  uft'ii-  ; 
then  ti-.c  dilTerrncc  ut.Ujdc  i-.i^d  lli.;  utp^i-t  src  aic  !uJ 
I  v  ii.!f,:  iiti(in.  And  the  fame  t^ble  will  fLrvc  fur  greater 
dirtanccs,  hy  Jushlinf;-,  ortreblin.,',  nr  <[:iat!rupling,  &c, 
or  taking  ;  inpouional  prrta.    SceTkAvtRn:  TalJe. 

An  ex.  to  the  Cirll  cjfL-  may  fufficc  to  Ihcw  tiK  nuiliod. 
Thus,  A  (hip  from  the  latitude  47"  30'  N,  has  failed 
SW  S  98  nrilci ;  required  the  depaiture  made,  aod 
the  latrtude  arrived  In. 

I.  /if  tht  Tr,tverfe  Tah/'.  In  the  column  of  the 
Courfc,  viz  3  point!,  acainft  the  dilt?nce  98,  fland> 
the  nnmbtr  s4'45  niK'^  for  t^ic  dcpaj  i  uc,  and  8rj 
mile*  for  (iiff.  uf  ht. ;  which  i»  1"  21' {  ;  and  this 
li  [n'.r  ukri)  fVciin  tlif  given  lit.  47^  jo',  Itanu  46° 
for  the  lat.  come  10. 
^  a.  Bj  Cofi/iriuJim,  Dnw  the  me- 
lidiaa  AO  ;  and  drawing  an  arc,  with 
the  chord  oir  fro,  make  PQoran^;le  A 
equal  to  |  pointtt  thraiwK  Qjdraw 
the  diftanee  AQE  s-gf  mtlei,  and 
through  E  the  departure  £D  perp,  to 
AD.  Then,  by  meafuring,  the  dtfT.  of 
lat.  AI)  rtuaiures about  81  i  milrr,  and 
the  Ueprture  D£  about  54^  milea. 


3.  £j  ComfmMittii, 

Firft,  a«  radiua  •  •  •  • 
to  fin.  courfe  J3*  45'  ■ 
fo  dia.  98  


-  to>oeeo» 

-  9*744T4 


to  depart.  j4'45  -  - 

A',-nin,  as  radiut  -  - 
to  cof.  courfe  .  -  - 
lo  diil.  9b   .  -  .  .  • 

todiff.of  lat.  81-48 


•  '•73>97 

-  .  lO  COOOO 

-  -  9  9  > 985 
.  -  I -991 23 


1 '91 108 


4.  Bjt  Giinitr^s  Scalr.    The  extent  from  radius,  or 
8  point;,  lo  3  points,  en  the  line  of  fine  rluimbu,  ap- 
plied 10  \\'c  '.a.c  of  numbirii,  will  rciith  from  98  to 
tiif  licparturt-     And  tlie  ••xtetut  from  8  points  to  5 
points,  ol  the  rhumbs,  itiici    .  fnin  i,-*.  to  Hij  OB  the 
line  ofnumbers,  fi)r  the  diiiticntf  of  laiitude. 

And  in  like  manner  for  other  i-af«. 

'Travf/e  ^.Mi.i'iG, or ComtxauuiCvmrJftf  ia  the  oniiing-' 
of  fcveral  ciJes  of  plane  fuiling  tOgetRCT  into  one  )  is. 
when  a  (hip  faili  in  a  xigzag  oimner,  certain difiancel 
upon  fevriJd  difierrnt  oourlca,  to  find  the  whole  dtflfciw. 
encc  of  latitude  and  dep.irtnre  made  good  on  all  of  them. 
This  ia  done  by  working  all  the  caft »  fcparatcly,  by 
numb  ot  til'  tr  ivcrfetablct  andeonftiuAing  the figtmo' 
as  in  this  example 


bigmzed  by  Google 
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n^.  A  (aiHng  from  a  place  lo  Ulitudc  i^"  j:' 
N,  nui  dirt'ticnl  >-(jin:es  rv»  dulauccs,  as  let 
down  in  the  illandid  colutinsof  the  Foltouin^  trsverfe 
tablet  twjuirtd  herprcfcntbtiitidc.  with  the  ii  i^sruirc, 
«ii4  ttie  direA  conrfe  and  dtilMCCi  betwcrn  Uic  yiitx 
failed  firoqh  and  the  ^a«c  cook  to. 


Travel^  TMe. 

Cfurlt^. 

N 

s 

w 

S\V  b  s 

ESE 

191 

46-2 

!  sw 

30 

21-2 

SJibE 

60 

499 

SWbSiW 

, 

149-2 

961 

1v 


COU  11- 

With  rat.  It  < 


r,r.i!ir;r.  'n  ('if  general  travcrfc  table*  the 
(,t  l.iiltu  lc  and  depnrture  anfwcrinj^  tn  each 
I  liibTicc,  they  arc  (  .-t  d  iun  on  the  fairc  lines 
i:ourk,  atid  in      ir  p'i>j  <  r  colnmnt  of  no:ih- 
ing,  fouiliing,  e«ftin;r.  '  '  WLilnj,  »ccordiii)f  to  the 
•quarter  of  the  cor.i)  .ifs  the  (hip  fails  in.  m  each  eoiirlo. 
As  lii-fL,  (hero  is  no  northing,  tlic  differences  of  !ali- 
'tude  are  all  !outh*«td,  alfo  two  depaiturr*  are  caiU 
■•wrard,  and  three  are  wcllward.    Then,  •diling  up  the 
WUttben  in  each  column,  tlte  fum  of  the  eailine*  ap- 
pcara  to  be  estlSh'  cquiJ  to  the  fum  of  the  welt  ing«» 
eonfequcDtiy  Aw  (nip  It  arrived  in  the  lame  aBCiidi)ir>, 
without  making  auy  departure  (  and  the  fouthings, 
or  ditlt  rcnee  uf  latitude  IxriiiK  '49*2  mile*  or  mbntcit 

that  ii  a"  ig',  ' 

..friiidi  lakai  bom    •14  3* ,  tlielstitiuie  A:p.lraiD, 


•Jcivct 


sa  3  N»  the  latiuutc  come  to. 


6- — 


J2 


In  ihii  kuid  of  Soiling,  it  may  be  obfcrved,  that  rt 
Jei  /in  ehf!d,  mesne  to  ohfcrve  what  fhiimh  or  point  of 
the  nautical  compaf*  is  direftedto  it.  An»i  the  itaring 
of  an  ubji  A  if)  the  rhumb  an  which  it  h  fcen  ^  a!«b  tlie 
bearing  of  one  place  from  another,  it  rackoaed  bf 
tbe  aave  of  tbc  ch«inb  paffing  ihrough  tbofe  two 
plaeci. 

In  erery  fi^re  rrhtin;^  to  any  cafe  of  plane  Sailing, 
the  bearing;  nfaJiae»  not  running  from  th.-crntreorthc 
circle  ov  hott/.m,  it  found  br  drawing  a  line  parallel  t<» 
it,  from  the  cer.tre,  and  t<;w,iid»  1  lie  fame  quarter. 

Ex.  A  (bij)  fiilii>>;..nt  fea,  obfervcd  a  point  of  land 
to  bear  E  by  S;  and  then  after  failing  NE  12  miles, 
its  bearing  was  found  to  be  SE  by  £.  Required  the 
place  of  that  pt}intt  aid  It*  diftnKc  fioai  tbe  uiip  at  tbe 
UH  obfcnration* 


To  Cua/lrvS  tiit  Travtrff. 
With  the  chord  of  60  degree* 
dcfcribe  the  cirrle  N  1-55  S 
f^c,  ici.l  quaru-r  it  !jy  tl.c  two 
perpciuiicuUr  cuametcn* ;  then 
StQ\w  S  fet  upon  it  the  fevcral 
courfcs,  to  the  point*  marked 
I,  3,  J,  4,  J,  through  which 
|KMMidniiiir  line*  firotn  tbe  cen- 
tre A«  or  eoaiseffe  them  to  be 
drnra  I  lafttjf*  uwhi  tbe  firft 
line  \vf  olTtte  firn.  dlftanoe  45 
f  om  A  t.(  B,  alfodrtwBCs 
tfiiti  parallel  lu  A  2,  and 
CD  —  ■^o  ^ar  r.iol  lo  A  3,  and 
D£  =  (no  pa  11  el  to  A  4,  and 
BF  J=  63,  pir,»;iel  to  A  5  }  then  it  i> found  that  tl.e  pjii  t 
Ffalli»e\adlv  upon  i lie rocridiaa  NAFproduced,  thereby 
(bewin_.;  tb-\t  there  i*  no  departure  ;  and  by  meafuring 
AFt  ft  givea  149  tnile*  I'or  the  diiTcrencc  of  latitude. 

OUiqm  ^luvs,  it  the  reftilution  of  certain  cafes 
tuid  problotain  ijaiiingby  obliqae  tiianglcit  or  iawlucb 
flbUfue  triangica  aci  eonccrncd*' 


CotJlrufRom.   Draw  the  meridian  ffnr  NA8,  and* 

alT'iniing  A  for  the  ftrft  place  of  the  fi'ip,  dr.m  AC  tba 
li  by  6  rhumb,  and  Ab  tlit  NE  one,  U)«>n  which  lay 
off  12  milts  from  A  lo  B  ;  tl  in  t!'  t,v  tU,^  incrid'.iu  BT 
parallel  to  NS,  fiom  which  kt  uf;  the  iSK  by  E  point 
Uv',  ;iiiu  '^K-  [J  )i:!i  C  will  be  the  place  of  the  laud  rc« 
(quired  ;  then  the  diftance  DC  nirafurcs  26  mile*. 

Sj  Com/>uiiitivn.  Here  arc  given  the  fide  AH,  and 
the  two  angU'i  A  and  fi,  tiz,  the  ^A  =  $  point*  or 
I  j ',  and  the  /.B  —  J{  poiatt  or  10 1**  15';  confc- 
quently  the  Z.C  =s  2  pomta  or  a2*  30'.   lien,  fay 
plane  ttigouonKiry, 

A- iri.  jLC  2.-  .  -  -  .  9-,-8284 
To  Un.  Z.U  56  I J  ....  9*91985 
So  ia  AB  It  tnilea  •  -  -  •  vo^^%9 

To  BC  26*073        •  -  -  •  1*41619 

SaiLiiio  it  ffmimtrJlt  »  wari(jag  the  flu{>  tomtrdi 
that  quarter  of  the  conpala  Am  wbcnce  tbc  wind 

blowi. 

1-or  ricjl.tlv  uir'cr"  i"ili:lj;  this  part  i>f  ii;ivI.^ra|ion,  it 
will  bcdcciiTary  to  explain  the  leriiu  that  occur  iu  it^ 
though  moll  of  tbcaimj  befeenin  tbeir  ptroper  pfateca 
in  this  work. 

"When  the  v.  sad  i#  dlreftly,  or  partly,  a-^intl  a  (h:p'« 
direct  cuurfe  for  the  place  the  i:i  li<>u»d  to,  flie  reacbea 
her  port  by  a  kind  of  seigzig  or  z  like  cuurfe  ;  which 
is  made  by  failing  with  toe  wind  filft  ooone  fide  of  tbe 
(liip,  and  then  on  tbe  olbcr  fide. 

Ja  a  fliipi  wbcii  jou  took  towarda  tbe  bead* 

Slarkmrd  deaotct  the  right  hand  fide< 


S  A  I 


[  405  3 


S  A  I 


.  £«rl«an/ the  left  hand  <ide« 
fmnttdt,  or  afire,  is  ton 
j4/t,or  aiafi,  i«  tow-an-j  the  tltm. 

The  team  (rgrvififs  athwart  or  acrofs  the  m'  1 3!?  of 
^hc  (hip. 

•  When  alhtp  faiUthe  bttw  way  that  the  wind  blowi.  Git 
h  fald  to  I!i9  or  nin  before  the  wind  |  and  the  wind  «•  C\ud 
to  be  ri^httft,  mriglaafitrni  andhercourfe  istticn  16 
point*,  orthefartheRpoffible,  from  tlie  wind.  lh«t  is  frt>m 

tlie point  [lie  vvin.J  fi  i;-;-,  —  \V!il  n  tti  ■  (hip  fdilj  wilh 

the  wintl  blowiu^'  dirtClly  Jt-ic.lo  iiti,  iLtf  is  fu!U  t"  \:\\< 
the  •w'lnii on  tht  bfam ;  and  htT  coiiiTc  u  8  points  from  the 
wind.— When  the  witiJ  blows  »ibliquc!y  acrofs  the  (hip, 
the  wind  is  faiJ  to  ]ft  ata/l  iht  iram  wIilii  it  piirfur} 
hei,  or  blows  more  on  the  hinJer  pari,  but  ie/arr  the 
itim  when  it  meet*  or  oppofci  her  courfe,  her  cuurTe 
being  more  than  ft  points  from  the  wind  in  the  furmrr 
cafe,  but  Icfs  than  8  points  in  the  l»tt<T  cafe. — When  a 
Ikip  ehdcavoun  to  (m  towaidt  that  point  of  the  compafs 
fion  which  the  wind  blowi»  flic  it  nid  to/dHtH  *  mlad, 
vt  to  fly  lo  wtn'ivmrJ.'^faA  a  veflel  failine  at  near  as 
fhe  can  to  the  point  from  which  the  wind  blows,  (he  U 

laid  to  be  thi:  .'■a;/;'  ;/.     Nf'jl  llii-is  w'll  lit  wMiin  Ai  .|it 

ft  points  of  the  vvuitii  but  iivnj,,'i,  Jiij  liiiiii.  oiltti  viiJtls, 
will  lie  mvich  nearer.  To  know  bow  ncai  the  \«in<l  a 
Ihip  will  lie;  obferve  the  courfe  fhe  goes  on  each  tack, 
when  Ihc  in  clofc  hauled  (  then  half  the  number  of  pnint  a 
bitwccn  the  two  courfct,  will  (hew  how  near  the  wind 
the  (hip  will  lie. 

'Zhc  n-indwaril,  or  wither  fi/ir,  i>  that  (iJe  of  the 
fhip  on  which  the  wind  blows;  and  the  other  fide  ia 
railed  the  Utwtirdt  or  ht  JUt^^Tixh  wuijutif  ate 
hr^c  ropes  fattened  to  the  lower  coraen  of  the  fiire  asd 
niain  fails  ;  by  wliich  either  of  thefe  comers  is  luulcd 
fotc  or  aft.— When  a  ftiip  Ikils  on  a  wind,  the  windward 
tacliJi  are  alway  J  lijiiltd  Ikirwardl,  and  tlu  IccWaui  ju  cU 
oft. — TIk-  /iiirifo.T-.i  t  -  is  i^rf  n^oarJ,  ln'ii  tht  it  Sxj.i  1 1! 
fide  is  to  \viiid.\ jrJ,  <itid  the  Lrli'_i;ird  nJc  to  kL'ivurd. 
And  the  iaritarJ  tarir  are  aixmrd,  \s  hen  the  Liibourd 
fide  is  to  windward,  and  the  (larboard  to  leeward. 

The  mofl  common  cafe*  in  turning  to  windward  may 
be  oonflniAcd  by  the  following  precept  !i.  Havin;r 
drawn  1  drck  with  the  chord  of  fur  the  compafs, 
«r  the  horinm  of  the  place|  quarter  it  hy  drawing  the 
wcridian  and  MraOel  of  latitodcperpeadicularto  nch 
other,  and  both  thmugh  the  centre }  mark  the  ptaeeof 
the  wind  in  the  rirctirofcu  iu  i-  ;  dr.c.v  the  rhumb  pa(Tin^ 
ihrougli  ilic  place  bound  to,  and  lav  on  it,  from  the 
ctntre,  the  diftancc  of  tliat  place.  ^)n  each  fide  of  ihc 
wind  lay  off,  in  the  circiimfL  Tcnci-,  the  points  or  drrrecs 
fhewiiig  how  near  the  wind  tin.  (hip  ran  lie  ;  i.-.d  dr.i .v 
lliiTe  rhumb*.— Now  the  (int  courlc  will  h<c  on  one  of 
thefe  rhumbs,  according  to  the  tack  the  (hip  leadiwith. 
Dtaw  a  tine  through  the  place  bound  to,  parallel  to  the 
other  ihamb,  and  mmingehc  (ir(t  (  and  thi«  wiD  Acir 
the  coorfe  wA  diAance  on  the  other  tack. 

Ex.  The  wind  being  at  north,  and  a  ihip  bound  ta 
a  port  as  mika  direaiy  to  windward  }  beginnioff  wttb 
tlie  ftailward  tacis,  what  muS  be  the  courfe  and  mlanee 
on  etch  of  two  ta,  k  ;  to  reach  tht  (iiiit  ? 

Conjlrvtiiun,  l  laviiig  drawn  the  circle  &c,  ai  above 
4lefcnbcd,  where  A  is  the  port,  AP  and  AC)  the 
two  ihorabi,  each  within  6  point*  of  injyjA 


produced  take  AB  as 
milef,  then  B  ia  the  place 

of  the  Aitp:  dra^  l>C  p;iraN 
IcJ  to  AP,  a;id  meeting;  (^.\ 
produced  In  C  ;  fo  Ih..!)  bC 
aiid  t'A  bt  tlic  diliiinics  on 
the  two  t  (cks  ;  the  toimcr 
lut,  ,;  WNW,  end  the  latter 


Omfn 


ther^-f. 


i.V>-  NAP  =  poliii., 
if.  i  =  KA(^=:6painta, 
—  ^  poiutd 

S  )  thit  all  the  angles  are  gireOi  and  the  fide  AB,  t* 
find  the  other  twy  iidet  AC  and  UC,  which  are  cqu.tl 
to  each  Other,  bccaub  thdr  oppofite  angles  A  aoi  B 

arc<ij;wt.  I.'uicc 

ao  tin.  C  :  AI!  :  :  fin.  \  :  B-, 

i.  e.  s.  :  2  5  :  :  ».  iyf  30 ' :  32|  a  BC  Or  AC,  th* 
d  llaoce  to  be  lun  on  each  i.ick. 

Sailino  /«  CurrraH,  is  the  method  of  determtnhig 
the  trtie  cuurfe  and  dilUnix  of  a  diip  when  h«r  ow* 
ino'.ion  i«  affedcd  and  Combined  with  that  of  a  current. 

A  curni.1  ur  i  Je  n  a  pragi«fit*e  motko  of  the  water, 
caufiii;;  all  floating  faodica  to  mow  that  way  tiwarda 
which  (he  flreain  is  diirttcd. — 'l'hi  _/(- .'iV'f  ijf  a  tiii. ,  or 
current,  is  that  point  of  the  compald  towards  whicli  the 
ivuurs  run  ;  and  the  tirift  of  the  Giinnent  ia  the  rate  at 
which  it  rtnis  per  hour. 

The  drift  ii-id  !"ttt;r.gof  the  moA  remarkable  tide* 
and  currents,  are  pre  tty  «  tl!  known  ;  but  for  unknown 
currents,  tht  ufual  w.iy  to  l\;id  the  drift  and  frttiii;,',  la 
thim :  Let  three  or  four  men  take  a  bi>at  a  liiiii:  w»f 
from  the  (hip;  and  by  a  roj>c,  fadrncJ  to  the  boit'a 
Hem,  let  down  a  bcavr  iron  pot,  or  loaded  kettle,  into 
the  fea,  tottic  depth  cir 80  or  lOO fitthoma,  when  it  can 
I  d  lie:  by  whifib  Bieant  the  boat  will  ride  aim  >(\  as 
(cidy  a>  at  anchor,  llien  heave  the  log,  and  the 
number  of  knnts  ni:i  out  in  lidlf-i  ni!riute  will  give  ll.c 
current's  r.iii-,  ,:r  tlir  miles  uhiL-ii  It  1  ;in»  per  hour;  and 
th'j  I'caiiii;;-  <A  (lie  liv;  ihcivs  tlic  (ctlliu:  ijUul  .:irrcnt. 

A  body  moving  in  a  current,  may  be  coufiicrcd  ia 
three  cafes :  vii,  • 

I*  Moving  with  the  cunvBt,  or  the  lame  waj  It 
icti. 

3.  Moving  againd  it,  or  the  contrary  wav  it  fetl> 
51.  Moving  obliquely  to  the  current's  niu'.ion. 
Ill  i!iL'  \'X  calc,  or  wl      a  il  ip  fails  with  a  cuiTcnt, 
i:s  vJ<ii_,;j  will  beequal  to  tht  hira  uf  its  proper  niiilion, 
n:.d  ;\>c  cumui's  diift.    But  iu  the  id  Caiv,  or  wiicu  a 
fliip  faiUagainll  a  current,  ita  velocity  wLU  he  eijual  to 
the  dil&rcnce  of  her  own  inuiion  and  the  drift  of  the  ■ 
cnnvnt  t  fo  that  if  the  current  diivea  Arongcr  than  tl>e 
wind,  the  diip  will  drive  adenif  orlofe  way.    In  the 
34  cafe,  wheu  the  oimnu  {eta  oUiqne  to  tfie  courfe  of 
the  fllip,  her  real  courfe,  or  that  made  good,  will  b« 
funic*  fieri  t.twccu  that  in  winch  t'l.  fli  p  enJciivouij 
to  go,  4Sjd  tlie  track  in  which  the  cu  rtu!.  iriristo  drive 
her  ;  and  ii.dccd  it  Ks.ivsibp  along  the  diagiiiial  uf 

a  parallckigram,  of  which  one  fide  reptcfcnts  the  (kip's 
courfe  fet,  and  the  other.  adjoUmg  fide  it  the  cttncat'a 

drift. 

Thoar 
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Thv-f,  if  A  pre  kc  a  panllt  lo. 

Sunt.  N.)i»  if  tl'c  'v'lid  alone  vov.U 
(iie  Ihip  (t<^a\  A  to  B  in  the 
fiune  lime  a&  the  tun «. n;  ntom-  v,  tiuM 
drNc  h«  from  A  to  C :  th«n,  «■ 
ti  e  wini]  neither  btrtpi  nor  bindcn 
ti  c  Ij)  fiuni  coining  toviards  the 
line  Cu,  the  ci^mnt  wiU  brinp  l»rr  there  I'n  ti  c  fame 
t  '  tij  if  t!.i  \v:iiil  (lid  nt't  nCl.  At  J  r  v  iK-  curn  vt 
iluT  li'lp'srt.r  t:it'cl.T£.  tlu  Vmi'  fi.-  .Ti  a  Ulitij;  tow-ti  s 
ti  Itii?  I'D,  tlu-  WNid  will  I  tit'^  licr  tl  iio  in  the  l.  ir.c 
time  ix.'.ii.i,t  t\\\  not  :iCt.    Tin  it  fiirc  ilic 

n.lii^,  at  tin- ihd  nf"  •■l-.at  t^ii>r,  Ul-  fi.riH  ill  holli  iIk  Ic 
lints,  that  is,  iu  lUdr  nueting  D.  Ci.nltiumtly  the 
fl  ip  mud  bavc  pafild  from  A  to  D  in  tbe  ditgoual 
AD. 

Hence,  drawing  the  rhttwh*  f»r  the  proper  eoutfe  of 
Ihc  Ihip  RiiJ  of  tlw  tiurrenti  wnl  fettiftg  the  diflances  off 
upon  tlicin,  accordlH^  to  the  qttamtiif  run  by  each  in 
the  giv;.n  Itm.' ;  tlicn  fonr.injr  B  panIkl(Hp«n  oftliefc 
two,  and  drawiii^  tiia-^oi  iil,  ihi*  will  be  the  real 
COUifc  atnl  dilliircc  mndc  guDcl  bj  thcfhip. 

Fx.  ).  A  fliip  l.iili  E.  ;  mile?  an  hour,  in  a  tide 
f:  I  the  f.irjic  way  4.  ir.iks  nn  liour  :  rcquirGd  th* 
Ihip'*  si'tliTc,  and  the  ;'.;lHi)^r  r.iatif  gWKl. 

The  filip'i  :.r  •.    ■!  ;$  _    5m.  F.. 

TUe  cuncai'a  mMion  is  4  m.  £. 

Tbcfcf.  the  ftip't  ran  ti  9ni.  £. 

Ex.  2.  A  (I'.ip  falls  SSW.  with  a  brilk  galf,  at  the 
fate  of  i)  iniLs  an  liour,  in  a  cuircnt  feuing  NN£.  a 
nilcs  an  hu^r :  rcijuired  the  Ibip'a  COliifef  mud  the 
dittaace  made  cood. 

The  dup'a  motion  u  SSW.  9m. 
The  current'i  motion  la  NNE.  am. 


Thcfcf.ihtp'a  tmenm  !•  SSW.  7  m. 

E*.  3.  A  ftip  rtJtiniiif  fowtHat  the  rate  of  5  inilei 
an  hour,  in  10  horn  croiTcs  a  current,  which  all  that 
tiine  wa*  fctiingcftllatthe  rate  of  3  mile*  an  hour  i  re- 
quired the  ihip *a  true  ct>urfe  anddillincc  iailed. 

Here  the  mip  ia  firft  fuppofcd  t  o 
be  at  A,  hci^  itn.iginar])  coaric  ta 


the  line  AD,  which  ia  drawn 


I.  f  iiiti;-.;;! 


to  the  tertr,  crn'pnhtt  ds  Ptiral/r/  .^uffii  f,  ^fiJfiU-//i/!- 
^-.!.'r^,  ard  3/(itjtor')  Sui/iiji  ;  to  uhicli  m;iy 
be  adctd  Cint'.'itr  Sai/w^t  or  Criaiiittk  i'oiJiifg*  Of 
iziih  of  whklt  it  may  U:  proper  here  to  gtte  a  brief 
ttcionct. 

i'ttmlU  SAitiMO  ia  the  art  of  finding  what  dtAanee 
a  Ihin  (liouM  run  dire  caA  or  weft,  in  (.mH-,;  run  ilic 
mtr'jitn  of  one  place  to  that  r-f  aii^jtlitr  j-Lcc,  iti  any 

^UuL.^  i:i  parallel  ftt.'litig  dijjcud  on  tLe 

tcliomii}'  rule  : 
Air:d  1).;, 

To  coriii  of  the  I.it.  of  ;iry  p;L'-i;Icl ; 

So  arc  tlir  rufle*  of  krjg.  ijclu-cin  any  two  tncrijiinr, 

To  the       of  thefe  meri<!isns%that  pandlcl. 

Alfii,  f.'i- any  twoU;;it  ii':-,  ^ 

As  the  Cliln  I  of  0!1'   I  il:ttriJ,<  , 

1«  to  the  coQne  of  another  latit  tide ; 

iaacfiwnmeiidional  dill,  in  the  ifl  [...;  ''  ', 

TotheWw;mcr?<Jiunald'l>.  i;i  t'le  :rl  jiaraJLl. 

Hrace,  cooiitin;;  6?  ii.u)t'c;il  to  ci.tli  ili'^rcc  of 
longiludL-,  j:-  un  tlic  Ci]ii.it(,r  ;  tf  cu,  by  the  Hnl  rule 
the  uiifsbcr  ui  nkil;^ \i\  cai.h  dc^i cc  ot>  tltc  oilier  ^d(>tUi:i«>^ 
will  come  out  a>  in  ttie  fuUoiauig  table. 


a!unff 

fsi.t  ii,  '.  etjual  to  50  miles,  the  run 
ill  ic  :«.».rii;  then  diaw  BC  call,  and 
tqoal  to  30  mile?,  the  run  of  the 
*.iirrcnt  in  to  hotirs.  Then  the  rtiip 
is  found  at  C.  and  her  true  path  is 

in  the  line  AC  ^-^  ;8'3  1  herdillance,  jj  

and  her  cc/.m  ;.  ii  1!  e  anple  at  A  ^ 
JO*  58'  from  ibc  (outh  Ir wards  tlic  eaft. 

GwAiritf*  SaitiNO  is  the  cr.imniirg  the  (kip's  motion 
and  run  apooprinciplca  derived  from  the  globular  Sgnrt 
of  the  earth,  viz,  her  cotirfci  difiance»  and  dtflcrencc 
•f  latitude  and  longitude. 

The  pnnc'ples  of  thu  method  are  explained  under 
the  ait  id..  R  H -J  M  B-Ziy,  Macain^*  CliAJtT«  Ud  Ml- 
AlOIONAi*  i'aris  i  which  fve. 

{^lobular  Sailtng»  in  the  cxtenlive  ftsGe  here  i{idic£ 


Ut. 

Mtles.  ' 

Miles.  1 

!^ 

Miles. 

59'99 

3' 

5 '-43 

61 

:<;•:(; 

2 

3* 

62 

28-17 

3 

1  33 

,0-32 

63 

27-24 

4 

>9S5 

34 

49-74 

64 

26-jO 

5977 

35 

65 

25-36 

6 

59-67 

36 

48-5 1  1 

66 

24-4t 

7 

59>'-' 

^7 

47-9^ 

67 

23-44 

8 

S9'4» 

,  3» 

4-^8 

68 

22-4^ 

9 

59  ,!6 

1  39 

46-63 

69 

21-50 

10 

59  09 

1  40 

4i-9'> 

70 

20-)  J 

1 1 

58-«9 

1 

45*-'*  , 

7» 

'9-53 

12 

s«-6y  ! 

42 

44-59  ■ 

18-54 

'3 

58-46  . 

*J 

4i->«  ; 
43-16 

1" 

'■->4 

'4 

S822  1 

,  44 

I  74 

16-54 

57*9>  ' 

1  45 

4--4A  I 

!  75 

'5-^3 

\i 

57-38 

i  4^' 

41 -OS  ■ 

'7 

1  47 

4092  ( 

1  77 

13- JO 

18 

5706 

1  4« 

40-15 

:  78 

•  2-48 

'9 

5^»"7.'3 

I  49 

.^9-3<>  , 

1  79 

11-45 

20 

56-38 

80 

10-42 

21 

1  5« 

37''*  ! 

1  x» 

9-38 

12 

55  63 

1  5' 

3 ''-94  ■ 

82 

«-3i- 

55^3 

'  53 

36-11 

»3 

24 

5481 

54 

84 

6-28 

54-38 

55 

34"4' 

S5 

s6 

53-93 

i'i 

33-<^S 

4-iri 

»7 

53-4<» 

57 

32  6a 

^7 

3''4 

s8 

51*97 

58 

3»'79 

83 

2*09 

*9 

5*47 

59 

30-90 

89 

10$ 

30 

60 

JO'OO  I 

90 

o-oo 
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article  DE' 


I 

Tt 


See-tnotW  taUe  oF  this  klnd» 
Eriglilh  milct  to  one  degree,  under 

To  fun!  t'n-  ircriillotml  dillincc  to  any  number  of 
fnimi!cs  U.i.Attii  aiiv  ot  llic  wbule  dcjjixtB  in  tlic  table, 
iaflancc  111  tlic  liarallcl  of  48"  j6';  take  out  the 
tabular  ilKlaiiccs  for  tiK  two  whole  dc^rcc-s  bt.'tivrtn 
which  the  jnrallc!  or  ihr  orid  minutes  be,  as  lor  48° 
and       ;  fu'.irratht  tlii.'  one  from  tkc  otlicr,  and  lake  llic 

Eroportion.il  put  of  tlu'  1 1. maindcT  fiiT  tlieodd  minutc«, 
y  mvkioMne  it  bf  thofe  rainutcst  and  divuliue  by 
60  i  ana  fafliy^  fiiMraA  thii  proportional  |nn  fi 
^  tabulai  nutntcT.  Tbuk 


ttc  g. 

"  Lau  48' 
Lat.49* 


AtCo')a6' 


40- IS 


o-;o  rem.  i  o.ji. 
t6 


♦2* 

60  )  :o  s4 


Takeo  fran 

t 

Leavca  nwnd.  dift. 


39-81   for  lat.  48*  16' 


And,  In  like  manner,  by  the  counter  ojxrr  'ii.  n,  to 
find  what  ijtituilo  aiifwc(<>  to  agiren  lucridiunal  J:iUiilc. 
Aa,  forex.  in  whit  bitimdc  46*-8  m-J  i  aafwer  to  a 
degree  of  longiiLdc. 


vrom 
Take 


4^  '6.^  for 
4y'9f>  ft>r  40° 


Then  as  Q  £7  :  60' 


from  4')*fi3  for  jy* 
take  46'c8  given 


0  55  : 
60 
67) i}00 


AO 


49  pro.  part* 


Tliercfore  tht-  !-,titiu!c  fr.f;;}i;  is  ti,"  40'. 

£x.  3.  Giv\!i  ilit  Liii«i»k'  arul  uicuUioiiii!  uiilaticc  ; 
to  fiiiil  the  conxfpon<Iing  ditforencc  of  longitude.  A«, 
if  a  (hip,  in  latitude  j6',  and  longitude  10°  Hi 
caft,  faQdne  weft  «36milc»  i  requind  het  prefent  lon« 
gitude. 

Here,  by  the  firfl,  rule, 

As  cof.  lat.  >     i^'  voa»p.  0'2!66^ 

To  radius  •  90  00    -   -  lo'ooooo 

Somcrid'dift.     '3600,    -  2'3:29i 


To  diC  long*  397*7 

Its  60th  gtves  161* 
Takca  iron  10 


2'J99SS 


36'W.dtir.long. 
iB  E.loiig.firaiBi 


Lcavn 


3    40  E.  long.  ODOK  to. 


Jiy  th- uUe ;  tht:  Ungtb  of  a  degree  oa  tbc  paiand 
*i  $3°36'»35'0. 


Then  as 

the  fi  r,: 


j?'6  :  60 

.1 ,  litT^ir c. 


S  L 


397*7,  the  diff.  of  long. 


-JaiituJ/  Sau.ino,  is  a  cicilidd  of  refolring 
the  cafes  of  globular  Sailinjj  by  mraii"«  of  the  middle 
latitude  btftivecn  the  latitiuk  dcpaitcd  ftom,  and  that 
coijic  to.  This  method  ii  nut  quite  accurate,  beiu^ 
only  an  approximation  to  the  truth,  aiul  it  makes  tiie 
of  the  priacipjea  of  pbnte  Sailing  and  parallel  Sailing 
comoiiiily. 

Tlie  method  >i  foitndcd  on  the  fupnofition  that  tb« 
departure  is  reckoned     a  mcridtonal  diftance  in  that 

latitude  which  is  >  middle  parallel  between  the  latitude 

faili;  1  frnni,  atic!  'Lbc  latitude  connc  to.  .And  the  tnetliod 
h  not  <.|iiiie  acc'tnatc,  bccaufc  the  arithmetical  mean,  or 
half  fu!n  of  the  cofiiits  of  t«o  dillan*.  l,;ti!  is  "  it 

tAaiily  t!ic  cofinc  of  the  middle  latitude,  ur  ImH  the 
fiim  of  thofe  latitudes ;  nor  is  the  dcpaii.jrJ  Li-'.  wctn 
two  places,  011  an  oblique  rhunob,  equal  to  the  meri- 
dional Jin.-t'ice  in  the  niivldlc  latitiide;  asis  pccTitned  i/i 
thia  ntrthovi.  Yet  when  the  parailrU  are  sear  the  cqua* 
tor,  or  near  to  each  other,  in  asy  btitadc,  tie  cmr  ia 
not  oonGdemble* 
Thia  method  Tcemt  to  haTc  been  fttvented  on  account 

of  the  tafy  mnnntr  in  .  I.lch  llic  fcv;.Tal  cafes  may  be 
r;:f«Ivcd  by  the  traverlc  lablct  and  when  a  table  of 
nieridional  parts  is  wanting.  The  oomputatioaf  depend 
on  th«  foUou-ing  ruh  s : 

1.  Take  half  the  funi,  or  the  arithmetical  mean,  of 
t!ic  two  given  latitudes,  for  the  middle  latitude.  Then, 

2.  A  ,  cofine  of  middle  btiludc, 
Jb  to  tiic  mdiu5  ; 

60  ic  the  dcparturr, 

To  the  diir.  of  longitode.  And, 

3.  Ai  t  i  fiiif  of  middle  latitude, 

II.  tu  t. indent  of  the  courfc  ; 
Ski  I:,  till  ilifi  rcnce  <'f  latitude, 
'i'u  tiic  diiicrcncc  of  longitude. 

iTercator's  Sailiso,  is  the  art  of  rcfolving  the  fc- 
vcral  cafes  of  globular  Sai!i:ig,  by  plane  trigonometry, 
wiih  thi:  afliOancc  of  a  table  of  meridional  parts*  or  of 
logarithtnic  taugrn:';.    And  tlie  compulatioB)  are  per* 

formed  by  the  following  mlco : 

t.  As  tnrridinnal  diit.  lat. 
To  diif.  of  longitude  ( 
So  If  the  radiui. 
To  tattgeot  of  the  comflb 

2.  As  the  proper  diff  lat, 
.  To  the  depart  lire  ; 

So  is  merit),  dlff.  h.\. 
To  diif.  of  longitude. 

3.  A»  diff.  log.  tang,  half  colatlcudc^ 
Totaug.of  5i«3e'o(, 

So  i«  a  given  diffrlongiii'tic, 
To  tai^cnt  of  the  courTe. 

The  manner  of  wvirking  -with  the  meridioiial  porta 
ard  logarii^miic  tangcoti,  will  appear  from  the  two  fid* 
lowing  cafes. 

I.  CiTcn  the  latitudea  of  two  ptacci  1  to  find  their 

neridiT  nal  difference  of  latiti  dc. 

B^f  ibe  MtriJ,  £crtt.  When  the  p^cca  arc  both  on 

ill* 


I 
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ilbc  fame  l|de  of  Iheeqottor,  uke  tlw  dilfereaee  of  the 

Bifridionil  partfi  snfwcringto  ctehhtiTiKlc  ;  but  when 
the  phcci  art.  on  oppofiic  fide* of  the  cq^uior,  take  the 
film  of  the  fame  partly  for  tb«  Drridioiwl  diffntNCe  of 

By  rhe  Lc^.  Tan^:;rntt,  l,i  tl.c  rorrrur  c.*f' ,  t.ikr  the 
difl>.'rcnce  ot  t'lc  \r%nf,  tangents  of  the  haii'  ccil.iti- 
ttidet;  but  in  jI.c  latter  cafe,  take  the  fum  of  the 
fame ;  theo  the  faid  difference  or  fum  divided  hj 
i3<^3,  wiUjpte  tbc  mertdloml  dUiereRce  of  btHiide 
kiiignt. 

3.  Gi'vni  the  htitnde  of  onr  phee,  and  the  meri- 
dional difference  of  hlitnde  hetwecn  that  andanolliey 
place  ;  to  find  the  lattrude  of  this  latter  place. 

By  the  Mer'til.  Purl:.  W  hen  llic  places  hsvc  like 
Harms,  take  the  fum  of  iht  mcriil.  parts  uf  tlu-  giwrt 
l.iT.  Jiici  tlio  |;f.  eTj  (liff.  ;  bill  take  liic  clflLi  em  i  bi  l-'nn 
4hc  fame  when  they  have  unhke  natiics  ;  then  the  refult, 

keing  fouud  in  the  table  of  oiendioMl  paits»  wiBgifc 

the  bitttude  fouglit. 

JBjJr  tht  Leg.  'Tangents.  Multiply  the  given  meri- 
{lonaldiK  ofbt.  by  12*63  ;  '^'<^  f-n-.ur  cafe 

fubtriA  the  pnidadlnm  the  log.  tangent  of  tiic  gi  ta 
half  colatitude,  but  in  the  latter  cafe  add  them ;  then 
feek  the  deRreeii  and  minutes  atifwering  Co  the  re- 
fill Hinon;?-  the  Irjr.  t-jngt-i!t«,  and  thefc  degrcei*  Ac. 
duuhlfi!  will  be  tljc  culatitiidc  foi"^hl. 

CiT^-.iLir  Sailing,  or  (Irrai-cr,'^'  SArt.ivo,  ij  the 
art  of  finding  what  places  a  thip  muti  go  tiirough,  and 
what  eoui  fes  to  ftecr,  that  her  track  may  be  in  the  arc 
«f  a  f^rrrit  circle  on  the  globe,  or  ncariy  fo,  palTing 
til  I  ou^h  t  IK  place  failed  from  and  the  phce  bonmi  to. 

Thia  method  of  Sailing  hat  been  propofcd,  titcaufe 
the  (hotteft  diftance  between  ttvo  pbcet  on  the  r^jliccc, 
is  an  arc  of  a  great  circle  intercepted  bttu-ecn  them, 
and  not  the  fpiral  rhumb  pafTing  through  them,  unlcfs 
when  that  rhumb  coincides  with  a  grrat  circle,  which 
em  onlv  t^c  nfi  a  meridian,  or  on  the  equator. 

Ai  the  ;<  l.it:.iii>  lit  v.ic  cafes  in  RlLro^  r'*  Sailing 
are  perfonntU  by  plane  triangles,  in  this  method  of 
Sailing  they  are  rcfolved  by  meant  of  fphcrieal  tri- 
angle** A  ere«t  variety  of  cafes  might  he  here  pro- 
poTed,  but  thole  that  are  the  moil  ufcful,  and  mofl 
eommonif  oeear,  peftaui  to  the  loUoning  problem. 

P.-eMn  I.    0(«en  the  hiitodc*  andlongritudet  of 

two  placet  on  the  earth  ;  to  find  their  ncnrt  ll  <!'!}.iinc 
on  the  furfaoe,  together  with  the  angles  of  politioj 
itdXU  c-i;hfr  pljcc  to  the  othrr. 

This  problciii  I  omri  chcnds  6  cafes. 

Cafe  I.  When  the  two  places  lie  under  the  fame 
fneridian  i  ihcu  tiieir  dilTcrence  of  huittide  will  give 
their  diftance,  atid  the  pofnim  of  one  ffOiD  the  other 
will  be  dire£\ly  north  unj  foitth. 

Cafe  2.  When  the  tvro  places  lie  under  the  Hjliaimi  ; 
their  diftance  it  equal  to  their  difTcrer.ce  of  longitndei 
and  the  an^e  of  pi^tion  is  .1  right  angle,  orthecourie 
from  one  to  the  other  is  due  rnit  or  wii;. 

Co/e  3.  When  both  iilaocs  arc  in  the  fame  pamlld  of 
latitude.  Ei.  gr.  The  pl.ues  both  in  37°  lucth,  but 
the  longitude  of  the  one  1^^'  weft,  and  of  the  other 
76*  23'  weft. 

Let  P  denote  the  north  pole,  and  A  and  B  the 
two  place*  on  the  fame  parallel  BDA,  alfo  BIA 
their  diOancc  afaader»  «r  the  arc  «f  »  great  cirele 


paffing  through  them.  ThcB 
IS  the  angle  A  or  B  that  of 
pofitiun,  and  the  aoehr  Df'A 
=  1 1  '  23'  the  dinerence  of 
loiigtiudc,  and  the  fide  PA  or 
PB  =  53°  the  colatitude. 

Draw  PI  perp.  to  AD,  or 
bifcAing  the  angle  at  P. 
Then  in  the  triangle  APi* 
right-angled  at  I,  are  gmn 
the  hypotenufe  AP  s  5]»,  and  the  angle  API  ar 
x{*>  41' 30"  I  to  find  tfa«  ancle  of  polnwn  A  or 
B  =  73*  ji'j  and  the  half  diftance  AI  ao» 
;  thit  doubled  gives  40°  31'  for  the  whole  didaace 
AB,  or  3431  nautical  miles,  which  it  31  mile*  lef» 
th^n  the  dillancc  ali^ng  ADB,  or  bj  parallel  Sail> 

4*  When  one  place  has  bttHuddi  and  the  other 
hat  none,  or  it  nndcr  the  equator.  For  example,  fup- 
pofe  '  the  Ifland  of  St.  Thomas,  !at.  o'',  and  long. 
1'  o'  eail,  and  Port  St.  Julian,  in  lat.  48°  51'  fouth, 
ami  i  Jii^.  65^'  10  '  well. 

Port  iit.luiian,  Ut.  ^i"  51'  S.  -  long.  65"  lofW, 
Idc  Se.  Thonaa  .ooa«>o  -  lOoE 


Juliaa'a  etHaiU    -    41  09  USL  hag*  66  10 


Hence,  if  S  denote  the  fouth 
pole,  A  the  Ittc  St.  Thomit  at 
the  equator,  aitd  B  St.  JuHan  ; 
then  in  the  triangle  are  given 
SA  a  quadrant  or  90",  BS 
=  41°  9'  the  coUt.  of  St.  Ju- 
lian, and  the  4.8  =  66*  10/ 
the  dif.  of  longitude ;  to  find 
AB  =  7+"  39  =  44'5  miles, 
which  is  Icfs  hy  '  i!  than 
the  diitance  found  by  Mjrealoi't 

Saili:)^:  :  alia  the  angle  of  pofition  at  As  51^1', and 
the  angle  of  polttion  B  =  icS"  24'. 

Cafe  e,  When  the  two  given  placet  arc  both  on  the 
fame  £de  of  the  equator  j  nr  csaaaplethe  Uaard,  and 
the  ifland  of  Bermudaa. 

The  Lizard.'lat.  49°  57 'N.    -    long.  5"  2  1 '  W . 
fiermuda^   |a  3j  N.       -     63  32  W. 


$8  *» 


Here,  if  P  be  the  north  pole, 
L  the  Lizard,  and  B  Bermudas ) 
there  are  given, 

PL  =  40"  03  'colat.  of  the  Lizard, 
PB  =  J7  2;  colat.  of  Bermudas, 
^P  =  cS  II  diff.  of  longitude ; 
to  find  BL  =3  4s«  44  =.  2744 
miles  the  diAance*  and 
Z.  of  pofition  B  =£  49<*  27',  alfo 
Z.  of  pofition  L  =  90°  31'. 

C^e  6.  When  tlie  given  pbcca  lie  OB  diftitat  fide* 
of  the  equator}  at  feppofie  St.  HdcM  ttlBcnwdM. 
Hoe 

n 


Digitized  by  Google 


S  A  I 


£  409  ] 


S  A  I 


PB  =  57»  i5'pol«rdift.  Ber- 
BiuAit, 

tH  s  lOj  55  poUr*dift.  St. 
Hdem, 

=  ?7  41  J'^-  W- 
To  find  BH  1=  7     26'=  4  \o6 
■iilc<,  the  diflancr,  alfo  tlic  aiH;lc 
of  porition  H  =  4S'  o'l  and  ihc 
a.igle  of  portion  B  =-  121"'  in'. 

From  the  folutiont  of  the  fore- 
going caJlet  It  appears*  tfiat  to  fail 
on  the  «rc  of  a  great  circli-,  the  fhip  iniift  curtlfiMally 
alter  her  co-jrfe  ;  but  as  th's  U  n  tJifilciiily  toi  Jfrest  to 
be  «djiHtted  into  the  pmdtoe  of  naneuion*  it  hw  been 
thought  fafBctendf  exaft  torffirft  titt*  burtneb-br  « 
kind  uf  approxinition,  th::t  U,  by  a  method .  which 
ii«irl>'  approaches  to  the  faihn;^  on  a  grcjt  C'Tcle : 
uimdy,  upon  this  pn'ncipk-,  that  in  fmall  ari»,  the 
(Jifliiencf  bi  CAccn  the  nrc  and  it«  c'.iord  or  tBn;^ciit  i» 
)  '  I'l,  tli  .t  r'<t.:  nijv  b<-  tiiken  fcr  one  another  in  any 
njiiltcal  opcratiutu:  and  Jiccor.iinjfly  It  ii  fiippofi-d  that 
the  great  circles  oti  the  earth  are  made  up  of  Ihoit 
light  lines,  each  of  which  i«  a  feemcnt  of  a  rhtiinb 
Iin<:. '  On  thi«  fttppofitmi  the  fohiUBD  of  the  folbwing 
proUeia  it  dcdnxd. 

ProUm  TI.  Havin^r  given  the  lat'tute  and  ^ansp• 
tildes  of  the  placfii  [.ulcd  from  and  bound  to;  to  find 
the  fucceflive  hliiudcs  un  tlic  jrc  uf  a  great  circle  in 
thofc  place*  where  tlic  alier.itioii  in  longiiiidc  lli.ill  In  a 
given  quantity  ;  togcthtT  with  the  counctand  diltunc^rs 
btlxveen  iliofc  places. 

1.  Find  the  angle  of  noiition  at  each  place,  and 
their  dillance,  by  one  of  tne  preceding  cafes. 

2.  Find  the  greatell  latitude  the  great  circle  runs' 
through,  i.  e.  find  the  perpendicular  nom  the  pole  to 
that  circle ;  and  alfo  find  the  fcreral  angles  at  thepolCf 
made  by  the  given  alterations  of  longitude  between 
this  pcrpcnd.cular  and  tlir  fufccfnvt  riiLi  uli^iii  Oonie  tn. 

3.  tliis  pciprn.licular  and  the  poliir  ani'lci 
federally,  find  as  many  corrffponding  latitiuliT,  hy 
faying,  as  radius  :  tang,  grcatclt  lat>  ::  coC  lit  polar 
bigle  :  taog.  ift  ht.  t  i  cof.  *i  pobr  i  tmg.  of 
2d  lat.  Sec. 

4.  Having  now  the  fe»end  latitudes  paflcd  throujjh, 
and  the  diKrrence  of  bngitnde  between  each,  tbetk  by 
Mctcaton's  SaiUnglind  the  coaHes  and  dilhinces  between 
thofe  latitudes.  And  thefe  are  the  feveral  coorfca  and 
di'Sance*  the  fhip  mull  tub,  to  keep  nearly  on  the  ait 
•f  a  great  circle. 

The  fmiillcr  die  n'ttr-'.:;oni  it;  loisgjtuiic  a^e  taken, 
tiiL-  ;iiMrt-i-  will  this  n.ctlin,!  approach  toil.c  tnilli  ;  liut 
il  is  i'ulTicient  to  compute  to  every  5  degrees  of  dif- 
ference of  longitude  ;  as  the  length  of  an  arc  of  j  de- 
grres diff<:rs from  its chordt  ortangcnt.  only  by  o*<*o2. 

The  track  of  a  Ihip)  when  thus  dircdtcd  neatly  iu 
the  «fc  of  a  great  circle,  may  be  delineated  on  the 
Mercator'a  diart,  by  marking  on  it,  by  help  of  the 
latitudes  and  longitudes,  the  fucceflive  places  where  the 
Mp  is  to  alter  her  courfe  ;  then  thofe  pbces  or  points, 
btiiifr  joiijfii  hy  ri;;lit  lines,  will  Ihtw  tiif  path  along 
which  the  (hip  it  to  lail,  ii:ukr  the  jiropuicd  circtim- 
fiances. 

On  the  fubjed  of  tbefc  artidci,  £ec  Kubertlbn'*  EJe* 
«ents  ot  NavigatioR*  vol.  U 

VouU. 


SfibeniJital  SAItiKC,  it  computing  the  cafes  of  flavi. 
gatloa  on  th^  (uppoiiliaD  or  principles  of  the  fpheroidi* 
cal.tgure  of  the  earthi  See  Ki>bertfiw*«  fiiavtg«ti«>i» 
voL  it  b.  8.  fed.  8. 

Sailing,  /«  an  en  conjtnsd  fcnfc,  is  the  art  of  coiv. 
dueling  a  (hip  from  place  to  place,  by  the  working  or 
Lindlitigof  hr^r  fails  and  nuiiirr. 

To  brin)r  Suiliujr  to  ccrtiiin  nilrf,  M.  Kcnau  com- 
putes the  force  of  the  water,  B^i'r.ll  vhc  liiip's  i.iddcr, 
(if  m,  and  tide ;  and  the  force  of  the  wind  againtl  her 
fail^.  In  order  to  this,  he  firft  eonfidcrs  all  fluid 
bodicn,  a&  the  air,  water,  &C|  as  eowpij&d  of  little 
pnrticU*,  which  when  tfaeyaA.iqpoBi  or  dsovc  agaiuft 
any  fiurface,  do  all  move  pardlel  to  one  anotbcTf  or 
ftrtlce  agatnft  the  rurlace  after  the  fiune  ounner.  8«- 
Cf>tidly,  that  tlie  motion  of  any  body,  with  rrgaii!  to 
the  fiirface  it  (lrikc!i,  mull  be  cither  perpcndicuLir,  pa- 
rallel, or  obliq-ie. 

From  thcfc  principles  he  computes,  that  the  force 
of  the  air  or  water,  (Irikinc;  p -rpciitiicul^rly  upon  a  fail 
or  rudder,  i$  to  the  force  of  the  fame  ftriking  obliquely, 
in  the  duplicate  ratio  of  radius  to  the  fine  of  the  angle 
of  incidence  :  and  confeouently  that  all  oliliquc  forces 
of  the  wind  apinil  the  uill,  or  of  the  water  againft 
thcruddcr,  tdubc  to  one  another  in  the  duplicate  ftio 
«  of  the  fines  of  the  angles  of  inodetioe. 

Such  arc  the  cvricl  ;fi"nj  fioin  theory  ;  but  It  is  very 
ditt^jicnt  ill  icjL  praclicr,  or  experiments,  as  appears 
from  the  tables  of  cxprrioieBta  infintcd  «l  the  aitide 
RrnsTAscE. 

Farther,  when  the  different  degrees  of  velocity  are 
cnnlidercd,  it  is  alfo  found  that  the  forces  are  as  the 
fsjU.Tcs  of  the  Tclocitics  of  the  moving  air  or  water 
nearly ;  that  ia*  n  wind  that  blows  twice  a*  fwift*  aa 
i2»ther>  will  have  4  times  the  Ibroe  npoo  the  ftflf 
and  when  3  tioea  is  fwifk,  9  times  the  force,  jcc*  And 
it  being  alfb  SndifTerenr,  whether  we  cnnfider  the  mo- 
lii'il  of  a  f.il'il  'v.\  a  fiuM  at  refl,  or  of  the  fluiil  aL-^i'nil 
the  iu]iu  at  rcil  ;  the  rccprocal iropreffions being  always 
thcfanie  J  if  a  folid  be  moved  with  different  velocities  in 
the  fame  lluid  matter,  .is  water,  thcdificrcnt  rciiilaaces 
which  it  will  receive  from  that  water,  will  be  in  the 
fame  ptupotiion  a;>  the  fquarci  of  the  velocities  of  the 
movinpr  body. 

He  then  applies  tbcfe  principles  to  the  motioM  of  • 
flrip,  b4ith  forwards  and  fideways,  thmigh  thewitrr, 
when  the  wind,  with  certain  velocities,  urikes  the  Ma 
in  vnrious  pofitions.    After  this,  the  author  pnxyeda 

to  d.ni  jiiiV.itc,  tliat.  iLc  btfl  pufitioi)  or  fittiation  of  a 
ftiip,  fo  sss  llie  in.iy  rii.^kc  ihc  lead  lee-way,  or  fide 
motion,  bwt  gt)  to  uiiuKv.ird  as  much  as  pofTibie,  is 
this  :  that,  let  the  iail  lave  what  lituation  it  will,  the 
(kip  be  always  in  a  line  bifcding  the  complement  of 
the  wind'i  angle  of  incidence  upon  the  fttL  That  lit 
liippotlng  the  fall  in  the  po- 
fition  BC,  and  the  wind  bloW' 
ing  Iron  A  to  B,  and  confe- 
queiiily  the  uncle  of  the  wind's 
incidence  on  the  fnil  is  ABC, 
tiie  corriplcracnt  of  which  is 
CBE  :  then  mull  the  Ihip  be 
put  iu  the  pofition  BK,  or 
move  in  the  line  BL^  bifediog 
the  CBE. 

5« 
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He  fhewi  ftrther,  that  tlie  ingle  which  the  fail 
n»ghi  to  mske  with  the  wimi,  i.  r.  the  »rg!e  ADC, 
ought  to  be  but  24  degtia-t }  that  bcin^  the  muil 
advantMMOwlititttiOO  to  go  to  windwud  the  aoft  |lof- 
fiblc 

TotliM  mieht  be  added  nany  curions  particular! 
from  Bordli  St  Vi  PereuiTioiiif,  conoermng  tbc  difle** 
frat  dnvAims  ^iten  to  «  vefTel  by  tb«  rudder,  wlien 

f  ii'in  ;  Mith  a  wind,  or  floating  without  hiU  in  a  cur- 
rem  :  in  ;!ie  former  cafe,  the  hcnd  of  the  fhip  always 
c  ;  to  the  rudder,  and  in  the  latter  always  flying 
olT  irom  ft  ;  at  alfo  from  Enter,  Botiguer,  and  Juan, 
wlio  h  ivc      written  learnedly  on  this  fubjciH. 

SALIANT,  in  Farttfication,  i*  faid  of  en  angle 
that  projects  its  point  outwirdt }  in  oppoiitiootoafv- 
cutcnDg  angle,  which  has  iu  point  turned  inwarda. 
Inftancc*  of  both  kind*  of  thcfe  wc  have  io  tetiaillei 
and  (lar-woiks. 

SALON,  or  Saloon,  in  Architedure»  a  grand, 
lofty,  fpacioui  fort  of  hail,  vaulted  at  top*  andufually 
ComprclMtpdiDK  two  (toriet,  with  two  ranges  of  win- 
dowf.  It  is  toaictiiiMa  buik  Iquare,  fomctimes  round 
«r  0*1],  fometiiM  oftafonal,  as  at  Mariy,  and  CiHne* 
time*  in  other  ibnni. 

or  S.WT,  in  B-jIldioff',  as  to  fap  a  wall.  See, 
it  to  dig  out  the  ground  from  beatatii  itf  fo  u  10  bring 
it  down  tV  mt  once  for  want  of  fupport. 

Siir,  in  the  Military  Art,  denote*  a  work  carried  on 
trader  cover  of  gabions  and  fafcinct  on  the  lUnk»  and 
maiitki^.  uj^h;      on  the front^  to  gaio  the 

defcciit       a  ^iich,  or  the  like« 

It  i«  performed  by  d^ging  a  deep  tnoeh,  ddoeod* 
isg  bj  flepa  from  top  to  botiom,  uadcr  a  corridor, 
cairying  it  a*  &r  aa  the  bottom  of  Ihc  ditcfa«  when 
that  ia  dry  |  or  aafaraa  the  furGweof  the  watery  when 
wet. 

SARO?,  in  Clironolog^y,  a  period  of  jjj  lunar 
months.  The  ctymoloj^y  of  the  word  i*  faid  to  be 
Chaldean,  fi^nifyin^  retlitution,  or  retinn  of  cclipfci ; 
that  1!!,  conjnttc  tiun;  of  the  tan  and  moon  in  nearly  the 
fame  place  of  the  ech'ptie>  The  Saras  wu  a  cycle 
like  to  that  of  Mcto. 

SARRASlN,  or  Sarrazin,  in  Fottlfication,  a 
kind  of  port-culli«,  othtrwife  cillird  a  herfe,  whidi 
is  hung  with  ropci  over  the  gate  of  a  town  or  ibrticri, 
10  be  let  fiU  bcabof  a  furprife* 

SATELLITES,  in  Agronomy,  are  certain  fccon- 
dary  planets,  moving  round  the  other  planctf,  as  the 
moi'ii  1' iiitiiid  liic  furt'i.  They  are  fn  called  l>e- 
caiifc  .u'.\iy»  totind  attending  thtin,  from  rifing  to 
k;t  1^-,  a iiii  making  the  lour  about  the  litw  together 
with  them. 

The  words  moon  and  Satellite  are  fometimct  ofcd 
indilFcivntly :  thiw  we  fay,  either  Jupiter's  moona,  or 
Jupiter's  SatrSiics ;  bat  ufnally  wc  oiuinguifh,  rctlnJn- 
ing  the  term  moon  to  the  earth's  attendant,  and  apply- 
inp  the  term  Satellite  10  the  little  moons  more  recently 
d''.>  'Vir,J   alj  uit  Jupit'.T,    Satuir;,  and  thi-  CfOrjji.m 

planet,  by  the  aflillance  of  the  telcfcopc,  whicb  is  b«- 
celbry  to  icadcr  them  liiblc. 


The  SaldKtca  move  iwtad  thc!r  primary  planets,  aa 

their  centres,  by  the  fame  laws  a*  thole  prlm.iiy  ones  do 
round  their  centre  the  fun  j  vir,  iu  I'udi  maimer  that, 
in  the  '  :  u  i'.it^s  ot  t!ic  fame  planet,  the  fquares  of  the 
periodii  (i"K;.  arc  propoftional  to  the  cubes  of  their 
diftanc I  S  Iiuti  the  primary  plmct.  I'or  the  phyiicd 
caiife  ot  their  motions,  fee  Ghavitv.  S  c  alfo  Pla- 
vtn. 

We  know  not  of  any  Satellites  beiide  thofe  above 
mentipncd  ;  what  other  difcovcries  may  be  made  by 
faither  tmpvovemenu  ia  tck(bopc<i  time  oaly  can  bring 
to  light. 

SA-rcLLtTES  0/  Japitie,  TWttt  ait  vt  foor  tittle 
moons,  or  feeoudaay  pknele  now  known  performing; 
thi  ir  cvoiutions  about  Jupiteri  as  that  pbaet  don  about 

the  Siiu. 

Simon  Mariits,  in,it)iciri;iiiLj;iii  cf  the  eleflor  of 
Brajsdenbt!'-^,  sbout  \\\c  <.ml  oi  November  1609,  ob- 
fcrvtd  tliriL'  litilij  lun s  niuMiig  round  Jupitev's  body, 
aitd  proceeding  alon^  wuh  iiiin  ;  and  in  January  i^jo, 
he  fottnd  a  4th.  In  January  ibxo  Galileo alfo  obferved 
the  fa-DC  in  Italy,  and  in  the  fame  year  publilhed  hia 
obfervations.  Thefe  Satdlltes  were  alfo  obler^'cd  in 
the  fame  month  of  Januaiy  1710,  by  Thomaa  Hairiot* 
the  cdebrated  author  of  a  work  uponaleebra,  and  who 
•  made  conftant  obfervations  of  thefe  batellites,  from 
th^t  time  till  the  sSth  uf  February  1612  ;  as  appear* 
Im  li-.  rriiiiiii  .i  IriiiHiii.i.  ,il  ii.iptri,  lately  dilcovered  by 
D'.  Z>ib,  M  tiic  ii^ii  ui  tiic  carl  of  £gTcnioat,  at 
Pttworth  in  SiifTcx. 

One  Antony  Maria  Schyrlaeus  di  Rcita,  a  capudiia- 
of  Cologne,  ima^^ined  t1iat,  befidcs  the  four  knowo 
Satellites  of  Jupiter,  he  had  difcovered  five  more,  oil 
December  29,  1641.  But  the  obfervatitm  bein^com* 
municatcd  t«  C'>a(lcndus,  who  had  oUerved  Jupiler  oa 
the  fame  day,  be  foon  perceived  that  the  moak  had 
millaken  five  (txed liars,  ia  the  cIGafion  of  the  seater  of 
Aquarius,  marked  !n  Tydio's  catalogue  44,  25,  2O, 
27,  28,  for  Satellites  of  Jupiter. 

When  Jupiter  comes  into  a  line  brtwcm  arv  t  f  his 
Satellites  arc  U-^•  lun,  tht.' Sxi'tli  tt  d  UppL-irs,  being 
then  reli^'-ftii,  or  iiivolvtJ  in  lliad^jw.  —  Wlitri  the' 
S.ac!!ite  ^oci  behind  t!i!-  ln^ly  <'f  Jupiter,  wiiliit  fpeft 
to  an  obfervcr  011  the  eaah,  it  is  then  faid  to  be  sir* 
cuii'J,  ht  'ng  hid  flora  our  fight  by  his  body,  whether 
in  r.fs  fhadow  or  not. — And  when  the  Satellite  comet 
into  a  pofiiion  between  Jupiter  and  (he  Sun,  it  cads  % 
Ibadow  upon  the  face  of  that  phinet,  which  we  lee  a* 
an  obfciire  round  (pot^And  nftly,  when  the  Satdltte- 
oomes  into  a  line  oeiwcrn  Jupiter  and  ut,  it  is  faid  to 
trctifii  the  difc  of  the  planet,  upon  which  it  appeals  a» 
a  rcimd  black  fpot. 

The  periods  or  revolutions  of  Jnpifcr's  Satellifes, 
arc  fonnd  out  from  their  cunjunaioiis  vviih  that  plantt ;. 
after  the  lame  manricr,  a*  thofe  of  the  primary  plaiicts 
are  difcovered  from  their  oppofiiions  to  the  fun.  And 
their  diftanceK  fium  the  body  of  Jupiter,  areracafnrcd. 
by  a  micrometir,  andeftimatfld  in  femidiametcra  of  that 
planet,  aud  ihenec  in  miles. 

By  'he  lateft  and  mofl  tx»fl  obfervations,  the  perio- 
dical tiiTii-s  Liti  ;  ilillancts  of  thcfe  Satellites,  and  the 
an^ks  under  which  their  orbits  arc  fceo  from  the  earth, 

■I  Its  meaa  tfttaace  from  Jupiicrf  are  as  below : 

Satkl- 
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The  cclipfcs  of  the  Satcll'tfs  ffpcc'^'ly  of  ti-'  fc  of 
Ji:-ui.i ,  nre  of  very  jjnat  ul'e  in  aftruiHuny .  Firft,in 
drtcrn  ining pretty  txaflly  the  diflaiicc  of  Jupiter  fiotn 
tlie  carlli.  A  fcconil advantage  I'iilmDrc  coiifi'K'tnUti;, 
Tklrch  is  drawn  from  thi-fc cclipfcs,  is  thir  pi.v  i  '.\\icli 
th^  give  of  the  prf%f;relli.c  nn.*  on  of  liji'it.  \'  1 
idemenftrau-d  by  theio  eclipf?*,  iliat  light  dot  nut 
come  to  ai  in  an  inft<nt,  u  tiie  Cartcfiaas  pretended, 
although  its  motion  h  extmiKly  rapid,  ror  tf  the 
motion  of  light  were  inl3nite>  or  came  to  us  in  nn  iii- 
ftant,  it  is  evident  that  we  (hould  fee  the  toir.mcnci- 
ir.i  i.t  of     cclipr-  nf  a  Satellite  at  the  fame  monicut,  .n 

Vvl:,-tc\'.r  r!l(bni  .-  w  c  might  be  from  it ;  b:H,  oti  the 
Cui'.r.irv,  ;f  ht  1:  v-  proj^rcffivfly,  then  il  if  iij  lvi- 
dent,  itiat  the  farther  «e  arc  from  a  plancti  the  later 
we  ftiall  he  in  feeing  the  moment  of  its  edipfe,  becaule 
the  light  will  take  up  a  longer  time  in  anivJnjj  at  \x%  ; 
and  fo  it  is  found  in  fa<5t  to  happen,  the  eclipfes  of  thefe 
.S  it.lliu'i  a{>pcariDg  alwajra  later  aiid  later  than  tbe  tnie 
11  n  ;  i  Tfd  timea,  as  the  nnh  fiirther  and  &r> 

ther  from  the  pljnet.  When  Jupiter  and  the  earth  arc 
nt  their  neareft  dirtancc,  being  in  coiijunftion  both  on 
the  fame  (ide  of  the  fun,  then  the  cclipftB  ate  fcen  to 
happen  the  foonid  j  and  when  the  fun  is  dlreflly  he- 
tuLi.-ii  Jiipitc!  av.  j  tlic  (.^uli,  thty  arc  at  their grcatefl 
d:(lanceal'under,  ihediitance  being  more  than  before  by 
thf  wl'.olc  diameter  of  the  eartli's  annual  orbit,  or  by 
double  ti  e  earth's  dillancc  fitmi  the fuA» then  (heedipfea 
arc  fecQ  to  happen  the  latcdoFan/iUfelliterthan  before 
brab^ta^uartcrofan  hour.Hcnoethc(«fore  itfollowH, 
inatlisht  taScvSHprs  quatterofanhooriniravtllingacrofs 
the  orbit  t  f  tlii:  inrth,  or  near  8  minutes  in  pairinp  from 
tlic  fuu  to  ".kc  i  :.T.k  ;  which  gives  m  about  I  J  miMions 
of  miles  Oil  rri  iii.te,  or  200,occ  n;ilc»  per  fccond,  for 
ihc  vcloctiy  of  light.  A  difcovtry  \\vcx  was  firil  made 
by  M.  Roemer. 

The  third  and  greatt ft  y.dvantage  dcrivtf!  ft  .  in  the 
celipfei  of  the  S-itillfkes,  U  the  knowledge  uf  ;'  !v>ti- 
gitiides  of  placet  on  the  carth>  iiuppoCe  tno  ubferven 
of  an  eclipfe,  the  one,  for  example,  at  L(v>don,  the 
iither  Bt  the  Canaries  ;  it  is  certain  that  the  tt:ll(jfe  will 
appear  at  the  fame  moment  to  both  oblcrvt-rs  ;  but  as 
they  art  fituatcd  under  dilTcrcnt  meridians,  they  count 
^Hfftrcnt  boiirs,  being  pcrhsps  9  o'clock  to  tiic  one, 
when  it  i»  only  S  to  the  other;  by  which  obftnatioua 
of  the  true  time  of  the  cclipl'c,  on  comniuuic.iti-tu,  they 
find  the  difTmnce  of  their  laii,;ii  jJcs  to  be  one  honr  ill 
time,  which  anfwertto  1  j  degrees  of  lonjgiiude. 

'SATKLurr.*  »f  JitfirrR,  atc  7  little  leconifiiTy 
aett  rewlvini^  about  him. 


One  of  them,  whtcli  till  htefy  wu  ndconcd  the  4th 

in  order  from  Saturn,  uas  chri:(ivcTi.i!  Hi;ygei:=,  ti  e 
25th  of  March  1655,  by  mtaui  of  d  u.clci»j>i:  i-  fctt 
lung  ;  and  the  ill,  ad,  3d,  and  5th,  at  diJeient  times, 
by  Caflini  ;  vii,  the  5th  in  October  i67t,  by  a  iclo- 
fccpcof  1 7  feet;  the  jd  in  December  1672,  by  a  to- 
K-fcopc  ofCampani's,  3$  feet  loDg  {  and  the  firll  and 
fecond  in  March  1684,  by  help  of  Campani's  glafles, 
of  100  and  136  ffict.  FwnJljr,  the  6tb  and  7th  Sa> 
tetlitca  ba?e  lately  been  diftowrcd  by  Dr.  Hetfchcf, 
with  his  40  f«<t  reflcAing  tckfcope,  m,  the  6tb 
on  the  19th  of  Augtift  1*  87,  and  the  ^.th  on  the 
I7ih  of  iepie  l  er  i-83.  Thefe  two  lii  ''  .ts  called 
the  6th  and  7:li  rvjiLllucs  ibouf^h  ibty  .i.c  nearer  to 
the  pLcii;  .S.itiitn  tlian  niiy  oT  tlic  tut  iiitr  l',  that 
the  namei  ot  numbers  of  thcfc  might  uut  be  |uillakcu 
or  confottnd«d»  with  regaid  to  ibrmer  obftnntioiis  of 

them. 

IVlorcovcrt  the  great  diftance  between  the  4ih  and 
$th  SatMTitei  gave  OGcafion  to  Hwygenato  fufpcQ  tbt| 
there  might  be  foine  intennediate  one,  or  elfe  that  the 

^th  inigiiL  lij  c  for.ic  ull.cf  Satellite movinj^  rounJ  it,>ii 
Its  cciiUL.  Dr  llalliy,  in  the  Philof.  1  rani'.  ( iiiiit-.b. 
I4y,  or  Abr.  vol.  i.  pn.  371  )  givu  a  roinrtion  of  the 
theory  of  th<  mution&  of  ilic  4th  or  Huygmian  Sjiiel- 
lite.    Its  true  period  he  make^  1 :  z''  4 1 '  6 '. 

The  periodical  revolutions,  anddiliances  of  thcGe  Sa« 
tellitcs  from  the  body  of  Saturn,  exprelTed  in  femidut* 
nctcra  of  that  planet*  and  in  milciy  are  aa  follow.' 
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The  four  firfl  defer;!  c  i-^ipfcs  like  to  thofe  of  the 
anil  art  in  t'li-  f-inse  plane.  Tfteir  inclioaiion  to  the 
eciip;ic  is  !i  .:n  3  :  10  3  I  degrees.  The  ^th  dcfcTibe«an 
orbit  inclined  from  17  to  18  d«.'grcei  with  the  orbit  of 
t)it;  rn  ;  his  pliine  lying  between  the  ecliptic  and  thofe 
of  tbe  other  Satellites,  &c.  Dr.  Hcrfchct  obfeivea 
th»t  the  eth  SateHite  tarns  once  ro«iid  its  axia  es« 
.iiiU;  in  the  tinu-  ifl  which  it  revolves  about  the  planet 
Sytuni ;  in  which  refptft  it  refcmbles  our  moon,  which 
djvs  the  fnmc  thing.  And  he  makes  the  angle  of  its 
dillaiK".'  from  Saturn,  at  hi*  mean  dillunce,  17'  2''. 
Pbil<U".  Tranf.  1792.  pa.  21.  See  a  lon^  accoi;i.t  of 
obfervatiofls  of  tticfc  Sateilitcii,  with  tablet  of  their 
mean  motions,  by  Dr.  Herlthd,  Ifiibf.  Tnmf.  1790^ 
pa.  427  &e. 

Satklutcs  tjf  ibf  Gnr/'iM  Ploart,  or  He.febtl,  are 
two  titik  moona  tbat  revolve  aboiH  bim,  like  thole  of 
%Qz  *  Jupiidr 


Digitized  by  Google 


SAT 


C    411  ] 


S  A  V 


lopfifr  and  Satnm.  Thefr  SatelHtfs  wrrc  difcovered 
t>y  Dr.  Hcrfchtf,  in  the  mniitti  f>i  Januarv  ijS?.  who 
|fa»e  an  account  of  them  hi  the  Phdui.  Traiil.  or  that 
■jrar,  pn.  12,  fee;  arid  a  ilill  farther  acoutit  of  them 
m  the  vol.  for  ijStti  pa>  364  &c ;  frcju  which  it 
Bppcan  that  their  fynowai  pci  iods,  and  angular  dtf. 
tMcet  fmm  their  priiiMity>  aie  a«  totiow  4 


Pei-oJi. 

Dft. 

1 

t;"  i;*-  I'  19" 

--  '  3?'; 

Theotbiu  of  tUcfe  Satellites  we  wtrly  pcriKudicu- 
l>r  totlle  cdipdc ;  and  in  magnititdethe}-  arc  prubably 
cut  Icfs  than  tliufc  of  Jupiter. 

Satcli.ite  of  Venus.  Calliiii  thoiiglit  he  !^:vv  one, 
and  Mr.  Short  and  olhtraHrnmnncrs have  furpe£ti.'d  the 
fame  thing.  (Hifl.de  I'Atiid.  1741,  I'iiilof.  Traiif. 
numb..  4$9).  But  the  many  fniitl<:f>  ft  uLlic  th;ithiivc 
been  fince  made  to  dfftovcr  it,  k-;ive  roc'in  to  fui'pcft 
that  it  has  been  only  an  optical  illalion,  for.ntci!  b)'  t!ic 
KlafTcs  of  tclcfcopet ;  as  appear*  to  be  the  opiuion  of 
F.  Hell,  at  the  end  of  his  Ephemeris  for  1766*  and 
Sofcovicb*  in  hia  jih  Optical  PiiFertation. 

Neither  ha«  it  Iiccd  difcorcrcd'  that  either  of  the 
other  phneta  Martrnd  Mercury  hatra  any  Satdlitca  rc- 
tolvingf  flbmrt  them. 

SATURDAY,  I'lc  :tl,  nrlaft  day  of  the  week,  fo 
t  aiki',  J13  fuiiif  liuse  Un..pu.''eJ,  from  the  idol  Scuter, 
wcriliipinij  on  this  day  by  the  ancient  Saxons,  and 
ilioiij;lii  tu  Hf  thr  h.mr  as  the  Saturn  of  llieL«itin».  la 
ai!ro:iotiiv,  cvi-r\  d.iy  iif  the  wccic  istleiioiLj  by  fomc 
one  of  the  planets,  and  thia  day  iis  marked  with  the 
pbnet  I;  SaluiB.  Sataidty  aufttrm  to  the  Jewift 

fabbatlt. 

SATURN,  one  of  the  primary  planets,  being  the 
fithiaotdcr  ofdiilnnce  from  the  fun,  andtbeoutemioft 
of  aO,  except  the  Georgian  plaiicT,  or  Hctfchcl,  lately 
dilcofered ;  and  »  marked  with  the  chaintftcr  if ,  de- 
noting an  old  man  fuppurtiti};  himfdf  with  a  Itafl*,  ic- 
pt^■^ul'.i!;^  tlic  aiicietic  god  Saturn. 

S2t..i:i  (!>iiie»  with  but  a  feeble  light,  partly  on  ac- 
count ul  1  i;n..<t  liiit.iv.^e,  and  partly  from  its  dull  red 
colour.  Tiiis  pl.nul  is  pcrliaps  one  of  the  mofl  en- 
gaging objce"^  ti  nt  aflrot)omy  otTer*  to  our  »ii".v  ;  it  h 
lurrouuded  » ith  a  double  riu^,  one  without  tltc  other, 
anil  faejofld  thcfcby  7  SatclhteJ,  all  in  the  plane  of  the 
rifiga}  the  rings  and  planetB  beinj;  all  dark  and  de:iCe 
bodiei,  like  Sjiuni  liimCdf,  thefe  bodies  calling  their 
IliaJowa  BUtuaUy  one  ofoa  auuiher ;  thoii£h  the  rc« 
flcded  light  of  the  riiiga  n  itfually  brij^hter  than  that  of 
the  planet  itfidt 

Saturn  hat  alio  certain  ohfcnre  zonei.  or  helti,  sp- 
pc.'i'rjy  timf=  iieiofs  his  dife,  like  thofe  of  Jupiter, 
»,;;u  li  .ite  eiiuijgejbk,  and  are  probably  obfcuMtlons  iu 
l.lj  ^-.mofphere.  Dr.  fierlVt  :-l,  I'lnicil".  Tr,,»iif.  I'^o, 
fiseMi  that  Saturn  lias  a  iJi.:.U-  .itinolf  lu  :<  ;  that  lie 
retolves  abf;'!!  .an  .axis,  wUi.li  ]]rri«^iu'.L,  i.h'  to  the 
plane  of  the  rings ;  tliat  his  figure  is,  like  liie  other 
planets,  the  oblate  fplnri^iJ,  being  flatted  at  the 
yiint  the  |)obr  diametci  bciog  to  the  cqaatorial  one 


uitiirly  unfit  fur  rational  inhabi- 

;  I'-giit  is  not  lo  weak,  as  wr  inia- 
lif  11  bti^htdciB  111  llie  night  time. 


as  10  to  I  r  ;  that  his  ring  hat  a  motion  of  rotation  Im 
its  own  plane,  itii  axis  of  motion  being  the  fame  a*  that 
of  Saturn  himfelf,  and  its  periodical  time  equal  to 
10^       i)"'4.    Sec  alfo  Ring,  and  Satellitk. 

Concerning  the  difcuvery  of  the  ring  and  lii^urc  of 
Saturn  I  wc  hnd  that  GaUleo  (irll  perceived  that  hit 
figure  ic  not  rotind :  but  Huycena  lne«cd»  in  bi»  $yf« 
ttma  Sataraiana  i^>9,  that  thia  waaotring  to  the  po- 
fitionE  ofhisriw;  for  hitfpheroidical  form  pouldotil|f 
be  fecn  by  Herlcflel't  telrfcopei  though  indecdCaffini^ 
in  an  ohterv;ih  ni.i  ii  June  rg,  1692,  fawtfacwnlfi* 
gure"  of  Satur«i'»!li..iiuvv  upon  his  ring. 

Mr.  Bugge  determines  (I'l.ilof.  Tranf.  1 787,  pa.  42) 
tlic  lieliueeniric  longitude  of  Satuin's  dcfvendio^  node 
tu  be  9>  :i°  5'  S  'l  i  aikd  tliat  the  planet  was  lo  that 
i)o<lt  Aitgull2l,  17S4,  at  18''  10'  to",  time  at  Co- 
penhagen. 

T:iC  .luiiiud  period  of  Saturn  about  the  fuot  ia 
10759  d.iy»  7  hooify  or  ahnoft  yt  years ;  and  hit  du^ 
meter  ia  about  61C00  ntka»  or  near  ft^  tioM*  the  dk» 
meter  of  the  eanli ;  alfo  hia  diAance  It  about  9f  timea 

th.1t  of  the  tatlh. 

his  I'^;ht  ami  lic.n 
tair.s.    L'lH  il..it  tin 
gmc,  ih  cvitien:  iiOiii 

Beiides,  alluu'ii;g  the  :  light  to  he  45C00  times  as 
Urong,  with  lelpcift  to  us,  at  the  light  of  tiic  mooa 
when  full,  the  (vtn  will  .ifford  jco  times  as  much  light 
to  Saturn  at  the  full  tr.oon  docs  tu  us  and  1600  time» 
us  n-.udt  to  J«pitcr>  bo  that  thefe  two  pUnets,  even 
without  aoT  nMOnt  would  be  mucfa  more  enlightened 
than  we  at  nrft  hnaeine ;  and  by  havinf  lb  many,  ihcy 
may  be  very  comfortable  place*  of  iradencc.  Tbcir 
heat,  fo  far  as  it  depend*  on  the  force  of  the  fun's  rays, 
is  ccrlsiitily  much  Icis  tlniti  uiir',  ;  to 
the  bodies  of  lUeir  inhiiLumiU  we  :r 
ours  are  tu  the  feafons  «e  enjoy.  And  il  i*  be  eur.ll- 
dcred  that  Jupiter  never  has  any  v.i-i-.cr,  e.eu  at  ins 
poles,  wliiefi  pi"bbably  is  alfo  the  eaie  W  illi  S.itLirii,  ihc 
cold  cannot  be  fo  intenfe  on  thcfc  two  pianets  at  it  ge- 
nerally imagined.  Tu  this  may  be  added,  thai  there 
may  be  fomething  in  the  nature  of  their  mould  warmer 
tluui  ill  that  of  our  earth ;  and  wc  find  that  all  our 
beat  does  not  depend  on  the  raytof  the  fun  ;  for  if  it 
did,  we  (hould  almya  hmtbe  aoiemoatbt  equally  hot 
or  e  ilJ  at  their  annual  fctMUi  wbich  ta  very  far  fraaa 
hc\\>g  the  cafe. 

Sec  the  articica  PtAxB-r,  Fbki0O»  RihOs  8ATSt< 
Li'i  r. 

SAUCISSE,  in  .'\)^ill^;y,  a  long  tiain  of  |)o»iIer 
iiicKifed  in  a  roll  or  pipe  of  pitched  cloth,  and  lome- 
timcs  of  leather,  abont  2  ine-licg  io  diameter  ;  lerviti^ 
to  fet  tire  to  mines  or  caillbna.  it  i*  ufuatly  placed  ia 
a  waodd  pipe,  ca&ed  an  at^geti  to^cvent  lU  growiiig 
damp. 

Saitcissoii,  in  Fortification,  a  lund of  faggot,  made 
of  thick  branches  of  trees,  or  of  the  trunk*  of  fluuhtt- 
bound  tugether ;  for  the  purpufe  of  cofcriu^  the  meut 

and  to  ferve  3S  cpaultmcnra;  and  alfo  to  repair  breaches. 
Hop  pafritgcs,  make  travcries  over  a  wet  ditch,  &c. 

The  Suuciffon  differs  fvonj  the  taleine,  which  is  only 
made  of  fmal)  bianehct ;  and  by  its  being  bound  at 
both  ciidn,  and  in  the  middle. 

SAVU<LE  {^u  HbKatt),  a  veij  Icanicd  £agblb- 


\\  iiieh  no  doiiiit 
weil  aJupUd  al 
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nan,  thefecondfon  of  Hcnn-  S^ivillf,  Efq.  wai  born 
■t  Bndlcy,  ntri?  HAltfaK,  in  YurkHiiic,  Nowmber  the 
30th,  1^49.  ill  ttjst.itcrcj  of  Mrrtaa*collcgr,  Ox- 
fotdf  in  I  {6t»  where  be  uxik  the  d^gim  m  wu,  tad 
^ru  cWcn  Icllovr.  Whem  he  proceeded  awftcf  «f  an* 
is  1^  70,  hc  -retd  for  thsi  dc](i«eoa  Um  Abm^llof 
Ptolomy,  which  pioctirtd  him  the  reputation  of  a  man 
eminently  ikillrd  in  mitlHcnatici  and  tlic  Chik.  I;>n- 
gxiaf^e  ;  in  the  former  of  whith  he  Toluntaiilj-  read  a 
public lc£tiiri:  in  <lic  i;niv   ("i^  i>it  Id  ijl  (i m-. 

In  1 5  -  8  he  travellt<)  into  I  s.uitc  bkU  oiiicr  cuyutrict ; 
wheru-,  rill-i!  Htly  icnproTins  liitnrtlf  in  alt  ufcfiil  learn- 
ing, in  langunjrri,  and  the  knowledge  of  ihc  world,  he 
Ixcame  u  n.ui)  a^xomplifhrtt  g^'iiileimD*  Atliw  return, 
he  was  made  tutor  io  the  Greek  lonirtieto  qticcn  Eliza- 
beth, whohadagitttclkem  and  liking  fur  him. 

In  t{8{he  «na  made  warden  <>f  Mirton  c(dUge« 
vliidi  heeoffenicd  fix•and*th^t7  years  with  great  Iw 
■onr,  ana  inptotcd  it  hy  alt  the  means  in  h  «  power.—- 
In  T(96he  was  cbufen  provol^  of  £t on- college  i  which 
he  fiUtd  with  many  learned  tr.en — Js  ii' s  ihc  Firll, 
npoi)  his  accefn<j|l  to  the  ctown  of  linghiiti.  ix[jrr*!t:tl 
a  f:TCJt  u'j^atJ  for  him,  anJ  would  have  prt  fcrtul  him 
either  in  cli-.irch  or  fli'.c  ;  hut  Savillc  decliiretl  U,  and 
only  aceer-ted  'An  mcmcny  of  knigliihood  from  the 
kinjf  at  Windfor  10  1604.  His  only  fon  Henry  dying 
•bout  that  time,  he  ihencefunh  devoted  his  fortune  to 
the  praiBoting  of  learning.  Among  other  thijigs,  tm 
l6t9»  he  Ibnndedf  in  the  uoivcriit]r  of  Oxford,  two 
leQwet,  or  proTeflbrfliipa,  one  in  geomcttr*  the  other 
in  aftnwomf  i  which  he  endowed  with  a  fidarroT  160I. 
«  year  each,  hrfidei  a  legacy  of  Cco\.  to  purchafc  more 
hmdt  for  the  laitte  nfe.  He  alfo  furni(hcd  a  hbrarr 
with  mathcniitical  book*  Dear  the  routbematical  fchool, 
for  the  life  r.f  hi*  profcfTort ;  and  jjave  tool,  to  the 
mathematical  rhi  i"  of  liii  own  appointing:  adJinff  af- 
terwarLis  a  legscy  of  40I.  a  year  to  the  fame  cheH,  to 
ihc  univetfity,  and  to  h's  profcfTort  jointly.  H'-  Kki- 
wifc  gave  iiol.  toward*  tlie  mw-buildin^  of  the  fihooN, 
befide  fc»eral  rare  manufcripls  and  printtJ  b<i<ikit  to  the 
Sodleian  lihrarj  ;  &nd  a  good  quantity  tt(  Qitek types 
tothc  printiiig-preU  at  C)xford. 

After  a  liJe  thus  fpcnt  in  the  cneoangement  and 
promotion  of  rcittnee  and  literature  in  general,  he  £ed 
at  Eton-ccHepe  the  igth  of  Fthniary  ibii,  in  the 
7  jd  year  of  iiii  agr,  aiid  was  buried  in  the  chapel 
then.'-  On  this  occ.ifion,  the  univcrfity  of  Oxford 
piid  him  the  I'reatert  honours,  by  having  a  public 
ij.>ccch  anJ  vttii  'j  nu  in  I. is  praifc.  ,^1.11  ii  vere  piib- 
blhed  foon  after  in  4(0,  ttulcr  the  title  ot  i  iun.a  J.infa 
Anfilii. 

As  to  the  charafler  of  Satil!e,  the  highell  enco- 
miums are  beftowed  on  htm  by  all  the  learnod  of  hi» 
time :  by  Cftfaubon,  Merctrus,  Meibomius,  Jufeph 
Scatiger,  and  efpeciaily  the  learned  bifbop  Montague  ^ 
wbO|  io  hia  Diatriki  upon  Selden'a  Hillory  of  Tytbea, 
ftyla  him,  **  that  magaziue  of 'kamiug,  whole 


the  Life  9/  //grie*la  1  wi'h  N  >'.e*  npoti  theniy  tn  bStf^ 

dedicated  to  Quccu  Elir^hr::  h,  1  i 

■      yUvftJ  tertatm  Mitcury  t\Utt  rt,  or  ( 


mory  fliall  be  honourable  amongftnot  only  the  i 

but  the  rightcou!)  forever." 

Setensl  tuiLlc  iulijisci-*  of  his  munificence  to  the  re- 
public of  letictt  have  ntrtady  been  mcntion<d :  tu  the 
account  of  his  pi.bliL  .i  u  ns  many  more,  and  e*ca 
greater,  will  appear.  Tbcfcarr, 


taries  concerning  Rnman  WarticR,  i$98. 

3.  Kenm  AagSeanm  Strkdtm  f>Jt  Bednmt  tic, 
1596.  Tbia  i*  a  colieAioH  of  the  bett  writert  of  our 
hngUfh  hiftory  (  to  which  he  added  chronologica]  ta< 
bics  at  the  cad,  front  JuUnaCixfiv  to  William  the  Coo^ 
queror. 

4.  Tit  H'orkt  of  St.  Cbiy^'.^'.'nt,   In  Gn  zV,  In  8 
Wi.  folio,  1613.     This  is  a  very  fine  eiluiuii,  and 
compofed  with  u'rcat  coll  ;'.n(l  laiMiir.     lit  the  preface 
he  fayt,  "  that  having  himietf  vifited,  about  1  2  yeara 
before,  all  the  public  and  private  libraries  in  Britain,  ■ 
and  copied  out  thence  whatever  he  thought  ufcful  to 
tbisdefign,  he  thenfenlfome  hurled  men  into  l-'ranoc» 
Germany*  Italy^  and  the  £afl,  to  tranfcribe  fuch  parte 
na  he  had  not  alteadv,  and  to  coDate  the  othera  «ti% 
the  beft  raaaulcripti*  At  the  lame  time,  lie  make*  hit 
acknowledgment*  to  fevrral  eminent  men  for  their  at 
fiftiineej  a?  Thu  .1,11^,  W-^fcruj,  Sch:ji;i;5,  ChUjI-' n, 
Ducacus,  Grutci,  1  lutltLih'us,  5ic.   In  \\w  Sth  vi.l.iu.c 
are  inftrted  Sir  Henry  Savillc's  own  wou.'.,  uiih  th  .'e 
of  othrr  learned  men.    The  whole  ch-it^a- uf  tikis  tJi- 
tifiM,  miluding  the  feversl  f.:rn> ;  ;ii:l  to  Ic^iiucx!  men, at 
home  and  abroad,  employed  in  tindingoiit,  traufcrib- 
ing,  and  collaiting  the  bell  manulcripta,  is  faid  to  have 
amuoDied  to  no  Ufs  than  SoooL    Several  cditioiu  a£ 
tbpiwork  were  afterwards  publiihed  at  Paris. 

$■  la  i6tB  he  publiihed  a  Latiawvik,  written  by 
Thonaa  Bnulwarain,  abp.  of  Canteilniry,  a^ainft  Re> 
hgitU^  intitled.  Dt  Caufit  Dei  contra  Pflajium,  rt  i»- 
viMMte  tanfarum }  tu  which  he  prctixid  the  life  of 
Biadwardtt . 

6.  In  he  publiilivd  a  culk-.tiuia  uf  kiiowai\iju 

thematical  l.eclureson  Euclid's  L-.lcments  ;  in  410. 

7-  Orat'to  C'.r:im  Rhutbetha  Rrg'tmt  (}\i>nitt  hahaa^  an- 
no 1  ^         Printed  at  Oxford  in  1658,  iu  410, 

8.  He  tranfldted  into  Latin  king  James's  ytf^tgg- 
for  /Ac  Oiith  of  Aihgiante,  He  alio  left  fcv«  lal  maBII> 
fcripts  hiliind  him,  written  by  order  of  king  Jamci  {- 
(lit  which  ate  in  the  Budleiao library.  11^  wrote  nolea 
hkewifeupon  the  margia  c^many  books  in  hiiUbiaryi, 
particularly  Enfebtua'e  EetUJiafiietd  Ii}ji'-.r^ ;  which 
were  afterwards  ufed  by  Valcliuj,  iu  hiscilitiun  of  that 
wuik  in  l6;9. — Four  of  his  letters  to  Camden  are  pub- 
liihed by  Smith,  amon;^  C.  r.  .'  I'j  lj:.\-rs,  ifcyi,  4ta 

Sir  Henry  Savillc  had  a  youugcr  brother,  'TLomat 
SAviLLk,  who  ^^■•lS  udniittcd  probatiunti  fellow  of 
Merton  collef^e,  Oxford,  in  1  flJo.  He  afterwards  tta- 
vcUcil  abroad  info  fevtr.d  coiiiiinc*.  Upon  his  rnurn 
he  was  choftii  fcUuiv  of  Eton-college  ;  bot  be  died  at 
London  in  1  593.  Thomas  Savillc  wad  alio  u  man  of' 
great  kaming,  and  an  intimate  friend  of  Camden ; 
,anoBg  wholt  letieri,  juft  aieiilionedf  there  are  15  of 
Mr.  Sa«iUe*a  to  him. 

SAUNDERSON  {l)r.  Nicno^tAt),  an  ilhiflHotta 
proftfror  t  f  t!  :^'^(n.^tirs  in  i!ic  '.inin-fity  of  C-.:in- 
brid^c,  atid  a  fellow  o4  tlic  lloViiL  StKiety,  svaa  bura 
at 'riiurltloii  IU  Yorkfhirc  in  1682.  When  he  wai.  hut 
twelve  months  old,  he  loft  nut  only  liit  etc  light,  but 
bis  very  eye-balls,  by  the  fmalt-po.x  ;  I'u  that  he  could 
reidin  no  more  ideas  of  viiion  than  if  he  bad  been  boni 
Uiad.  At  an  early  agc^  however*,  bcbgof  lery  pro* 
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wirinf^  pirt',  lu'  «as  fcnt  to  tlic  frce-fchoo!  at  Pcnnlf- 
tiiii,  J'  1  tlit  rt  l.ril  I'f.c  fi)  jiiJation  of  lliat  L.nci'.vl;ilge  of 
llic  Cif.'k  anil  Latin  LjiguSj^ts,  which  he  afuruards 
ill  piovi'd  Ui  fir,  by  own  ajiplication  to  the  clltiic 
auihdtr,  a;  to  h>.Mi' i!k  vror!(s  of  Eucli<l,  AicbinedMi 
and  Dicphintu;  rcjil  in  ihcir  origiiul  Greek. 

Having  acquirc'J  a  gi.iiiiiii.iiit.il  cfltiL-ation,  his  fa- 
tlicif  who  W9* .  in  th«  eiccid:!  iiiftruAcd  him  in  the 
coirmon  nilos  «f  arUhmrtic.  ArtI  'hrTe  it  waj  that 
hii  «.>:ci,'ltnt  iii.:i!iiTntii  hI  [;•-!■.'.'.  ru.k  tpprari  J  :  for 
he  vtiy  lo.'ti  lioc  imc  :  blc  to  work  the  irnimon  que- 
Cii'iis,  lo  iii.;kc  vcr  '  c  ilciilaticiu  L)  ihe  ihvngth 
i.t  liis  rumory,  btiij  tu  (>  rin  new  ru'icn  to  iiiirlLit  lor 
tiu'  1>.  itLi- rLiolvi.ii:  i>i  fucii  qii.-:tiow*»  jir«  ofico  pn>- 

_j>orc«i  to  leaf  Dirt  ;;s  trljlsof  ikill. 

At  (be  iij;c»»f        i>ur  aii!luir  «  .n^  int  rr>  '  i:ct  i!  to  the 

Kqtuinunce  of  Ricinnd  Wcit«  of  Lodctbiiik.  ££q. 
n  lever  of  tnathcmatict,  who,  obferTinj:  Mr.  Sauiidir- 

l«n%  Uticomtn^ri  nriacity,  luok  the-  paii)>  to  inftnift 
kitn  in  ihe  j  t  iKijln  of  al-abra  and  gcometrv,  and 
tilin  nrvv  rin  oirjj-e-.iu-ic:  i»i  J- is  jio'.v.r  t.^  :l- ;  pro* 
Ul'iiUij^j  or  ;l>(.f;:  ituiiii.i>.  cj.jur.  aiui  uiis  lu  b«i'a:nc 
a<  i|'  .'^it' '!  alfo  with  Dr.  Ncttltioii,  who  took  the  l;imc 
pain*  wiili  liim.  And  it  w  ji  lo  thtfc  two  j'tntlcmcti 
tliat  Mi.  .Siurdcifo:!  owed  hit  full  iiiflilutioii  in  the 
inathctiijticul  fciiiico!;:  ihcyfurnilhcd  him  with  books, 
ind  <iftrn  read  and  expounded  thtin  to  him.  But  be 
fiwn  furpalicd  bi«  maftcrr,  and  bcume  fitter  to  tacbt 
thsn  to  learn  any  thtnfr  from  them. 

His  faihri,  otb<rwi!cbnTdtn<d  wiili  a  nuinertnis  fa- 
mily, finding  a  difficulty  i'l  fnjip'-iting-  him,  \\\%  fricudi 
liij-iiii  t^'  diiiik  iii  pro-.  Ill  I"..;  liMth  (i-r  \m  Lil'.tLMtion  j:id 
tnaiiiuiuiii.c.   H)«  own  iiicliitatiiiit  kd  haii  itruitjriy  to 

•Cambridj:c,  and  it  wa«  nt  leii;;tli  determined  he  HH'iild 
try  his  fortune  there,  not  as  a  fcholAr,  hut  .is>  a  maflt  i  . 
or,  if  tlii»  dcfign  IhotlU  not  f.i'xci'  I,  tltey  prosnifcd 
thcmfelves  fucoefs  in  opening  a  Ichoul  for  liim  at  Lon- 
don.    Acconiiogly  he  W«Dt  to  Cambridge  in  1707, 

tfadsg  tben  35  y«an  of  wtt  nnd  hia  fem.*  in  a  Oiort 
ttnie  filled  tbc  umverfity.  Newton's  Princpia,  Op;irs, 
nnd  fnivtrfal  Arithmetic,  were  the  foiiodat'ons  of  his 
lefton:',  an<lafibrdcd  him  a  noble  fit'ld  for  the  difpLiy- 
ing  of  his  j^rnius  5  and  grciit  numhcrs  cams  lo  bear  a 
blind  man  j;ivc  h  chircs  on  opticR,  difcoorl^-  on  the  nature 
of  lij;lit  luid  colours,  explain  llic  tliein  y  "f  vifion,  the  ef- 
fiit  of  uliiffes,  the  phenomenon  of  the  rainbow,  end 

■Otlicr  ubjcifts  of  fi^hi. 

A*  be  inftmfted  youth  in  tlicprincipktof  the  New- 
tonian pbiloft^hVi  he  foon  became  acquitntrd  with  itt 

•ioconpmble  anuiort  tbou^  he  had  fcvtnl  yean  ht* 

Are  left  the  uniwrrfity ;  and  frrqncnily  conTeHTed  with 
Lin;  mi  iJii  II  J'fTii".:'t  parts  of  his  works:  he  F-lf) 
held  a  friendly  conimunic^itiuu  with  the  oihtr  eminent 
mathcmatidani  of  the  agc,atHalle)r,Cate«,  DnDoivre, 
&c. 

Mr.  Wliillon  was  all  this  time  in  the  mathcniaticsd 
prof< JTor's chair,  and  read  leftrri  s  in  the  manncrpro- 
pofid  bf  Mr,  Saund^Tron on  !ii«  icttliiijr  at  Cambrioge} 
fo  that  an  attempt  of  this  kind  looked  like  «n  encronch*. 
nenton  the  pri\ilcgeef  bit  ofllee;  but,  as  agpood- 
naturedf  mut  and  an  encourager  of  learning,  he  rea- 
.dilrcAnfented  to 'the  application  offrtcuds  made  in  be- 
half  of  fV:  i-ncfm-.n-.-iii  r.  p  *rlbn. 

Ul'on  the  removal  ut  Air.  WliiHoq  from  bis  proicf- 


forfhip,  Mr.  Satindcrfon'j  merit  was  thought  fo  much 
fuptnor  to  that  of  .my  other  competitor,  (bat  an  cx- 
traurdinar)'  Uep  was  taken  in  his  favour,  loijiihlify  him 
with  a  degree,  which  the  tlatulc  requires:  in  confc* 
qucncche  was  choku  in  1711,  Mr.  Wbiilnn'.'i  fuccef- 
for  in  the  Lucafun  profefl<nfhip  of  mathematics,  8ie 
If^ac  Newton  intcrclliiig  himfelf  greatly  in  his  favour. 
His  firil  perform  Mice,  aiter  he  was  fentcd  in  the  chair, 
vna  an  inaug-.ir;il  fpeecb  nude  in  very  elegant  latin,  and 
a  fiylc  •.mly  Cieerunian  ;  for  he  was  well  vcru  J  -n 
the  \'.  ril.n^a  of  Tully,  who  was  hit  favourite  m  piufe, 
ai>  V'irj^il  and  Horacv  ucrc  ru  vcrfe.  From  this  time 
he  appMcJ  hiiiifeli'  rloicly  to  the  readinjj  of  lectures, 
ua  J  gave  up  his  whole  time  to  his  p^ipilD.  He  conti- 
imtd  to  rdidc  amon^  tVic  c  ntlcmcn  of  Chrill*colJege 
till  the  ycir  17ZJ,  sx\w  \  h-j ;  1  jk  a  hoidV  in  Cambridge* 
and  foon  after  marricU  a  «ku|jhter  of  Mr.  l>ickenff 
rcdor  of  Boxwofth  in  Cambridgeflure,  by  whom  hv 
bad  a  foQ  and  f,  daughter. 
■  In  the  year  17:8,  when  king  George  vintrd  the 

unt'.f  I  II'. V,  1.C  tAp-LiT.i!  a  JlIkl  of  IcLin:;  lo  ri/iiurka- 
bie' a  pcii):);  u:.  :  ;u  l  i;rdinijlv  OUT  profesior  dttendeil 

tiu-  kia^r  11:  ciiL'  \':v.'^\.:,  and  by  Ut  bfOiiT  wa«  tbepn 
tri.ited  ciottoi  ot  i;iws. 

Dr.  Saiinderfon  w.iii  naturally  of  a  (Irong  heahhy 
cimititution  ;  but  being  too  fedentajy,  and  oonflapthr 
coiiiining  lumfelf  to  the  boufe,  he  beoHBC  a  vtlcttld^ 
■atiaaj  and  in  the  (bring  of  the  yew  1739  be  coda* 
pbuied  of  a  nudtbnete  in  hia  l!inb«i  whien  ended  in  ■ 
inortiriC£tij:i  in  his  f<>ot,  of  which  he  died  the  IJIthttf 
April  that  yt,ir,  in  the  5  7thyiarof  his  age. 

'Hi-i  i-  IV  |i. ;,- c-l?  any  part  i-t'  t:ic  nvilu'inatics  00 
which  Di .  ,Sjt::iJc :  had  not  coiiij  i-lt-w  l^.-iic;  binj*  fiT 
tiieufcof  hi<  pui  il:..  Cut  lie  difcoveicJ  1  iit-  jit  of 
puliliniin^  any  thing  till,  by  the  (xiluaJun  or  bis 
friends,  he  prepared  liis  Llemeiits  of  AIj^thiT*  for  the 
prcfi,  wiitcli  after  his  de.ith  were  publi (lied  by  fubfcrip* 
tion  in  2  vols  410,  1740. 

He  leit  many  otbei:  writings,  though  noM  peibipa 
prepared  for  the  pnls.  Among  tbeic  were  fame  va> 
Itiablc  comments  on  X  v  im's  Principi.i,  which  not 
only  explain  the  more  liillicul".  parts,  but  often  improve" 
upon  the  doilrincs.  Thtie  are  p  iblitJud  in  Latin  at 
the  end  of  bis  poUhumous  Trcatife  on  Fl-jxions,  a  va- 
luable work,  piil)lifli<rd  in  Rvo,  175^1. — Hia  ma  iufcrtpt 
ledures  too,  on  mo<l  jMrts  of  natural  pliilofophy, 
which  I  have  leen»  might  mjkc  a  couiider^br  vo- 
lume, and  prove  an  acccpuble  prcfent  to  the  public  if 
printed. 

Ur.  SannderTon*  at  to  hit  chandler,  was  a  man  of 

much  wit  and  vivacity  fn  ct«verfat»on,and  efteemcd  an 

i.xi\-IUMit  cu.'ii M  Ulir,  1.  He  was  cik'hc.I  v.  ;th  ,i  grert  rc- 
gaul  lul:uth  ;  .u<d  was  fuch  a;i  ctu-n,y  {;»  tJir(»liire, 
that  he  thout^ht  it  his  dtity  to  Ipcak  .histhoiigtiM  at  aU 
times  with  iinrellraincd  frc^*doi)i.  Hence  hi»  Icn'.itneuts 
on  men  and  opinions,  hss  friendilup  or  difreganl,  were 
expreffid  without  refcrve  ;  a  finccriiy  wbicii  railed  him 
many  rncmien. 

^  A  Uindman,  tnoving  in  the  fohcic  of  a  nttbcntati* 
cm,  feemt  •  pbcnomenon  dilGGolt  to  be  accounted 
fbr,  nndlna  excited  the  admiration  of  every  a^'e  in 
which  it  ha«  appeared.  Tidly  mentfons  it  as  ,t  thing 
f  .  ii  in.IIt.lc  Iti  his  own  iTiiilcr  in  piulofopKy,  Dio. 
dotut ;  liat  he  ekerttfcJ  himfvlf  iu  it  will*  inorc  MfH- 
*  «  dnily 
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^Uity  aTtcr  !if  became  blind  j  and,  w'-.st  thoii;jht 
•ext  ti'  itn^HilTiblc  to  be  done  without  tliat  he 

profeffcd  geumctry,  ddcnbin^  hii  dugnou  fo  eiaAlj 
to  hit  fcholan,  iMt  tber  could  dVaw  every  line  in  it* 
proper  dirertion.  St.  Jt'rotnc  rflatcs  a  ftdl  more  re- 
markahle  iiiftance  in  DiJvmiis  of  Alexandria,  who, 
ttiaiigh  hli'id  frurn  his  inhincy,  ond  therefore  ij;:io- 
rant  of  tJic  miv  lettrr*,  not  oiilv  learned  ln^ic,  but 
geometry  alfo  fo  v^-v  j'l  it  jtrfeftion,  which  feems 
moll  of  all  to  tttiuire  fight.  But|  if  we  con.lder 
that  the  ideas  of  extended  quanlitf,..  which  are  the 
chief  d>je<Ss  uf  mathcmatica,  may  as  well  be  ac- 
qutnedby  the  fetifc  of  fecUogat  that  of  Cght,  tliat  a 
nied  and  Ot  ady  attention  is  the  principal  qualification 
for  ihfj  (ludy,  and  that  the  blind  are  hf  nccellity  more 
abfli  idcJ  tliaii  othcrs'(for  which  reafon  it  is  k'.i  t'at 
Dl-!iii)l nuii  put  out  his  eye*,  that  lie  migl.l  tiiink 
iiioit  iiitenfely),  we  Hull  uerliaps  find  reafun  to  fuppofc 
that  there  i$  no  branch  ot  fciencc  fo-  much  adapted  to 
their  cVcumflances. 

At  fn'l.  Dr.  Saundcrfon  si-juired  moft  of  hii  idea* 
by  the  fcnfe  of  feeling  ;  and  this,  as  it  CQinmonljr  tlie 
cafe  with  the  blind*  be  enjoyed  ia  gnai  perftdibn. 
Yet  he  eouU  noCf  at  Ibme  are  laid  to  fiave  donef  dif- 
tinguSfh  colours  by  that  fen fe  ;  for,  after  haring  made 
repeated  trials,  he  ufcd  to  fay,  it  was  pretending  to 
4|:i[  (  fnMlities,  But  he  ctx-ld  with  great  nii.Tty  and  ex- 
sciiieU  obfervc  the  f'nallift  d<-c;ree  of  louglmrfs  or  de- 
fcc\  of  pulilh  ill  a  furface.  Thus,  in  :\  (l'.  i.f  Roman 
tncdaU,  he  didiriguilhed  the  '.'fnwne  In  in  the  faii'e, 
though  thejr bad  been  counterf.  It. ,]  ]•  fuch  exaAnefs 
as  to  deceive  a  connoifleur  who  liad  Judged  br  the  eye. 
By  the  fenfe  of  feeling  alfo,  he  ditfinpiilhcd  theleaft 
laiiation )  and  he  baa  peen  feen  in  ■  endea*  when  ob- 
ferrationt  have  be^n  making  on  the  Inn,  to  take  notice 
of  every  cloud  that  interrupted  the  olifcrvntlon  Hlmoft 
asjuilly  as  tia-y  who  could  fee  it.  He  emild  alfo  tvU 
when  anything  waj  held  nt-ar  his  face,  or  when  he 
palfcd  by  a  tree  at  no  great  diftance,  nicrtly  by  the  dif- 
ferent impulfepf  the  air  011  his  f;ice. 

His  ear  was  alfo  ecjually  exact.  He  could  rf?r!'Tv 
diftinguifli  the  s,t\i  pirt  of  a  note.  By  the  quick'.;;  i  f 
thi*  fenfc  he  could  judge  of  the  fixe  o^"  a  lOom,  and  uf 
bit  diAince  froni  the  wall.  And  if  ever  be  walked 
over  a  pavement,  inaMrtiorpiaunt  which  refleclrd  a 
found»  andwsstinetw-ardticoDdttAed  tbither  ag£.in,  be 
could  tell  l.i   l  .  t  n^rt  of  the  Walk  heftood,  mcreljr 

by  the  note  u  iui.ii-.'.i.J. 

Dr.  Saunt'erf.iii  had  peculiar  method  of  pcrfurm- 
ing  arithtDCtieal  I'nleulitin.T,  by  an  ini^'enloiis  rr.nthine 
and  method  which  has  hcen  cr-llci  l-.is  Palpable  Arith- 
metic, and  is  particularly  defcribcJ  in  a  piece  prefixed 
totheflift  Toliime  of  In:  .Mjrcbri.  T!i,it  he  v.'ns  ahle 
to  make  long  and  iatricatc  calcnlAtiopSy  both  aiitbme* 
tjealandiilnbraicBt,  is  a  thing  ascertain  at  it  it  won- 
derAiL  had  contiived  fot  hi  .  on-n  ufci  a  commo- 
dious notation  for  any  ki  k^e  nunibci  s,  which  he  ccuM 
exprefs  on  hit  abacus  ■  r  iliI -ul  •  ■n  ^  <J.i]v,  atid  svi>h 
which  he  could  leiililv  pLiM  iri  .nr.  atitliiuctical  ope- 
ralioiis,  by  it.f  I'l  :-:re  n:  tcrl  ii    o:iiv,  for  wbich  iCtlbn 

it  was  catleti  h:»  Palpable  Ariti>metic. 

Ait cdcuhcing  table  was  a  fmooth  (hw  board*  aUt'' 
lie  more  than  a  foot  fquarct  railed  upoo  a  fmall  (amt 
Jb  at  t»  Ue  boUow}  wbidt  ^owi  wat  divided  iato  » 


great  number  of  little  fqunres,  byUnettnterfeAing  one 
another  perpendicularly,  and  paraHel  tothc  lides  of  the 
tablet  thepanlh^  ones  only  oae4CBthoif  an  ineb 
from  each  other ;  fo  that  every  fquare  inch  oF  the  ta« 

ble  was  thus  divided  into  100  little  fquercft.  At  every 
point  of  interfertion  the  board  was  pcrfm.;Uij  bv  Iniall 
})'>!es,  capable  of  nv-civinL''  .i  ['.n  ;  f;;r  I:  bv  the 

h-ln  of  pin"!,  flut  ',;  up  to  tlic  head  thsougii  llii.'^i.-  fiolt-s, 
t:nt  he  (-•■c  tfl"_,l  In;  numbers.  He  ufvd  twofijitsuf 
pins,  a  htrger  and  a  Analler  fort ;  at  IcaA  their  heads 
were  diffcreiu,  an<l  might  ealily  be  diilfng[Uifllcd  hlf 
feeling.  Of  thcfe  pin:,  he  had  a  large  quantity  in  (wo 
boxes,  with  their  points  cut  off,  which  alwayt  flood- 
ready  before  him  w  hen  be  caleulated.  The  writer  of'' 
that  aocOOat  delcribcs  particularly  the  w  hole  procvfs  of 
u.lng  the  machine,  and  coneludci,  "  lie  (.  iiiIJ  ;:l:;ce 
and  difpl.nce  his  pins  with  incred-llc  niu  bit  mis  jiui  i.s- 
cility,  nuicli  to  tlic  p'.iaiirie  .ii:cl  l":;it);izt  i/f  all  llit:  be- 
holders. He  could  even  break  oli  id  the  niiddicof  a 
calculation,  and  rcfucnc  it  when  he  pleafed,  and  could 
]>refcntly  know  the  condition  of  it,  by  only  drawing  hit 
fingers  gently  over  the  table." 

bAUKIN  (Josiph)*  an  ingeiiiout  French  matfae-' 
maticiiDt  was  bom  io  16;^  at  Cottitaifon*  in  the' 
principality  of  Oiange.  Hit  filther,  miniller  at  Gre- 
noble, was  a  man  of  a  very  ftndioDi  diTpdttton,  and 
was  the  firil  prtceptor  <  r  ;iiI*r':5ior  to  our  .lutlior  ; 
who  Rode  a  rapid  prf?:;r;;''.<  i:i  bis  fl^;.b'j:i,  ;it;d  at  a 
very  l  ailv  np;;-  \'.a^  :;.b:ii!rril  a  mK'ilitr  jt  K':u-  in  D;m. 
phiuy.  But  preaching  an  ofl'enllve  fermon,  he  was 
obliged  to  quit  France  in  l68j.  On  this  occalion  he 
retired  to  Geneva  ;  from  whence  he  went  into  the  State 
ofBerne,  and  was  appuinit  d  to  a  living  at  Yverdun.  He 
wat  no^foooer  cftabltflied  in.tbia  hit  j)ofl>  thaa  oeitaiii' 
tbeabgnni  laifed  a  ftorm  ^mft  him.  Sanrin,  di£> 
^0ed  with  the  controverfy,  and  flill  mnre  with  the 
Swifs,  where  his  talents  were  buried,  paffed  into  Hol- 
land, and  from  thence  into  Fraiict,  wheie  he  put 
himfclf  under  I  he  proteflion  of  the  celebrated  Hoffu,  to 


whom  he  made  his  . 


I  iu  I  (190,  as  It  is  fufpidfd. 


that  hr  might  find  protcciiun,  and  have  an  opportunity 
[It  cuhivAting  the  fciences  at  Paris.    And  he  wat  ooC 
difappointed  :  he  met  with  many  flattering  encfmragcw 
menti ;  was  even  much  noticed  by  the  king,  had  a< 
pcnfion  from  the  court,  and  was  admitted  uf  the  Aca*  - 
demy  of  ScicOcCfin  1707,  in  the  cjiiality  of  geometric 
clan.  This  fcicnce  was  now  his  chief  ftudy  and  delight ; 
with  many  writings  upon  whichJie  enriched  the  volumes  - 
of  the  Journal  de»  t>avan»,  and  ibe  Memoirs  of  the 
Academy  of  Scicnci's     Thcfe  were  the  nnly  w^tk*  of 
this  kind  that  he  ptiblifhed  :  he  was  autiior  of  li-veral 
other  pieces  of  a  contriiverfial  nature)  againrt  the  cc« 
lebrati.d  Koufl'cau,  ar.d  other  antagantAa,  ov^r  wlioni ' 
with  the  aifiilance  of  government  he  Mras  enabled  to 
triumph.   The  latter  part  uf  his  life  was  fprnt  in 
more  peace,  and  in  culdvatinff  the  mstlicnntical 
fciences;  and  be  died  the  jgth  of  December  1737,  of 
a  kthargic  fever,  at  78  years  of  .■•."c. 

The  charaAcr  of  Sa'^nii  was  livilv  zvA  impetuouf, 
viir!  ,ed  with  a  conlidcr.ib'.e  degree  ot  that  noble  iivJe- 
prtidence  and  loftincfs  of  manner,  which  is  apt  to  be 
Riillaken  for  haughtinrfj  or  inf.dcPCe  ;  in  cnnfcqiicnce 
of  which,  his  memory  was  attacked  after  his  dcatht  at 
hh  rtpotatioB  bad  bcco  during  his  life  { and  it  vrat  even 
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fnid  lie  limlb«n  "^nllty  of  crimes,  hy  li's  own  confef- 
fioc,  I'ual  O'jgfi'.  Id  have  been  piianiu.d  wrJi  dcalli. 

Siurin's  m  lUietnalica!  an;i  p!i'l.ji<i;i]ii<  -jI  pApern,  jirint- 
c«i  iu  the  Memoin  nf  the  Academy qI  Scicat^ea,  which 
arepmty  niimcnnu,  axv  to  be  luund  in  the  vohinMs  for 
tin:  \ian  fulli/win^  ;  vii,  r,o>,  I7'0,  171^1  >yi6i 
17  0,  I7J'.  n^^.  i^J^.  '717. 
SAUV'LUIl  (Jostrn),  »ii  emii?:ir  Frcne'i  ni'lhe- 
rvitieiji>,  v-'.'S  lx)iii  HI  l.i  rkrln:  lln'  J  <th  of  M  jitli 
i6;f.  'ibU'luttly  <luiid>  till  lie  w^tfivcii  years 

of  3gr  ;  and  tlieii  tlic  organs  of  fptcch  did  not  difciu 
gas^e  fo  efTidtiirf'ly,  but  thnt  he  \v.n  ever  arier  fibhjjed 
to  Ij'eal:  v':ry  Ilijulyanj  ui'h  dlHividry.  He  very  early 
<Jifci>T.-''cJ  a  yiiat  tnni  fur  init  !i  i  iic iiii'i  \va>  .il- 
vrayt  iiivetitiog  and  conArnctiug  fuiatlhiujg  or  other  ia 
that  way. 

He  wii  fern  ti»  the  culler  of  the  Jefnits  to  Iiarn 
polite  lit' rJi»re,  but  made  verv  little  profriefn  in  piKtry 
and  tkH('ieii  'i".  V  iv;;il  and  Cictro  h;id  no  eliarins  lar 
him;  but  he  read  with  pi-ceiliM^  l«  booici  i-f  ^mthnictic 
a.id  jjioivttrv.  Ihmmr,  was  prcv.i  !'  i  'in  r  j  go 
to  I'lris  in  l()  O,  and,  !  i:u!g  intciulcd  for  tlit  li  un  li, 
ihcie  he  apolicd  hiinfclf  for  a  time  lo  the  ttmly  <if  pUl- 
idfoiiby  an  !  thtoliijjy  :  b'lt  llill  (ccercded  110  Uttr.-r.  In 
Ihoftf  nnitfitmiticK  wnt  the  only  llnti;'  lie  hud  any  paf- 
•fion  or  itUfh  foi»  and  thia  he  culiivnied  with  extraunii* 
•ary  rucoefa  t  f«ir  dnrtni;  his  eoiirfe  of  pUlofoiihy,  hc 
learned  (be  litit  fit  h  tckf  i<f  Etielid  in  ihc  fptCC  of  ft 
niunth,  without  ihc  htlpof  a  ini.tcr. 

A$  he  had  an  impL-Jiinint  in  his  voiee,  though  other- 
wife  cndiieJ  vriih  extraordinary  abilities,  he  was  nd- 
vifcd  by  M.  BofTucl,  to  t;ivc  up  all  dermis  upon  the 
«hurcii,  and  to  apjtly  hinifof  to  the  lludy  of  ph\  lie  : 
bat  tlli^hvin^;  utterly  ji'^niiitl  the  inclination  of  his  .incle, 
JWnn  whom  he  drew  his  prinvipal  r':fourees,  Saiiveur 
4cternuued  to  derote  himfelf  tohisfavourite  lludy,  and 
to  fctkA  him^ilf  in  it*  a*  to  Uacb  it  for  his  fiip- 
port  I  and  in  eSed  he  foon  became  the  &fllianable  pre- 
ceptor in  maihcrmrir?,  fo  that  at  aj  year*  of  dc 
had  prince  Eu>;ciic  tor  hi«  fcholar.— ric  had  not  yet 
read  the  geometry  of  De»  Cartel  ;  but  a  forcif^ner  of 
the  firll  quality  defiriug  to  he  taught  it.  he  made  him- 
fclf  martir  of  it  in  an  ioc  mecivably  fmali  fpaec  of  time. 
— Bifliet  being  a  faihionabic  same  at  that  time,  the 
manjuia  of  Dangeau  aflced  him  for  fome  calculation* 
tebttng  to  it,  miich  gave  fuch  fatiifa^on,  that  Sau> 
Kcwrhtd  the  bonotir  to  cxplaia  them  to  the  king  and 
qtie^ 

In  1681  he  wa*  fent  with  M  Mar?oite  to  Chantilli. 

to  nia1,c  fame  experiment*  tt|K)n  tlic  wuurg  there, 
which  he  did  with  much  apphufe.  Ti.t  Irti^uent  vifitg 
hc  t:-.  ide  to  this  place  infpired  him  with  the  dcfii^n  of 
writing  a  treatife  ou  fortification  ;  and,  in  order  to 
join  pradiice  with  theory,  be  went  to  the  fic^re  of  Mona 
in  1691,  where  he  continued  all  the  while  in  the  trenches. 
With  the  fame  view  alfo  hc  vifitcd  all  tlie  towns  of 
Flanders ;  and  on  hia  icturn  he  became  the  mathemati* 
cian  in  oidinary  at  the  court,  with  apciilioB  for  life.—* 
In  1 680  be  bad  bceacbofes  to  teadi  nuthemattct  to  the 
p;t(;es  of  the  Oattphtneft.  In  1686  he  wat  appointed 
tnalhemntical  profc(ror  in  the  Royal  C  -'!.^i-.  An in 
l6v)6  adm'ited  a  ly.ember  of  the  Acadt.ii)  ul  i.  iciiceis 
where  he  ^as  in  high  vflecm  with  the  members  of  that 
Xucicty.— lie  bccasic  aUii>  jiaiticiilarly  acquainted  with 
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the  prince  of  Coiide,  from  whom  hc  received  ft\8oy 
marks  of  farour  and  aft'edlion.  Finally,  M.  Vauban 
tutving  been  made  marfhal  of  France,  in  1703,  he  pro- 
pofcd  Saaveur  to  the  king  at  hit  fuccelfor  in  the  office 
of  examiiMr  of  the  cti^inecra ;  to  which  the  king 
llgteed,  lad  honoured  him  with  a  penfion.  which  our 
author  enjoyed  nil  hf»  de.ilh,  which  happened  the  9th 
of  III'".  1-/6,  in  t!iL-  •'■'41  li  year  ol  hij  .ij;e 

S.iuvcur,  111  Uio  ciiar.iCiiT,  wan  of  a  Itind  obliging 
difpofitiou,  of  a  fwcet,  uiiifoiin,  and  iiRaffci'led  temper  ; 
and  although  hi?  tame  w.-.b  ptttty  f;i-v.crMj  fpread 
abroad,  it  did  not  alter  his  humble  d<  porirr.vnt,  and  the 
fnnphVity  of  hit  mauiiert.  Hc  ufcd  to  laji  ttiat  wliat 
one  man  could  acconiplilh  uk  mathctnaiictt  another 
might  do  aifOf  if  bechofe  it« 

He  was  twice  married.  Tbo  lirft  time  lie  took  a 
very  ilntrutar  precaution  ;  for  he  would  not  meet  the 
hdy  till  he  had  been  with  a  notary  to  have  the  condi- 
tion?, I.c  intended  to  iniitt  on,  reduced  into  a  written 
lorm  ;  for  feir  the  ("iRlif  of  her  flio'jld  not  leave  him 
enough  ir.tiller  of  himielf.  This  was  acting  very  wifilv, 
."n?d  like  a  true  inatliriiiatician  ;  who  always  pracccdt 
by  rule  and  line,  aiid  makes  hia  ralctitations  when  bit 
head  is  cool.— Fie  hnd  (hildren  by  both  hit  wivct| 
and  by  the  latter  a  fon  who,  like  himbdf)  Wta  dumb 
for  the  &rft  fcvcn  years  of  hit  life. 

An  extraordinary  part  of  Sauveur*t  ehander 
that  tfiough  hc  had  neither  a  mulical  voice  ihh  <  ,u ,  \^ 
he  fl.ivird  no  fctcnee  mote  thiii  m-jfir,  ui'  uliich  'he 
ciitrpofe*!  1 t_.A>ie  new  fyllcm.  And  ihoutjii  he  was 
ob'.ijied  to  borrow  otlicr  people's  vo'ce  and  tjrs,  yet  he 
amply  repaid  iliem  witli  Li<:U  deiiior.llratiinih  .is  Wviv 
unknown  ti)  fot-Titr  mtiricisins.  He  alio  introduced  a 
new  diciMii  ri  in'  lir,  i;vi;  <  ,!)>proprI-i;e  aiui  exUiilIve. 
He  inventi.:d  a  new  dateline  of  f<junja.  And  hc  waa 
till.-  tirll  that  diftovered,  by  theory  and  eK}.i;^mentt 
the  velocity  of  muiical  ftriuga,  md  the  fpacet  they  de- 
fcribe  in  their  vibrationa,  tinder  all  cucumftances  of 
tendon  and  dimcufions.  It  was  he  alfo  who  (iiil  in- 
vented  for  this  purpofc  the  monochord  and  the  coho- 
meter.  In  fhort,  he  puiiuv  1  hib  rLl'e.ir.  [u-s  even  lothc 
mufic  of  the  .ancient  (ML-ki  i^tid  Romans,  to  the 
Arab*,  and  to  ihe  vc:y  1  11  1^^  ami  i'erliangthenifelvci  j 
fo  je.-Uous  was  he,  left  any  iJiing  fhould  efcape  him  in 
the  feiciice  of  foiUKls. 

S.iuvL  I  's  writingai  which  confitl  of  piece*  rather 
thitn  ><f  ki  woHctt  are  all  infrrtrd  in  the  Volume*  of  the 
Memoir*  of  the  AcTdi  mv  of  Scientet,  f  om  the  year 
1 700 to  the  year  171'!,  vi  various  geointtrical,  mathe- 
matical, philofophieal,  and  mufic.il  fulijects. 

SCALE,  a  m.-ithcfuatical  inllruineiil,  confiding  of 
certain  lines  drawn  on  wood,  mijtal,  or  other  matter, 
divided  into  various  p*r'<;,  eit*!'.T  ?  qiial  or  uqetjlial.  It 
it  of  gn-U  ufe  in  layin^'  J  .  vn  J  itauees  in  proportibll/ 
or  in  meafuriag  diftancct  already  laid  down. 

There  «re  S«aks  of  wriod*  kind*,  accommodated 
to  the  feveral  ufes :  the  principal  are  the  flaw  Hcilr, 
the  diagonal  Scalt,  GvHttr*t  Sfalc,  and  the  pltAiing 
Seal . 

PLiit  or  Plain  Scale,  a  mathematical  inilruirent 
of  v;'iy  exienfive  ufe  and  appKcation  ;  which  is  com- 
monly made  of  «  feet  in  lenjjth  |  and  the  tinea  lUinUy 
di»waiipooitafethe£aUawiog,  fiS| 

f.  Lnec 
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I  Liaet  of  Equal  partt,  and  marked  E.  P. 


S  C  A 


•    ChoTd*  - 

C  ho. 

3 

•    RHnmbt  • 

R.J, 

4 

.      .     Smri       -  • 

Sm. 

i 

•     -  Tartjjwt* 

Tail. 

•     «  Secant* 

•  Sec. 

8,T. 

I 

•    -   Longituile  • 

Long. 

9 

-  L-ititiide 

Lat. 

I .  The  ii«(t  of  equal  parts  are  of  two  kinds,  vtr, 
fimply  dividcdt  and  diagoiullj  ditided.  The  firfl  of 
thcie  are  formed  by  diu  A  in^  three  tine*  parallel  to  one 
another,  and  dividing  them  into  any  cqu-il  partt  by 
Aort  liaet  drmwa  acrujCi  them^  and  in  like  manner 
{tUMrndim  the  firft  divifion  or  pen  into  10  other 
cqwlfRMUparts  ;  by  which  number*  or  dimerinoti*  of 
two  figuretmar  be  taken  oC  Upun  fome  lulctE,  fivc- 
t%lof  thc  fi'  tcuks  of  i^ju.il  parts  are  ranged  pjtalKI  10 
each  other,  *(ih  fi^ii;<.i  la  to  iliem  ti>  (new  into  huw 
tnany  eqjai  part4  they  divide  the  i.Kh  ;  »s  :.  z;,  jj, 
1)»  40.  4(,  Sec.  The  id  or  dia|p(oual  diviiiau*  arc 
formed  by  drawing  ele  ven  long  p.iraUel  and  equidiftant 
Imci,  which  uc  divided  into  e^uai  pant*  tad  craSied 


by  other  fliort  linex,  as  th:       rr.  •  thru  tf  c  firl>  of 
leeqila' 

Vol. 


the  equal  parti  b«ve  the  twu  outenso&  of  the  dereo  p** 

■  L.  ir. 


talleU  divided  into  i  a  equal  patrta,  and  the  potnta  of 
diviiiim  Kci'tij  croiiin-ftei  !jy  hiKs  iira»  ;i  d:4gonally,  the 
wbuic  icAc  u  tilua  divided  tuto  diuicnliani  or  number* 
«f  three  place*  of  figure*. 

I'hc  otiier  line*  upon  the  fcalei  are  fuch  a*  are  cum- 
nonly  ufed  in  trigonometrTt  navigation,  aftronomv, 
dialling,  ptoje^tioa  of  the  fpberct  Ac*  *c  |  and  their 
ron()ru(3ioni  tut  mMf  ukcB&OBi  the  divtfioM  of  • 
drekt  i»toOomt 

Delinribe  ■  dude  wUi  vaj  camcnieiit  ndiw,  tad 
quarter  it  fay  driwfag  die  diimrtwi  AB  md  Dfi  at 
ri^rht  ang^le*  to  eaeli  other;  coatinue  the dikmeter  AB 
o\it  towards  K,  and  draw  tiic  taiipciit  tine  EO  parallel 
tu  it;  .dfu  draw  ihc  ch.r.ls  AD,  Ui3,  Bli,  EA. 
Ti«eo, 

i.  Ffr  the  line  of  ihnrJs,  divide  a  quadrant  BE  inn 
90  i-qi'al  {Mrtu ;  on  E  .1*  a  centre,  with  tlic  c ompafTi  t 
transfer  thcfe  di«tlii>M»  tu  the  chord  line  iuli,  which 
mark  with  the  correfpoadiiig  numbers,  and  it  will 
become  a  line  of  ehord*,  to  be  transferred  to  the 
ruler. 

}.  F«r  the  hoe  of  tfauatef  difide  the  quadnnt  AD 
iato  i  oonal  parai  tbca  wMi  tkt  ccnm  A  trndt 
fer  the  dtvUwu  to  the  chocd  AD^  far  the  Uic  eif 

rhumb*. 

4.  I-'or  the  line  of  Tinea,  through  each  of  tlie  divl- 
riiiiii  uf  iht  arc  Bi'.,  draw  right  line»  paraiid  to  the 
raJiii:)  BC,  whitii  will  divide  the  radius  CK  into  the 
(im»,  or  vetfed  (ioe*,  nsirobcriuif  »i  fiom  C  to  E  for 
the  finci,  and  from  tto  C  for  tliCTcrfed  fines. 

J.  For  the  line  of  tangent*,  lay  a  ruler  on  C,  aad 
the  fcveral  dtvilloni  of  the  arc  ilE,  and  it  wiil  iaterii^ 
the  hoc  £Q»  ivhich  will  becoae  e  hne  of  tiuagtati* 
■nd  mmkred  horn  £  to  G  wkh  iO»  w,  $0,  ^ 

For  die  fine  of  fecmti,  tfMiicier  the  diianeei  hc^ 

tuetn  til-.-  crati  t  C  jiid  the  divilion*  on  the  line  of  tan. 
f;uitito  thcliiic  Bl",  1 1  om  the  centre  C,  and  thefe  will 
give  the  di^Ilions  ot  tlie  line  of  fecanta,  which  n-.u!l 
be  mir:ib(fcd  from  B  towariia  f,  with  lO,  lo,  30, 
&c. 

7.  For  the  line  of  temitanptnt*.  lay  a  ruler  on  D 
and  the  feveral  divifionjof  the  arc  EH,  which  will  in« 
tetfect  the  radiut  CB  in  thedirifioiu  of  the  i«iiiitaii< 
gents,  which  are  to  be  ooirkcd  trttb  the  Mneiponding 
nguica  of  the  arc  Eh, 

The  chief  ufea  of  the  fimw,  tangents,  fieciotit  mi 
femitangent*,  are  to  find  the  poU  ^  '  t  nttevof  the 
feveral  circlet  reprefented  in  tht  j  .  .jtclioitt  of  the 
fphcrt'. 

8.  For  the  Liir  vt'  ton|;Iti!<lc,  divide  the  radiu* 
CD  ii:to  60  equal  iiait>;  tKn-a^h  ca^li  ui  ll  W,  pa- 
rallcl*  to  the  radiu*  iiC  »dl  interuct  t:i  j;c  lUi  111  ;ta 
mauy  point*  :  from  D  as  a  centre  tlii  civiim^  »  of  the 
■rc  BD  bciiij^  tianiferrtd  to  thechosd  BU,  will  give 
the  divifioujof  the  line  of  lont^itudc. 

If  thia  hoe  be  kid  upon  the  fcale  clofe  to  the  line  t^ 
ehaedlk  both  iamted,  fo  that  60'  in  the  fcilc  uf  Ion* 
giinde  beegaiiifto"  in  the  «bordi^  Act  and  anf  de- 
gree of  bthode  he  couoled  on  the  chordif  there  will 
ftaiid  oppofite  to  i;,  in  the  line  <>f  lonjritudc,  the  miles 
containeti  in  one  degree  ol  iuu^ivude,  ii)  that  latitude  i 
the  meafurc  uf  1  degree  nndcr  the  equator  being  60 
geograuliicai  miles. 
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^  For  the  \'\t\e  of  latitude,  lay  a  nJcr  on  B,  and 
the  rcYt:nil(ii'.  iTi(iiisun  the  lints  on  CL,  and  it  will  in- 
tarrlff-i  tlir  arc  AF.  in  as  many  puiiits  ;  on  A  as  a  cen. 
tic  tianjtcr  ihr,  inti.rft-ilii)n»  of  the  ui*;  AR,  to  the 
chtuci  AE,  for  the  line  of  hit rtude. 

SceiiUb  ICobertliaB'iDclcription  aoduic  of  MwUm* 
loatica)  InRranniti. 

DramaU  or  Guntrr's,  or  P'otltng,  or  Prtftt^um^x 
or  Reducing  ^c.Kve..    iStctSic  ftveidl  ariiclen, 

ScAtE,  iu  Arcliitctti  ro  and  GcojTiipiiy,  a  line  di-_ 
Tided  into  cqiuil  p.irt-s  p!ac-;d  at  the  bottom  of  a  map 
or  draiigiit,  to  fciveas  a  common  mealuri:  to  .ill  the 
part*  of  the  buiidtagi  or  aU  liie  diilaaccs  aod  places  of 
tfaemik 

Tn  maps  r.f  1ar;;e  tn^t,  u  kingdonM  and  pro- 
vinciri,  &c,  the  Scale  utually  confifttoi  itlik*;  vrhcuce 
it  ia  denuniaMcd  a  Scidc  of  miln.*— la  nwrc  pMtti««hr 
napt,  at  thofe  a(  manor?,  Arc,  the  Skalr  !■  ufinllY  of 
thaint  &c. — 'I'bf  Scak < 'ilid  m  i]K.;:;,'it3  li  Ijiiii  -ii.^-i 
nolUy  cunfiA  of  iiioiluiti,  Jt*.L,  ii.cl»c!.,  jjiiJiu-j,  la- 
thorns,  or  thtf  like. 

To  find  th%  diRanoe  bftwi-<n  two  totrns  &c,  in  a 
map,  live  Iiiirival  it  taken  in  ihc  com'.i^tTt.ii,  and  ft  toft' 
in  tbc  fcjle  ;  and  the  aumbv-r  uf  diviriouii  it  indiidtfa 
frivcs  the  dillaiicr.  Tlw  lainc  method  fervci  to  imk 
ikn  height  of  a  ftoiTi  or  other  port  to  a  dcfi^o. 
■  Fma  %cAt.t,  mPerfprditre,  ij  a  right  line  mlbc' 
draught,  parallel  to  tlic  hurizontal  Hnc  i  divulcid 
™to  e»|jal  p:irts,  rcprcfcnting  fccr,  inclies,  3kc. 

J^j A  I.  H ,  i^  a  r  L;ht  line  in  the  tlj  ,ii:^'!it,  tfiid- 
in,^  iu  ihv  ];iiir'.l  gt'  view,  aad  divided  i;<tu  uiKijU.il 
jwrts,  rcprtfkfttirig  feet,  inches,  &c. 

Di^ri-Kiial  ScALZ,  is  ufcd  for  the  fcalc  of  rdatiua 
fubtiAdcd  fram  unity.    Sec  Sekies. 

ScAL£  cf  Rilaiiuu,  ia  Atgcbra,  an  cxpfcflion  de> 
acting  the  relation  of  the  tciiM  of  recttnng  faica  to 
«ach  other.   See  SEa,i8«, 

Nwr  ScALC.   See  Hooiu 

Scale,  in  Mudc,  is  a  denomination  given  to  the 
•rrangemeut  of  the  fix  (yUablcs,  invented  by  Guide 
Aratino,  ut  re  mi  fa  f<A  la  ;  callrd  atfo  gamrnut.  It  it 
called  Scalf ,  or  ladder,  bccaiifr  it  rcprrfents  a  kind  of 
l.Kidi-r,  f  y  iiitaiiiof  which  the  noice  rifcj  to  acute,  or 
links  to  grave  ;  each  of  the  fix  fyllables  being  at  it  were 
one  ftep  of  the  ladder. 

Scale  it  alio  ufcd  for  a  feries  of  founds  riiiDg  or 
falling  towardt  acuicscfa  or  ^lavity^  from  any  gives 
fntcb  of  tttnci  to  tbc  grcatcft  diAancc  that  ia  Gt  or  pitac* 
ticablr,  thnmprh  facn  intennediate  degrtet  a»  to  make 
the  fucccirion  ni  jft  .ii^reeable  and  pjrftcl,  and  in  which 
we  haTe  all  the  lituruiunical  interval:;  mull  commodioufly 
divided. 

The  frale  it  otbertrife  called  aa  umver/al  JjiP"h  ** 
including:;  all  the  paftknhr  fyftcou  bdoagiag  tonnfic* 

See  System. 

There  were  three  diffcictit  Scales  in  life  among  the 
Ancients,  trbich  had  their  dcnoDisnatiooa  from  the 
riiieefereid  foitaof  mnfict  via,  the  diahmct  dimmtirf 
and  NMhrrMWi/r.  Whidi  foe. 

SCALENE,  or  ScALtNnus  triangle,  is  a  triangle 
•whofe  fide»  and  angles  art  iili  iirapj  il. — A  cylinder  or 
oone,  whofe  axis  it  ubli<iue  or  inclined  to  its  bafe,  it 

aKo  faid  tn  be  fcakooutt  though  BMire fivfoemlf  it  ii 
tailed  obli<iuc«. 


SCALIGER  (Josef H  Justus),  a  cdrhrated" 
Fi  tnch  chronologer  and  critic,  wat  the  fon  of  Jiiliua 
Cxfar  Sc&li^rr,  and  born  at  Agen  in  France,  in  1^40. 
He  fludied  iti  the  college  of  Rourdeatix  ;  after  m'hich- 
his  father  took,  him  under  hia  own  care,  and  employed 
him  in  tnuifcribiiig  bi«  poems ;.  bf  which  meant  heob* 
tained  fucb  a  U&  for  poetry,  that  bv&re  he  wat  ij 
ycaraold^  be  vrratc  a  tragedy  apon  the  fubjei^  ofOcdi- 
pna,,  in  which  he  introdaccd  au  the  poetical  urnamciitt 
of  ilyle  and  fcntiment. 

His  father  dying  in  i;?^,  he  wetst  to  Paris  the 
year  follovvinjj,  with  a  defir  '  if)  ripply  liimfelf  to  the 
Qtr-T;  tnngiu-.  Fo--  this  purpofc  he  fur  two  moot  ha- 
sKu  .loJ  thcltdurts  of  Turnehut;  batfiadin|[  that  is- 
the  ulu:d  coiirfe  he  fhould  be  a  long  t;me  in  ^ainin;!;  Iiia- 
point,  he  (hut  bSmfelf  up  in  hisclofct,  aud  by  cunfiant 

appiieatkm  for  two  yean  nincd  a^petfett  Jcii|(Mr]«dge- 
af  the  Greek  language.    AfUr  which  he  allied  bin* 

fiJftfithf  IIlI'i  j.v.  he  learned  by  himfelf  with 

^-ri-it  facility.    Ai.J  ii>  like  mnrmer  he  ran  through 
many  other  l:mgi:rtj;ci,  till  In  oulJ  I  jivsk  it     faid  no 
Jrfii  thun  I3aiicieiit  and  modern  uiiei.    flc:  made  no- 
lcf.<  piogrelii  ill  the  fciencc^  ;  and  hiji  writing-i  procured 
him  the  repuiatiuu  of  one  of  the  grcatcll  me-ii  of  tlut  or 
any  otiier  age.    He  embraced  the  reformed  rtrli^ioQ. 
at  ax  years  of  age«    In  I  (6|(  he  attached  hsmfelf  to- 
Lewit  Cafteignier  de  la  Rocb  Pa^tay,  whon  he  at> 
tended  in  feveral  joomiea.   And,  in  ({9},  tbeckiraton- 
of  the  iinirerfitv  ofLcyden  invited  h'ln  to  an  honorary 
pt'ofdnjrfliiii  :n  tli  it  iiiiiw  t I: ty,  where  he  lived  16  years, 
and  wliLFL-  l.L-  died  uf  iidiopfy  in  l6o(>,  at  69  year* 
<:.{  ;!ge. 

vicaligcr  wis  a  man  of  treat  tcmjKrancc  ;  was  ne- 
ver married  ;  and  was  fo  clofe  a  fludcnt,  that  he  often 
fpent  whole  days  in  hit  ttudy  without  eating  :  and 
though  his  circumdancet  were  alwayt  very  narrow,  hc 
confbintly  rcfufbd  the  pefenis  that  were  OMvedbin* 

He  waa  author  of  many  ingcnioot  trorki  oa  nriona' 
fuhjcfts.    Mis  elaboi.iic-  iv<r.k,  De  F.iu/HiitUh.n*  Trni- 

{">rum  I  hit  exquifitc  ujiiinadtcriions  oil  LlufrLius  (  with 
lis  Canon  Ifagojiitiu  Cfjroiio/ogite ;  and  his  a^t urate 
comment  upon  Manilius's  Ajlronom'C'iVy  lulhciently 
evince  his  knowledge  in  the  aArunomy,  and  other 
branches  of  learning,  among  the  Ancients,  and  who«. 
according  to  the  opinion  of  the  celebrated  Victa*  waa> 
fiir  fupenor  to  any  of  that  age.  And  he  bad  no  kft  ». 
chancier  given  nim  by  the  learned  GabnboB.— Ele 
Avrote  Cymmttntm  t  D'uUrlha  dt  E^umSiaram  Anliei' 
pat  'ioiu.  He  wrote  alfo  notes  upon  heneca,  Varro,  and 
Aufonius's  Poems.  But  that  which  ii'iDvc  ■A\  tilings 
renders  the  name  of  Scaligcr  memorable  to  poiteiity,  ts 
the  invention  of  the  Julian  period,  which  cf  iHilli,  of 
TOtio  years,  being  the  continued  produd  of  the  tiiiec  cy- 
dea,  of  the  fun  28,  the  mouu  19,  and  Roman  indie- 
tlon  J  5.  "  This  period  had  its  beginning  fixed  to  the 
764th  year  before  llic  creation,  and  is  not  yet  com- 
pleted, and  comprehends  aB  other  cyctca,  perioday. 
and  epochaa,  wkh  tHe  timea  of  nil  mcmocable  adiona 
and  liillories. — The  colledioni  intitlcd  S.aHgcriana, 
were  collcded  from  his  converfationt  by  one  uf  hit 
tiirndv ;  .Kid  Ik'i'i,;  ungcd  in  alpbabctMal Order,  wetc 

publtlhtd  by  ll;i.;r  VolflUS. 

SCAN  I'LIXO,  a  meafurc,  ft/e,  or  tlandard,  by 
wbkib'tfae  (Uiocitiiwat&c  of  tliingt  arc  to  be  determined. 

The 
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T%rteiin  i»  particulatlT  applied  to  the  dimcnGons  of  any  friftion,  •with  a  certain  mode  and  quantity  of  tf 

«ny  niece  of  timber,  with  regard  to  it«  breadth  and  coil  j  tbofe  of  all  the  other  gaillemcn,  we  beliwi  hav« 

thicknefi!.  be«n  M  the  principle oF  tbc  dc«l  bnt,  with  fnch  other 

•  8CAP£MfiNT|  Ja  Clock-work,  a  general  term  for  tmpro^mcnta  at  they  fevmlly  Judged  moA  eondndve 

4lie  manner  of  «ommunir8tin^  the  itnpuTfc  of  t!ie  to ^ood  performance 

V.'Ii.'i!!  (■)    llif  I'CiitiiiSurn.     1  lie  ordiffliy  yrnpcTl'rils  "  —     -.  - 

■CoiifiU  oftVir  fvviiij-wfui  I  and  pallets  only  ;  biitmuJirn 
imprnvtri'cins.  ii.ivr  nil.i -.1  other  ievf?r»  or  detents, chiefly 
for  the  pur^ufcs  uf  dliniaifliing  friflion,  or  for  delacli* 
ing  the  ixndutum  from  the  prefluic  of  tlic  whccla  dur- 
ing part  of  the  time  of  its  vibraiiun.  NotwithlUnd* 
i»g  tbe  nrf  great  importance  of  the  iksqienent  to  the 
perfamanee  of  clocka,  no  material  improvement  «na 
made  in  it  from  the  firft  ippliotlon  of  the  pendulnm  to 
clocks  to  the  days  of  Mr.  George  Graham  ;  notliini; 
TfMre  was  attrinpted  before  his  tiine,  than  to  .ipj'Iy  the 
impulfe  of  the  fwing* wheel,  in  fnch  mantu  i  ,i  i  u  as 
attended  with  the  Icnfl  fr'cVion,  and  would  j;ivc  the 
f,Teatt;ll  ni  'ti  jti  (  >  tli;:  ]ii.-mJ:ih.i;i.  Dr.  Hiillcy  difco- 
tcred,  by  fomc  experiments  made  at  the  Royal  Ob- 
-fermtorx  «t  Greenwich*  that  by  adding  more  weight 
to  the  pendulumi  it  «u  made  to  vibrate  lai|^r  arct, 
and  the  dock  went  fiifler ;  by  dimtnilhing  the  weight 
of  the  penduium,  the  vibrations  became  fiiorter,  and 
the  clock  went  (Tower;  the  refult  of  thefc  experiment  j 
bri-r;'-  fl'.mii, ti iiTiny  rippoCirr  to  wlint  oiljjht  '  .'l.u'  i  <- 


fi  oni  tlic  tiieory  of  tlic  pendulum,  pr.jbiiblv  firfl 
rouli;.!  t! I e  attention  of  Mi  .  Cl-.iluni,  at;d  led  him  to 
fudi  farther  trial*  a*  convinced  him,  that  this  fceming 
paradox  wai  oceafioocd  bjr  the  retrogtade  molnn, 
which  wan  given  to  the  fwing-wheel  by  every  conftrnc- 
tion  of  bcdpement  that  was  at  that  time  in  ufe  ;  and 
his  great  fa(^city  foon  produced*  remcdj  6h  thi* de- 
fed,  by  conllrudttng  a  Scapement  which  prevented  •& 
recnil  of  the  wheels,  and  rellored  tnihedocK  penduhim, 
wholly  liitiu  >ry,  and  nenrly  in  pni£lice,  all  its  natural 
proptrtic-  111  it5  cictachcd  llir,p)f  tl.itc  ;  tliis  tScjpcir.eiit 
was  lumcd  by  its  cck'Liattd  ijivtiuor  tin:  Jmrl  btal, 
and  it*  great  fuperiority  was  fo  (mivcrfally  acknuw- 


C  unit  Bndil  hasjuft  pnbliHied  (in  1704)  a  rma'l 
li.i-r.liler,  On  the  InvelHgation  of  Allronotmcal 
til.:,"  !i)  which  he  has  annexed,  "  a  D.fcripiion 
ol  tiic  Scapement  in  Mr.  Mudj;c'«  firil  Tiir.ekctpfr, 
drawn  up  in  Alif.lift  177 1."  Ikfore  entering  upon 
the  Dcfcription,  the  Count  premifesa  fiAvobfervatluns 
hi  one  of  which  he  recognises  a  hint  concerning  ihe 
nature  of  Mr.  (kludge's  Soipement,  tbrownt>ui  by  tliis 
artifl  in  a  fmatl  traA  prfnlcd  by  him  in  the  ycur  1  65, 
wlilrh  iitliis:  "  'I'ln-  foix'e  rl-rivtd  from  the  main- 
fprinj;  (hould  be  madi'  as  equal  as  pufTiblc,  by  makittj; 
the  nuinfprinj;  wind  up  snoiber  fniaHtr  fprisig  at  a  Icfi 
diftance  from  the  hal^uicc,  nt  (hr.rt  iiitcrvali  iif  time. 
I  think  it  H'oit/J  till  ic  in>f>ra^ir/tH:  Id  nt/:/i  1/  viifl  npftt 
tviry  vifrritioir,  a  lnwH  t/>rir^  Jtmlltr  It  tht  pritjulum 
J^f'flt  thai  P>-ytili  Immtiial'ly  a,l  on  tie  lill'tiur^  hj 
wlie£  lit  tfl}i)te  jhr  -r  nfl'm^  on  the  ialanee  taoii/tl  it  rt'* 
Juitdtotbe  grr:ilr/!  /iin/licily,  nuiti  thu  tdvoattge,  llat 
tbi-  frrrt  v>nu!dlntrti]ft  in  fraporlhn  to  tbe  arrb."  From 
this  hint,  Cnunt  Brub]  h  furprifed  that  no  other  art  ills 
have  taken  up  Mr.  Miii!,,'i'i  trvtii;ioii.  He  then 
gives  the  Di-lcription  of  iliat  invciuioii  ;i*  follow*: 
"  Mr.  Mudge's  Tinu k^xpcr  li^i  five  wLiil', 
numbers  liigh  cnon;:fh  to  admit  piuions  of  twelve,  and 
yet  to  go  eight  dnys.  The  SeipenKnt  ConliDs  of  a 
wheel  almon  like  that  of  a  common  crown  wlicel,  and 
adis  on  pallets,  each  of  which  has  a  fepante  axis  lying 
IB  the  MOM  line*  Tu  t  .-^ch  pallet  a  fprin^  is  lixeil  ia  tbc 
ftape  of  «  prndiilum  I'pring :  thefc  foruigs  ore  wound 
up  alternately  by  the  atlion  of  the  hit  whrcl  upon  the 
pallets,  which  is  pcrK.rmcd  in  the  following  manner: 
—Whenever  one  of  the  pallets  (for  inllancc  the  upper 
one)  i«  fet  in  motion  by  a  tooth  of  the  wheel  fliding 
upun  it,  iitid  then  rttting  againft  a  hook,  or,  rather  a 


Icdgcd,  that  it  was  foon  introdiKxd  into  prneral  ufe,    bcarin|^  at  it»  end,  the  bitinnce  is  entirely  detached 


and  fl  ill  contintM  in  miverfal  eSccra-  "Vhe  import 
Uttof  the  Scapemeot  to  the  iccwrate  going  of  docks, 
wae  by  thia  improvement  rendered  fo  unqueftionablc, 
that  srtiiis  of  the  firil  rate  ail  over  Ewope,  were  fur- 
ward  in  producing  each  hit  particular  confini(9ion,  ai 
may  Lc  (clu  in  tlic  works  of  Thioutl'aine,  M.  J.  A. 
Lepanie,  M.  le  Roy,  M.  I'crrltnand  Bertov.d,  and 
Mr.  Ciimtninf^s'  EleiUfiu-s  uf  Clock  and  Wuichwoik, 
in  which  wc  have  a  minute  deicriptiun  of  ieveral  ncn- 
and  ingenious  conllruAions  of  Scajtements,  with  an 


from  It,  being  then  employed  In  carrying  the  other 
pullet  the  eoutrary  way.  Wlkcti  tht.  balance  returns  fiont 
that  nbrattUB  (partly  tiy  the  force  of  the  peodidum 
Ipn'n^,  and  p>itlj  by  that  of  one  of  the  two  fmall 

Iprin^:;  which  It  had  bent  by  the  motion  of  that  palTct 

willed  .'t  *iLd  cirrii'd  .tIoii^  ulili  itlVIt)  i:  l.iv:.  ln:M  ;>.''tlu' 
uppiT  pT'kt  and  cr.iMC:.  i[  lor.i.J  in  t!ii  Uniic  ni-iiiJ:.-r  n 
it  dill  Luffirc  tlir  K/Vvcr  one,  sriJ,  i;f  crjinfc,  u-  tlin. 
fame  direflion  wliich  the  upper  pjliet  iiad  received 
from  the  power  of  the  mainfpring  at  the  lime  that  it 


ittvefti^ation  of  the  principles  on  which  their  daim  to  was  <fuitc  unconnrdlcd  with  die  balance.  'Hiecommu'* 

ncrit  t»  founded  ;  and  a  comparative  view  of  the  ad-  nimtion  of  motion  from  the  balance  to  the  pallets,  ai"l 

«nti|gincrdefedaaf  the  fimndoonibiidiooi.  Befide*  vice  mfa.  ttefieAed  br  twopina  £xcd  to  a  crank, 

tlie  Scapementa  deferihel  in  the  above  workt,  many  which  in  tofloiring  the  balance,  liit  cudi  itu  proper 

curious  conftni£limi3  have  been  prndiicvd  by  eminent  pallet  alternately.    By  what  has  been  faid,  it  is  evident 


artifti,  who  have  not  publifhcd  any  account  of  them, 
flor  of  the  motives  which  have  induced  each  to  prefer 
his  ftivouritc  conftruftioti  :  Mr.  Uarrifon,  Mr.  Hin<l- 
lej  of  York,  Mr,  Ellicot,  Mr.  iMud^c,  Mr.  Amok!, 
Mr.  ^Vhitehnrft,  and  manj  other  ingenious  artifts  of 
.  this  country,  have  made  ^Scnpcnwnt*  of  new  and  pecu- 
liar conilni£b<m«i  of  which  we  nre  uoriile,  for  the 
nhove  reaCro,  to  give  any  farther  icoaunt  thin  that 
tbofe  «l  Mr.  Hanifin  nnd  Mii.  mtOer  had  tee 

« 


that  whatever  inequality  there  may  be  in  the  power  de- 
rived from  tbe  mainfpnti^  (provided  liic  latter  bcfuffi- 
cien:  to  wind  up  thofe  hltle  pallet  Ipririiji)  it  can  never 
interfere  wi:h  tiie  rcgnh.rity  of  ihc  balance's  muiiij:i, 
but  at  the  inliant  of  unlocking  the  pallets,  wliich  is  fo 
inftantaneous  an  operation,  and  the  rcftllancc  fo  ex- 
occdiagly  6nall,  that  it  cannot  poflibly  amount  to  any 
fi»Gbk<nor>  The  removal  of  this  great  t^ftade  waa 
never  fi»  cAftiuJlj  done  by  eay  od^r  coatri. 
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tanrt,  and  defom*  ih;  higheft  coiiimcr<tatJon,  a 
proh.ihlc  means  lo  pcrftft  a  pormhie  tnachiuc  ili:H  will 
mcaf.ue  time  oOTic'iftl}-.  J'  it  this  ■?  not  the  sirilv,  iior 
inJrc'J  the  principal  advantage'  which  this  limt-kct-pcr 
wi!l  pofTctf  DVi  r  any  other;  for,  at  it  h  iinpoflib'.e  to 
Kiiwce  fri£lion  to  h  fmalla  qnantiiy  nor  t«  nflec^  tlie 
mttoa  of«  baluoef  the  conrcqiancc  of  \v-hi<-h  i$,  that 
it  ^fmbct  femctime*  grater  and  fometimet  fmaUcr 
ara,  it  became  iwcefTiry  to  think  of  fome  method  hif 
which  the  balance  nii^lii  he  htous^ht  to  dtfcriSe  thofc 
difffTCiit  arcs  in  tlie  {<i:ne  time.  It  a  balance  toulJ  be 
m^ilo  tn  «'hr;ite  wttlio'Jt  fricti'^.n  or  refiilancc  fmm  the 
mciliiiiii  in  «  uich  ic  inovca,  the  tni-rc  cxpiitdinj^  and 
eontratlinjj  of  the  pen<l!i!i:m  fprinjj,  wotiiil  pnillably 
proJtKC  tlic  fo  nuKvii  wifhcd-fur  rfftft,  ai  it*  force  Is 
tuppoicd  tij  be  j.inporiional  to  the  arcs  dcfcribetJ  ;  bia 
aa  there  h  no  m4«nine  void  of  fridic>:i,  and  a*  from 
that  ciulV»  the  v;lue!ty  oF  evriy  balance  dccrrafes 
more  rapidly  t1i»n  tlic  Ipaces  gotve  throogb  decr<af<r» 
this  iiio<)iiality  co'ild  only  be  removed  by  a  force  aAit>}» 
on  the  balance,  which  alTumlng  diflercnt  r.r  I  s  I;,  Its 
,difrcrcDt  liases,  could  cot>n;e»hahnco  tJn.t  ir.cquaacy. 
This  very  material  and  imj;(>Tt.i:,t  r  ':ii  :J>  ,  Mr.  Miidce 
hi»  cfltdcvl  by  the  conP.rudtiau  of  his  .Scaptmcnt ;  for 
hit  pLiltet  fptinj;*  h;(vinj5  a  force  capaiile  of  being  iu- 
trrcafcJ  alnioJl  at  plcrJmc,  at  the  commencement  of 
every  vibration,  the  proportion  in  their  dilTcrcnt  dc- 
gren  of  tci'.fion  may  be  abeted  tijl  it  anfwen  the  in- 
trndrd  piirpofe.  lltit  lhew»  how  cfieduatty  Mr. 
MjJv  lV  .tpi  irrnt  removes  the  two  grcatell  difiiciil- 
lita  iliat  have  hitherto  baffled  the  attempts  of  every 
other  artin,  namely,  the  incqualiiies  of  tiic  pov.  ti  lic- 
liveu  from  the  main  fpring,  and  the  irrt-jrulariucs  3.  ii". 
ing  from  friftion,  and  the  varijhic  ulrlanct:  of  tl.c 
medium  in  vrhich  the  balance  moves.  Ahhough  at  the 
time  I  am  writing  this  account  of  hii  invention,  the 
luehuie  ii  not  jet  fjniflied  1  I  am  sot  the  leb  coofident 
that  whcflcver  it  is,  it  will  be  found  to  he  one  of  the 
moil  ufeful  of  any  which  haa  a<  yet  appeared.** 

SCARP,  in  Fortification,  the  Interior  flope  of  the 
ditch  of  3  plscr  ;  that  is,  ihv  Hope  of  that  fid«  of  u 
«iit<.h  uhicli  is  next  to  the  place,  or  on  the  oulftdc  uf 
the  rampart  at  its  foot,  facing  the  champiiirii  oroprn 
country.  The  Hope  00  ttic  outer  fnlc  of  the  ditch  U 
called  t  he  cfunierf-ai-f, 

SCENOGRAPHY,  in  Perfpeaive,  the  pcrfpcflive 
feprcfcutation  of  a  body  on  ■  plane  ;  or  a  dckiiption 
and  view  of  it  in  all  its  parti  and  dimcnfiooiy  fuch  a$  ic 
appears  So  tlic  eye  in  any  obKque  view. 

rhisdifferjcHcntially  frgra  the  ichnograpby  and  the 
orthography.   The  ichiiography  of  a  building,  &c,  re- 

Eefents  the  plan  orgruiKKl  «nrk  nt  tin- bciiLlKi^'',  <ir 
5\ion  parallel  to  it;  iiiiJ  the  orlhoprnplty  idf  tlcvii- 
tioti,  UT  hunt,  or  one  fide,  alfo  in  if.  vii'.uir^l  Jiit  cii- 
fionii ;  but  the  Scenography  exhibits  the  whole  of  tiie 
building  that  appears  to  the  eye,  front,  lldei,  height, 
and  all,  not  in  their  real  dimeniions  or  extent,  but 
nifed  on  the  geoHietrical  plan  in  perfpeftive. 

In  arcbite^orc  and  fonificatioOf  ocenograpliy  is  the 
HMttBcrof  delinenting  die  fereral  jMrtt  of  a  building  or 
Jwtreb«  MtbeT  are  reprefcntcd  in  perfpedive. 

To  exBSiii  tie  ScEMoGRArtiy  0/ any  tody.  I.  Lay 
dnwntlie  bafif,  ground-plot,  or  plan,  <^r  tlit  L  ifly,  in 
tbcpctipcdivc  ict.Bsgra^by,  tbai  is,  d>a«v  the  fertpcc- 


tivc  apprarancc  f>f  i!ic  plan  orbafcment,  by  the  proper 
ruk  >  Lif  p!.rjjj4.ctiit;.  2.  I  IfxHi  th<- (cveral  points  of  the 
faid  pcrlpedtive  phn,  i  11  i  t'l;  pcifpe^^ive  hcij;ht«,  and 
conned  the  topii  of  them  uy  the  pruptr  flope  or  oblique 
l4iie».  So  will  the  iSceuogi-aphy  of  tlic  \yy.\y  beconi|l)etedt 
when  a  proper  fliadc  ii*  added*   See  PeasPRCTivt. 

SCUklNKlt  (CMnisTorniOi  scmiridenble  Ger. 
ann  aiiatheniaiidaii  aitd  aflronooMtr*  wai  bttm  at  Mob- 
deOfaeinin  Schwabeo  iti  1^7$.  He  entered  into  th« 
(bciely  t'f  lilt  Ji  fulls  at  20  yrir-  r,f  ajje  ;  and  afterward* 
taii;;httlic  Urlircw  tongue  aiui  tiic  niathc'tnatiis  at  In- 
jjfolitndt,  Fribiu-jT,  Billac,  and  Rome.  At  Icntjili  h« 
became  conftfTor  Xo  the  arclidiiki:  C'lwrkf,  and  r«,Ctof 
of  the  colic(,'<i  uf  tlie  Jcfiiilii  at  NcilTe  in  Sihifia*  where 
he  died  in  16,0,  a:  7  5  years  o(  a;c. 

Scheiner  waa  chullj  rcrriaf kibte  f.irbrir';  one  of  tll# 
firft  who obftnrcd  ihe-{poti  in  ibe  fun  with  ilfic  lekfcope* 
though  not  the  my  iirft;  for  hie  (^fervatiom  of  llwr« 
IpOts  were  firfl  made,  at  In^fiadt,  in  the  latter  pait' 
of  the  year  irtii,  whereat  Galileo  and  Harriot  Inub 
uLfci  vtii  i  ti-ni  i^i  tVu  Luttrpait  of  the  year  before,  or 
10  10.  iVln.uKr  caittinucd  hi* obfer\'a'.ions on  ihc  folac 
phcncvmena  for  many  j  cars  aftersvards  at  Rium:  ,  whh 
great  alTiduity  and  accuracy,  con/lanily  makin^drauiiigi 
of  llieoi  on  paper,  dcfcrihing  their  placis,  figures,  mag- 
nitude, revohttiuii;  and  periods,  fo  that  Iliccioli  delivereifc 
it  aaliiji  opinion  that  there  was  little  reafun  to  hope  fpr 
mj  better  obfervationi  of  tbofe  fpota.  Dcs  Cartes  and 
Hevcliu*  alfo  fay,  tltat  in  their  jodgmenr,  nothing  can 
be  expcflcd  of  that  kind  more  falisbf"',.  i  y .  'J  liLiL  ob- 
fervatious  were  puhliihcd  in  one  voluuit  tJti'^, 
\ii<U-rt(:c  tulr  i4  /v  /j  Urj!»a,  SiQ  ;  almofl  every  page' 
uf  wli  c!i  is  .iJoiiu-il  with  an  ifaagc  of  the  fun  with  the 
fpjts.  Ho  vvi.iu-  ,,'.1,,  uv^r.il  fnialler  pieces  relating  to- 
nutbcmatics  and  phdofophy,  the  principal  of  abicbare» 

wiateprintedat  JLondon,  in  16521  iB4to<» 

3.  Sot  Selftietts,  D-fq^iiJitUaet  MaAtmrik*.. 

4.  Dt  CotitnKerJit  et  Nm  iaiiku  ^rotamkit. 
SCHEME,  a  draught  or  reprcfentation  of  any  geo- 

rr.ctiic.il  or  iLflrouoiir..:  1  fj^iiri.-,  or  pr.iblem,  by  hnea 
fcnfiljl^  t<>  the  eye;  or  oi' itie  cclcltial  bodies  in  thcu: 

proper  (  l  icei  for  any  moment  j  otbenrili?  called  » 

didj^i  .itii. 

^  f  H  r  r  u  Arehtt.    Sec  A  U  C  H. 

SCiiOLlUM*  a  note,  remark,  or  annotation,  oo> 
caTuwally  made  mi  font  paflage,  ynpofition,  or  tlit 
liJw. 

The  term  it  much  ofed  i»  geometry,  nnd  other  part* 

of  the  mathematics;  whcr<»  after  demonftr^tJnj:  n  j  :<>- 
pofition,  it  is  ufcd  to  point  out  how  it  might  I  c  tiur.c 
lonu- otliL-i  ;  01  to  give  foroe  ad\if<:  cir  prtcn:;  ic  n, 
in  order  to  prc-.^tii  [iiillaket;  ortoEdJ  loriii.-  p^riivuJar 
ufe  or  g^piiLi'ion  of  it. 

Wolitui.  h..si  given  abundr.rice  of  curious  end  ufcfuL 
arts  and  mcthi>df»Bnd  a  goo<l  pa-i  of  the  modetB  philo« 
f<iphy,  with  the  dcfcripiioa  of  mathematical  inftnitncnta, 
&c  ;  all  by  way  <>f  Scholia  to  the  leffwAive  ftOpofitiont 
in  hia  Ehjioeiita  Mathefcoa. 

SCHONER  (John),  a  noted  German  plittofo. 

phcr  and  matlumiticinn,  was  hnn  rt  C.iroA  lhili  in 
the  year  1477,  and  <;iiJ  ir;  ij47,  at  70  ycais  tjf 
a,;e.  —  H  5  tatly  proptntit)  to  it:o;e  (cientcs  may  be 
deemed  a  Jull  ^ro^n^Hicaliuo  of  the  great  prozrcii 

luidi 
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•  liich  he  afierwirJt  made  in  them.  So  thai  from  his 
uncommon  acqiiirr mciit»,  he  w.ij  chofcn  matliematical 

{tofcilbr  at  NurtMilr.irg  wlicn  lie  waa  but  a  young  man. 
It  wrote  a  great  mar.j-  wn-.ks,  anc!  «-a»  partltiibiiy 
£utwia«forhi«  afimr.om'cnl  t.>!>ks  whidi  he  p«bli{hcd 
after  the  nunncr  of  tljufc  •if  Rtg:iorooiituiu»  and  to 
which  he  gave  the  tiiie  o(  JitfJut.f,  on  accoirot  of  their 
clearnefii.    But  nutn'Sthdamjtn;;  liis  great  knmHcd^c, 
lie  wai,  after  the  f.ifliion  cf  the  f'mcs,  murh  aAd'fud 
tL-  jLKjicial  r.flrolii^Vi  wl;icli  he  took  prc.Tt  pain*  to  im- 
fKivc.    Till-  lifi.  <it  h'::  v,T"tiri;;s  iscliii-!ly  a«  foHoWl  t 
,    1.  Thic-  Iinnks  of  J'lJiciiil  Aflr<ilof;y. 
2.  The  AUronomi.-.iIT  'il.'j  nnmci!  Rrlchtt. 
^.  De  Ufu  GUi  SielSj'ri}  Dr  ComMiime  Ghli 
MjTiii  Dr  Vyk  CU!  Trrnfirht  tt  de  Cmf^hne 
tj'j!,m. 

4.  JEi'unt'inttm  AJlnnviiitmm* 

Liirllu!  tL-  IMMtiit  Ltetmm  ftr  Itffinmeiawm  tt 
Kumcrci  fnTr/l'gmtmt, 

6>  Dc  Comp^ilki:(  Til  '^t:--:';, 

7.  /n  Cci;/Ir-fu!o«!in  n  Ufum  HtSaufnB  Jiv€  Radii 
*jtj}rxrrrvci  /1nn',Uittanti, 

8.  Hurarii  Cj/indri  Canoaei. 

91  fbnifp^ii"'',  /'/  MtUirifet/mnih 

10,  Orf(anttm  Unn.Uum, 

11.  Ii^mmet.lum  JmfrfTimtnlvntm  Lm»» 
All  nritttiti  at  Niirembur(r,  infoli(s  IfSi. 

'  Of  tliefe,  tlie  brj^e  treatife  of  dialling  rendered  ht« 
rr.iiic  kraiwii  III  ti  c  Ir.trned  world  than  nl!  his  dtlur 
vi'oiks  brfiuisi  in  wLicii  he  difcover*  a  iurpriiii  j^- t.ius 
and  fund  of  l<;anii«g  of  that  kind. 

SCHOOL,  a  place  %vlierc  the  languages,  humanities, 
•rvts  smd  ftience*,  Sec,  arc  taught. 

School  is  alfo  iifed  for  a  whole  faculty,  univeriitf* 
or  fcfi  ;  as  11.ito'«  fchool,  the  fchool  of  Epicurus,  the 
fchcul  of  Purir,  &  c. — The  fchool  of  Tibcria*  wai  famom 
among  the  ancient  Jews  ;  tad  it  i*  to  thil  we  owe  the 
Maflnra,  and  Maflbreti-s. 

Sen 001.  P}<i!r,f„fl'y,  tec.  thchmc  v.'h\\  file f-.^if. 

KCl AGRAl'IiV,  or  ScioGR AFHY,  th<.  ;i;  lillc  or 
vertical  fecliun  of  a  building;  ufcd  to  (hew  the  inCiie 
of  it. 

fici AcnAPiiv,  in  Adronomy  &c,  is  a  term  ufed  bf 
jbme  authors  fur  the  art  of  findir.g  tV  hour  of  the  daf 
or  tii^hi«  hj  the  ihadow  of  the  mooof  lUn^  ttc 
See  DiAt.. 

SCIENCEi  a  dear  and  ceilain  kno:)r}edp;e  of  any 
thing;  fminded  on  demonftration,  cr  on  (elf  evident 
piinciplts.  —  111  (hi«  fcr.fe,  dovliin^  is  oj^pofcd  tolcience; 
iinJ  cpinitn  is  the  middle  between  the  two. 

.*iciEvcr  is  more  particularly  ufcd  for  afortn'j  I  iVilcn 
of  any  branch  of  knowledge,  comprehending  the  riac- 
trine,  rcafon,  :  n  l  (htory  of  the  thing,  without  any 
iatmediatc  spplicatton  of  it  to  any  ufca  or  oflkci  o£  life. 
And  in  thi*  fisnfcy  the  wrd  ia  ufed  in  i^ipolitioii  to 

Scietxce  may  he  divided  tntothefe  ihrre  fortt  t  Firft, 

the  knovvltdge  of  things,  thLircoiiilitutions,  pniperticj, 
am'i  opeiations,  whether  material  or  immaterial.  And 
this,  in  a  little  more  enlarged  fcnfe  of  the  word,  may 
he  calif  d  plivfica,  or  natural  philofophy.  Secondly,  the 
ikill  of  rigl  tly  applying  our  own  power*  and  adtfous 
tur  the  sttaiiiqieot  uf  gcNid  and  ulefiil  thingti,  as  EiitUu 
Thirdly:,  liar  dodUiae  of  figni  i  atwotd^  logic,  &c* 


SI    ]  SCO 

SCIEN'nFlC,  or  SciEMTiviCAL,  fomethiog  re. 
Utin^  to  t!ic  purr  orid  fubIia»rfi!tCBCC«i  Of  thataifaoiiadt 

in  faencc,  01  knowledge. 

A  work,  or  method,  itc,  is  fald  to  be  fcientifical, 
when  it  is  founded  on  the  pure  rcafon  of  thinga.  or 
condu£lcd  wholly  on  the  priaciplet  of  then.  Ia  winch 
fciifc  the  word  ftands  oppofcd  to  narrattvet  tthttfarj* 
optiiimiativr,  pofilive,  tentative,  &c. 

SL'lOPTiC,  or  ScrtiF  rm.  Ea:',  a  fpLcrc  O'  ^'Tu'ic 
of  wood,  wilh  a  circular  hoJc  or  petioiiiUon,  wlirre  a 
lens  is  placed.  It  is  fo  fitted  that,  like  the  eye  of  an 
anim.il,  it  may  be  turitcd  round  every  way.  to  be  uTcd 
in  mtiking  expcrimcntf  of  the  darkened  room. 

SCIOPTRICS.    See  Camera  Op.rt.PA.  - 

SaOTHEKlCUM  TcLfccfwm,  horizontal 
dial^  adapted  with  a  tckfcopc  for  cbfcrving  the  tme 
time  both  bv  day  and  night,  to  regulate  and  adjuft  pen- 
dolum  clocks,  w,i(chcs,  and  cfhir  time  keepers.  It 
was  invented  by  Mr.  Molyrteux,  who  piiWiftitd  a 
hool;  with  (his  tiJe,  which  contains  an  ani;.ite  de- 
fcriptiun  4jf  this  ii.llnicirnr,  with  all  its  ufi.>  and  ap- 
plications. 

SCLEROTICA*  oncof  the  common  memhrancsof 
the  eye,  oa  ka  hfatderptrt.  It  is  a  large,  thick,  firm, 
hard,  opaque  raeaJtraae,  extended  from  the  caiernal 
ciraAfereuce  of  the  cornca  to  the  optic  nerve,  aal 
form  tmfdi  the  grener  part  of  the  eztcroal  globe  of  the 
eve.  ThrSdemtieaand  the  cornea  eon>  nofe  the  cafe 
in  v.liic'i  .-11  t'.ciatefoalcQattoftbecj-eaadSttbnoioun 

r;i  I-  cirit  .iiiic-d. 

SC<3NCES,  fmall  forts,  b.ilt  fur  the  defence  of 
ftune  pais,  river,  or  other  place.  Some  Sconces  are 
made  regular,  of  four,  five,  or  fix  baftioiW}  othcnare 
of  fmaUcr  dimeiilions,  fit  for  paiFci,  or  rifcrs;  and  othera 
for  the  field. 

SCORE,  in  Miific,  denotes  partition^  or  the  original  * 
Araoglit  of  the  whole  compoliuon,  in  which  thefevemt 

Sana,  via  the  treble,  fecond  tnUe,  Eaf^  &C.  are 
ifltndly  fcored,  and  atarked. 
SCORPIO,  the  Sc.rpion,  the  8th  fign  of  the  zodiac, 
denoted  by  the  cliaraitcr  n\ ,  being  a  rude  dcOgn  of 
the  animal  of  that  name. 

The  Greeks,  who  would  be  fuppofed  the  inventors  of 
aftroDomy,  and  who  have,  tmib  thai  tntCdt,  fathered 
bme  flor^  or  otiier  of  their  own  opon  evciy  one  of  the 
eonltdiattonr, jAn  a  very  lingular  account  of  theon^a 
of  thi*  one.  They  tell  us  that  t  hit  it  the  creature  which 
kUled  Orion.  The  ftory  goes,  that  the  famotts  hunter 
of  t'  lt  iiait  f  ! 'i  .did  to  l)''.ina  and  Latona,  that  he 
wot;j,l  ucllrjy  m i y  a;.i!4j.il  that  was  upon  the  earthy 
thj  ca^th,  they  fay,  enraged  .nt  this,  ftnt  foith  the 
poifonous  reptile  the  Scorpion,  which  infignificant 
cri-ature  ftiing  him,  that  he  died.  Jupiter,  they  fay, 
laifed  the  Scorpion  fo  the  ]uavvn«,  giving  him  this  place 
among  the  conllcllatio:i  ;  tulI  '.h.it  afterwards  Diana 
requcRcd  of  him  to  do  tlie  iame  honour  to  Orion,  which 
heat  laft  confcntcd  to,  hot  jplaccd  hrm  h  foeh  a  fituatioo, 
that  when  the  Scorpion  riles,  he  fcis. 

But  the  Egyptians,  or  whatever  early  nation  it  was 
tint  fr.in-.t  d  iTn-  •,  .  il  '.ir,  probably  placid  this  po'fonous 
repfik  in  tlMt  i  :iit  I  I  heavens  tu  denote  thjt  when 
thv  fun  .uTivfii  IT,  ft  v:!4  and  fickncfit-f,  the  maladii* 
of  autumn,  would  be^in  to  tagc.  'i'hivthcy  reprefented 
aa  aniinal  wbdi:  vSa^  ww  of  power  to  occalion  fome 


SCR 


[    A^-t  1 


SCR 


of  them ;  and  it  wn  llius  tliey  formed  ill!  the  conilcl- 
Liiiuas. 

The  ancients  allowed  one  of  tlic  tMcKc  principal 
among  ihcir  deities  to  be  the  guardian  for  each  of  the 
I  a  ligna  of  the  xodiac.  The  Scorpion,  as  their  hiilory 
of  it  aiade  it  a  fierce  ^pd  fttat  miiiHil  tliat  bad  killed  the 
great  Orioi»«  611  naturalljr  to  the  prote^jon  of  ibe  egd 
of  warj  Man  {»  iherefere  k«  twtclary  d.  ity  ;  and  to 
thU  fingle  circumltuiKV o  a;ii;;  .ill  that  jai^on  of  the 
aftrologCTs,  *vho  tell  lis  ;lijt  llicrr  is  a  g'cat  analog 
hctvvccii  llie  planet  Nfji--.  utid  tlic  coi)lte!l.ition  Scirpio. 
Til  this  alio  i:i  ouivij  th.  (loAtin:  of  tlic  alcl>ymi.is, 
that  iron,  wliicli  tluy  eal!  .M>ir;,  ii  Minifr  the  dn- 
r.iii'.ioii  of  the  fame  eu;:llt.iLaLion,  uud  tti<kt  the  cranfmu- 
tjt.uii  of  that  metal  into  gold  can  only  be  periwiaed 
when  the  fun  i:s  in  tl;is  li^n. 

Tht  Aars  in  Scorpio,  in  Ptolomy's  catalogue,  are 
941  in  that  of  Tjrcbo  10*  in  il  .it  <if  Uefeliiu  20^  but 
in  that  of  FhumflMd  aad  Shai  ^1  ^  4  ■ 

ScoKi'ios  is  alfu  the  name  of  an  ancient  nilttaiy 
engine,  ii'.cil  thicRy  in  the  defcnt  c  of  walla,  &c. 

AJarccil.niis  (Icftribcs  the  Scorpion,      conll.lidj;  of 


two  beami  Lcniiid  together  by  ropei. 


Tixmi  the  UiiiiJlc 

the  t«t>,  lo't-  tliiri!  liL'jiii,  lo  i!i:j)uliJ,  :;i  (m  be 
pulled  up  iMid  down  at  picafure  ;  and  on  tlieiup  of 
this  were  fiidcned  iton  books,  where  a  flin^  n-as  hung, 
f  itlicr  of  iron  or  hemp  ;  and  under  the  third  beam  lay  a 
piece  of  hair<c]oth  lull  of  chaff,  tied  with  curd?.  It 
hail  ita  naaae  Scorpioi  bccaufe  »hcn  the  lung  bean 
or  tiDar  waa  ctcde^  it  bad  a  fltarp  top  in  manner  of  a 
Hiag. 

To  ufe  the  engine,  a  round  Hone  wat  put  Into  the 
niii^f,  aii;i  four  ]u  i  ftj.is  on  rjch  fide,  loofcning  the  beams 
bound  by  the  rupis,  drew  hack  the  ered^  beain  to  the 
liook  }  then  the  engineer,  {landing  on  m  tnimtiice, 
gave  a  iirokc  with  a  hammer  on  the  chord  to  which  the 
beam  was  fallcncd  with  its  h.iok,  vrhich  fet  it  at  liberty ; 
fo  that  hittin<;  a);ainft  the  i'uft  hair-cloth,  it  llruck  out 
the  tlone  with  a  great  force. 

SCOTIA,  ia  Architc&urrt  a  femicircuhr  cavity  or 
dnnncl  between  the  toreti  ntbebafaofcohimnai  and 
{onctHBa  oader  the  bnnicr  or  dnp^  ia  the  corniee  of 
the  Doric  order.  The  aporkmen  often  cnO  it  the  Caft- 
ment,  and  itaaUbotherwifecalkd  the  Trochilns. 

8CRIi\V,  or  ScKUS,  one  of  the  fix  mechanical 
powers;  chiefly  u^cd  in  preffiiig  or  fqiier/.ing  bodica 
clofc,  though  lometimci  alfo  in  railing  weights. 

The  Screw  i*  a  fpiral  thread  or  groove  cut  rnnnd  a 
cyhndcr,  and  everywhere  making  the  fair.c  angle  witii 
the  length  of  it.  So  that,  if  the  liirface  of  the  cylinder* 
with  thia  fpiral  thread  upon  it,  wcre.uufoUled  and 
flrctcbed  into  a  plane,  the  ijpiral  thread  would  fornt  a 
ftr^rbt  indncd  jpluc»  adiou  length  would  be  to  ita 
hc^btt  ■•  the  oreunrerenoe  of  the  cylinder  it  to  the 
diltance between  two  threads  of  the  Screw;  at  iscvidant 
by  confidering,  that  in  making  one  round,  the  fpiral 
rifcs  along  the  cyliadcT  the  dinnee  betweea  the  two 

threads. 

Hence  the  threads  of  a  Screw  may  be  traced  upon 
the  fmooth  furfaee  of  a  cylinder  thiu  :  Cut  a  fhcct  of 
paper  into  the  form  of  a  right-angled  triangle,  having 
Ita  bafc  to  its  height  in  the  above  proportion,  viz,  at 
the  circumference  of  the  cylinder  of^tlie  Screw  is  to  the 
iateadedMiibace  betweea  two  thicadt}  thca  wiap  thii 


paper  triangle  about  the  cylinder,  and  the  hypothenofc 
of  it  will  trace  out  the  line  of  the  rj)iTal  thread. 

When  the  fpiral  thread  is  upon  the  outiidc  of  a  cylin- 
der, the  Screw  it  faid  to  be  a  malt  one.  But  if  tlie 
thread  be  cut  alongthe  inner  fnrface  of  a  hoUowc^lindei*, 
or  a  round  perforation,  it  ia  faid  to  be  frmA,  And 
this  latter  \i  alf  >  fomL-tlmes  called  theiftx-  or  nut, 

Wlicii  nioiioii  il  lu  be  given  to  fomething,  the  male 
and  female  iicrew  sic  net'ctTarily  conjoined  ;  thjt  i«, 
whenever  the  I'crew  in  to  ;)eufcd  a»  a  i\\:\\X<:  tngme,  or 
mechanical  power,  livt  when  jr  !in.d  with  an  axi<  in 
peritrochio,  there  is  no  occafion  for  a  fefirale ;  but  ia 
that  cafe  k  beeomct  part  of  a  co.iipound  engine. 

Thciicfew cannot  properlybe  called  a  fimplemachine, 
bccanle  it  it  ne^er  ufed  without  the  appiicatwa  of  a 
Iner,  or  wiDch»  to  affiH  ia  tuning  iu 

OfthtFtrttmdPtmrtfihaScnm. 

I.  The  force  of  a  power  applied  to  torn  a  Screw 
round,  ia  to  the  force  with  which  il  preOcs  iipwarrl?  or 
downward!,  fetting  afide  the  fri^Uon,  as  the  diibn^  c 
between  two  tbrcadt  it  tetheciicum&ie&ce  whert  the 

power  is  applied. 

For,  the  Screw  being  only  an  incUned  pfaae*  or  half 

wed-'e,  whofe  height  it  the  diftance  between  iwothreaids, 
and?te  bafe  the  faid  circumfercrci  ;  nnd  the  fiar  in 
the  hoi-izontaldircAion  l>cin;c  t'l  th.T.  ititfie  veitlcal  one 
as  the  lines  perpendicular  to  ihcm,  v:?,  as  the  height 
of  the  plane,  or  diftance  of  the  two  threads,  i<i  to  the 
bafe  otthe  plane,  or  circumfi-rence  at  the  place  where 
the  power  M  applied  j  tlicrefore  the  power  it  to  the 
prefltiie,  as  the  dmnae  of  two  thica^  it  to  that  cir> 


t.  Hence,  when  the  Serew  it  out  in  mouon  \  then 
the  power  it  to  the  weight  whicn  would  keep  it  ia 
equdlbrio,  as  the  TiJocUy  of  the  latter  is  to  that  of  the 

hiimer.  And  hence  their  two  momenta  are  equal,, 
wliich  arc  produced  by  multiplying  each  weight  or 
power  by  its  c.vn  velocity.  TWO  diflistot  fanoa  of 
Screw  prdfeii,  are  at  below. 


3  Ilcncc  we  can  csfily  compute' tlie  force  of  aaf 
machine  tumet  1  by  a  Screw.  I^t  the  annexed  figure 
reprefcnt  a  prt  f^  driven  by  a  Screw,  whofc  threads  arc 
each  a  quarter  of  an  iuch  afundcr  ;  and  let  the  Screw 
be  turned  by  a  handle  of  4  feet  lotij;  f  m  C  to  D  ;  then 
if  the  utiinl  fttcc  of  a  man,  by  which  be  can  lift,  or 
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'p«fl,  wdr«u',.b<r  i  jo  ptMOili |  aa4  it  be  tc^oiTcd  to 
determiiie  with  wliac  taiae  tke  8cK«r  will  picu  m  the 
bpwd,  .wbca  the  mra  Daw  the  lindlr  at  C  iBd  D  with 
bit  vbolC'rom.  Thcdamcter  CD  of  the  power  being 
4  feet,*  or  48  icches  iti  drcvoifiTence  it  48  X  3*1416 
or  I  neailjr ;  aiid  the  diftancc  of  the  thread*  being 
i  of  ;u!  incli  ;  tin  rt  lore  llic  power  it  to  the  ptrfTure,  as 
i  10  I  •;o+  oi  as  I  to  635  i-  :  but  the  power  is  equal  t  j 
J  jolt  ;  tlKiifGri:  as  1  :  6o;[  :  :  1  ;o  :  90,480;  and 
oonfrqiicMly  the  preH'urc  at  the  boitooi  of  the  Scirw, 
ia«q«u  to  •  w()|(ut  of  90,483  paoadib  indepcatet  of 
fridion. 

But  the  power  hat  to  onrcome,  not  onljr  the  «reifbt» 
or  other  reftAaace,^  but  alfo  the  fridioa  of  the  Sckir; 
which  in  thfa  machine  »  very  great,  in  fomc  cafcaoqiHi 

to  the  weight  itklf,  fince  it  ia  fometimea  fufficieat  to 

fuflain  the  wciglit,  when  the  power  is  taken  off. 

Mt.  Hi!v.;fr  lias  (kfcniicd  a  new  iiiilliuJ  of  applyi'r;^ 
tlic  Si-K  '.v  v.  itU  .'j^-.  Jilt,  tjtr  .ti  particular  calc»,  in  llie 
Pi'iilof  71.  -Ji.  yii  Mc. 

7 if  E "'■■'/>  5i,k:v,  or  Pirf>eJmal  Scutw,  it  one 
wliich  worlisin,  am!  ii;-i.s,  aJtiucd  wheelDl",  without 
a  conc.iv.- or  female  Scicwj  being  fii  called  bcca-.'fc  't 
nsy  be  turned  for  ereri  without  cooiing  to  an  end. 
Fron  the  following  fdiemai  it  it  cridcntf  thot  while 
4he  Screw  tuna  once  roind,.  the  ndicd  odf  adiUMtt 
lbe4iAaace  of  coe  toollu 


T.  If  the  power  applied  to  the  Icrcr,  or  han.i.'f ,  of 
an  endlefn  Scrtw  AB,  He  to  the  weigtii,  n.  n 
compounded  of  tlvc  periphery  of  the  axi*  of  the  wheel 
EH,  to  the  periphery  defcribed  by  the  power  in  tuminj 
the  handk,  and  of  tne  rcvohitiona  of  the  wheel  DF  to 
the  rcnlutions  of  the  Scmr  CB»  the  power  ^Mtohoce 
thewcTi^t.  Hcnoe^ 

a.  At  the  nwcion  of  tbe  wiwit  b-  voy  flow,  a  faal 
power  mar  raife  a  very  great  weighty  by  means  of  an 
endlef«  Screw.  And  therefore  the  diief  ufc  of  fuch  a 
Screw  i  ,  either  where  a  great  wciglit  ii  to  be  raifed 
through  a  little  fpacc ;  or  where  only^  a_  flow  gentle 
inotion  is  wanted.  For  wUch  ItaCoa  it  itfOJ  uftfal 
in  clock*  and  watches. 

«.  Htvini^  given  the  number  of  teeth,  the  diftance 
of  the  power  from  iIk  centre  of  the  Screw  B,  the  radius 
of  the  axis  I)E,  and  the  power ;  to  find  the  weight  it 
win  foiCr.  Multiply  the  ditance  of  the  .power  from  the 
•entte  of  the  Semr  AB>  bytbemiiBMr  eftheteeth, 
Bod  theproduA  will  be  the  fpacc  paiTed  through  by  the 
power,  while  the  weight  pafTcs  through  a  fpace  equal 


the  axis  is  to  the  fpace  of  the  power  jufl  found,  lb  it 
ihc  power  to  n  4th  propurtiunal,  which  will  be  the 
weight  the  power  waUe  to  fufiain.  Thu»,  if  AB  = 
the  ndiiaof  the  asia  HE  =  1,  the  power  1 50  pounds, 
and  the  number  of  teeth  of  the  wheel  DF  48  ;  then  i!;e 
wi-i^lit  will  be  found  =  2i,fi;o  =  3  X  1 50  X  48. 
Vrhi.iiL'c  it  appears  tliat  the  cndlefs  Screw  eiccedt  iD 
othvT.  in  intrcaf.njj  the  fctct  v\  a  power. 

4.  A  machine  Icr  (liiwiiii;  tlie  power  of  the  Screw 
inajr  be  coiitrirrd  in  the  fnllon-ing  trnnacr.  l>rt  the 
wheel  C  (Ufl  liL'  )  harea  Screwn/on  itsax's,  woikin^ 
in  the  teeth  ut  i.ic  wheel  D,  which  fupftofe  to  be  4 
in  nurnbcr«  It  is  plain  that  for  every  revoluiiuu  uf  the 
wheel  C,  Md  Screw  oi^  by  the  winch  A,  the  wheel  D 
will  be  moved  one  tooth  hf  the  Screw{  and  therefore 
in  4B  rerolutions  of  the  winch,  the  wheel  D  will  be 
turned  once  round.  Then  if  the  cimimfctcnce  of  a 
circle,  defcribed  bv  the  handle  of  the  winch,  be  eqnal 
to  the  ciicutiiterrT.ct  of  a  gro<i\fC  t  round  the  wheel  D, 
the  Tihx-ity  (if  the  hani'.le  u  i-I  be  4?  tinier  as  great  aa 
the  veloriry  o(  niiy  p'en  pn:ut  in  the  ^^wjvc.  Confe* 
qiiently  when  a  liiu  G  g"cs  rount!  tfir  groove  e,  and 
has  a  weight  nf  48.b  bung  to  it  bciow  tilc  |i«diflal  BF« 
a  power  equal  to  one  poand>at  the  hudk  will  ba!Mce 
and  fupport  the  wtight. 

jtiiAmuk*'$  Scasw,  i»8  fpinl  pomp,  beiqgama' 
elmic  fipr  niflsg  wotcr,  Ml  iaacatcd  by  Afchimedea. 

Its  ftmfture  and  ufe  will  be  nndanood  by  the  fol* 
lowinj^  drfeription  of  it. 

AliCD  (.11.  xxiii,  fig.  6)  is  a  wheel,  wViicli  is  turned 
toiinj,  jccorcin^  to  the  ordtr  of  ihotc  letters,  by  the 
fail  of  waUT  I  ]•',  v.hich  i.ted  not  be  more  than  5  feit. 
The  axis  Cr  of  the  wheel  is  r.lifcd  fo  a$  to  make  an  .nnglc 
of  about  44"  with  the  bori/.on  ;  and  on  the  tup  of  that 
axle  is  a  wheel  H,  which  turns  fuch  another  wheel  I  of 
the  fiime  number  of  teeth  ;  the  axle  K  of  ihislaii  wheel 
being  parallel  to  the  axle  G  of  the  two  former  wheel*. 
The aue  Git  cut  into  a  double  threaded  S.rcw,  as 
io  the nncxcd  figure  (fig.  7),  endly  refeml  ling  iho 
Screw  oa  the  axis  of  the  fly  of  a  comtr.on  jack,  which 
mnft  be  what  is  called  a  right-handed  Screw,  if  the  firll 
wheel  turns  in  the  dirt  (''Jini  AHCD;  but  a  left-huiided 
^)crcw,  if  the  dream  loins  the  whicl  ;!it  contrir)-  wav'V 
and  the  .Screw  on  tlie  axle  G  m.iSi  he  c.il  '\:\  <i  c,f\\.\v.y\ 
way  to  that  cn  the  axle  K,  bcc.iufe  ihtfc  axles  tuni  in 
contrary  diredions..  Thcfc  Screws  miifl  be  covrred 
clofe  orer  with  boards,  like  thefc  of  a  cylindrical  cafl:  ; 
and  then  they  will  be  fpiral  tubc«.  Or  they  mar  be 
made  of  tubca  or  pipes  of  lead,  and  wrapt  round  the 
■ilet  ia  IhaUow  grooiKs  cut  in  it,  like  the  figure  IL 
The  lower  cod  of  tlie  axle  G  tunc  coadamhr  the 
ftream  that  turns  the  wheel,  and  the  lower  enda  of  the 
fpiral  t.iltv  ;  I  •  useti  into  the  water.  So  that,  as  the 
wheel  aiiui  a.ileii:  c  turned  round,  the  water  tifes  in  the 
fpiral  ttihe:,  and  runs  out  at  L  thro-agh  the  holes  M, 
Is',  as  they  conic  about  below  the  .ixle.  Tlufe  hoK.s, 
of  which  there  may  be  any  nu.niber,  t.-.  4  ur  6,  are  i:j 
a  broad  cluf:  ring  on  the  top  of  the  axle,  ii/.o  which 
ring  the  water  is  delivered  from  the  upper  open  ends  of 
the  3crew  tubes,  and  f.ilU  into  the  open  box  N.  The 
lower  end  of  the  axle  K  turns  on  a  gudgeon  in  the  water 
in  H  i  and  the  fpiral  tubea  ia  that  axk  takfc  upihe  water 
fion  If ,  and  delivar  it  into  aaothcr  Ihdi  bo*  twder 


totbeperieheiyofthc  aKwt.tfac»Af,aatlwiidiiM«f  tbe  top  of  K  t  eo  wbidttbeie  nay  be  fiichaBiM||||^ 
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wherl  m  If  to  tiin  a  tbitd  auk  hy  fueh  1  wlieei  upon 
It.   And  m  thw  manner  may  water  be  rtifed  to  m*f 

propoffd  hcijlj,  wht'ii  there  its  a  flrcam  fufficient  f&r 
fliat  purporc  to  ad  nn  the-  bmad  float  boanl«  oftbefirft 
w  licd.    An  hirrt«i'cs%  Screw,  on  ftdl  fimpkr  film  of 

it,  i-.  alfn  rspvefcntcd  in  r'l^.  9. 

SCROLLS,  or  -S<  RuwLs,  or  Ftiaa»  1  tcfitt  in 

Artliirn'^uvc.    .Sec  V'oi  vrts. 
.SJIU'K.  SccScR>w. 

SCRUPLE,  the  Uaft  of  the  weigbu  ufod  bf  the 
•ftciiiatt*  Amenit  tbe  Kamva  it  wn  the  a4tb  ptrt  of 
%">  ounce,  or  tbe  thlnl  part  or»  draidun. 

ScRVPLi  it  (till  a  fmnll  weiffht  anu  uir  u<,  equal  to 
20  i^rains,  or  the  3d  part  oT  a  dracbai.  Ammg  gold* 
fmnlis  the  rcniple  is  24  f^r.iins. 

ScRUPLF,  in  Chroiiolojuy,  a  fmnll  ponion  of  ti-ne 
much  ufcd  by  the  Clia! Jeans,  Jews,  Ar.ib?,  ami  oti"jr 
eaftcrn  people,  in  computations  of  time.  It  tlic 
1080th  part  of  aji  huur,  and  bj  tbe  Hebttwa  called 
htinkiu. 

S»VFi.Ks,  in  Allronoiiij>  At 

SctoPLEs  Erlppd,  denote  that  part  of  tlie  moon\i 

tliamricr  which  enters  the  fliadow,  exprefTtd  in  the  fame 
mc.ifiHi-  ill  which  the  apparent  diameter  of  the  moon  it 
cxprelTi'd     See  Digit. 

Sen  ui  I  rs  of  Hitif  D^ru'.fin,  ,in  arch  of  the  moon's 
orliit,  wliich  the  moon's  centre  dcfc:ibc4  froHl  the  bt* 
ginuin?;  of  aii  eelipfe  to  it*  middle. 

ScHUPtKs  of  Immrrfiant  Vt  Iiti'lcr:.',  an  arch  of  the 
noon's  orbitf  which  ber  centie  dcfcribea  firona  the  be- 
ginning of  the  vdipfe,  to  tbe  time  when  the  centre  falla 
into  the  fliadow.    See  Immcksioit. 

ScRVPLii  of  Emirfien,  an  arch  of  the  mooti's  orbit, 
whicli  her  centre  defcr'N.  -;  i:i  the  time  from  the  firll 
circi  tion  of  the  tnooti'j  li(t:b,  to  the  end  of  the  eelipfe. 

SCVTAL.^,  in  Mechanics,  a  tcim  which  fome 
writcr«  iife  for  a  kind  of  radiuv  or  fpuke»  flanding  out 
from  thcaiciaofa  nn.ichiiie,  aai  lefer  orhandk,  tottfta 
it  round,  and  work  it  by. 

SEA,  Ml  Geqgr»pfar,  ff  cuuLiulr  *jfcd  for  that  «(l 
trad  of  water  encoBpaffing  the  whole  earth,  more 
properly  called  oce3n.  But 

Sea  is  more  propcrlv  ufcd  for  a  particular  part  or 
divifion  of  the  ocean,  ejenomlnatcd  from"  the  coiinrriei 
it  w.ifhcs,  or  f;>-im  otl-.:i  I'irriini !l;i:iu'.<.  Thl'.»  we  fay, 
t;,c  Iiiih  fL-.i,  the  McdilLrraneau  fta,  the  Baltic  fea, 
tiio  Rtii  ft  a,  &c. 

Sea  among  failors  is  \-ariou(ly  applied,  to  a  I -^lIc 
wave,  or  |o  the  agitation  produced  by  a  multif.itic  of 
Waves  tn  a  tempeft,  or  to  their  particular  progrcia  and 
dire&ion*  Tims  they  f^y,  a  heaTv  fea  broke  ovrreur 
quarter,  or  we  fliipped  a  bcavjr  le«}  there  it  a  sink 
fea  in  the  offing ;  the  fca  felt  to  the  fonthwaril.  ffence 
a  (hip  is  faid  to  head  the  fca,  when  l;<.r  enurf^  i?  'ipp  ufcd 
tw  the  fetting  or  direction  of  the  lurgta.  A  h'^ug  Sts 
implies  a  ftcac^y  .ind  nniforrn  motion  of  long  and  ex- 
tenllve  waves.  On  the  contrary,  a  Short  Sta  is  when 
they  run  ir: i. ,^i.i.uly,  broken,  and  interrupted,  fo  at 
fre^ueuily  to  burft  ovct  a  vcncl's  fide  or  quarter. 

Proptrf:s  and  Afeflhni  of  tht  St  A,  ' 

I.  Gtgerai  Molian  of  the  Sta.  M.  DufTie  of  Pint, 
lAa  work  loog  Cnoe  publiibed,  haa  been  at  great  paiua 
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'ta  p»o«c  ttwt  the  Sea  hat  a  fcnenl  oeiloa,  fod^cadcvt 
of  windaand  tfcfe*,  and  of  moic  eonfeqtieaoe  tn  aa«t- 

gatinii  than  is  1  ki  itly  (v.-<po(e^.  He  .iffirmg  ihst  this 
motion  i«  from  c:,;;  to  wtiS,  ir.clinin;;  tow;ini  the  north 
w!icn  the  fuo  ii  m;  t!ic  north  fide  of  the  cqtur.ortiil, 
but  toward  the  fouth  whea  he  is  on  tbe  foutb  fide  of  it. 
rhilof.  Tranf.  No.  135. 

?.  J}''/i>n  or  lioftom  of  tte  Sea,  or  Fur  Jut  Marit,  a 
term  ufed  to  cxprcfs  the  bed  or  l>ottcim  of  the  fea  in 

Sneral.   Mr.  Bcwk  baa  publiflied  a  ticatilc  on  thit 
Mcft,  in  whidt  he  hat  gi«<a  an  aoemot  of  ita  inc- 
gubrities  and  various  depths  founded  0«  the  «bl»« 
tions  communicated  to  him  by  marinert. 

CV.:;i)i  NTir^i^;!:  ii.i  ,  fnce  his  time,  givei  a  much 
filtlir  nii:;L  ot'  if. is  pa;  t  of  tbe  ^lofc.  '1  he  mitcrj- 
ala  wl'iich  CLmpolL-  ;lic  LcUt'm'.  oi  '.tit  S  a.  m;!y  nvifoiv 
ably  be  iuppolc<l,  i:i  lome  drgrix-e,  to  itlllucnce  the  talic 
of  its  waters;  and  this  nii.h  )r  iias  made  many  experi- 
ments to  prove  that  foflU  cojI,  and  other  bttunuaoua 
fiibfUncet,  whkh  are  found  in  plenty  at  the  bottom  of 
tbe  Sea,  vaj  communicate  in  great  part  iu  bittcmcft 
to  it. 

It  is  a  genera]  nilc  among  failors,  and  is  found  to 
hold  t.-ue  in  many  inllancts.  that  the  more  tbe  fliorcs 
of  any  place  are  lUcp  rnd  t.'^-'n,  f'orrainir  p'.r(,ciii!.'::ular 
cliif*,  the  deeper  the  Sc.i  is  l>i-!>;wj  and  ihni  on  the 
contrary,  level  (bores  dt n.te  ili.illow  Seas.  Thus  tbe 
tict-peil  part  of  the  MediterrariL-jri  t«  ifer.ctally  allowc'l 
to  be  u^der  the  height  of  Malta.  A;; J  iLc  ulfervation 
of  tlic  ilrata  of  earth  and  other  foffils,  on  and  near  the 
ihofea,  may  Ime  to  form  a  good  judgment  as  to  the 
materialt  to  be  found  in  ita  bottom.  For  tbe  veiM  of 
fah  and  of  bitumen  doobtlefs  run  on  the  lame,  and  >a 
t"ii  r.ii.  ?i  Iff,  as  we  fee  them  at  land  ;  and  the  flrafa 
ol  it,t.k5  tl.ut  ferve  to  fupport  the  earth  of  hills  and 
elevated  places  on  (hore,  fervc  alfo,  in  tlie  (aire  conti- 
nued ch:iin,  to  fupport  the  iinmcnfc  quau(ity  of  water 
in  the  bafon  of  the  Sea. 

The  coral  iifhcrica  have  given  occafton  to  obferre 
that  theie  arc  many,  and  thofe  >ery  laryre  caverns  or 
hotlowa  in  the  bottom  of  the  Sea,  cfpeciidljr  where  it  it 
rocky  ;  and  that  tlie  like  ctvemi  are  Ibmetimet  found 
in  the  perpendiatlar  rocks  which  foi-m  the  H  ep  (i  'ei  of 
thofe  (ifiierics.  Thefc  caverns  are  often  of  1:1  rat  (It  ji-h, 

as  well  extent,  Tilifi  h.ive  fi>rii<:tin;<.i  u  ije  vr.r.vA'iZ, 
and  fow  ti:iK's  only  nni  row  t  ntnuucj  uilu  krgc  aiid'.pa- 

CU'U'i  I  (illr.ivs. 

Tiie  bottom  of  the  Sea  is  covered  with  a  variety  of 
matters,  fucb  as  could  not  be  imagined  by  any  but  thofe 
who  have  examined  into  it,  efpeciiilly  in  deep  water* 
where  the  tmhet  only  is  diftuibed  by  tides  and  ftonns 
tbe  lower  part,  and  confequentljr  ittbcd  «t  die  botloni« 
mnaiitinc;  for  aj;es  perhaps  undiSiirbed.  The  fiinnd* 
ini-j,  wiicti  tlie  pluiiiiuct  fii /I  torches  the  ground  ou 
aj-j;roaclj;nff  ilic  (liures,  give  fonic  idea  of  this.  1  he 
bottom  of  the  plummet  is  hollowed,  and  in  that  hollow 
there  is  plarcd  .1  lump  of  lidlow  ;  which  bcin^r  the  pArt 
thai  firft  touches  the  ground,  the  fofl  nattir:.'  of  t*.e  fat 
receives  into  it  fume  part  of  thofe  fi.bflnnces  which  it 
meets  with  at  the  boltcni :  t^is  niaiter,  thu^  bruu>rht 
Dp,  it  iiaiBetimetttt  e  iawt,  fomeumc*  a  ki:.d  of  fa  d 
iDiide  of  the  fragmeat  of  fliiUst  beaten  to  a  lot  t  of 
powder,  fomrtiam  it  ia  made  of  a  like  powder  of  the 
uvcral  lerta  of  corala,  and  fometimct  ft  it  compdint 

of 
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•f  fr^;iBent»  af  rocfct }  but  bcfid«  tliefc  appc:iranc«, 
W'liich  are  natural  enoiigli.  nnd  arc  vrhat  alight  well  be 
vxpcclc'I,  it  brings  up  fubflanccs  which  are  of  the 
nioR  bemttirnl  colotnu.    Mutficli  Hift.  Fhff.  k 

Mcr. 

Dr.  Di,i'i:i!f,  in  all  Itjli,  n  wiii'';,  coiilainii!  :^  nn  ciWj 
towatd»  a  natural  hillory  ot  the  Adriatic  8i.a,  printed 
at  Venice  in  i-'^o,  has  related  many  curious  obfcrva- 
tioos  on  this  fub|cd,  and  which  coitfirm  the  obfer>'a- 
ttona  of  Mailigli :  having  carefully  exanr.fntd  the  foil 
md  pivdudioiM  of  tbe  variou*  oonntrie*  that  furromd 
the  Adnatie  S^,aitd  cfwnparrd  them  xtkh.  thole  wbSck 
he  t<>r>k  up  frnnft  tlic  bottom  of  the  Sea,  lie  found  that 
there  is  vtiy  little  difference  between  the  former  and  the 
htter.  At  tlic  bottom  of  the  water  there  arc  n'.ouD- 
tains  plains,  vallits,  and  rr.vcrn',  (itnilar  to  rh  iK-  upon 
land.  The  foil  confi'U  of  JuTcrent  ilrata  pl.uid  Li  e 
ujxtn  anorher,  and  moillv  puralld  and  correlj'ondent 
to  thofe  of  the  rocks  inunds,  and  nrigbboun^  eoit- 
ttnent*.  They  contain  Aonea  gf  different  fort*»  taine 
rab,  aict«l«i,  varion*  piitrelicd  bodicSb  pumcc  ftoii«% 
ind  lana  fonncd  by  vokanna. 

One  of  the  tibjcA;  vihleh  moft  excited  IiTi  attention, 
was  ncrult,  whicli  he  il^-  v  ,  i  --  !  11:1  K  r  the  w  aici ,  cu::!- 
pofcd  of  cinflsreouf  -ml  ti  l!.ic:cus  l>i'i31i-:,  anJ  Iteds  of 
pi'Iypcs  ot  difT^rCiit  k:iu!^,  (.■uiirif!: Jly  hlt-nJcJ  witli 
earth,  fand,  arid  g'avcl  ;  tiie  dilTereiit  noariue  bixiics 
which  form  this cru ft,  are  found  at  the  depth  of  afoot 
«r  more,  eniirciv  petrified  and  reduced  into  marble; 
tliefe  he  fuppofcs  arc  naturally  placed  under  the  Sea 
when  it  coven  thetAf  and  not  by  meant  of  vttlcaDoa  and 
earthquake*,  ai  feme  have  conjedured.  On  thia  ie« 
COWlt  he  imagines  that  the  bottom  of  tjte  Sea  ia  Con< 
ftantly  riCng  l^g''"         hij'her,  with  which  other 

obvious  cau^ts  uf  ini  rc:i:L  Co:. 

of  thebott*im  iiT  tl.i:  t 
naturally  nTuhr. ;  i;i  pio.it  of 
a  great  number  of  facts. 

3.  I.uni'nouftjrfi  r,f  thr  SsA.  This  IS  a  phenomenon 
that  has  |ici.n  riotiitd  by  tr.a::y  ;iUUt.cuJ  ai;d  philofoplii- 
cal  wriura.  Mr«  Boyle  afBtibes  it  to  fome  ooiioical 
law  or  cuftom  of  tbe  terreftrial  globe,  or  at  kaft  of  tbe 
jhnetary  vortex. 

Father  Bountes,  ia  his  toyaRc  to  the  Indict,  in 


;  and  from  this 
at  i)f  its  level  or  I  j i  t. ice 
^■•I  kh  t!ii;  »-ritcr  rt(,:i;js 
Piliiiof.  Tiaaf.  voL  49^ 


afii^uiiij 


I'0:(,    tiJtlk    JlJltU'Ul  ir   tlDtlCC  <l)  llil 

very  minutely  Ucfcritjts  it,  vs  ituaui 
caufe. 

llie  Abbe  Noliet  was  long  of  opinion,  that  theliglit 
of  the  Sea  proceeded  from  elcdrieity;  and  others 
have  had  rccourfe  to  the  fame  principle,  and  ihcwa 
that  the  kininous  puints  in  the  faifiKC  of  tlic  Scs  are 
piodiiced  metclr  by  iitiAsoa, 

Theit  are  bowewer  two  other  hvpathelec.  which 
hare  more  generally  divided  between  them  the  foliition 
of  tin's  phenomenon  ;  the  one  of  thefc  afcribcs  it  to 
the  fhining  of  himino.i!.  infi  Ctsor  animalcules,  ar.d  the 
oiher  to  \hf-  light  procttdir,;;  tVum  the  putxefaction 
f  t  anirii  r.  l'i.;j;^jr;rc?.  Tbe  ALLi  Nullct,  who  at  firft 
conCdercd  this  luminouCnefs  as  ait  tlcdtrical  pt>eaome> 
non,  bating  had  an  opportunity  of  ubicrving  tlieeh'^ 
cumftancca  of  it,  when  he  was  at  Venice  in  1749,  re- 
linqailhed  hia  former  opinion,  and  concluded  that  it 
«raa  oceaiiawd  cither  Inr  Uic  luminoui  afpcd,  or  bf 


fnine  liquor  or  cffluWa  of  an  infcA  wbtch  be  patti* 

cularly  dercrtbcs,  tbough  he  does  not  aIto;;ether  ex- 
clude other  cauies,  aitd  trpeciaUy  the  fpawn  or  fry 
of  fiflt. 

The  fame  liypothef.s  h?d  alfo  occiirrofl  to  M,  Via* 
nelli  :  and  both  he  and  Gn'/cilini,  u  [  ip  iieian  in  V'e- 
nic»,  have  given  diawings  of  the  iolcits  from  whicti 
ihcy  imagined  thi^^  light  to  proceed. 

A  limiisr  conjeflure  is  propofed  by  a  comfpoodcnt 
of  Dr.  Fhti^klia,  in  a  letter  read  at  the  Rofal  Societr 
in  J7{b ;  tbe  is-riter  of  which  apprelicnds,  that  thfs 
appearance  may  be  caufcd  by  a  great  number  of 
little  animils,  floating  on  ilie  fui-ficc  of  t!ic  Sea.  And 
Mr.  Forftor,  in  hia  account  of  a  voya;je  lound  the 
vvcirid  wtih  captain  Cook,  in  the  years  1772,  3,  4, 
an  J  ^,  dcfcribcs  this  phcnomenr-n  .11  a  kind  of  b!j/e  of 
till?  Sea;  and,  having  aitcntivtly  cuamintd  fo-r.c  ufihft 
Ibining  water,  expreires  his  cunvittiiun  tliat  the  appear* 
ancc  WMOCcaiGwncd  by  innimierable  minute  aiiimau  of 
taine-  «  roand  Aipe,  moving  through  the  water  in  all  direc* 
ttons,  which  ihow fepantely  as  fo  many  lamiiHitn fparkt 
wlk  n  Trrkcn  Up  on  the  hand:  he  imagine*  that  ibcf« 
Tm  :i:  ;;e;  itinotit  Tuminotn  fpeclu  may  be  the  young  fry 
of  ccr'.iin  fpci  iti  i>f  fomc  mcdufx,  or  blubber.  And 
M.  PL:i;(.U,t  and  M.  Ri^^jud  obferved  fcveral  timc!t,ai:d 
in  t'jriLrtriit  pLii'.s  uf  (i;-ca:i,  fucli  luminous  appear- 
aiicca  by  vjII  nirifT^:*  of  GiHcrcin  animalcules  •  and  a  fc\f 
days  after  i!ie  P'.u  \>  ,is  rovLiccl,  near  the  coafts,  with 
whole  banks  of  foudl  filb  in  innumerable  multittidef* 
which  they  fttppofcd  had  proceeded  from  the  lUaiag 
inimaknhn. 

£ut  M.  le  Roi,  after  {^ivlng^  much  attentioii  to  tbic 

8 henomcnon,  concludes  that  itianol  oecafioncd  by  a^y 
lining  infcC^s,  cfpeciully  ?  after  tarcfully  ctatniiiing 
with  a  microffope  fonic  tif  ".Ix-  Iiii-i':r  n ,  ji  i-uts,  he 
found  them  to  imve  rio  appcui-ntc  ut  ar.  aiaiiiiil  ;  and 
he  alfo  found  that  the  mixture  of  a  !itt!e  fpirit  of  wine 
with  water  jull  drawn  from  the  Son,  would  give  the 
appearance  of  a  ^reat  number  of  little  fpnrks,  which 
would  continue  vifiblc  longer  than  thofe  fn  I'le  occnn  t 
the  fame  clR:cl  was  produced  by  alt  t!ic  ac;  ar.d  v.ifi* 
ou«  other  li^or$.  Ic  Roi  ia  far  from  averting  that 
tbei«are  no  lamfnoua  thfefts  hi  tbe  Sea:  for  he  aNow* 
th.tt  fcveral  gentlemen  have  foirad  them  ;  but  lie  is  fat  if* 
ficd  th.it  the  >Sca  is  luminous  chiefly  on  fome  other  ac- 
count, ihou.!/;<  I.v  J>.L-s  iKit  fo  much  as  offer  a coiijs dure 
wiih  refpect  to  iLc  Uiivi\iufe. 

Other  authors,  equally  difilfislied  with  the  hypnthcf « 


III  id 


of  I'iminoiis  infeft",  for  explainiiij;'  tlio  pJungnctioa 
which  is  the  fubjccl  of  ili's  nrtlclt,  hriNi'  afcriixd  ii  ti> 
,fome  f  ibffanccof  the  pln)fphoric  kind,  ariri:  <T  fioni 
p«tr(  faiflion.    The  obfcrvritinns  <)f  F.  15our7'  ;,  shore 

irtcTrcd  to,  render  k  vtTv  probable,  that  the  lumitiouf- 
nefa  of  t!ie  8ca  arifes  hvm  (limy  and  other  pntrtfcent 

nMllcr,  with  which  it  .ibound?,  t!'.rii;^di  he  dnra  not 
mention  the  tcr'^tncy  to  p:it.'cf,!^t)on,  as  a  cii"cum» 
ftince  of  any  con'equcncc  to  the  cippcirancc.  I?(it  tlie 
eTtperimrnl*  of  Mr.  Cjintun,  which  hnve  the  adrtnt.i-e 
ot  he'll';  t:il;!v  111:  ii-.  In  in  \-i  Iciwc  no  roniTi  to  doii'.it 
that  the  luminoiitncil  of  the  Sea  is  ciiiefiy  o«  int^  to 
putfefeftion.  And  his  cspcritr.tnts  eoniirm  an  ul>fir. 
vation  of  Sir  John  Pringlt's,  that  the  cuaotity  of  fait 
contained  in  Sea  water  haflins  piitreraatOBi  botfinte 
th^t  pr'  cile  quantity  of  laU  which  promgtea 
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faAimi  the mofti  !•  l^f*  ilm'^  th»i  which  is  found  in 
8ca>iraur,  it  is  pcubaUr,  Mr.  Cantoo  obf<?rrc«,  that 
if  th«  8n  wiiTe  kr>  fait,  it  tixMild  be  more  itiminooj. 
See  Phitof.  Tr^rf.  vol  ,-9,  pa.  446*  ud  l;>Mkli«'» 
£x(K-r.  and  Ol«itT pa.  2  -  j. 

Of  tht  f  l!.-^--:,  itt  S.r/M  f, 

What  pronortion  tl)«  fitpvrficica  of  tlie  Sea  bear*  to 
that  of  tnc  lar.<l.  it  not  accttiatdy  known*  thoiigti  it 
N  laid  KttXx  f4>nM>«rbat  moKtlisn  two  todne.  Tlih  |'ro- 
poition  of  t1:e  furface  of  thf  Sci  to  the  land,  has 

l)t.n  f,iiit.ij  liy  f  -:pt;rrr:t.'i.l  '.Liit':  takirc  ih,-  printt-d 
p;i;rfr  ri  nr  >;o  ci  'r_;  .>!  a  Utrelln.il  j;!i  'i^">  with 
a  p.ilrof  icKTijrs  clij-  t  u:  llic  jjints.  that  .iic  IjtaI,  2iid 
llinfc  fh.>t  arc  watir;  l!.;.n  \v.r;;'iini{  thiTc  p.iicils  i^yi- 
l-itcly  in  n  pjir  cl'  ti;:e  ''v.mIcs,  I'.ic  I.ukI  '.i  founi!  t  i  be 

;  of  t;u-  «-!u>!t-. 

ijf  Cue  S.:i, 
l.n-CH  i:iif.ltli(Jiu- 

frum  x^iii  of  a  mile  to  ^\  miki  in  ticp;h>^  in  other 

fbcci  dcqtcr,  but  iflucli  Icf*  in  ti%y(  than  ut  oecmj. 
a  genemtt  the  depths  ai  the  •{•fa  hear  b  gicat  analuj;^ 
the  Iicl>rlit  of  mouutiins  un  the  UtiJ,  fo  far  as  ts 

tliti^fMiJ  di:^ovi-iCii. 


aud  t!u' s'. r.Kvr.!llicriiii'rctli..ii 
Wtlhn;.  li'j  '\>  th?  protiu.dity  or 
\':i-eiittr'  ;;:Tir:n';,  tliat  it  if  in  fji".c  \ 
:ii  I'llwrs  very  *ariou«,  IaI::^- 


Ti  r'<"  "ic  two  iptci.-il  rcj' 
irri:;nfc  by  n-.c.ris  (jf 
il't;i  't.      j'i  t      ft  ii,  hr'-'au 

1  iwil*  I) 

3f 


■■s 


c'.ivi:ii.:i  .i.iJ  l  j'u 
.i  i  f  t!ic  c::it!i.  Scconsil;, 
Doiir^  taiiul  from  the  Scl, 


'.■•i.t..iilc 
-.vA  fill 


I'.oiS  ii;;t 
■y  w'ktv; 


va- 


in 


tiiy  o 

ttptin  tl  c  laiiii,  (<nly  raiifc  n  circolatton  uf  ihc  wattr, 
hnt  no  fKiciTc  of  it.  It  his  been  found  by  expcri- 
meat  and  calcniation,  tliat  in  ■  fammcr's  day,  tner« 
may  be  ralfed  inTaBoursfrom  the  furface  of  the  Medi* 
terranean  Seat  (z8  mlUiotu  uf  tuns  of  wjtcr;  asid  yet 
this  Sea  rei:eiveth  fvot,  from  dJl  it*  nii.e  j^rt.it  livt  rs, 
a'lf.vc  niHlion*  lif  tuns  per  day,  wliich  is  but  about 
a  r!i  rd  [  ji-t  of  what  ia  exhautlcd  in  vapours  ;  and  thl«  At- 
fvtt  l;,  lilt-  f;i[?ply  by  the  rir^r?,  mar  fcf  ve  to  acLOunt  for 
I'lH'  Ci>iiti;iual  iii!liil  of^i  ciiircn;  by  tlic  rpoolh  or  llraiti 
at  Gibr.dtar.  Ind^td  it  is  ratfiL-r  jirubiiblc,  tlui  the 
w^'.ti!  of  the  St.i  fiiffer  a  cotuiniial  ilow  -Jtctcafc  as  to 
tlttrir  (j'l.ir.tiiy,  by  fcikirtg  aKvay>  dicpcr  iiuo  the  earth* 
by  fiUcting  tbraugb  the  fiffaics  Isv  the  Anta  ud  eon* 
poarnt  part*. 

SEASONS,  certain  portions  or  qiiartci*  of  the 
yei^r,  dIAingui/hed  by  the  ilL,ma  which  the  fun  then 
iTi.'. .-9.  L^ion  them  depend  the  diSlrcut  tempcru- 
liin  ;i  oT  the  air,  different  worki  in  lillngc,  v'tc. 

'Hi:  yc:  r  ii  divijcd  into  four  Scafoi.s,  fjirinjr,  fum- 
r,r  ,  ai.ti  .  jti,  v  inter,  which  take  tiitir  Ucgittuii)^* 
vHf-i  t:iL-  '.■■Ai  ciitt  ri  hi-ll  point  of  thc  ligliS  AricSj 
tiiiifrr.  L:b[a,  Caprn-'oiii. 

■J  [:>  Si  alt  1 .  ait  very  well  ill  jftratciiby  fi(^.l,plate  vtii  { 
where  the  cir.dL-  at  1  rcpivfcat*  tlie  fun  in  the  centre, 
■bout  which  the  earth  moves  in  the  ecliptic  ABCI), 
which  cut»  the  cquino^ial  aied  in  the  two  cquiooRS  £ 
and  G.  When  theurth  is  in  tliefetwopmntt,  ifis  evf. 
dent  that  tli*  fun  equally  ilhitninatca  botb  the  poK  s,  and 
makes  the  days  and  nights  equal  all  over  the  earth. 
Eiit  .vu.li-  U\K  L  II  ill  movt fi<  [11  G  bv  C  to  V^",  the  up- 
per 01  iioitli  jjyic  bfCoiiies  more  and  more  cnl'\'htci)cd, 
the  li ays  become  lonjjcr,  <n;d  the  r;lght«  (hotter}  fo 
Uwl  whcu  Uic  c;iiUi  u  At  rj  »  w:  liu:  lua  at  c»  our 


d.iys  are  at  the  loni;i;A,  as  at  midfi-mtner.  Wblfe- 
the  eaith  n^ovcs  from  by  U  to  our  days  contiaw* 
ally  decrcaf  :,  by  the  nu'th  pok  (;radaatly  drdininff 
iinoos  the  fun,  tiQat  E  or  auttamn  t/;y  becutnv  eqoal 
to  the  nights,  or  11  hours  lon^r.  A'.rain,  while  the 
eaitliBiosiesfratnEbyAtoF,  l^e  north  p<>lc  b^como 
always  more  atid  more  inwivcd  in  darkncfs,  and  the 
days  prtiw  r.lw^jys  fhottiT,  till  at  V  or  when  it  is 
niid  virtci'  to  the  inLabitanti  of  tlir  nnrtbrrn  licii.;- 
fphvre.  I..itlly,  while  the  earth  niov^s  :  om  br  15 
t^i  Cj,  th'--  itorth  parts  cotr.i"  more  nr.  ':  rnorc  out  of 
d^rkiidf,  and  the  H-vy.  >;rynv  cont'iu:  ulv  toii,'^fr,  tiUnt 
G  the  two  poles  are  eqjsliy  enlightened,  and  the  days 
eqnni  to  the  nigbta  agaio.  And  fii  <m  cuntiaually  year 
after  ycr.r. 

Sr.CANT,  in  Go  ri-ivtry,  a 
vrhftluT  r.'rht  or  I'lu.eJ;  Thns 


t!.(.  line  PA  nr  PB,  Ac,  h  a  S 


hne  that  tuts  ui.t/tucr,. 


cjiit  u6  the  circle  ABi),  bccSL:!"- 
tn'tjit-^-    in  t!:c  poii-.t  F,  ur  t^, 

.     !'  I   .j'ties  of  fich  SeCMlS 
to  tiiL-CM\lL  are  at  f /l!ovr  : 

1.  Of  f.:rL  .-;,I  ticr.iiits  PA,  PB, 

PD,  &c,  drawn  from  ihr  fa:iic 
point  P,  that  which  paHc!)  1 1 1  ro  jg  h 
the  centre  C  is  the  j^rci^teft  ;  ?.iid 
fM^m  thence  thfy  dccre^fc  m' re 
a~iJiii;ro  tluy  ri  ce^-li-  firthcr 
fi  :he  ci'Urr;  viz.  P  i  Ufs  th  in  V.\,  and  FD  Itfs 
t!i.in  PB,  and  fo  on,  till  they  aiii»e  at  the  tangent  M 
E,  which  12  the  limit  i  f  all  tht  Secants. 

}.  Of  thefe  Secants,  the  rxtcrn.il  parts  PF»PO|  PH.  . 
&c,  arc  iu  the  reverfc  oidcr,  incrcaiiug  continually 
from  F  to  E,  the  j'tcatcr  Secant  having  the  lefs  exter- 
tiul  part,  and  in  luch  fott,  that  any  Secant  and  Its. 
ex;ern.il  part  arc  in  reciprocal  proportion,  or  the  whole 
is  reciprocaQy  as  iu  eitenial  part,  and  confcqucntly 
that  the  redangle  of  every  Secant  aud  its  externa!  oaii 
is  equal  to  a  conilant  quintity,  t!^  the  fi|«RR  01  the 
tangent.    Tliat  is, 

PAt^t,PBt^::PD:^&c. 

or  PA  X  PF  s  PB  X  Pa  s  PD  X  PH  PE» 

3.  The  tan^jent  PE  is  a  mean  proportional  between 
any  Secant  and  its  exttin.il  part  ;  .is  between  PA  and 
PF,  or  PB  and  PG,  or  PD  and  I'M.  Ac 

4.  The  angle  DPB,  formed  by  two  Secants,  ii  me a- 
furcd  by  hair the  difierenoe  of  ita  intercepted  arcs  DB< 
and  GH. 

Sic.txr,  in  Trigonometry,  drnotei  a  right  line 
drawn  from  tfic  centre  of  «  circle,  and,  cutting  the- 
ccrcnnifcicnce,  proceed*  tOl  it  metU  with  a  tangent  t» 
the  fame  circle. 

Thus,  the  line  CD,  dniw» 
front  the  centre  C,  till  it  meets 
the  tangent  BD,  is  called  a  Se- 
cant;  aud  partic  1  r  Iv  the  Sc. 
cant  of  the  arc  niL,  to  which 
13D  ii  a  laugent.  In  tike  tnan- 
mr,  by  produci  it  DC  to 
meet  the  tangent  A,:\n  ./.  their 
Cf/,  equal  to  CD,  i .  ilir-  .S-c.mt 
of  the  arch  AE  w\v..:U  U  the 
Itipflpacat  of  the  arch  ££. 
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Si>  that  zn  aioi  ar.d  Its  fitppWrnent  hivc  their  Se- 
oul/ llw  lautr  one  i»  negative  to  l!ie 
diawii  the  cor.tr.rv  way.     And  thus 


can;s  cqiiil, 

the  Secants  la  the  ad  and  jd  quadraui  arc  negative, 
wliik  thofe  ia  the  i  (Land  4tli  quadnnu  tm  polkive. 

The  S„cant  CI  of  the  arc  EF,  which  is  the  complc- 

mLiit  of  the  former  arcli  BE,  is  called  the  cnftrani  of 
BE,  or  the  Secant  jf  its  complement.  Tt.r  f    l '  .t-;  i  i 
the  I  ft  and  2d  <jjadrants  arc  affirmative,  1.  :t  m  ilic 
md  4th  MgttifP. 

Ttie  Scant  of  an  arc  is  reciprocally  at  the  cofmet 
and  the  cofecant  recipiocaltj-  ai  the  fine;  or  the  re'ft* 
aiiijle  of  the  Secaiit  and  cofine,  ar,J  the  rvif\;iiigle  of 
t'-.e  cofecant  and  fine,  arc  ci..h  cqiul  to  the  fquarc  of 
tlie  ra<lius. 

For  CD :  CE  » J  CB  :  CH,  or/;  r  : ;  r  ; 
and  CI  tCEtsCFtCK*  oro^trisrsf; 

and  confcfjuently  =z  cf  =z  1^  \  where  r  denotes  tlic 
raditis,  /  the  fine,  c  the  cofine,  /  the  Secant,  and  a- 
the  eofecaat. 

An  trCtf(  totheradiat  r,  being  given,  the  Secant 
/;  aad  cotecant  7,  and  ihcir  logarithiiu,  or  the  lo^uriih- 
'mlc  S.cj:^t  and  cofecaut,  toaj  be  cxff^d  in  inJiaitc 

fujii,      lo'.lows,  viz. 


ir      z^r*  '  720/-1 


(a* 


i$laOr* 

» 

«4  a« 


«O4800r* 

&c.) 


,20 


where  m  ia  the  nodalm  «f  the  fyftem  of  bg»- 

ntlims. 

ScCAMTI*  See  Ficuke  of  Secantt. 

Secants,  Lint  of.    See  Sector,  and  Scale. 

SECOND,  in  Geometry,  or  Aftronomy,  &c,  the 
'6oih  part  of  a  prime  or  minute  :  cither  in  the  divifion 
of  circles,  or  in  the  ineaftire  of  time.  A  deprcf,  or  an 
hour,  arc  each  divided  into  60  minutti,  ni^ikcd 
tlms  ;  a  mtnntt  ia  fubdividcd  into  60  Seconds,  marked 
thus " ;  a  Second  iato  te  tbirdi*  marked  that  '*  t  Ac- 

Wc  fimetimei  fajr  a  SumiJ vmmtet  a  third  wimte^ 
(^c,  Ilut  more  ufaallyonly  Second,  ihirif,  8cc. 

The  Seconds  pendulum,  or  i  ciii'iilwm  that  vibrates 
Seconds,  in  the  latitude  of  Loiul      U      j  inches  Ion;;. 

SECONDARY  f./r.Aj  cf  tbt  Rds^tk,  are  circles 
of  longitude  of  the  liars }  or  circles  which,  pafling 
througli  the  pole*  of  the  ecliptic,  are  at  right  nnglea 
to  the  ecliptic. 

Bf  meant  of  thefe  Secondary  circles,  all  points  in 
the  heavens  arc  referred  to  the  ecliptic;  that  i«, 
any  Aar,  planet,  or  other  phenomenon,  is  underftood 
to  be  in  t.'.rt  poiiU  of  the  rrtijitif,  w'Jch  15  qut  by 
the  Secor.Usry  i.i;tlc  that  p;»Ili&  tL;oi:ghfuch  liar,  &c. 

If  two  liars  be  thus  referred  to  the  fame  point  of 
the  ecliptic,  they  arc  faid  to  be  in  coojundion }  if  iu 
oppofite  poinUi  they  arc  ia  oppofition  j  if  tb^  are 


referred  to  tw«>  pointi  at  a  qujtdrant's  dift.Hnce,  ihcy 
are  faid  to  he  in.  a  quaitile  afpcS  ,  if  the  potati  dif- 
fer a  6th  pKtt  of  the  eciiptiie,  they  are  ia  fextile  af< 

pcft,  &c. 

In  griicral,  all  circhrs  that  Interfe^l  one  of  the  fix 
groatir  circlt  8  of  ihc  iplr.rc  at  right  aiij^U-fc,  may  'i  - 
c;i!kd  Secondary  crrths.  As  the  azimuth  or  vt  ' 
citcleis  iu  refpt;(^t  ot  the  hc;izjn,  &:c  {  the  tryciidiaii  in 
rcfpe£k  of  the  tq-intor, 

iiecoNDAtv  Nandtj,  ox  SiittUUtt,  are  tbofe  .moving 
routid  other  }  Unetsas  the  centre*  of  their  motion,  and 
along  witii  ihvin  ruund  iht.-  f'ui. 

Sl'-CriON,  in  Gecimetry,  denotes  a  fide  or  fur- 
f.ice  appealing  of  a  body,  01  fiijure,  cut  by  aucthirj 
or  the  (.'lace  where  lines,  pl.ir.c5,  iic,  cut  ca-jii  oilior. 

Tlte  common  Settion  of  two  planca  i^i  always  a  ri[;ht 
line  J  being  the  line  fupjiofcd  to  be  drawn  by  ow  f;l«ne 
in  its  cutliug  or  enliring  tlie  other.  If  a  iphtrc  be  cut 
in  any  OMMicr  hy  »  plane,  the  figure  of  the  iic«\«(m 
win  be  a  circle  1  alfo  the  common  fnicrfcQion  of  the 
furf.iccs  of  two  fpheres,  is  the  tlrcumfrrcntc  of  a 
lir^Ie  ;  .Tiid  il'.c  two  toniinon  Scelioiis  of  tlv.-  fijr.ricj'* 
of  a  ti;;ht  coiiC  .iiid  a  fphcre,  aic  the  ciicuinlciciitts  of 
circles  if  the  axin  of  the  cone  pals  tiirongh  the  cenin: 
of  the  fjii.ere,  othenvife  not;  moreover,  of  the  two 
common  Sciiiuns  of  a  fplierc  and  a  co;ie,  whether 
rifldlt  vt  oblique,  if  the  one  be  a  circle  the  otiicr 
wmI  he  a  circle  alfo,  othcrwife  not.  See  my  TnAii 
traA%  prrtp.  7,  8,  9. 

The  Seftioiis  of  a  cone  by  a  plane,  arc  five  j  v'lt,  a 
trhmgle,  circk,  cliipfc,  hyperbola,  and  parabola.  .Sec 
each  of  thefe  terms,  asa'.l  iCoML  Si-cnoN, 

Sections  of  Buildings  and  Badiei,  ic,  arc  cither  ver- 
tical, or  horizontal,  &c.  The 

Kettkal  St;crioN,  or  (imply  the  Section,  of  a 
building,  denotes  its  profile,  or  a  delineation  of  itA' 
heights  and  depths  railed  on  the  plan  ;  as  if  the  fabric 
had  been  cut  alunder  by  a  TCfticd  plane,  to  difcover 
the  infide.  And 

Har'nmttil  SfiCTtON  U  the  ichno^raphy  or  ground 
plan,  or  a  Scflion  parallel  to  the  htjri/o  i. 

SECTOR,  of  a  Circle,  is  a  poitioa  of  the  circle 
cumpreheuded  beiweco  IWQ  radii 
and  tbcir  included  arc.    Tliut,      f^^  - 
the  mixt  ttiaugle  AUC,  contain* 
ed  between  the  two  radii  AC  and 
BC,  and  the  arc  AB,  is  a  Sedor 

of  \\-.c  eirclL-. 

'i'lie  bc-Uj,'  tifa  circle, IS  ADC, 
IS  equal  to  a  tri.inglf,  bafe 
i%  tlie  arc  AU,  and  iti  altitude  the 
radius  AC  or  BC.    And  therefore  the  radius  being 
drawn  into  the  arc,  half  the  pr<di<f>  pivcs  the  aica. 

Similar  Secto»s,  arc  thofe  v.  lilih  ha»e  equal  angle* 
included  between  ibeir  radii.  Tbcfe  are  to  each 
other  ai  the  fouares  of  ihea  faOHnding  arec*  or  •■ 
their  whole  circles. 

Sector  alfo  denotes  a  mathematical  inftruraent, 
whieh  is  of  ;;ie.Tt  ufe  i;i  gciHr..;-uy,  tri.anijmetry,'  fur- 
Teying,  itc, 


111  nualiiiiDi'  .aid  i 


d  findi 


{ proportional  quai]t:iic:;i  i.i'  ilie  fame  kind  :  as  between 
in»  and  lines,  furfaccs  and  fwfaces,  &c  s  whence  the 
French  ctdl  U  the  emHfi  affnftrtha. 
5I  a  s  l%t 
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The  prcat  atlvinta';je  of  the  S"^^or  above  the  com- 
irn?»  fcilcs,  if,  in,  tlijt  it  in  Ciintrivcd  fo  a*  tn  fuii  all 
ndii,  tad  all  tcjles.  YjY  tl-.c  linrs  uf  chouis,  fiiH-K, 
tcCt  on  till'  f>n'4(ir,  wl'  Iiuvl-  11:ic«  of  ch  jiil^,  lines.  See, 

to  any  ndnn  tKt»-e«a  ilie  Unglh  and  breadth  of  the 

Senior  w!icn  upcd. 

Tiie  S«^mr  it  Tounded  on  the  ^tli  propofiUoik  of  the 
(th  book  of  Eticltd  i  w-liire  it  m  demonIlratt<d,  that 

fitnilui  tri.«ii;;h  »  hue  ihtir  like  fid«'»  proport  iutial.  A'l 
Kica  of  t  If  llu-ory  i)f  its  rkJiillrijition  tujy  ht  cortciiv- 
Cil  tliir.   i,rt  the  iirvc*  AB,  AC 
n  prifm!  t!ic  Ic^jjitf  the  6tt\c>r  ; 
ami  Al),  All,  two  equal  IcctiiMis 
fiom  the  centre :  ficn  if  the 
poinn  BC  and  I)E  be  cuiincili'd, 
the  luirs  BC  and  DE  wil".  j->a- 
;    tl  crifuie   the  l/ij-if;l<;s 
ABC.  ADZ  will  be  lliailar, 
and  confcij'icntly  tlie  fidea  AB, 
BC,  A  D.  D£  pn^nioiia],  that 
h,  as  AB :  BC  !  ;  AD  :  DE  ;  fo  that  tf  AD  be  tl 
hAf,  3d,  or        part  of  Al'>,  il.t  .i  DE  v.ill  l>t  i  >i.;li 


r  42S  ] 


4'h 


3d,  VI 

re:l. 

of  any  ar*- 
Giu! 

flrft  p.inttd 


of  1  C  :  ami  i],r  f.i-.rc  \u.\.'.s  jf  nil  the 


Hence,  i?'  DV.  h:  tht  iIitiI,  line   or  tjtujeiit. 


or  of  :iiiy  nufiiber  of  de^icrf,  to  tho  radius 
lie  vwll     the  fsir.c  to  the  radiiii  AD. 
Srrtur,  it  is  fiippofedt        ''''  invention  <if 
m:  j  rj-dd  i  or  Ub.«!do,  about  the  yrur  156^.  The 
account  of  it  was  In  is84>  bjr  Gafpar 


MonJciUc-  at  Antwerp,  who  indeed  fayt  that  bil  WO- 
therFabriciws  Mordenu  invented  it,  in  tbe  year  Ij^f. 
It  wai  neat  treated  of  by  Daniel  Speckle,  at  Strafttirgh, 
in  after  that  by  D^.  Thomas  Hood*  at  JLoo> 

doll,  in  and  afVcwurdi  by  oiany  other  wtitcta 

on  practical  geome'.ry.  In  all  tin  nrtiuni  of  Kurope. 

Defir'ijiikn  of  il.-  St,  i  on.  'I'l.i^  inllnirr.cnt  co»- 
fiiis  uf  two  rules  or  li't;;,  L :;:^-lT  tVn  iKtter,  made 
of  box,  or  ivory,  or  bruls,  &c,  icpftknung  the  radii, 
irtovi.sb]c  round  an  axis  or  joint,  the  middle  of  wh:i.h 
reprifciits  the  centre  ;  from  whence  fevrcral  feale*  *ve 
<Jn>ttn  on  the  facr».    Sec  t!ic  fi>r.  i,  plaic  xxvi. 

The  tcfia  ofiwlly  ftt  ui>on  Sector*,  may  lio  dillict- 
CniAicd  into  fingle  and  double.  I'he  ringle  fcales  are 
iStcb  M  are  fet  npon  pkoe  feales  i  tbe  double  fcak*  are 
thofe  which  proceed  from  the  aentre  i  cadi  of  thefe 
being  hid  twice  on  the  fane  face  of  the  infUwHaii  via. 
cnce  on  eat^i  leg.  From  thefe  fcales,  dimenfiom  or 
ei:'  1:-  r,'f  !f>  he  taken,  when  the  tcgaof  the.iaAni* 
Birnt  are  iti  in  an  angMhit  pulition. 

Tiie  Icalci  fct  up</n  the  befl  Se^ora  »re 
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^entfto  above  4;*^ 

'I'hc  rr.i»riu-r  in  whicli  theft  fcalti  arc  diipofed  oa 
the  ijitiir,  is  bvft  fecii  in  the  fij;ure. 

'I'hc  fcales  of  lines,  chords,  line*,  tajtgenti,  rhumbs, 
l.ditutks,  houis,  l<iTi;;ituJe,  incl.  merid.  may  be  ufc;^, 
with  the  i!)iln.;i>cr't  <itli;r  lluil  or  open,  eacii  DflJiere 
fc.iU'4  beiii^  coiildi  xJ  on  one  of  the  'ngs,  only.  The 
fcuk'&  uf  iiiciics,  deeimolit  ktg.  iiuuibcra,  log.  fiue^ 
U^,  vrrfed  fnieii,  and  log.  tangents,  are  to  be  ufed 
wub  the  ScClot  quite  ope»»  with  tlic  two  rulers  or  le» 
flretched  out  ta  the  &nie  dircAion,  part  of  euh  (cue 
1)  iii,j  on  Ixith  \f-;i. 

The  di>;.blc  fc.il.  i  (if  lii^ff,  choriU,  fines,  and  lowi.T 
tin;;^.  llt^,  or  taP{^ciits  un:ler  4;^,  «rc '  f  the  .'ame  radii:* 
or  kngih  ;  t!u-)  bi'jjin  at  I  he  cemrt  of  the  iiitlnimciit, 
•     yiid  rrr  tirir.ii'.itrd  near  the  othe.  cxtreinitv  cf  eacli 


le,';  ;  V.'/.,  iljcliiie»a<  ttic  I'iiifi  ni  to,  the  churda  at  bj, 
tlie  itm»  at  90,  and  the  t.^n;;rllt;^  at  45  {  the  remain-^ 
drr  of  t!ic  l.iii^'etn-,  <ir  tV  f-  . '  'ivc  4J'»  are  on  other 
fcales  bt'iur.ing  al    [■  n:  •.'u-  l.-nglh  of  the  fonnrr, . 

counted  mim  the  cc  ttre.  wh.vc  the;  ai«  marked  wjtH , 
45,  and  nin  to  about  76  dc^ec*. 

The  fecaats  alfo  begin  at  (lie  lame  diftance  fioaa  the ' 
centre,  where  they  are  marked  with  10,  and  ate  frocft 
thenc?  cor:;ir-.;cJ  to  a;  many  dejjrees  as  the  IcOgtil  of 
llic  Se<E\or  will  alLnv,  which  it  about  7^">. 

The  angles  made  by  the  double  fcalci  of  lines,  of 
chords,  of  f'lies,  and  of  tani^fnts  to  45  degrecR,  are 
alwayi  L'jiu!.     .'Vii  J  iIk-  ;  :-aJe  by  the  fcalct  of- 

upper  taugcsit*,  ami  ot  !»ca-^«,  are  alfo  equal. 

The  fcales  of  polyj^  isi  urL  iVi  near  the  inner  edge  of 
the  le^K  ;  and  where  tLcfe  fc^lcs  begin,  they  are  markr 
cd  witii  4,  Hid  firoiftthenotaTb figured  biickwaid%  or 
toward*  the  centK»  to  I2. 

From  tliiidifpofition  o^  tb» double  fcaka»'  it  fa  plaint 
tf.at  thofc  angles  tlat  are  equal  to  each  other  while 
the  legs  of  the  Scdor  were  cloicf  will  ftill  continue 
to  be  equaV  akhoiigh  the  SeAor  be  opened  to  any 
ditlancc. 

The  fcale  of  inches  ir.  liii!  <Avk  to  the  edge  of  tiie 
Sc^or,  and  fomctimei  on  the  cd^re ;  it  contains  as 
many  inches  as  the  inllniment  wilt  receive  when 
opened  ;  each  inch  bring  iifualiy  divided  into  8,  and 
alfo  into  10  equal  parts.  The  decimal  icalr  tics  next 
to  tbii  t.it  is  of  the  length  of  tiie  Sc^or  when  opentt^ 
■nd  ia  divided  into  lO.eqiialpaits,  or  primary  divifiona» 
■od  cieh  of  thcfe  intv  10  other  equal  paita  }  fe  that 
the  whole  is  divided  into  100  equal  parU:  and  by  tbia 
di  rinial  fc.il  ',  .I'l  thf  other  fcales,  that  arc  taken  from 
tuUva^,  nuy  be  la  d  down.  The  fcalcl  of  citords, 
rhumbs,  fines,  tangent 9,  hoUI«»  ttCf  WC  fudl  aS  BtX 
dtfcribcd  under  I'.anc  Siilc. 

'1*1. t:  Itt-iltr  (jf  li/.Tir;;hm.c  or  artitu  ia!  niimbcis,  cjlL  i 
Gonter's  fcale,  or  Guntcr'»  line,  is  a  fcalc  cx^rclUtij^ 
Uie  logarithaa  of  coiwoii  wtmbci^  tnkio  u  thor. 

naturiil  order. 

The  conltruftlon  of  the  double  fcale  will  be  evidt*!*' 
byiAfpc^ngtbciaftnmesti  Aatotbciiailc  of  po/y- 
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fnf,  it  iifuallr  comprehend*  the  fi<1«  of  the  polygon* 
horn  6  to  I  fides  iriilufive  :  thcdivifioif  are  Kiid  Ainvn 
by  taking  tbr  lengtbt  of  the  chorda  of  the  «nglc*  at 
tliretmtieof  each  poljrgoai  aiidh)'inif  tbciii«iown  fivm 
the  ccntlx  of  the  iDftrumcnt.  Whtn  tbe  fclygona  of 
4  a^id  ;  fide*  *r«  aUb  tmroduced«  t}i»  hnc  11  con- 
ftrudea  from  aCiaik  of  dwrdi,  vhcrc  the  length  of 
90''  is  equal  to  that  of  60**  of  the  double  fcale  of 
ehordi  on  •.lit-  Scftor. 

In  defciibing  the  life  of  the  Sc/^or,  the  tcrnn  /«/.-- 
r.i/  li'fianct  and  lrai:fifrfr  tli/lnacf  often  occur.  By  the 
■former  is  meant  the  diftance  taken  with  the  c^mpafTes 
oil  one  of  the  fcales  o  ily,  hegiiiiiirg  .it  the  centre  <if 
tJie  Sef>or}  and  bjr  the  latter,  the  difi  njc  taken  be- 
tween any  tare  eorrcljMKiding  divifi  na  i  f  the  fcalu 
of  the  fwnr  name,'  tbe  lega  of  the  Sc^or  bc'iag  ia  aa 
kngttbu-  pofitjoa. 

Cyr)  0/  ibe  Sscroa. 
Of  ihe  Lfnc  of  iJnet.  Thia  i*  ufeftil,  to  ditridc  ■ 
gtTca  line  into  any  numbei  of  equal  partt.  Or  tn  VKf 
proportion,  or  to  m.)kc  fcaics  of  equal  parti,  or  to 
find  3d  and  41)1  proportionals,  or  mean  prupottiomdt« 
•r  to  iBcicate  or  decrtafe  a  given  liae  in  any  prapor- 
tioit>  E<.  I.  To  divide  a  given  line  into  any  lauRiber 
ef  rqnal  patt),  a«  fttjppoiit9  i  maJke  the  length  of  the 
giveu  liae  a  trrafverK  diftmce  to  9  and  9,  the  number 
•f  pmta  Brapofcd;  then  wiU  the  tranf^crfe  dilla  nee 
t  and  I  Be  one  of  the  conal  parts,  or  the  gtb  part  f 
the  whole;  and  the  tr.in'vcrlV  d  !l  i;;  c  of  i  and  j  will 
be  2  of  the  equal  p  ut-s  or  j  of  '.In-  whole  line  ;  and 
fo  on.  z.Airai:',  tn  <liT,iiO  ii  givtn  line  into  any  iniiaber 
uJ  parU  thai  lliall  be  in  any  a!l);nn;d  priipi/ition,  a» 
fuppofe  three  piirts,  in  tlic  jn upoi liiiii  of  j,  and  4. 
M'ike  the  ^iven  Inu-  a  tTaiiutnt  dtitance  lo  9,  the  fiiirr 
of  ilic  propolird  nun.!.L-rs  j,  3,  4;  then  the  tranfverfc 
diiJancei  of  thefie  numbers  fcverally  iivill  be  the  part* 
required. 

Of  the  Scalff  Chordt.  I.  To  open  the  SeAoT  to 
any  angle,  at  fuppofe  degree*  :  Take  tbe  diftaace 
frum  the  jdnt  to  eo  00  tbe  cfaofds,  the  nmnbcr  «f  de. 
L'rcc*  propofied }  then  open  tbe  Settor  liQ  the  tnuffcrfe 
diftance  from  60  to  £0,  on  each  1^,  fat  eqoal  to  the 
frid  btcnd  diftance  of  co ;  fo  flitdl  the  fcale  of  chorda 
make  the  prupofcU  angle  of  50  degree*. — By  the  con- 
•erfe  of  thia  operatioa»  may  be  known  the  angle  Uie 
Senior  is  opened  to  ;  ukusg  the  tran^erfefiftaac* 
of  60,  ar.<l  applyiii^{  it  iutcilly  from  the  (oint. 

2.  To  protradl  or  lay  down  an  angle  of  any  given 
number  of  degree*.  At  ai  y  optning  of  the  Scftor, 
ta'rii-  tin-  tranfverfc  dirt ance  of  f  o-.  with  which  extent 
dcki  iU-  ao  arc  ;  then  take  the  tranfverfe  dift.i.iee  of  the 
rui;i!.er  of  degrees  propofed,  and  apply  it  to  thataittj 
and  through  the extrcniiuefi  nf  x\\\  \  dtft'nnfe  on  the  arc 
drawtMo  liuea  from  tUccentu,  .nu!  tluywill  form  the 
angle  a*  propofed.  When  tin  angle  exceed*  6o»,  lay 
It  oft'  at  ti,¥;ct  or  thrice-— By  the  coiiverCe  opcntioA 
any  angle  may  be  meafijred  s  yia^  With  any  radius 
defcribc  an  arc  from  the  angular  point ;  fet  that  radiii* 
tnnfvcrfely  tiom6oto6oi  then  take  the  dilf^ince  <  f 
tbe  intercepted  arc  and  apply  it  tranfverfcly  to  the 
xborda»  wbkb  will  ftew  the  dwma  in  the  jriteo 

<^«&      tf  Ptlffw.  1,  Ja  a.girca  aide  to  iq. 


fcnbe  a  rcfrular  polygon,  fur  example  an  ofl^goa. 
Open  the  kgii  of  the  ^dor  till  the  traofrerfi*  diftaace 
iinmn  6  to  6becqu«l  to  tbe  radiua  of  tbe  ctrde;  then 
will  the  tranfvetre  diftance  of  $  and  8  be  tbe  fide  of  tlie 
inlcribed  oflagon.  a.  Upon  a  liae  |tte|i  to  defci  ii,e  a 
rrifoUr  polygiMi.  Make  the  given  line  a  tianfverfc 
diC  to  jaiid  s  ;  jtid  at  that  cpcning  of  ihc  ^'-I't,  r  t  ike 
the  tranfverfe  distance  of  6  and  6  j  »viUi  ttUich  m  a 
ri  ii  ii,  ficnii'ic  ( xt ren^iti«s  o?  the  given  line  dclciihc- 
li.  -^  ti)  i:  tci  ftCi  ciicb  other,  uhicli  interfedion  will  be 
the  c^ntri- .>f  a  circle  in  ulhcli  t!:t  propoild  p'  ly^'on' 
may  be  infcrihtd  ;  then  from  ilat  ccntie  dcfcribe  tlic 
faid  circle  through  the  txu  t  niitie*  of  the  given  line, 
and  iipply  thiiliiie  coutinuaily  round  the  ciit'imfctx-ncei, 
for  tlie  fcvcral  angular  pointR  of  iht  polygon. — 3.  On  »• 

fivcn  right  h'nr  hafe,  to  describe  an  ifofulc*  triangle,. 
Mving  tlir  a:  s  at  the  bafc  double  the  angle  at  the' 
vertex.  Open  the  .Sector  till  tbe  length  of  the  given- 
line  fall  trjnfvcrfcly  to  and  lo  on  each  leg;  tlicn- 
takc  tfaetranfvctfe  diftance  to  6  and  6,  and  it  will  be' 
tbe  length  of  each  of  the  equal  fide*  of  the  triangle. 

Of  de  Siau,  Tufgrntf,  «a«  Sfttatt.    By  the  frre- 
l«l  unci  dtfpofed  on  tbe  leAor,  %e  have  fcales  of  r«*e« 
ral  radii.    So  that,  i.  Having  a  kngth  or  radius  givtn». 
not  exceeding  the  length  of  the  Seftor  uhcn  opened, 
w(  can  liiij  tlio  LjiLMc!,  fine,  &c,  to  the  fame:  for  ex. 
fnf  ptilt  the  choiJ,  fiiie,  or  taiigcntof  20  depires  to  a- 
.•  idius  of  3  inches  be  requi;cd.    Make  j  luchco  the 
r  ;.n.ni!!f»'  or  tranrvrrfc  dillancc  to  6o'  and  60  on  the 
clicnd.i  ;  tliiii  w  ll  vlu'  fame  extent  reuch  :ram  45  to  4  ^^ 
on  the  i,ingent»,  and  from  go  to  90  on  the  fines ;  f« 
that  to  whatever  radius  tltc  tine  of  choidsiafet,  tothe-~ 
fame  are  all  the  others  let  alfo.    In  this  difpoiitioa 
thcrcfiire,  if  the  tranfverfe  ditlance  between  20  and  tO> 
on  the  chords  be  taken  with  the  compadcs,  it  ariU  gtvt 
chord  of  30  degrees  t  >nd  if  the  tranfverfe  of  ao  and  jo 
be  ia  like  manoer  taken  on  the  fince»  it  will  be  tbe  foe 
of  ao  direct ;  and  laftly,  if  the  tnnfierle  dSftmcc 
of  ao  ano  xc  be  taken  on  the  taagents,  it  will  be  the 
tangent  of  so  degrees,  to  the  fame  radius. — a.  'If  the 
chord  or  tangent  of  70  degrees  were  required.  l\n- 
the  chord,  the  tranfvcvfe  diUance  of  h;df  the  a-c,  vi.:; 
3i,  muft  be  taken,  as  befoie;  whidi  diil  Mm  t.^kcii- 
twice  gives  the  chord  of  70  degrees,    'l  o  tiiid  the  tan- 
gent of  70  degrees,  to  the  fame  radius,  the  fcale  of 
tipper  tangents  mufl  he  uVd,  the  un  let  one  only  rc.ich- 
ipgtoa;:  making  thmt  1  rc  3  inches  the  tranfverfe 
dillancc  to  4J  and  45  at  the  beginning  nf  that  fcale,  . 
the  extent  between  70  and  70  degrees  ou  the  fame,  will 
be  the  tangent  of  70  degreea  to  3  incLc*  radius,^ 
3.  To  find  the  fcr.mt  of  nii  art  s  make  the  gifcn  ra- 
dius the  traofvcrfi  dillancc  between  o  and  o  on  tbe  fe« 
caot* ;  then  wiO  the  traRfverfe  diftance  of  so  and  ao^ 
or  70  and  70,  give  tbe  ft  cni  t  of  20  or  ;o  dn;Tees.~ 
4>  If  thcrMidt,  andan>  1'     i' jiafcnung  aune,  taiw 
gent,  or  fKant,  be  given,  the  degrees  cosniponding 
to  that  line  may  be  found  by  frtting  the^  8edmr  to  th« 
pivcn  raciluj,  according  as  a  li-ie,  taii;'t.f,  or  fccant 
iBconcernid  ;  then  taking  tlie  »;iven  lii.t  bt'.v.tcn  ihc 
compafTes,  and  applying  the  two  feel  tranfverfcly  to  ti.e 
proper  fcxlc,  and  Aiding  the  feci  along  till  they  tcth 
ml  111  li.:i'  <l>\i:ioii3  o:-.  both  legs)  then  the  div"^ll^n»  • 
will  (hew  the  degree*  and  pait«  comffondiog  to  ?he 
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By  mc.itv^  of  tlic  double  ri:alcs,  wliidi  are  the  parti 
more  peculiar  to  the  Scrtor,  all  proportion*  aicwurktd 
by  the  ptopcily  of  (iniilar  tria'.glcs,  miJiiiig  the  tide* 

tropoitioiul  to  the  b.ifes,  tint  15,  un  the  Scilor,  the 
Lteral  dKUncci*  proportinnat  to  llie  ttrinfvcrfe  oncl  | 
ttiiiB,  taking  tUe  dtilnnce  of  the  firfl.  term,  and  apply- 
ing it  10  ttie  2d,  then  the  diSanee  of  the  3d  term,  pro* 

pcrly  <i)i[''-it  J.  "  ill  jMve  the  4'h  lertn  :  ohfcrving  lli:>t 
the  fi.'^is  lif  triat:,,!'.:  are  taken  off  liie  line  of  nu.iil.cia 
l  iterally,  ai.d  tlit  aip'lci  urt  Ink^'ii  tr.iiifierf.ly,  r;!f  llic 
Tilts  or  t3ni;..n!S  or  fc<S!iits  ai;ix'rLJir.g  to  the  tijtiirc  of 
tlif  pnijiQ- ;ion.  I'or  example,  i'l  a  |iljiie  trisiij^lc 
ABC,  ^^ivcij  two  fiuea  and  an  uiij^le  oppolitc  to  oui:  of 
them,  to  (iiu!  the  icR;  vu,  jjiveu 
AB  -  S^,  AC  =i>x.  a;id  *in 
s=  46*  yy,  to  fiiiJ  liC  and  the 
angles  A  and  C.  la  this  cafe* 
Ait  (idn  are  propottional  to  the 
S&C&  of  tncir  oppofiCc  an^lea; 
hence  tlnfc  proportions, 
as  AC  ^04)  :  \yA.jLl.{  ^^^^:'} 
and  Hi  liii.  D  ;  AC  ;  :  i>u.  A.  :  DCt 

Therefore,  to  wurk  thtfe  propoitions  by  '.li  •. 
take  ihc  lateral  dillance  of  14  --^  AC  froni  tl 
and  open  the  Scclor  to  make  this  a  tranfvcifc  diilancc 
of  46°  50'  — -  ^B,  on  the  fines  j  then  ukc  the  l  iienil 
diibncc  of  56  ~  AB  on  the  hnet,  and  apply  it  '.- 
'  verfely  oa  the  tine*,  whkh  will  give  3->''  24'  Z.C. 
Henccf  the  ftim  of  the  anglct  B  and  C,  whieli  is 
8c*  54'»  Uken  from  i8a*>  leavct  94*^6'  »  ^A* 
Then,  to  work  the  2d 

at  t'lr  fitnc  opening 
Uac^  <jf  ij^"  6'  =  /.A,  on  the  fines,  or,  which  is  the 
fatr.c  thing,  the  tranfverfc  diilance  of  its  fiipplement 
8^'  5}';  then  this  ap;ilied  laierally  to  the  liuca,  give* 
fc.i  -  the  fide  BC  foii>;f.t. 

For  the  complete  hiilor)-  of  the  Scclor,  with  it* 
rion-  jiir,[)]c  r.nd  particulur  conllruction  aiid  uft»,  fee 
Kobeitlttu'i  iruuijc  of'/ucb  Sklaliematietil  I^UumeiiUf 
as  arc 
,  4u£tioD. 

Sectok  »f  a  S^'Lrf,  i$  the  fidid  geoeiatedhjr  tlie 
revolution  ot  the  aedor  of  %eifde about  ojw  of  ita  ra- 
dii ;  the  other  radiita  defcribtngf  the  furface  of  a  cone, 

and  the  ciieulararc  a  circular  portiL'ii  of  the  furface  ot 
the  fphere  of  the  fume  r.iilit:*.  So  thjl  '.he  fp'ierical 
Seilor  confirta  of  a  riyhl  tone,  and  of  a  fegir.enl  of  tiie 
fpherc  having  the  f-nie  cun'.nion  bale  witii  the  cone. 
And  litnce  tJic  f.-Iid  co:it";;l  of  it  \*  ill  be  foiiud  by 
multiplyiog  the  bale  or  fpberical  furfiicc  by  the  ra- 
il 11:8  of  tlie  fphere,  and  tdtia^a     p>tt  of  the  pro. 

SscTox  9fM  ^^e,  or  tm  hiptrhJ^  kc,  is  a 
jMft  irlcaibling  the  circular  fiedor>  oeitq(^«tained  by 
three  lines,  two  of  which  arc  radii,  or  lweidn««fraiik 

tlic  centre  of  the  figure  to  the  curvc>  and  tbc  M^r- 
ccptcd  arc  or  part  of  that  ruive. 

/tjinnumiial  ^f.cro*,  an  ir.llninJcnt  Iiiveiited  by  Mr. 
Gcofi^c  (iraham,  for  tiiidlnjj  the  iliHcience  in  right 
ofc!  r.':  -n  r.i;  1  (" L-i  !i      I between  trt'O  objeiTt.J,  whofc 

diiUucc  i»  too  great  to  be  obfcrvcd  through  a  lUcd 


^^  cijnal  to  16 

t    tciKi!  partii, 


tclefcope,  bjr  tnenni  of  a  micnumrtcr.  This  inftrunr.enl 
(fig.i,  pi.  16,)  cuniUU  of  a  brafs  pbte,  called  the  S.  fior, 
formed  like  a  '1",  havinj^  the  (hank  CD,      a  radios, 
about  2  5  feci  luK^f,        :  ir.chei  bioad  at  the  end  I>, 
and  uu  iiieh  aud  a  half  at  C  ;  and  the  crofi-jnecc  A  B, 
as  aa  arcJi,  ahmit  6  inthcs  long,  and  one  and  a  hiilf 
broad  i  upon  nhicht  with  a  radiu4  of  30  inches,  ia  de» 
fiarifaed  aa  ateh  of  lo  dcgrev«,  each  d^ree  being  di* 
«ided  ia  as  many  parta  as  arc  convenient.   Round  a 
fmall  cyliflder  C,  conta'nir^  the  centnfof  thitarcli, 
and  fixtd  In  the  fhini)!  ,  1.       *  a  phile  of  !>rafi,  to  wliieU 
iri  lixed  a  tcklcvjje  ClI,  1    .iiig  its  liiu- of  ccllitnati  ju 
par.illel  t  >  the  pl:iiic  of  the  Sertnr,  and  palTinij  o^er 
tlie  ceiitri'  C  of  tlic  .".reh  A  li,  and  the  ijidcx  of  a  Ver 
niL-r'*  lii.iJIng  plate,  wli  ile  length,  beiii 
quarter*  of  a  ilc^rcc,  ii  divided  into 
fixed  to  the  eye  end  tf  the  telcfcopc,  atiu  n  ..Jc  ti  .lln!c 
»long  the  arch  ;  which  motion  li  |Krfori::ed  by  a  loti;j 
fcre  i,,  G,  at  the  back  of  the  arch,  connniiiiicatiuj; 
with  the  Vernier  tbroogh  a  flit  cut  i«  the  brafni  |»aimUcl 
to  the  divided         i^Knd  the  ceatve  F  of  a  circubr 
biafa  ptatc  etc,  of  5  incbts  diametcri  atavca  a  hiafa- 
crof«  KLMN,  havings  the  op  polite  ctids  OandPof 
one  I:  ■!  t  :K  ii.-il  L|>  perpciklicjl  irl;.  lIiull:  ,  inches,  to 
fervr  ns  i  iippiii  itrM  m  (lit  ^tCUjf,  aaj  i^iewed  to  the 
li.u  k  ut  itj  r,.(i..i-i  ;  lo  ti  nt  the  plane  of  the  Setter  i* 
paralK'.  ;<)  ilie  pLue  ot  ti«c  ctvcttbr  plate,  and  can  re- 
volve lou:  >i  t-ic  centre  of  thai  pl.-.tc  m  this  pmailwl  ;.i  1- 
fition.     A  fquare  iron  axit  HIF,   18  incbci  long, 
is  fcrewed  flat  to  the  back  of  the  circular  plate  abn^  one 
of  ita  diaaictcrs,  fo  that  thcaxi*  is  parallel  to  tlie  plane 
of  tbeScdor,    The  whole  inftrumeot  is  fupported  oa 
•  proper  pedeftal,  fo  that  the  &id  axia  fliaU  be  paiaild 
to  the  earth**  axil,  asd  proper  eontmaacea  are  aaneaed  • 
to  fix  t:  In  any  poCtion.    The  inllrument,  thus  flip* 
poi'ti  l,  can  revolve  round  its  axis  HI,  parallel  to  the 
canli'i.  axis,  with  a  motion  like  that  of  tlie  ftars,  the 
plane  of  the  Sector  being  always  parallel  to  the  plane  of 
iotne  hour  circle,  and  confconently  every  point  of  the 
lelefcopc  dcfci-ibing  a  parallel  of  declination  ;  and  if 
the  Seclor  \>c  turned  round  the  joint  F  of'  the  circular 
nlatc^  its  graduated  arch  mar  be  Ixoughl  parallel  to  an 
Bour^ircle ;  .-iivd  confcquentljaoytwoftart,  uhofe  dif« 
fercDce  of  dcdinatioo  does  not  eicied  the  degree*  ia 
that  arch,  will  paftoverit. 

To  obfcrvc  their  paflagc,  direA  the  tekfeope  tO  the 
preceding  ibr,  and  iix  the  plane  of  the  Seflor  a  little  to 

liie  \m:IIw.t  J  of  it  ;  mj'.e  t'lic  lLiLU;o;ie  Iiy  iht-  'c.  ^iff 
ij,  and  obiervc  at  tiic  traniit  ot  eatli  over  the  tiols 
wires  the  tiixc  Jhcwnby  the  clock,  and  alfo  the  divillon 
upon  the  arch  AB,  Ihcwn  by  the  index  :  then  is  the 
difference  of  the  arches  the  diffcri";ct  ct  (he  declina- 
tion ;  Olid  that  of  the  timca  Ihcws  the  diiien-nce  of  the 
right  afecnfion  of  thole  ftara.  For  a  more  particular 
deCcription  of  this  inHnnneot,  fee  Smitb'a  Opticir 
bodtm*  chap.  9. 
SECULAR  r«rr,  the  lame  with  Jubilee, 
S£CUNDA>fS,  an  iafioite  ferica  of  ounben,  be> 
giiuiii!  ,  f',  :  1  I  III  Iii^,  arid  proceeding  according  to 
tlie  i,j„.uti.  ul  uuii.l  Lii  in  arithnneticAl  progTcifion,  as 
o,  I,  4,  9,  >6,  2^,  36,  49,  64,  &c. 

SEEING,  the  ad  of  peiceivinj{  okje<fls  by  the  or< 
gan  of  fight :  or  the  feoK  we  have  of  cxterml objcAi 
byiaeaMofiJiceyet 

For 
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For  the  apparatin,  or  difi-nfition  of  the  parts  nrccf- 
fsr)'  to  Sceinp,  fi-c  Eve.  Aiul  fur  ttio  i-.:.-!ii::tr  in  vhich 
Seeing  ii  pcrforrrvd,  b;  d  tiic  laws  of  it,   iVe  Vi- 

Our  Iwft  ansSowtfls  differ  greatly  as  to  the  CB"fc 
wliy  ire  do  not  fee  doobls  with  the  two  eyes?  Gilcn, 
and  0^^e^l  sfttr  hl-n,  afi  ii!:*  it  to  a  ronliticn,  or  dc- 
coflktlon,  of  the  optic  vwt,  biliiiid  the  os  fphciioidts. 
But  wlidtbflr  ilhcy  docafiate  or  conlcfce,  or  only  barely 
touch  one  BimthcTi  ri  not       agreed  upon. 

Ttie  Barthotmta  aed  Vefaliua  (ay  exprcfilf,  thejate 
tmited  hy  a  perfcA  confvfjon  of .thcrr  fufemsce  t  Dr. 
Cibi'in  iil!o\i-!!i  tlxm  to  be  untied  by  'tHc  dofcft  ooli- 
jtinflion,  but  not  by  ■  conrnfion  of  tnrir  fibre*. 

Alhnz'--::,  an  Aiiiliinn  rl-if.  iTophcr  of  the  I3th  cen- 
tury. ;nxiiii:Hs  fur  fir.^\;  vifuin  by  two  eyes,  l>y  fvp 
pofin^  tii.Tt  wiien  tv.:i  correfpondinc;  purts  <if  ti.c 
retina  arc  alfcdtd,  iLc  mind  pfrctivcs  but  one 
Inape. 

Dc>  Cartes  and  otlirrs  ncronnt  for  tfic  cfTn"!  ^nrv 
tlier  wsy  ;  vis,  by  fii;  jiofin^^  t!i.it  tl:t  fibriKa;  cnr.-iTti- 
tingthc  medullary  piirt  of  tliol'c  iR  tres,  bcini;  rpr;T,(i  in 
th«lttii>a  of  each  e)e,  hcve  each  r.f  them  corrcfiKiiMl- 
iiij;  pruts  ill  the  brain,  Hi  that  when  a::y  of  thi>fe  fi- 
brlllr  are  ftnick  bv  nny  part  of  m  imajje,  the  corre- 
fiiowlinfr  PArtaof  t^e  btawi  areaffadcd  by  it.  Somewhat 
like  wbtcQ  M  tbeo^Dfon  of  Dr.  3nggtt  wbo  take*  the 
opi-c  ')rr>'es  of  ea«i  «ye  to  confift  of  honK^gooa  IW 
bnE,  having  ihWr  rile  in  the  thatamw  ncrvormn  optfco* 
mm,  and  beinj;  iheiKt?  (.ontiiiued  to  both  the  retfuir, 
which  are  compofed  iff  tlicm  ;  and  farther,  thui  ihofe 
fibrii)^  have  the  fame  parallrlifm,  teiifion,  Sic,  in  both 
eyes;  confequently  when  an  imafjc  is  painted  on  the 
fame  corrcfpmidinjf  fympathiziii^  part*  of  each  retina, 
the  fflmc  efff  fls  are  produced,  the  fame  notiec  earned 
to  the  tha!am<i<!,  aud  fo  imparted  to  the  foul.  Hence 
k  IB,  that  double  vllioii  er.fueii  upon  an  iuterriiption  of 
the  parallelitm  of  the  eyes  ;  as  when  one  eye  is  deprciTed 
by  the  finger,  or  their  fymphony  h  Internipted  by 
difcafi.  :  futDr.  Brig^s  maintains,  that  it  is  but  itt 
few  fubic£Utber*  ■«  any  dccnfiatiuii ;  and  in  none  any 
coajunaion  more  thaa  mere  eo&tacl ;  tho-jgh  hii  no- 
tion ia  by  no  meana  confoRMk  to  hSo,  iod  it  i«  attend* 
*d  with  many  improbable  circastlfanicei. 

It  was  the  opinion  of  Sir  ICkac  Newtoot  and  of 
tniny  others,  that  ol)jof|s  appear  fingle,  beeaufc  the 

two  optic  nuv',.  li:  itt  b'H r  t1irv  tif  braiil. 

But  Dr.  Porii.fitld  itn-wa,  fnmi  tuc  i.bli.Tatlun  of  fc- 
veral  anatumilis,  tliat  the  optic  nenres  do  not  mix  or 
confound  their  fubllance,  beiaj^  only  uuited  by  a  clofc 
cohcfion  ;  and  objcf^s  have  npjKareil  tingle,  where  the 
optic  ncives  were  found  to  be  itisjointd.  To  account 
for  this  plicnomtiion,  '.iiis  inj]:K.-nio»s  writer  fupjjofn, 
that,  by  an  orij^inal  kw  in  our  natttren,  wc  imagine  an 
ohje£l  to  be  fitiuted  fomewbere  in  a  right  h'ne  drawn 
from  the  picture  of  it  upon  t!^  retlnn,  thiDUgli'the 
•enire  of  the  pupil ;  coni'eqnenily  the  f  une  objeft  ap- 
pearing^ both  «yci  to  be  in  the  fame  place»  wecannot 
diftuifniifli  It  into  two.  In  anfwer  to  an  dijefiiba  to  tbia 
liypqtlicfilt  from  obje<fiaappe9Tin( double  wbcn  one  eye 
is  diilortcd,  he  fi)  t1>e  niindmiAckei  the  pofiiion  of 
the  eye,  ir;i£^iiiiii>r>  tiat  il  had  nwvcd  in  .1  manner 
corrclpondir.^  lo  the  other,  in  wbicb  cafe  the  cuuclu> 

SMi.MrouU  have  been  ^uil :  in  tb»  he  leema  to  have  re* 
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courfe  to  the  power  of  habit,  though  he  difdalmi  th.ti 
hypothciis.    This  principle  houcvcr  hat  been  thotrgbl 

ftifiicient  to  account  for  this  appearance. 

Ort^iua^ly,  evi-ry  objrel  tiia!-.iii^  two  pifturrt,  one 
in  each  ty.-,  is  imagiued  to  be  double-;  but,  by  de- 
gicei,  we  find  that  when  twd  corrifponJini;  parta  of 
the  retina  arr  impren'rd,  the  oljeet  it  hut  o:)a  ;  but  If 
thole  Corrtfjfo-.iilin^  p  u  ts  be  chingt  d  by  th.edlftvrtion 
of  one  of  the  eye?,  the  object  mult  a-^-iiti  appi.^.r  dou- 
ble as  at  the  firft.  Tin's  frcni:.  to  be  VL-rif:  .i  by 
Ch-j. elder,  wbo  inforn'.s  i:'!,  that  a  geiitli. n'.^n,  win-, 
f:<im  n  t)!>:-'W  I  n  Iiiv  heai',  t::i'i  otit:  eye  di.'loi  ted.  T'liiLi! 
evi:v  objefl  to  .ippear  I'.oiblo,  but  by  d.;;r'.t5  tin-  xni.ii. 
fr-railiar  ones  eanic  to  i.^^pJar  fnii^lc  aj^aiu,  ;'.nd  in  time 
:i"t  oi.jiiits  did  r»  wi'.hoot  amcndru  nt  f-f^he  diftoTtlOH* 
A  f  I'lilur  cafe  is  nierilioncd  by  Dt.  .Smith. 

0.1  the  other  hand,  Ih.  Rcid  is  of  Optmoni  that  the 
corief]>oi Vcncc  of  the  etutrci  of  t«vo  eyts,  oh  which 
fiii;^le  vi.'ion  depends,  <1ucii  nut  arife  from  cuflom,  but 
lirom  fome  natuial  conliitution  of  the  eye,  and  of  the 
nind. 

M.  I'  l  "\iMr  r.i'.ip*  r.ri  opinion,  Iwr.-^  l,(.fore  fip_'^t  iKd 
by  tkiiiciiU.,  ihc  iiiiml  att<iu!)  t<i  no  tr.ore  ih.'.i 

the  ir.ia;;e  nrade  in  one  eye  tit  a  time;  in  fuj  irirt  vf 
wliich,  lie  pi%jduet<  fcver^l  ciuious  cxperirrtnta  ;  but 
as  M.  IjuIToii  oLui  vi  ,  i  a  fuflieitnt  aiilV.cr  to  tbi* 
hypothtfis,  that  we  fee  more  diilinClly  witii  tv.o  eye* 
than  with  one  ;  and  that  when  a  round  ohjrfl  is  near 
u>,  we  plainly  fee  more  of  tlie  furface  in  one  cafe  thav 
in  ilie  other. 

With  refpeA  to  finite  viii' n  two  eycai  Dr* 
Hartley  obfcrvet,  that  it  defeiv;  <|]L,iLR-ul9rattentionr 
thattbeopticnetTCaof  men,  and  fuch  other  animals  a» 
looic  the  iaute  way  with  both  eyes,  unite  in  the  fala 
turrica  in  a  ganglion,  or  little  brain,  as  it  may  !>c'  c  !\ 
peculiar  to  themftlvcs,  and  that  the  jiffociiitHiiis,  I  t- 
tween  fynchronous  imprriHonj  on  the  two  relin.ij,  n.::i\ 
be  made  fooner  and  cemented  ilronjjtr  on  this  aeeonn'.  } 
alfo  that  they  ought  to  have  a  tr.uch  greater  power  ux;  r 
one  another's  image,  t'nn  in  .my  other  part  of  the 
body.  And  thus  an  intpreliion  made  on  the  riglit  tye 
alone  by  a  fingle  objcft,  propagates  itfelf  into  the  lett> 
and  there  raifca  up  an  image  iilmotl  equal  in  viTidnef*  to 
itfdf  J  and,  coafe^uentiy,  when  we  lee  with  one  eye 
onlyi  we  may  bowevr  have  pidam  in  both  eyet. 

It  i«  a  comiiUM  ofatcrvation,  faya  Dr.  Smith,  that 
olijeds  feen  with  both  eyc«  appear  more  vivtd  »t>d 
flronger  tb:jn  they  do  to  ;i  iin^'lc  eye,  (.fpct.'a'ly  I,  i 
both  of  tht  in  are  eqiully  go/id.  PoiteitK'ei  an  C.c 
Eye,  vol.  ii,  pa.  aSj-,  315.  iimith's Opjiu,  Rematka 
p3.  31.    Reid's  Inquiry,  pa.  Mem.  I'rcfcutesi, 

oa.  S>4>  Acad.  I'ar.  174^.  Mim.  I'r.  jj.^.  IJarileyon 
Man,  vol.  i,  pa.  zo'.  i'rieftl.y's  Hiit.  of  LI_L;hl  and 
Colours,  pa.  663,  A.C. 

WhcucL  it  is  thftt  we  fee  ohjefls  ertft,  when  it  >•• 
certain,  the  iinagcs  therrot  ate  painted  invcTtcdly 
on  the  letiaa,  is  »ootucr  dilEculiy  in  the  theory  iice- 
ing.  '  Dea  Cartea  aecocinta  lor  it  bcnoc,  that  the  n«v 
tfee  which  the  foul  (nl.t  jcf  the  obJc£^,  decs  t\i>:  dc- 
pend  on  any  imnge,  nor  any  afiion  comln;;  tVo:-.i  t)»t 
objeet,  but  merely  on  t!:c  fituatiouof  the  nu;i  :;  ;  1  u 
of  the  braiini  wheikCc  the  nervci  arife.    tx.  er.  tin  i:- 

tuatioa  of  •  Camilla tnest  brain,  which'  occaljona  the 
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\\  to  fee  all  tliofc  j>lacc»  lying  in  a 
^'nh  it. 

Bjt  Mr.  Mnlyncux  civts  iS[io:h<:f  account  of  this 
matio.  1;  rvc,  ho  oLltrvii,  is  ot>I)'  ti  c  i>t;:a!i,  or 
inliruRicnt  ;  U  is  the  fd  tl  that  fff*.  To  enq'iirr  then, 
'bow  tll^  (bul  pcrceivt»  ilie  objiit  crtft  by  an  tu»erted 
inillgc>  to  enquire  into  tliC  foul's  faculties.  Aguin, 
imagine  lint  the  eve  icccivet  an  iniuiilfc  oti  its  luuer 
jpwtt  tqrti  my  fiuin  the  upper  pan  of  an  obji.-^  j  muft 
tt*  tliC  vifive  6cuh]r  be  hereby  dircAcd  to  coofider 
thi$  ftrukea*  coming  from  the  top,  rather  than  the 
"bottom  «»f  the  o!i)ccl,  and  confcqiK  ntly  be  (fetenDined 
to  cosi  .l  ii'j  ii  i!    icprtfcntation  of  the  top  ? 

Upua  ll.i..;  ji.'ii.cipli:*,  \v«  afc  to  confiJcr,  that  in- 
veitttl  i«only  a  rclati*c  term,  and  that  there  is  a  very 
great  difforcncc  between  the  real  ohjt-rt,  and  ibe  mean* 
orimn^eby  which  we  perceive  it.  Wf.-  u  .ill  tl.i.  purs 
of  a  diilant  profpcA  arc  painted  upon  liie  rttina  [(v.p- 
pofiug  thit  to  be  the  feat  of  vifion),  they  are  all  rii  lit 
villi  rffpcift  to  crc  :;t^^:^(■r,  as  will  as  the  parts  of 
the  prufpia  iifcl;  ;  «iitJ  V.  ^  ..  JD  only  judge  i)f  an  objert 
being  inverted*  when  it  ii  turned  rvmie  to  tti  oatoral 
politico  with  TcfpeA  to  other  ol^efia  whidi  we  f«e 
and  compare  it  wiUi. 

The  eye  or  Tifire  faculty  (fays  Molyncux)  take* 

no  notiv'-  lif  the  internal  i-..rfav-L'  ot  ita  own  |>nrt«,  li:-.t 
Itfcs  lli'.ni  .:5  at)  iiittniUKnt  oiil\,  ctiiitnvftl  hy  nritmr 
for  tSi'  k  ,oi- "^c  offtich  a  facuily.  It  we  Iny  imld  ofnn 
upiij^ht  ilickin  the  dark.,  wcc;iu  till  \v!iK:h  is  the  upper 
or  lower  part  of  it,  by  moving  otn  liaml  ii|)ward  or 
downward  ;  and  very  well  know  that  we  mim  t  feel 
tbe  upper  end  by  moving  our  hand  dou  r  ward.  Jud 
fib  wc  find  bf  experience  and  habit,  that  by  diredmg 
our  eye*  lowardt  atdl  nbjeftt  m  cannot  fee  iti  top  by 
turning  our  eyes  downwanit  mriti  toothf  (umisg 
ourcyei  upward;  but  mnfttiaeethe  ebjcA  tbe  Aine 
way  by  the  rye  to  fee  it  from  head  to  fi)ot,  as  we  do 
by  the  hand  to  feci  it;  and  as  the  judjrement  is  in- 
formed by  the  motion  of  the  haini  mi  i>::c  tafe,  foit  ia 
alloby  the  motion  of  the  eye  i;i  the  other. 

Molynrnx's  Dioptr.  pa.  105,  &C.  M  iTcht ;  !•!  o:  k's 
Int.  nd  Phil.  Nnt.  vol.  ii,  pa.  ^6l.  l-"crj{Ulo.i'.,  Lic- 
turc?,  pa.  1  c  Sight,  ViuiiLa*  KC> 

SEGMENT,  in  Geometry,  itamrt  cut  off  the 
tvp  of  a  fijnire  by  a  line  or  plane  t  and tbc  pitt  ranaiii- 
in^r  jt  the  bottom,  arier  the  Segavnt  i«  cut  offt  ii 
called  a  f'ujium,  or  a  z^ite.    Bo,  a 

SgGMrMT  9/ II  Cir.-\-,  is  a  p:7rt  of  the  crrrle  out  ofi'b.y 
•a  chord,  or  a  portion  comprehended  by  an  arch  and 
ll«  choid  I  and  may  be  cithtr  jfteatrr  or  left  than  a  fe- 
mieircle.  Thut,  the  portion  A  liCA  k  a  Segment  k(» 
lban«  femteircle }  ni  ADCA 
aSeement  ereater. 

The  angle  formed  bv  line* 
drawn  fmoi  the  extremities  of 
a  chord  to  meet  in  any  point 
of  the  arc,  is  called  an  inp.\c 
in  the  Hrgmiiit.  Sothe  angle 
ABC  il  an  Jf^^le  trii^  Srt;- 
rient  Al'.C  A  ;  and  tlic  angle 
AlK'.  ^-\.;le  At  the  Seg- 
n«.ni  ADCA. 

Alfo  the  angle  B  ia  faid  to  be  tbc  angk  i^m  the 
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Segment  ADC,  and  D  tlit  ir m  ilit  Seament 
ABC. 

The  angle  whiib  the  chord  AC  makis  with*a  tan- 
gent KF,  it  called  the  anglr  o/a  Segmt.it  }  and  it  i» 
equal  to  the  angle  in  the  alternate  or  fupptemcnt.<l 
Segment,  or  e<jual  to  ihe  fuppleincnt  of  the  angle  io 
the  fame  Segment.  So  the  angle  ACb  is  the  angle 
the  Segment  AliC,  and  is  rqual  to  the  angle  ADC,  or 
to  tbe  iupplement  «f  the  angle  B ;  aMb  the  angle  ACF 
it  tbe  angle  tjf  the  Someot  ADC»  md  it  equal  to  the 
angle  Bt  or  ta  the  nipptement  of  the  angle  D. 

The  arta  of  a  Segment  ABC,  is  evidcnUr  equal  to 
the  difference  bttive.a  the  fvCt  ;r  Cj.AI'C  1/  tl.i.  fame 
ate,  and  the  tr-;in);!c  OAC  on  ilie  faicc  cliujil  j  the 
triangle  Le:iir.  fubii.icied  frcnn  the  fedtor,  to  givtf  the 
Segment,  witcii  icUthan  a  fctniciicle  ;  but  to  be  added 
wr.ti:  gieaicr.  .Sec  tnore  rules  for  the  Segmental  taf 
.Mcnfuraliun,  pa.  I  i2  &c,  2d  edition. 

Similar  SrcMirNrs,  are  ihofc  that  have  tbcir  cbovdh 
dirciU^  f  ropurtiooal  to  tbcir  radii  or  diameteti^  or  that 
have  wnilar  arc*,  or  (mk  a*  contain  the  fame  number  of 
degree*. 

Skomtnt  «^  a  ^htrf,  is  a  part  cut  off  by  a 
plan-. 

'I'tie  hafc  of  a  t>..'gment  ;i  uKv:ivs  a  c^rc'f.  .ind 
tlie  r<invc\  ftirfaccs  of  dil'iVreiit  iS:^nien;j,  ,<it  eltU 
otUvM'  M  their  altitudes,  or  vcrteu  iiues.  And  as  the 
whole  convex  furfice  of  the  fphere  is  equal  to  4  of  ita 
great  circles,  or  4  circles  of  the  fame  diatr.etcr ;  fo  ttie 
lur&oe  of  any  Segment,  is  equal  to  4  circles  on  a  dia- 
meter equal  to  the  chocd  of  liaii  the  arc  of  tbe  Seg* 
ment.  So  that  if  denote  the  dtameter  «f  the  fphere,  or 
the  chordof  lialf  the  circumference,  and  e  the  chord 
half  the  arc  of  any  other  Segment,  alfo  a  the  altitude 
or  verfcd  fine  of  the  fame  j  then, 

yi\i6th  u  the  furiacc  of  the  whole  fphere«  and 
3*i4i<ti\pr  |'i4i6«/,  theforfiice  of  the  Segment. 

For  tile  folid  content  of  a  Segment,  there  ate  two 
ruTea  ufuaHy  given  ;  viz,  i.  To  3  times  the  fqitare  of 
the  radius  of  its  bafc,  add  the  fqiiarc  of  its  height  ; 
multiply  the  fum  by  the  height,  and  the  pioJuft  by 
'^ll'u  Or,  idly,  From  3  limej  the  diameter  of  the 
fphere,  fub'.ratt  twice  the  heii^'ht  of  the  fntilutn  ;  mul- 
tiply the  reriiiiinder  by  the  !(j;iare  of  I'lO  hi  glit,  aij 
the  prudua  by  That  is,  in  fjmbulsy  the  fJid 

content  t$  cither 

=  •J236^  X  i-*  +  ■■\  or  ~  '^Z^Ca*  X  iU  -  2a  i 
where  a  is  the  altitude  of  the  Segment,  r  the  radiusi  of 
rt(  baft,  andi/thedhmeter  of  the  wlu>K:  fphere. 

Linf  e/SsGMiNTt,arc  two  paittcuiar  line%  to  called* 
on  Gunter*8  feaor.  They  lie  between  the  linea  of  finet 
and  fo^vrficie*,  and  are  aumbeKd  with  5,  6,  7,  8,  9, 
10.  1  hey  rrpafent  the  diameter  of  a  circle,  fodividid 
into  loo  parts,  as  th  it  :i  rl(  ht  line  drawn  ifuoj^Ji 
thofe  pairs,  and  pciptiiduuLu  10  the  diameter,  ihail 
cut  the  f  iu!c  i  :.;;>  t^\  a  Segments,  the  greater  uf  whlih 
Hiall  have  tlir  fame  propoition  to  llie  whole  circle,  as  the 
ports  cut  ciffhavc  to  100. 

SF.I.FNOr.RArHy,  the  defcn'ption  andt«pic(n. 
tation  of  the  moon,  u  ith  all  the  parts  and  ^ppcimcei 
of  Iter  difc  or  fice  |  like  as  geography  do<«  ihofe  of  the 
earth. 
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Bwe*  die  (DfcntloD  of  the  tckfcope,  8«Wn^raphy 
it  very  much  imiMro*ed<  Wc  haw  now  dillinA  ninefe 
for  vm  of  I  be  r«g!oiii,  few,  hkei,incMint»m,  &c,  viliUc 
Id  the  mooii't  body.  Hcv«rKw«  a  celcbntcd  altronumcr 
of  Dantzir,  and  who  publiAicd  the  firft  Sckoography, 
■lameil  tlic  Icvcral  placts  of  iht  iiiooii  triim  llial'j  of  the 
csrth.  But  Ri.Au>'.:  .T^ierwaid*  c;illcd  tlum  .iftcr  the 
namcA  of  tl-t;  lu  ii  crl.  iirjtid  allioooiriL-rK  and  philoio- 
plitrt.  TliUN,  wl.iit  the  one  CTilli  wc^r/  Porf  hyritti,  the 
o'.lier  calk  jlnjlarclm  ;  what  t(i<  oix'C^Ui  /h.lnt,  Sw.iu, 
Aii«t,  j'lj>mni::U4,  fiic,  llic  i-tl>cr  callp,  CofciNULJ, 

M.  Cilliiii  li.it  puliliflKl  u  w'oik  ciUcd  LJiruSitini 
ScL-Bigii.'t,  iind  ii.is  •d  thv  be  i  Di3p  o{  llic  inoiin. 

SLLEUCl  UAL,  in  Ciironol^giy,  the  <n  of  the  Se- 
leucidsi,  or  ibe  8yra'Miiii;ci!oni«ii  cn»  v«  hich  i>  a  com. 
potation  of  t  .mc,  commencing  from  the  clUhliihincnt 
of  the  &lriicic!z,  a  rat  e  o(  Gfcek  kingSf.  who  rngncd 
M  fuccefibra  of  Alex^mdcr  (fie  Great,  in  Syria,  ai  tbe 
Ptokqntes  did  ill  I'b)  i>'>  Accoiding  to  the  beft  k« 
«o«ii(*i  liic  iidl  year  of  tlii»  eia  /all*  io  ihc  year  |tl 
heforeChrilt,  which  xtu  12  years  after  the  death  of 
Alexander. 

.SELI  ,  in  BiiildinjT,  is  of  two  kindfl,  vi7,  Cret/nJ' 
t';:.',  »v!iich  denotes  :1k  IusmII  j  il^l  cji  ti:i;Licr  1;)  a 
Uuuticn  buiioin^.  l;:.it  iija  11  -.iimli  tlic  vsLuk-  in 
perflriidliirc  il*  rj'fui      Am:  Sl-i1  v  it.dcu',  <;i  nt  ,i 

door,  wliiih  !*  the  bultuiri  [  illc  1:1  ll.c  ir:iii:i  o:  tij.ni, 
IIJKin  which  they  icll. 

SEMICIRCLE,  in  Cenmctiy,  is  half  a  circle,  or 
a  figure  c-ofnprrhtnded  bc  iuccn  the  duunctcr  of  •  Ctr- 
dc,  and  hjli  the  cireuinlcri-iice. 

ScMicmcte  ii>  aliu  an  inftniment  in  Sanejrtog, 

fimctimcs  cnlli  d  the  ^rtifhi.mrt.'i'. 

Itoonliits  of  a  fcm;circt'1.^r  limb  «r  arch,  at  FIG 
f^.  ),  pi.  36;  divided  into  jSode^ee»t  «td  fumtttm«« 
ubdinded  dbgonuliy  or  otherwifc  into  mmutca.  Thia 
Enib  it  fubtended  by  a  diaiuctcr  FG,  luvtnc  two  fighta 
ercAed  at  it«  cxtiemitiet.  fn  tim  centre  of  the  Semi- 
cticle,  or  the  middle  of  ihc  diani<  lev,  i;  jixcJ  a  hox  and 
needle  ;  and  on  tlie  hmv  centre  is  liittd  an  alidade',  or 
move.iblc  index,  carrying  tv.o  i  tl.d  (  ijit,.  ;i  ,  i  l,  I  ; 
the  whole  being  maanied  on  a  ii<i!i,  witii  a  b.iil  and 
fockct  &c. 

Hence  it  appears,  that  the  Scmicfrtlc  isnt-ihing  bnt 
kali  a  theodolite  ;  with  this  only  drflcrciice,  that  w  hcrc- 
as  the  limb  uf  the  iheudoIitCt  being  iiii  eiitiie  ciicle, 
taites  in  ail  the  5^0"  fncccfliecly  |  while  in  tht  .Si  micir- 
de  the  degrees  cnly  Roiiig  from  1  to  iSd,  it  is  ufujl  to 
hafC  the  n!mr!ni:n;  180",  orlhtilc  froin  180'' to  360", 
fraduiited  in  another  line  on  the  ltr>^b  u  ii  I.  >»  thr  fo:  ttier. 

Toiait  M/ingl*9titba  Stm'uircU. — flare  tlvr  iDllrti- 
Bvent  io  fuch  ntanncr.  aa  th.u  the  radius  may  hang 
«ter  one  Ick  of  the  to  be*  nuafurcd,  »-ith  the 
centre  C  o»cr  tin-  vciux  of  the  fame.  Tbcfirtt  isdone 
by  Kiokin^r  ihroij;;ii  the  lights  F  and  G,  at  the  extr> 
tnit  o(  the  di.inu.ttv,  to  .1  m  lixrd  up  ir.  t>iie  ex- 
trcniily  of  ihc  \<.g  ;  .md  the  l.irttr  I4  liml  by  htting  f.:ll 
a  plummet  from  the  cviilio  of  th':  inliiifmcnt.  I  his 
dfirir,  mm  the  itvjvtable  i:i'.!cx  lll<.n  its  ccr.tre  to- 
v-  aiv  i  I  lie  tilhcr  leg  of  the  angle,  tii;!  thioiigli  tlx  fights 
^xed  in  it,  you  fie  a  n^jark  in  the  cxtrcmiy  oi  tlie  k^, 
'I'hcn  the  dc,irec  uliich  tlie  irdcri  cuts  OH  tbc  iinll^  U 
the  quantity  «ir  laeaiurc  of  the  angle* 

V«u  II, 


Othtrufes  are  the£imc«ia  the  dtcodottle. 
SEMICI.'BICAL  PiiiAwiL*,  acurvrof  tlie  s4 
order,  of  fiieh  »  natinr  thait  the  cubes  of  the  ordtnatae 

ate  pruparttonal  to  the  fquares  of  the  ahlcilfes.  Its 
cquaiiou  is  49*  »  **,    Tiiis  curve,  AMjn,  h  doc  uf 


Newton'*  five  diverging  pttabobi,  being  his  70th  fpe— 
cica }  having  a  cufp  at  it»  vertex  -A  A.   It  is  other* 
wife  named  the  Kcilian  pttraboh^  front  the  name  of  the 
author  who  Atft  treated  of  it. 

ThcwcaitrtheftkatxAP.V'.ii:::  ,*  xy=  ^\APx  I'M, 
ctAaltiut  dnaimfirribing  redanglr. 

The  content  of  the  fnWd  gri:eiatcd  by  the  re- 
volution of  the  f\)»K\  about  the  rms  AP,  it 
'fuy'  =  •7SJ4AP  X  j'  1%  or  •  of  the  i.i:c. :iT.!ciib- 
iiii;  c)l;i.<l:r.  A;ic  a  cirtli  i ij^ial  to  the  fui  f  ci'  ..f  that 
iulid  ir.ny  be  i<Muti  tioiu  the  quadrature  ul  an  livpctbo- 

A;ii)  ;lie  length  of  any  arc  AM  of  the  cur»e  may  be 
c:.iily  lined  fiom  the  quadrature  of  a  f;>ace  contained 
under  part  of  the  curve  of  the  common  parabob,  two 
Ritiiordlnatcs  to  the  axis»  and  the  part of^the  auacon* 
tained  between  ihcm. 

This  curve  may  be  dcfcribed  by  a  continued  DOtlOllt 
viz,  by  fallenin^  the  angle  uf  a  f(|uate  io  the  vertex  of 
a  common  parabola  ;  and  then  Carrying  thc  inutfi^A■Oll 
of  unc  (idc  of  thi»  li|u:ire  and  a  loBg  ruicT  (irbich  niler 
atwuyamovc!)  perpindicuLuly  to  tlic  axisof  the  parabo- 
la) abng  the  curve  of  that  pnhob.  For  the  inter* 
fedSna  of  the  ruler,  and  the  other  Cde  of  the  fqiuire 
will dcfcribe  a  Semicubical  patabala.  ^^^<.Il..l^'ll  p  i- 
fofnn  this  without  a  common  parii'oiil.i,  In  Mb  Gt.)- 
la  Orgaiiica. 

;>EM1D1AMETER,  or  Ratlnu,  of  a  ciitU-  or 
fplnie,  is  a  line  drr.wn  from  theccr.tr^  to  the  circinn- 
ftrcnce.  Ami  in  niiy  cui re  that  hss  diameters  and  a 
centre,  it  ia  the  i;iiliu9,  or  hulf  diameter,  or  a  line 
drawn  from  tlie  centre  to  fot.  e  point  in  tiie  curve. 

The  didunccs,  dldlntter^,  &c,  of  the  hcivenly  bo- 
dies ate  ufually  cll'inated  by  uArunumcrii  in  Semidia- 
mettrs  of  the  earth  ;  the  nuiTil>er  of  which  tcrrettrial 
ikmidiameters^oontained  ia  that  of  each  ofthole  planets, . 
MMbebw. 


The  Eatrth 
The  Sun 

The  Moon 

Mercury 

V'enu* 

\Iare 

Jupiter 

iiiKiin 

il.tr 


I  Scmidlam. 
till 

I -1 5 

I  i-8i 
9*:  7 


SEMliJlAHtN  l-E,  in  Mufic,  a  dcfeaive  or  im- 
perfcit  6ltli,  called  iifuaUj  bf  thc  MSktth^*  fiimM, 
and  bv  us  «  falfe  filth, 

J  K  SE&U. 
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SEMJDTAPASON,  Jo  Mufic,  ■  defeaivt  «w  ««•    wiWi  »•  fciOe  «  ffftem  of  owfic,  coafiftii^  of  19 

Dcrica  octave ;  ...  .1  octaw  dittimflwd  by  •  kifcr       degree*, or  Myites  io  ihe ofav*.  bemtj  an  improte 


SUMIDIATKSSARON',  ia  Mafic,  «  defe6bi« 
fourth,  called  alio  a  hik  tomth. 
SEMlDrrONE,  in  MuG<4  » the  lefler  third,  hniog 

III  tvrm»  A-  ft  to  5. 

r,hMIOIlDlNATES,  in  G.-oninry,  thchalvejof 
ilif  .'.•clliutc?  or  .T)|  1  .-i-s,  bcm-  the  Unc*  upplicd  he- 
iwetii  ttir  a'yfcifs  asivi  ilic  curve. 

SEMIPARAnOI.A,  &c,  in  Geometry,  the  bilf 
of  the  whole  parabola,  cVc. 

SKMIQI^^HRATK.  or  SrMia'Wi rif,  la  an 
aip .1  (>;  U,o  [  tjr.cts  wlu  ii  diftant  from  c'ch Other  one 
figii  ntij  3  l,t.U",  ur  4J  dcgrctt.  ' 

Sl-MIQUAVER,  in  MuGc,  die  half  of  a  cpi»- 

vcr. 

.SEMiql'INTILE,  ;»  an  afpj^  of  the  planets 
wliro  diftaPl  troro  each  other  the  halt  of  8  5  th  ol  the 
«ircle.  or  by,36  dcgrcet. 

SEMlSfiXTlLE,  mnfpcaof  two  yhndt,  when 
I'liy  arc  dillant  from  each  other  30  dcgrtf*,  or  the 
half  of  a  frxtilc,  which  ta  t  figM  or  6o*.  The  Semi- 
i'txtilf  is  marked  /.  J. 

SEMITONE,  in  Mufic,  a  half  tone  or  half  note, 
«i»e  of  lilt  decree*  or  intervals  of  concords. 

There  arc  three  degrees  or  left  intcivaU,  by  w  hich 
a  Ibund  can  aiovt  ninvunls  and  downward?,  fticcefiivdy 
InNA  one  extreme  uf  uny  coacoid  to  the  other,  ami  yet 
pnidnce  tn»  ntelody.  Thcfe  degrees  are  the  greater 
tone,  the  left  tone,  and  the  femitone.  The  niios  de- 
fining ihcfe  interval*  are  thefe,  lis^  the  greater  tone  8 
to  y,  the  lefs  tone  9  to  10,  and  the  Semitone  15  to  16. 
Its  compafn  5  ir,nitr.a:.,  u.ti  it  h.ii  its  name  from 
being  nearly  l»all  a  whok,  ilun^h  k  i»  really  fomewliat 
more. 

There  arc  fevcral  fpecies  of  Semitones  ;  but  thole 
that  ufnally  occur  in  jimCiicc  arc  of  two  kinds,  dilliii- 
gttiihcd  by  the  addition  of  greater  and  lefs.    The  fii  (I  is 

'cxprelfedby  the  ratio  of  i6  to  i  j,  "-JJ  J  "d  the  ft- 

cood  by  1$  to  14,  or  ^    The  ofiave  oontjnns  10 

Scmiun.j  iri'K,  and  2  dicfcs,  nearlf,  or  17  Semi- 
tone;* niii.in,  iKuily:  for  the  meafurc  of  the  oAavc 
hci:!^  cxj)rcnt;d  Ly  the  to., :  .  ■.Im  -  l,O0O0O, 

the  i^cmitoiic  major  will  bt  tiic*iurcd  by  0,09111, 
and  tli'.- Semitone  minor  by  -  -  c,oy'>-->. 
Thcfe  two  differ  by  a  wlio^c  cthirmonic  dicfiti  which 
is  an  interval  praaieaUc  by  the  voice.  It  va»  much 
in  uk  au>on;r  tnc  Aacicnti,  and  u  aot  unknown  among 
TTi  ^dcrii  praaitioiiti*.  Eulcr Tent.  Nov.  Theor.  Muf. 
pa.  107.  Sec  I.MTm**L, 

Tl  '  '  ■  '  .  n-ttonis  art  called  Jt3siiotij  nitet  ;  and,  wltli 
f  -  u  ti)  ill-  iiitvii-.d  one<i,  li.tfv  arc  cxprt&d  by  cha- 
r.-.cier«  called  and Jh,iip<.  The  ufe  of  them  is  to 
vtint>lv  ttie  dcfift*  of  inilrumenta,  which,  liav;ii;r  thi  ir 
founds  cannot  alwayi  be  made  to  anfnrer  to  the 
diatettir  fc»lc.  Ry  mcaai  of  tliefe,  we  have  a  new  kind 

♦ffc;,!.-,  r,.'k[l;lif 

SEMITONIC  iVa/r,  or  the  S(aU  of  Hcuntind^ 


mtntoQ  the  oatml  or  diatonic  fc^V,  hy  infcrting  be- 
twcen  each  twonotetof  it*  another  note,  \s  jiich  divide* 
the  interval  or  tone  into  two  unc4tial  partu,  called  Se» 

The  ufe  of  thl»  fcalc  t»  for  itillniments  that  have 
fixpl  founds,  ns  the  organ,harijCchord,&c,  which  are  ex- 
ceedingly deftttivc  00  the  fool  of  tho  nntiirj'!  or  diatonic 
Icalr.  For  the  dcgreea  of  the  icale  hcini;  tin(  <p!3l,  from 
•  cfery  note  to  iti  octave  there  is  a  diflVitnt  oricv  of  de- 
gree* {  fothat  from  any  note  wc  cannot  find  ever)'  in- 
terval in  a  fcriei  of  fixed  foand«_;  w  hich  yet  ia  neccf- 
fary.  that  all  the  notes  of  a  piece  of  mvfic,  carried 
through  feveralkeys,  may  Ik  foand  I"  thrirjuft  tunc,f>r 
that  the  fame  fong  may  be  begun  indiffcicntlj  at  any 
nntc,  ai  msy  be  necefTary  for  accommodaiing  fomc  in- 
ilrument  to  other*,  or  to  the  voice,  when  thty  arc  to 
accompany  each  other  in  iinifon. 

The  diatonic  fc.-Jc,  beginning  at  th-.-  lowed  note, 
being  nrft  fettled  ou  aa  iaftmineDt,  and  the  notes  of  it 
diftinguiihed  by  their  namet  ^  r,  </,  #,/,  ^;  the 
fnlertrd  note*,  or  Semttenea,  are  calkd  fiAitwot  notet, 
and  laks  the  uatr.c  or  letter  heknr  with  a  «,  a.<i  « 
called  c  (harp  ;  figiiifyiirjf  that  it  n  a  feOUtonc  higher 
than  the  kui.d  i  I  i  n  'he  natural  Itries ;  or  iliis  mark 
\y,  caltcd  a  llrit,  with  she  name  of  the  note  above-  fig- 
nifying  it  to  be  a  Semitone  lower. 

Now  {J.  and  \  \\  being  the  two  Semitone*  the  grent- 
er  lone  ii  divided  into,  and  and  |J,  the  Seml- 
tonca  the  leix  tone  ia  divided  into,  the  whole  octave 
win  Rand  mtlieibOowing  fcheme,  where  the  ratioa 
of  each  term  totheoottarc  writtca  £raAion-wife  be< 
twecu  them  bcloww 


Scalt  »f  Stimlmtt, 


J. 


■  tt 

1  TT 


f.  fm. 


I  s 


"9. 


ah.  K 


ii 


1 1 « 

TIT 


t. 

\i 

for  the  name*  of  the  intervals  in  this  feale,  h  nay  he 

eoiiriilerrd,  that  tni-  notes  added  to  the  natural  fcalc 
arc  not  dcfif;ncd  lo  alur  the  fpecies  of  melody,  but 
have  it  ftiil  diatonic,  and  only  corn;^i  ctrtain  defects 
ariting  from fomethirg  foreign  to  the  i  llin-  of  the  fcale 
cf  mufx,  vi/,  the  fixit.g  rvd  limiiic.-;  the  rounds  -,  we 
fee  the  reafon  why  tlic  oimc^  ot  tiic  natural  kale  are 
oontintied,  only  making  a  diftinflion  of  each  into  a 
greater  and  lif«.  Thus  an  interval  of  one  Semitone* 
ii  called  n  lefs  frcond  t  of  two  Semitones,  a  greattT 
(rcond  ;  of  three  Semitonct,  a  kb  third ;  of  foar,  a 
giiBter third,  itc. 

A  fccor  1  ki:  l1  of  Kcmitcinie  fcale  we  have  fcona 
another  diviiiou  oj  the  oftavcinto  Semitones,  which  is 
prrroirrcd  by  taking  an  harmonica!  inc.in  bttw-.c:;  thc- 
<.'<trimi5i  of  the  grt.-itt-r  .ind  lefs  tone  of  the  latural 
fcalc,  which  divides  it  into  two  Stinttone^  nearly  equal. 
Thus,  the  greater  tone  8  to  9  is  divl.kd  Into  two  Se- 
mitones, which  are  »6  to  t-,  a-ul  17  ti>  i5;  where 
16^  17,  ill,  is  an  arithmetical  divifion,  rhe  numbers 
repfefentlcg  thclci)gth>  of  the  chords ;  Ivjt  if  theyr^ 
pirfent  the  vibration,  th:- lengths  of  the  i  lipids  are  rO> 
cipiwalj  til  as  i,  \u\i  whkhput*  the  ^^icitcr  Se* 


Digitized  by  Google 


5  E  R 


r  435  ] 


S  E  R 


inl-rnr  next  tlic  lower  part  >.f  the  tone,  anj  the  continuAtim  ufflinifcft.  Or,  if  the  lame  frsdionf 
IcJ.r  I J  ,K-  t  the  upper,  wl.ich  l^-hc  property  of  tj,c         ^    .  ^  _l_  .^^  Mrlwwrf 

k'ls  (oner  g  to  10  is  Jivideil  iniotwo  Sciintniu's  18  to    in  the al^dnaic  maimer^  tlwquotkM  willfae 


 =  +  5  -  +  — Ae. 


19,  and  i9ti>  o  ;  and  tht  odtaTc  llands  thus  I 

*.  cm.  d,  dm.  t.  /.  /«.  f.  f  *.  a.  ^.  i>- 

Ti  .iif'tlionn,  he  made  aa  cxpenni«iit  pf  bcfiwe  the    j;v;fi«r,  ij.,-,.,    :ii        tt.^  .ti,.r;i.ii 


Ruv.il  Soc  i  l  .,  >;ii  chord*,  cxji-ily  in  tiicfe  proportictie, 
wli:\fi  vitldtJ  a  pi.rf«4l  i-f^accrl  «iih  other  iuiiruRicnti;, 
toiK  litd  l^y  the-  btrt  hancJ's.  Mr.  Milcolm  add«,  that, 
having  cakulaSfd  the  iali<i»  ot  ihcir,  for  his  ow  n  latif- 
faAion,  be  found  uu  rc  of  them  f<lfe  thsn  in  the  pre- 
ceding fcale,  but  thco  their  errors  were  coaliUerably 
leb,  viikh  tBulc  atwndi.  Mikolat'i  Mufie,  cifaap.  la 

^  SENSIBLE  ^arimv,  «r  PmM,  or  fte. 

See  the  rubibntim 


I 


4* 


dtvifion  tlicre  will  aiife  the  Scrie», 

And,  thus,  by  dividing  I  hy  ^ — j,  or  6 — 3,  or  7  —  4, 
v'si  ,  the  tieiics  anfwering  to  the  fiaftion  may  b- 
iuund  in  w  endlefs  varitlv  of  infinite  Sciiti ;  and  the 
finite  quantity  \  is  ca!'.  1  tiic  v.i'.n:  <ji  radix  ot  tlie 
Scries,  or  alfo  its  fyni.hcaig  I  he  number  or  fuiu  to  wliii  h 
the  Series  would  amount,  or  the  hmit  to  wliith  it  would 


c  mc  luwiianun^  tend  or  approxioi.itr,  l>y  iu..ninin^  up  ii>  teriTts,  ui 

SEPTUAOE81MA,  w  the  CaicDdar,  it  tbcoth    by  oJleaing  them  together  one  after  ?n.ithc:r. 
.    L  r     r.ji...  r.  ^,ii...t  Mfftmi'liaa^AmnniVil.       In  like  manner,  bv  dividiiiE  t  ov the alffebi 


Sunday  before  Eailcr,  fo  called, ai  foin«  have  fil^polcd. 
bccauic  it  is  near  70  days,  though  in  roKtr  it  i(  only 
(yX  dava,  before  -t. 

SERIES,  iti  denotes  a  rank  or  progrelDaii 

of  quantities  or  tcnns,  which  ufiully  pfDceed  aocord. 
ing  to  foire  certain  b»w. 

Ai  the  Seric*  i  +  7  +     +  ^  +  17j 

orllieSeriM,  »  +  T  +7  +  J  +  7**** 

%hcre  the  former  is  a  geometric  i1  Series,  proceeding  by 
theconftanl  divifion  bv  or  the  denominatom  mnl- 
tiplied  by  2  ;  and  the  i.tt.n-  \%  an  hannonical  Scncs, 
bonstbe  rccipreoiU  of  the  arithmetical  <>enes  1,  i,  3, > 
fti^  w  the  denttmiMton  being  contmiaUj  ncRafcd 

^Thedoaitneaad  ufcof  Series,  one  of  tbegreateft 
ifflDrOTCBtenUorthe  preftnt  :i^c,  we  owe  to  Nicholia 
M^tor  i  thoorfl  it  feei^.  l.<  t.  <0c  the  f.rft  hmt  of  it 
from  Dr.  WaOirt  Atithmeuc  of  InfiniiM ;  but  the 
eefliu.  of  Newton  firft  gwe  it »  body  and  1  form. 

It  chiefly  ufeful  in  the  qgadfatBW  <*  curves  s  where, 
as  ue  often  incet  with  qnantiliei  whieh  cannot  be  ex- 
preffedby  any  precife  definite  JiHiilbeij  fiich  aa  »  the 
ratio  of  the  diameter  of  a  circle  to  the  CucumKicnce, 
wc  are  clad  to  exprefs  them  by  a  Series,  which,  infi- 
nUay  continued,  i*  the  value  of  the  qwinuty  fought, 
«od  i^di  i»  calM  «A  lafiiiiK  Sciica* 

Infiniu  Seriei  cannonW  arife,  either  from  a  conti- 
Bucddivifioo,  as  was  praaifed  by  M^rcator,  or  the  ex- 
tnftioa  of  toot*  as  ifft  performed  by  Newton,  who 
dlb  expliiiwd  other  general  xvays  for  the  cxpandtog  of 
qoantidci  into  infin.te  Series,  aa  by  tb«  btaom.al 
tlicorem.  Thu%  to  divide  i  by  3,  or  to  eaqaBd  the 
fraaion  \  into  an  infinite  Senea  5  V  dinTMni  in  deci- 
I  the  ordinary  way,  the  feric^  Is  0-3333  &c,  or 

.1.4. -L  4- 

tir  100  *  1000  ^  looQD 


In  like  manner,  by  dividing  t  by  the  algebraic  fum 
«  4  e,  or  by  a  —  /,  the  quotieBt  will  be  in  thcfe  ttro^ 
caJcty  as  below,  vis. 


--■7  + 


«+* ' 

«— e       a  ^ 


+  -r  + 


tee. 


wbere  the  tern*  of  each  Serica  arc  the  fame,  and  the/ 
differ  only  in  this,  that  the  lign*  are  alternately  pofitivc- 
aod  negative  in  the  former,  but  oU  pofitiTetD  the  latter.. 

And  Ix  ICC,  iiy  (  xpouodiiiga  and  t  by  any  numberf 
whatever,  wc  obtain  an  eiuileU  variety  of  iullnile  Se- 
ries, whofefumsor  values  are  kBov.ii.  l)  i.ikltig 
«  or  e  equal  to  1  or  a  or  3  or  4,  &c,  we  ouuiu  thLfc 
Seneit  aid  their  «a]uc8| 

=  i-=s  I  -  I  ^  f  -  I  4  t-KtUh- 

3       5»  ^  3*  i* 
'  ,      »•  *  a«  a* 

s  I  ^  t  -*  t*  ftCr- 

'  i""  3'        3'   -  i* 
And  hence  ii  appears,  that  the  fame  quantity  or  ra- 
dix may  be  exprefltd  by  a  great  virlcly  of  infiti-.te  Se.- 
.ics,  or  that,  maj  dittarcni  Scries  may  have  the  f.ime 

jn'.i).  or  fum.  -r  1 

^n.  .ihcr  way  in  wliich  ID  infifliU  ScTK*  anfcs,  !«  by 
the  extraclii.n  of  roota.  Thoi,  by  eatratiing  the 
fquarc  root  of  tlie  niinilK-r  3  in  the  common  w.iy,  w« 
obtain  its  value  in  a  feries  as  follows,  viz,  ^3  as 

1-73205  &C   =  t   +   — -  +        -  +  1C-0O30 

mals  in  tKe  ordinary  way,  the  lerH:^  IS  0-3333  «c,  or  10       1-0  lavu 

^  &C,  where  Uw  Uir  of  J^ihich  way  of  iclbllitioa  .the  law  of  the  progicflion 
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«r  the  Scriet  ii  not  vIGblc,  u  it  it  when  fouod  hy  iU 
V  i;  m.   And  the  fqaara  laoc  of  tiie«lgdiraie  qMMtity 

**  +  *'  gives 

■■               f*        t*  r* 
^tf»+««SB4+  —  +  -— -  &C, 

Za       0(1*  I'l/* 

And  a  3d  way  i»  bjr  Newton'*  binnrr.ial  tlieorrm, 
^Uch  it  a  uaiverfal  method*  thit  Jctvc»  for  all  farts  of 
qimtitia,  whether  fbfltioii^  or  ndical  one*  t  md  by 
this  lULUit  llie  fame  root  of  the  Uft  gil«S  4|ltMtttf  be> 

coircs  ^ 

-a  -i- 


1.  ♦ 
— —  + 


+ 


wl'.cic  thcluw  of  ccuiiuLiatiou  w  villbk'> 
Sec  EzruACTiON      RMUt  aad  BiaoNiiL  7Ae- 

l'"rom  tlir  rpcci:r.cria  alwvc  j;Ivcn,  it  r.ppear?,  tliiit  the 
frgns  of  th?  tcrtr.s  may  be  lithcr  all  plui,  or  slcenialfly 
plus  ami  minu5.  TliuV},u  liny  may  be  »arlcd  in  mai.y 
Other  ways.  It  iilfo  appears  tlint  the  trnns  may  Lc 
Cither  corririiiil'y  fni^Htr  :inil  fmaik-r,  or  br;;cr  and 
larficr,  or  clfe  aUeijua'.  In  •.l.c  firll  cafe  tlintlLir?  ibc 
Seriet  {•  bid  10  be  a  tlinafin^  r»ne.  in  the  zd  cufc  nn 
Snnw/ftff  one*  and  in  the  'jtl  cafe  .m  rtjnalont,  Aiio 
the  nrft  8erictfHcal!c«1  afwwr  (Vj-one,  hccavlethat  by 
collctliiig  in  ttims  fiitci  (Tr-vly,  t.^king  in  atw«y»  one 
tci-'n  nmro,  fucgtCivc  luoii  itp^ituximate  orcoiivcrgc 
to  ti  c  vaI-k  or4wii  of  the  whole  infinite  iieriea.  w 
the  >krtc» 


3  -  >      ^        3  9 


27 


87' 


the  Gtil  ttrm  —  U  too  little,  or  below  —  which  ii  the 

3  ...  * 

val  jc  or  fern  oFthc  whole  infinite  Scries  propoftd  ;  the 

fum  of  the  firft  two  term*  —  +  —  i»  —  =  "4444  itc, 

3       9  9 

M  ullb  too  little  but  oewtr  to    ^  '5  than  the  former; 


^^  37 


ud  the  fin  of  thite  tern*  — h 

3  9 

■48 14^1  &r,  if  nearer  than  the  hit,  hot  tM  tOO 
Jjttle  i  and  the  fum  of  four  terms 


-5-  + 

$      9  27 


bi,  81 


^!ch  ii  nptj*  ncMcr  than  the  former^  hon  ASH  too 
Uttle »  whidi  U  alwaji  the  cafe  when  the  tennt  are  all 

pofitive.  But  when  the  converging  Scries  has  its  terms 
alternately  politive  and  negative,  then  tikc  fucecnive 
furrs  arc  alternately  to.)  ■/,'-''x'.  nruj  1^,1,  lit-l;,  •,li,.t;i'li 
flill  appro^Qbing  nearer  and  nearer  to  the  iinal  fiitn  or 
Ysdue.  Tha*  in  the  Scries 

the  ift  term  ^  sa  'jj)  ite,  ia  too  gieat. 


I  I 
two  termi  

3  9 


•■^11  &c,  are  too  little, 


thtfeteraw  y— ~+       •<;9j;9ftc;Me  too  great. 


fourtcnm-^—  1  ss  •H^tjfte,«f«> 


too  fffttXf  Mid  1#  ODf  attentatcljr  too  great  and  to0 
CnalU  hot  trnj  fnccccding  fnm  fiill  nearer  than  the 
fonncr,  or  converging. 

In  the  fecond  calV,  or  when  the  terms  grow  larger 

and  larger,  it  t  Sen  ■=  i,  .  I'nl  ,t  ,/.'vtr!;:tr{  oik,  bccaufc 
that  by  collcCtaig  l!u  Us„i%  crmtinuiliy,  tlir  fucccllive 
fums  diverge,  in  go  always  t'artlitrr  and  farther  from  the 
true  value  or  nulix  of  the  Scrits;  Iniu;;  all  too  great 
when  the  Icrnm  are  all  )xi:itlvc,  but  aktiiiatcly  too  gnat 
and  too  little  whto  liicy  are  akeruatcly  potiiivc  aad 
aegatitw.  Thua,  in  the  tieriec 


I  +  a  3 
the  lirll  term     1  it  too  great, 
two  tetma  l  —  1  ax  —  1  are  too  little, 
three  termi  i  —  a  4-  4  =  +  3  arc  too  great, 
fjurtennii  1  —  :  -|-    — 8      —  5  arc  too  l:tt!e, 

and  fo  on  contiiiiially,  after  the  2d  term,  diverging 

raott  and  more  from  t!ic  tiuc  v;uue  or  nuJix  — ,  b:it 

altcriutily  too  grf"t  f.iid  Ino  little,  or  pofitivc  and  tie* 
gativc.  But  the  a'totiutt  fjai>  woulj  hr  nhv.ivi  more 
and  nn>rc  too  ;T'iat  'f  tl'C  ttiii-.b  w^k  afi  pi.'.iliie,  and 
alw  jys  too  httlc  if  m  '^uti^o. 

Tut  in  the  tliird  c  f.-,  01  whi^n  the  terms  are  all  equali 
the  Series  of  equals,  with  alternate  (ignt,  iscallcdawm 
Irai  oue,  becaufe  the  fucceiiive  fum*,  foand  by  a  CMf 
tinual  colkAion  of  the  tenni,  are  alwaya  at  tlie  lasie  dit 
tance  from  the  tn*e  valne  oriadik,  hut  alternately  pofi- 
ttve  and  nej^atire,  or  too  gtal  nnd  too  little.  That, 
in  the  Series 

I 

I—  I  +  I  I 

i  i  I  is  too  great, 
1  —  I  =  o  are  too  little, 
ec  teriiii  1—1  +  1  =  1  too  great, 
four  terma  t  —  1  +  t  -~  i  s=  o  too  little, 
and  fb  on  eontimially,  the  fucceiGie  fiima  heioe  aitei^ 


I  lucceinie  luma  being  a 
iquaU  J  di&reat  from  ue 


natcly  I  and  o,  which  a«t«i 
value  or  radix  ^*  ^      *■  auich  ahorc  tt»  aa  the 

other  btlow  it. 

A  Sciie*  mav  he  terminated  atid  rendered  fii.iie,  and 
accurately  cqu.il  to  tiic  fum  or  value,  by  afluming  the 
fiipplctncnt,  after  any  particular  term,  and  combining 

it  with  the  foregoing  terms.  So,  in  the  Saicc-^  — 
i-+  -J  —  jg'ftc,  iriiicb  i»  equal  to  y»«mdfraad 
by  dividing  I  by  a     1,  after  the  firft  Urm,      of  the 

q'jotient,  the  remainder  ii.  —  .1-,    »hith  oisltlcd  by 

z     If  or  |,  give*  —      for  the  fapplemeat,  wliieh 

cowhined 
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A&ed  with  the  firft  term  — ,  gim      —  = 


a  a       6  i 

the  tine  fern  of  die  Sena.  Aguv^  after  the  firft  two 

f  Rim  —  ^      the  ttnnindcir  »      ^  whtch  din> 
«        4  4 

dcil  bj  the  fame  diTtfbr     gtvct  ~-  for  the  fupple- 

SMiiv      AbcoBtnuedwiththafietwotcnM  -^^-t 

*  4 

I        I.I        t   ,    f        4  ■ 
 +  —  =  —  +  — ss-2-  oe  — 


the  /aiBc  fain  «r  «iliie  ee  heCare*  And  ib  gmcral,  hy 
^Idiog  thfa-i-e,  there  w  obtuecd 


I            I         r        f  - 
 =  +   + 


«faerr,  Sopping  the  diiifion  at  Ktf  term  h  < 


»the 


.  t" * ' 

rcmaixtdcr  aiftei  tliit  term  h  •  « which bcinit  divided 

«*  *  ' 

kit  the  Tame  dIvUbr  «  +  *,  «ia  —  .  ■  —       for  the 

rupplcmcnt  at  above. 

T/te  Lave  of  CoKUnuai'icn. — A  Seriei  being propo{ied| 
one  of  thr  chief  qucflion*  conccniiiig  it,  It  tO  find  the 
hiw  of  it*  eontionation.  Indeed*  n9fln!«crfiil  rule  cm 
be  given  for  this  \  hot  it  often  happens  that  the  termt 

of  the  Strict,  taken  two  and  t«ro,  or  three  and  thrc«, 
or  io  greater  namber^,  have  an  obvious  and  fimplc  rela- 
tion, by  whtv  li  t!if  Sriin  r.'-iy  I"r  Jcti-rtiilrt i!  and  pro- 
duccfl  iiidti'iuiuly.  Thus,  it  I  Ix?  divided  l)y  I  —  *, 
the  ijiMJtia;:  will  be  a  geometrical  progrtffion,  viz, 
J  •+  .«•  +  .4*  -v*  Ac,  where  the  fuccccding  terms  are 
produced  by  the  coniinual  muhiplic^tion  by  .r.  In  like 
manner,  io  other  cafe*  of  divii'rou,  other  profjrefTjoos 
are  produced. 

But  io  moft  cafei  the  relation  of  the  terma  of  a  Seric* 
ia  aot  eonAantt  aa  it  it  io  thole  that  arife  by  dinfion. 
Yet  their  rdathm  often  wica  aecording  to  a  certain 
law,  which  n  fomefimet  obvioM  or  tnTpediou,  and 
fmnetinm  it  '?  fu  uiJ  !,iy  (dividing  the  fucceffive 
vac  by  jiHitliL'r,  &C.    Thus,  in  the  iiciict 

2  8    .      16  .  .   128  ^  .     ,     ,.  . 
I  +  —  *  +  — J*  +  — J^*  +  x*  &c,  by  dlvr- 

3  'S         3?  jJJ 

ding  the  2d  term  by  the  ifl,  the  by  the  ad,  the  4th 
by  the  jdt  and  fo  on,  the  quotienta  will  be 

I*.  1..  f  V.  i^Ae, 

and  therefore  the  t^vms  n.  y  \<  ci  r.tinued  indefinitely 
by  the  fucGcl&ve  midtiplicauOB  by  tbcOe  fra^wna. 
AUb  in  the  ibUowing  Serica 


X^4.  X. 


3? 


»•  ftct  by 


6"       40"    '   128  1152 

dividing  Jhc  at!jaceat  terma  foeCel&Tely  hf  cada  other, 
abe  Scnci  of  quotienu  ia 


zo 


4i 


S  £  R 


40 

-— fte,  or 

7* 


I 


3  J 


3  «-9 
and  thcret<>rcthe  ttr«n»  of  the  Series  may  be  continued^ 
by  the  miiltipliration  of  ihefe  fractions. 

Another  method  of  exptefling  the  law  of  a  Series,  I'a 
one  that  citiluf,  the  Scries  ^kSSS%  l»y  its  vrniral  ttrm^ 
fliewinj5  the  rrlation  of  the  terms  generally  by  their 
difljnces  from  the  beginning,  or  by  difTerrntiJ  equn- 
tioBi,  To  do  thit,  htr.  Stirling  conceive*  the  tetma  of 
the  Sericf  to  be  jpuccd  a*  lb  many  ordinate*  on  a  ri^ht 
lioe  gtfea  by  poiiiion,  taking  unity  as  the  common  tn- 
terval  between  thefe  oidinatts.  Thelcrmsofthe Series  he 
denotes  by  the  initiii  Itf.crs  of  t!<e  alphabet,  A,  B,  C, 
D,  iic  ;  A  beln^  the  (irll,  B  the  id,  C  th:  3d,  tec: 
and  he  denotes  any  term  in  gtncrvl  by  the  letter  T,  aud 
the  rvll  foUowit(>{  it  in  order  by  T'.  T",  T"',  T"", 
&c ;  alfo  (he  dill.iiice  of  tlie  lerin  T  from  any  given 
term,  or  from  any  given  intermediate  point  between 
tww  terms,  he  denotes  by  the  indeterminate  quantitv 
nib  that  the  diflances  of  the  terms  T,  T  1  , 
Ac,  from  the  fuid  term  or  fwint,  will  be  »  +  + 
s  H"  3>  9cet  bkaufe  thciocKmentof  tbeabfcifsiithe 
common  intcnral  oftheoidinatet,  or  term*  of  the  Seriei^ 
riiijilL.l  1}  iitifc-ii*. 

'I  l.cic  tilings  Leing  prcmifcd,  kt  this  Series  be  prO« 
pofcd,  viz, 

»»  7" 

ia  which  it  U  fm.-n  l,  hy  t\'.\■\•]ll^p'  tlic  terma  bjreach 
other,  tlut  the  rcUiiont  ot  iiic  irims  die, 

B  =  -A4,C  =  1  Bx,D  =  |C.v,  E  =  -lD*,aket 
2460 

then  the  relation  in  general  will  be  deiincd  by  the  cqua< 
Js  4-  I   «  +  f 


tionTs 


T*,  where  »  dc" 


as  +  2  a  +  I 

notes  ihedidance  of  T  from  the  firll  termof  the  Seiiea* 
For  by  fitbRituting  o,  1,  2,  3,  4,  &c,'  ftweelS«erf 
inileaJ  uf  -z,  the  (sMc  relations  will  arife  as  in  the  pro- 
pofed  Series  above.  In  hke  manner,  if  x  be  the  dif> 
tanee  of  T  from  the  :d  termof  the  Setim,  the  equation 


Tar  or  ^~>i.  Tar,  aawiD  ap> 
n  + 1  ' 


ir  4-  4 

pear  t.y  fu^jflilatiiij.-  :lic  n-:inbtr«  —  1,0,  t,  1,  3,  i^t, 
fucceOively  for  x.  Or,  it  denote  the  place  or  autriher 
of  the  tenn  T  in  the  Sccioi,  itafneoclltve  valic?  tt  ittbe 
It  '»3>4»^  and  the  equation  or  general  tftm  WUl  he 

tm 

It  appears  tlierefore,  tliat  rnnutierabic  differential 
equatiuna  mar  define  one  and  the  fame  Series,  accord- 
ing to  the  dimtvnt  poinu  firom  whence  tin;  origin  of 
the  abfciis  x  ia  taken.  And,  on  the  coatrary,  the-fame 

e«}liali<>n  dclines  innumerable  diflercut  Series,  by  Inking 
dificicnt  fuccefllve  values  of  z<    For  in  the  eqiration 

•J*'  ss  '  Tx,  whict.  d:iincs  the  fote^oiiig  Serie* 


when 
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vhen  f,  J.  I,  4,  &c  are  the  f,.cce£fi«  f Juc  of  the    fum  d^pcndi  on  the  q.*d«lure  of  ihc  circle.    Sach  if 


A,  Ia  v.  J- a. a  -'4 a**,  to. 

wliich  i«c!'IR.TCril  from  the  formir, 


AiiJ  tliun  the  tquaiion  w  ll  alwajs  dclrrmliic  the 
net  from  ibc  riven  value*  of  the  abfcifs  and  of  the 


tinucd  aJ  iiifinttum,  accordur^;  lu  EuJcr'i  I'.ii^  o.'rrv. 
Ctmliimd  Fnuikn  or  &t«M|  is  <  fiju.tifMt  of  tbi» 


Lofd 
for  the 


lib  Albcbm*  pa-  317.  Huferin  it 
t  +  « 


*  + 
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a  + 
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firft  lerm,  wben  the  e«juatioii  include*  but  two  term* 
«f  the  Sin'cs,  at  in  the  hft  esample,  where  the  1ml 

term  being  given,  ill  ihe  r«ft  wUl  be  giiwi.  ^,    t- n  c  •     fi      i-j  ui 

Butwhc«theiq««ioainctaa«.thwt«lW.th«  The  firft  Sene,  of  th,5  L.n^  wa,  ,,.»r«  hy  L 

muft  be  isiven ,  uTd  thwe  mnft  be  Bf»en,  whea  .t  -a-  Brouneker.  fuft  prc-dcnt  o:  t!  ■  1  -v.l  v.    tv^  A>r  ^ 

chida  4r  i  ud  fo  on.   So.  if  the  .  Ik  proi-»Ied  th«  S««i«w«J»f       ^.'l^'^'J? /I^^i^^  ^1      ^''^  » 

where  the  relations  of  the  terms  arc, 

J  =  U-AuS  C  =  i:l.B*«,D=:|^C*».  Itc. 
»r3  4J 

the  equation  di-fiiilii^  iliis  Scries  w'lU  be 

t*     "  ~  '  '  f  ~  '  T**  =!       '  -11  '      T  dcQotet  the  fatio  of  th«  (qiwic  of  the  diaioetcr 

a*  •  2«  +  I  4»»  T  ,  ^;,elc  to  its  wrca.   Mr.  Enter  ha«  treated  «a  thh 

where  the  fiiccelBTc  value*  of  5, 4»  ftc  Sec  1^;^^;  ^  ^  Si^rici,  in  the  Pcterihurgh  ComoscBtaricii 

Stirling's  Mcthodu»DiffcrcDtW!»,  in  the iBtroduftton.  i  i,i  his  AnaFjf.  Infinit.  vol.  1,  pa.  ajj, 

Thi«  may  jiifTicc  to  give  :i  notion  of  thefc  difleretitial  re  ia-  '.new;  various  uk*  uf  it,  uii  l  how  tu  tiansforcn 

^uationt,  dduiiiig  the  jiuture  of  Sericj.    ButMtOthc  ord  n.iry  traftioni  ;itii!  coinnii;f.  vS^iks  into  contuiuod 

appUcati'jn  of  thew  equations  in intei-p'-latioij?,  ind  litui-  JVactisns.     A  common  fVattiuu  t:,  t^.m  -''  .  uucl  i::-!3  a 

ing  the  fum»  of  Scrict,  it  would  require  a  trwaiilt  ia  continued  one,  alter  the  miiuu  i  ofkvkiug  Uwgieitell 

«xplaiii  it.    We  muft  therefore  rtftr  to  that  excellent  commoo  mcafurc  of  ilic  niimi-rator  and  denominator, 

(MC  juft  quoted,  as  aifo  to  Dc  Mwivr^*s  Mifcellanca  i,-  dividing  the  pcaici  iiy  tLe  leU,  and  the  kll  divifor 

.^i.  — t  ■B.„»_ :_  ,^»-  ,  '461 

alway*  by  the  lalt  renuunoer.  Inus  to  change  ^ 

to  a  continued  AaStoo.  ' 
59)  l4At  (H  , 


iytiea  {  and  fcvenl  cnribua  papmbf  Soler  in  the 
Ada  Petropolitaua. 

A  Scrie*  often  conTcree*  b  BmAft  a»  to  be  of  no 
sfemmAice.  Thui|»  if  it  wera  icfoirod  to  find  the 
.fiunoftheScriei 

J_  +  J_  + -L  + -L  +  JL- 
1.1^3.4    5-6^  7«»[^9-«o 
which  Lord  Braoncker  {miad  for  Uie  quadfttureof  ttie 

hyptth'ila,  true  to  9  ligurea,  by  the  mere  additioa  of 
tlic  tLTiiis  of  the  Series  ;  Mr.  Stirlinj;  computes  that  it 
would  be  ncccfTary  to  .ii'.J  a  thouland  tniUicns  of  tcriTi* 
'  for  that  pvirpoR- ;  lor  vvhiv;!i  tlic  liie  of  man  \vu,ilJ  be 
tcxj  fliort.  But  by  that  gentleman's  maliod,  she  fua 
of  jhe  &i  it  >  ;ii.iy  be  found  by  a  very  modci.ite  compu- 
tation.    S.c  M-jthod.  Differ,  pa.  26. 

Series  are  of  various  kinds  or  defcriptioas.  So, 
An  Afeen£ag  Seeies,  is  one  io  which  the  poMiV 
«f  the  iodetermiBate  quantity  increafc ;  aa 
1         +  *c.   And  a 

Z):  uf.iifi'/;/  Sf  a  !KS,  is  OHL'  in  w  hich  the  powers  de- 
cre^c,  or  elfe  increafc  in  the  denomijutors,  which  i« 
thefiiiM  thiogg  at 


45)  S9  <« 
45 

H)  45  (3 
la 


AUo  v^ssi-i- 


I  )-(» 

% 

o 
I 
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Cei?wr»mf  Seiifs,  u  a  Series  whofe  terms  conii- 
..iually  dccicife,  «)r  the  rucccifirc  fums  of  whole  terms 
C{)proxim.itc  or  converge  always  neater  to  the  vltilBUe 
film  of  the  whole  Serici,    And,  on  the  conlrary,  n 

Divfr^ing  Sstieii  M  one  whofe  terms  coiuiiiuaJl)- 
fncrenfe,  or  thit  has  the  fiicceffiw  fdiu  of  itt  Uimt  di> 
merging,  or  going  off  aKvars  the  firtherj  from  the 
fum  ur  value  of  toe  Setic*. 

Dttentmale  Siiai£3»  i»  a  Series  wiiolc  terms  po- 
cetd  by  ttie  poweti  «f  >  detcmioate  quantity ;  m 

If  tint  deteiminau 


quanthv  be  mtity,  the  Series  is  faid  to  It  determined 
by  unity.  Dc  Moivre,  MifccI,  An.Jvt.  pa.  ill. 
And  an 

-  fadHtrmmaU  Series  is  one  whofc  terms  proceed  by 
l]w  po»en  of  an  iBdctcrmiintie  quantity  v  »  M 


«+ — A- 


^.  ~  X*  +  — ««ftei«vl«aKtimaaUi>witIi 
»  3  4 

iadeterminate  exponents,  or  indeterminate  eocRiricntj. 

The  Farm  f*  SeRisa.  is  oTed  for  that  afieaioa 
of  Ml  indetierauinte  &erice»  fiich  w 

«**  +  *,"  +  ''  +  c/  *c,  whfch  «rifes 

from  tlic  clifTcrcnt  values  of  the  indices  of  jr.  Thus, 
If  is  =  I,  and  r  s=  i|  the  Scries  will  take  liie  foim 

«r  4  !«•  4>  <^s!*  -I-  <b*  fte* 
If  H  =  I,  and  r  =  I,  the  form  will  be 

+  ir»  +  f4«  +  &c. 
ff  a  S5  i»  Und  r  B  1,  the  form  is 

diti  +  M  -I-       +  ^'"^         A  lid 
If  «  S3  o,  tnd  r  b:  »  i»  the  form  will  be 
«  +  er-»  +  f^r-  '  ftc. 

When  the  value  of  a  fjur.mi'v  cm  not  be  found  ex.tilly. 
It  is  of  ufe  in  algebra,  as  well  as  in  cuoimnn  an'chme- 
tic,  to  feck  au  approximate  value  of  that  quantity, 
which  may  be  ufcful  in  pradice.  Thas,  in  r.ritlitr.c* 
tic,  as  the  true  value  of  the  fquarc  rcol  ot  ;  rr;nnG  t  Xm 
alligned,  a  decimal  fra^'on  is  found  to  a  fuflicicat  dc 
sne  of  exadnefs  in  anf  particular  cafe ;  which  decuttat 
fiadiM  is  ID  reality,  no  more  than  an  tafiiiite  feries  of 
lia£&as  converging  or  appruximating  to  the  Ime  value 
tif  the  root  fought.  Forthie  espicdSon  ^i-^.  t-4I42!3 

&c,  is  equivalent  to  thtt  4/3  =  I  ^ 

lO^lOO^lflOO 

Act  at  iapgsSsa^x  ^  10,  to  this 

ss  I  +  ±  +  -L  +  4  +  ':^&». 

or=  t  -{-  41-'  +  .; -*  +  4.t-»  +  2X-*  &C, 
Vliich  lafl.  Series  is  a  particular  cafe  of  tJie  more  gene- 
ral indeterminate  Series  «*"  +  i»*  '  +  &c, 
viz,  when  <j  =:  o,  r  =i  —  I,  and  the  COefiCiCntt 
«  =  I,  i  =  4,  f  =  1,  </  =  4,  ice. 

But  the  application  of  the  notion  of  appmlmatioiis 
in  nuadienf  to  rpecic%  or  to  ali^cbra,  is  not  lb  ob* 
-J^eiitop,  whhbiiiifiialfagaciiy,  took  the  hint, 


ani  pn  f  \:ii'..  J 't  ;  by  which  were  difcovfrcd  peretal 
meliiods  in  tlie  dtidlrine  of  infinite  Strici,  wlrch  !>Jid 
bi  fiire  hern  ticated  only  in  a  p;itticular  manner,  -Jn:  :'i 
V  ith  grciit  ftcuicnff?,  by  Wallia  and  a  fcwc  thir*.  ijce 
Newton's  Method  of  Hiuions  and  Infinite  Scries,  with 
Colfon's  Comment  i  as  alfo  the  A: dy' ,  per  /l.cjua. 
tioncj  Nnncro  Tetminonim  lui  rda^,  puLiifned  Ly 
Junes  in  lyit,  and  flncc  tianllalcd  and  exjJsincd  by 
Stewart,  together  with  Kenton's  Trafl  on  (!^4di3- 
ttires,  in  174;,  To  thcfe  may  be  added  Maclauiin's 
A'jrebra,  part  7,  chap,  ic,  pa.  244;  and  Ct-imerV 
Anulyfc  dcs  Ugnes  Couirbca  AlgehiraiqiKSi  chap.  7» 
pa.  148;  and  many  other  authors. 

Among  tlie  various  methods  fm  <li '  -rm'nirg  the  va- 
lue of  a  qujrtiiy  by  !»  converging  Stnea,  that  fcems 
picfiia!  '.  lu  till-  icit,  v  l.ith  cunfills  in  aiTumlng  an 
indctcvmitiaic  8cricaa»  tijnal  to  the  quantity  whofc  va- 
lue is  fought,  aud  afterwards  dctt  i  rL-iriLr.,;  die  values  of 
the  lermsof  this  aflumcd  Scries.  Fur  ioilance,  fitppufe 
a  karithin  were  giwi,  to  find  the  iiaiur;il  numbtr  an- 
Iwcnng  to  it*  Suppofe  the  logarithm  to  bcs,  and  the 
Oorrcfpondhi^  sanberfiiHght  I  +'  xx  then  by  the  oa- 

tture  of  logatithna  and  flaxiooa,  x  =  — \ — ,  or 

A  .ra  =  jr.  Now  afTume  a  Stries  for  the  vn!<ie 
of  the  unknown  quantity  x,  and  fubflitute  it  and  its 
fluxion  iiiftcad  of  .r  and  ■>  in  the  lad  equation^  then 
determine  tli«  ^luncd  CMfficicuU  by  compatiPg  or 
equating  the  Ghe  terdM  of  the  equation.  Thm^ 


K  =  ax,  +    Ix'  + 


then    if  ^  nii  +  tln.il  +  3.'z*«     ^i/ft'x  &c  ; 

*  =  («  -I-  .vij  =3  *  -h  «K  +  AiAi  -J.  <K',eftC) 

r,  CDiapariag  die  I9te  terawof  thde  tnovaluca  of «'» 

ihete  aiUea  «  ss  t|  'I  b     f  s  4**    =    -»  **  I 

z  o  34 

which  values  being  fubllitutcd  for  a,  i,  e,  &c,  ia  the 
alTunicd  Scries  ax  ■\-  6x^  +      !xc,  it  gives 

'mx»  +  '^»*  +  — »♦  +  — «*,  tofc  or- 

»        6        J4  ISO 

KSsa  +  '^**+  -i-js»-l- — - — 3«+  1 — ss 

l.«       i.2,3      i.a.3.4  1.1.3.45 

ftc  j  and  confi;qn«Atly  the  number  fin^t  be 

i.z  1. 2. J 
But  the  indeterminate  Series  ds  4-  iz^  ai'*  tce^ 
was  here  aflunud  arbitrarily,  with  rezard  to  its  expo- 
nents t*  a,  3,  ccc,  and  will  not  fucceed  in  all  cafes,  be> 
canle  fome  quantiti«a  requtic  other  forms  for  the  otpo* 
Dcnts.  For  inftaace*  if  tnxn  an  arc  given,  it  were  re- 
quired to  find  the  tangent.  Let  jr  s  the  iangen  t,  and 
« the  arci  the  radtut  being  s  1.  Thru,  from  the  na- 
ture of  the  ciicle  we  fliilt  have  — - —  =  «,  or 

I  +  *»  ' 

r  ai «  <!•  3^.  Now  %  to  find  the  inhie  of  x,  we 
foppofe  xsetmt  >f  Ai^  -|-  oa*  Hcc,  and  proceed  as  be- 
fore, we  flulllind  aS  the  akematecoeffieieots  &c, 

or  ibofe  of  the  evgn  powers  of  s,  t  >  Ik-  -.  ;ieli  _ :  o  ;  ;md 
thcrcfcre  the  Series  adTunicd  is  not  oi  a  proper  tonn.  , 

But 


$  ER 
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But  fuppoTinK  »  ss  am  +  Ja*  4>  «■>  '4*  <&*t 


thiCft  wc find  s 


2 


»7 

«7 


And  OIImt  qwSDtttica  require  otlicr  f(irin«  of  Scr>c*> 

Now  to  iind  4  proper  indcrtenninabe  £«ritft  in  all 
C»fc»i  tcntattTcljr*  would  ofien  be  very  bbnrioni,  and 
even  iii^inidiMbtc,  IfKbcfltttldMt  hate  .i .!  i  >  >- 
deav<  nrud  to  find  out  a  (^eocral  nie  for  thi  i  ^  i  q  c ; 
tho  i^rh  till  Uu'ly  tlic  mt-thod  has  beco  but  imper- 
fcnly  UiidfrHood  anJ  tlnliverej.  Moft  aailors  in- 
tlc-jJ  luvc  cxp'ijiacd  the  muiincr  of  I'luJiiij;  i!.'  id- 
fffic;crils  ti,  t,  i,  J,  ui'c,  ut  the  iiultttirainatc  c^ri-j 

ax    +  +  '■-T  ^iC)  «'liicli  IS  r?'y  enoij;:!)  ; 

but  the  valacanf  n  and  r,  iti  witich  the  chief  difluoUy 
bate  been  afli^^ncd  by  m  .my  in  a  manner  aa  if  they 
vere  UK-tnAem,  or  at  Icaft  dircorcrablc  bf  an  eaTy 
trial  or  two,  ai  in  the  lafi  example. 

As  lo  the  number  n,  Xcwtoii  himfelf  h:i»(hewn  the 
mttliod  of  dctcrmiiiin^T  Jt,  by  hi»  rule  for  finding  the 
firll  termof  »  couvtr^jirij;  Scrirg,  In  tit  ri;ii  '  \.  »ni  n  of 
his  piir.ilIclotjrJiin  and  ruler.  For  the  piniciilar*  of  thit 
method,  fee  the  autborl  above  cited ;  feealf*  fAZAL- 

Lt LOG K AM. 

Taylor,  in  hi»  Mtthodus  Incrtmentorum,  in»clli- 
gatcs  the  number  r;  but  Stirlinj;  tibfrt  vr?  th  it  hit  rule 
lomctimes  faili.  Linez  Tcrt.  Ordlu.  Nl-  aI m.  pa.  2i). 
Tvlr.  Stirling  given  acutrc£kioa  of  Tdvlui'*  rulCf  btil 
{:\',  \  he  C3nn<it  afiirm  it  to  be  UDimulf  having  only 
found  it  by  chance.  Andag^iR 

CravduiKlc  obkrvc>,  that  though  be  thinks  Stir- 
ling's rule  never  leads  into  an  crrar»  yet  that  it  i«  not 
scrnft.  See  Gtavdawki  De  Dcteraiin.  Fonn.  Serici 
Jufinit  printed  at  the  tad  of  hia  MatheCeue'lTnivtrfalia 
Elements.  This  leamcd  profefTor  has  cndeavonrcd  y» 
rcciify  the  rule,  But  Cramer  has  (hc»n  that  it  isfldi 
dcfettive  in  fereral  refpcilB  ;  and  he  himfelf,  to  avoid 
the  incoiivcnieiici ui  "iiuli  tliu  f.n  'li  Hj  .  .if  foimersii- 
tlifiis  arc  fiibjetk,  hit  ijjJ  !t«.<j4iil«.  Ui  tht  iitlt  principlci 
of  the  methud  of  inltaite  Series,  and  has  entered  into  a 
more  exa-t  and  inllniclive  detail  of  the  whole  mel!ir>d, 
ihaii  IB  to  he  met  with  cKewiierc  ;  for  which  rcafon, 
anil  inuiiy  •  thers,  hibtrmiilc  dcfervcitto  be  particulaily 
recommended  to  hcginnii-». 

But  it  is  to  be  (ibferNid,  that  in  determining  theva* 
lueof  a  quantity  by  a  convt-rging  Scries,  it  is  not  al> 
vrays  nccci&ry  to  have  recourfe  to  an  indetermt&aie  Sfr> 
net :  for  it  is  often  better  to  fiod  it  by  divifion,  or  by 
eslnftibn  of  roots.  See  Newton's  Hetb.  «f  Flux, 
and  Inf.  Series,  above  cited.  Thus,  if  it  were  re- 
quiitd  to  t'lnd  the  arc  of  a  circle  from  its  givv-n  tangent, 
that  it,  to  lind  the  value  of  s  in  the  given  (iuxional 


cqttatton,  « 


the  kiigtb  of  an  tT« 


by  an  iofinite  SerieB:  di- 


vidlktg  X  by  I  Mx»  the  quotient  will  be  the  Scries 
i  —  tt*jt  ^  A^ar  tea  —  «. ;  and  taking  the  llucr.:« 

of  the  terms,  there  rtf jh»  z.  =  .v  — +  —  .\  *  !-.t' 

3  5  7 

Itc,  which  is  the  Series  often  nfcd  for  the  quadrature 
0f  th«  cildci  If  «B  tt  or  the  tangmttf  4S*>  then 


mll«8s  t  — —  +  Ice  1 

3      5  7 

of  41",  or  -J  of  the  tirtumfcrcncc,  to  the  radius  I,  or  * 
n 

—of  the  circumfereaoe  to  tbc  diameter  1.  Coofe* 
4 

qucvtly,  if  I  be  tbediaveteri  tben  i«»  — »-  —  —  &c 

^      '  3      5  7 

wtll  be  the  area  of  the  cude,  becaufe      of  the  c!r> 

4 

cumference  multiplied  by  the  diameter,  givei  the  area 
of  the  circle.  And  this  Series  u  a»  tirll  gi\en  by  Lcib'> 
nitn  and  Jamct  Gregory. 

See  the  form  uf  the  Series  for  the  biaosnial  theorem, 
determined,  both  at  to  the  coelficieau  and  cxponcnti, 
in  my  Trafl*.  vol.  t,  pa.  -9. 

J/jrmenr(.iI  .StKii:s,  the  rcciprt>cal  of  arilhmeticals. 
See  Hakmonic.\l. 

JlyfKihjiif  St  Kits,  i»  ufcd  for  a  Scrir*  whofc  fum 
depends  upon  the  (|uadraturc  of  lite  hyperbola,  finch  la 

the  Series-  -I- -I- —  ■(•  — Ac  DeMoifi«*sMi& 
I      »      3  4 

cel.  Anilrt.  pa.  til. 

Ini.  rfi-jL'lion  o/'S«»i««,  the  inrerttng  of  fomc  terms 
between  others,  &c.  Sl-c  IsTtRPot  a  no  v. 

Intfrfi  fndml  S>i%Hi.     See  IxT  i  k  :,ci  s  :n  \  r, 

Jl/i.rr  Skrif.s,  one  whofe  fu  n  Ji  n  '  fn  tly  on  tlie 
qtiadiature  c)f  the  circle,  and  pirsly  <ji»  h  ;  the  iiy- 
]i.;KiLi.     Dc  Moivrc,  Mihcl.  Anilyt.  |-a.  III. 

Hicurrin^  Blv.W'i,  i»  (ifrd  fiir  a  Sirie*  wliich  is  fi> 
conftitutcd,  that  having  talicn  at  pltafurc  any  number 
of  its  terms,  each  following  termOi.ill  be  related  (uthe 
ij.mc  i.umbt;r  of  preceding  ttrms  atcordin^  to  a  roiw 
flant  law  of  relation.  Yhus,  in  the  fdUowing  S«> 
rice, 

a       h        t         J  t  f 

1  +  2*  +  3**  +  ><^'  +         +  97-»'  &c, 
in  which  the  tcrm»  being  refpcttivehr  rrprcfrnted  by 
the  letter*  a,b,    &c,  let  aver  ihcm,  we  lhaahave 

d  =  yx  —  I***  +  5  i 

/  =  yx  —  it/x'-  +  joJ, 

vbere  it  is  evident  that  the  law  of  rehuion  betWMU  i 
and  f,  is  the  Came  as  between  *  and /,  each  tteing  fiinBcd 
intbeiame  aianncr  fiom  the  three  teroN  whicb  pneecde 
it  in  the  Series. 

The  qviantitic*  jv  —  Zx-  +  jr',  taken  to^^Lr'  i  r  :>!ij 
connected  by  their  proper  iigns,  form  wfiat  Dc  Moure 
call*  the  iniltx,  or  the  f  a!t  of  T.lat't/^n ;  though 
foinftinuB  the  hire  cotHiiiciils  3  —  2  +  j  arc  called 
the  Iciilc  of  rcbtiuii.  A,!  t!ic  Icaie  of  rLlation  tub- 
trafUd  from  Unity,  it  caiied  \.\\t  ijfiremidi f.uli.  On 
the  fuliicH  of  Kecurrln;^  .Snic',  fee  l>c  Mouic'i  Mifcel. 
An.dyt.  pa.  27  and  72,  and  his  UoCtrine  ot  Chances* 
3d  edit.  pa.  220 ;  alfo  Euler's  AoalyC  Infinit.  torn, 

Havmg  given  a  recurring  Scries,  with  it«  fcalc  of 
rdatioa,  iIk  funs  of  the  nfaole  inlinitc.  Series  wit 
alio  be  jpnp*    For  inftaiwct  fvppole  m  Berica 


I 


Digitized  by  Google. 


S  E  R 


r   441  ] 


S  E  R 


>i(-rc-  the  relation  between 
III!  I  lie  corfCcienU -of  ftnj 


md  it*  rmn  = 


For  tbe 


«  +  ix  +  r.i*  +  </j»  Sic, 
ttic  cutrfiiclrnt  of  any  term 

two  preceding  term*  m»jr  he  csprcflcd  li|  f—gi  thitt 
ij.  f  =  /,/  _  J,  ,  anidsi/e  —  ftc}  then  will 
the  fum  of  the  Scrica^  iafiutlicly  contiiraodt  be 
<  ^.  (<  —  /:,)  r 

'  -/.  +  s-'  ' 

Tki»,f:<r  exua{ile,afl«rme  s  arij  ;  fi  rtlierocflScirntt 
of  the  RrB  two  teimtof  a  rccuui  Stiiea  ;  and  fujj. 
jv/r/ai  ^  r  tobc  refpc&iwly  i  ami  i|  tlicn  the  te. 

cuit:i>£  Suivt  will  be 

s         -I-  gu*  H-  1 1»*  +  14  ^  +  laf*  &e, 

•  -  jT^  T  .-.i  "  0  -"^ 

j>;Ti<pfof  wl.lc'i  ciividf  8  +  *  ty  (i  —  1)*,  and  t'lcre 
anlc*  \hc  .Scr  c»  2  +  j.v  H-  hA»  -;•  i  U»  &<;,  And 
fimlar  mK-s  iiiip.lit  bt  L'criv.d  far  mure  Coir(>le«  cafei* 

Dv-  Moivrc'!- j^  tin;i';il  rult-  ilita :  1.  Talceatmany 
tcrmicf  iKc  Sill  I-  a»  thcic  iir<  j  arts  in  the  fcatf  of  «• 
lati<>n.  2.  Siilmtd  the  fcalc  of  rvlatkm  fruin  umtv» and 
the  Retmindri  in  tbe  diflerenli-d)  fcalr.  Mulii|dy  the 
termatakeii  ia  tbeSencu  hy  the-  d-lliTciitut  fcair,  bepio* 
Nine  at  uiuty«  and  ta  jHoctcdini:  «M  i!i  rly,  mnembrriiif( 
to  leave  out  what  would  natuialiy  he  ixtcndtd  in  voiid 
thv  laft  of  the  terrai  tekeii.  Tlitn  w  ill  th.-  product  be 
the  numfi  Jtor,  imd  th<.-  diiririT.!i,il  rt.i.Ic  w  ill  be  tUv  dc- 
isominator  oftlir  (rjfiinn  iX]nLfling  llic  fiiin  riquircd. 

Kilt  It  inml  litre  Ik  i/bUrvcd,  that  when  tuc  liim  of  a 
tetii:ring  .Sfilcs  ixtcnuid  to  irf:i]ity,  is  fi  iini  by  Dc 
Moivic's  ride,  i:  <i.i^b:  to  be  fui>|<.ifij  tlut  ti  c  :jeri{» 
ci;ni(  i^'«-s  ii-dcfiiiiulv,  tii.it  is,  tbjt  tlic  Urinj  m:iy  be- 
c<  int  It  fs  I  lull  Kiiy  .ilT!;/ni.d  quantity.  Foi  if  the  Sirica 
divLTfc,  thjt  if,  ii  Its  tiiin»  cuuiinually  increafc,  the 
iide  docs  nut  give  ibc  ttnc  ftiin>  For  tbe  fum  in  fuch 
caie  i*  ii-Hniie,  or  ;;ixatir  than  any  given  qtnntity, 
wheicas  tiic  fmn  txbihited  by  ilic  rule,  will  often  be 
iiqitr.  Tbe  rule  thereibre  in  thia  cafe  only  givea  a  frac- 
tion apiclGngtlieiadis  of  the  Scrieai  by  the  expaollon 


oT  which  the  Serie*  ie  produced.  Thu 


-byea- 


jianfian  hcromci  the  recunrlttg  Series  1  +  +  3-** 
&c,  wliofc  (cAc  of  rcbtion  iaa     i,«ml  it»  fum  by  the 

,uicw.ubci±i::--^'^  =  i-±i:^:j:ii_V_l_ 

tlic  rurantlty  from  which  the  Scrie»  arofe.  But  thia 
(jiiantity  cuniiot  in allca&Rbe  dtrmed  tqiia1tatheinfi< 
i»itc  Scjic*  i  +  sx  +  j«»  kct  far  Hop  where  you 
will,  there  will  al/  ji^f  want  a  fupplecncnt  to  make  the 
iwodoft  of  the  quntient  ly  tin-  divifor  equal  ti»  the  dl- 
vidrod.  Indeed  when  the  Kciits  cfmvCTf»e«  infinitc'y, 
the  fupplement,  d  i:  i  liiliii;-;  tiintlniiidly,  lnci.trti  bis 
than  an)  affi^jncd  quart  i;y,  wr  i  c;uil  to  notliiii;'; ;  Lot  in 
a  diverging  Scries,  tir's  riij>pli-iiHiit  hecoir.e-s  inlitiiitly 
great,  and  the  -Si  riei*  deviates  inf'cfinitvly  from  I  lie 
tmlh.  Sei!  ColftiiiV  Conmciit  on  Kewton's  Mt llind  of 
Fiiixion?  and  Infinite  Serifr,  pa.  152;  Stirlintj's  Mc- 
llird.  Differ.  [1:1.  ;6;  !'rnii>iilti  dc  Sciitb.  Infiii.  pi. 
249;  and  Ctanici's  Aiulvli;  det  Liguct  Cooibcs, 
pa.  174. 

A  recurring  Stnes  being  given,  the  fum  of  any 


finite  number  of  the  tcr  in«  of  that  Seriea  nay  be  found* ' 
Thia  is  prub. },      73,  l>e  lif  tivn:*«  MIlcvl.  AnaVt. 
nndpica*.  $t  pa.  a:  a  of  b!sD  ^Qn'neofCliancrt.  The 
folntion  It  tftcfled,  bjr  taking  tSe  ddTfrcnce  between  the 

fiitr.s  ol  (W'l  inlinitc  .S;Ti;t,  difLTlpj;  by  llie  teims  at. 
fwcrin^  C'l  llii-  j'ucn  niiivibir  ;  vi/,  f  i.m  the  fum  of  iliC 
«hnl,- iri'iiiitL-  Kl-iIi'S,  (onimei  r  i:);  frOiii  t!ic  berii.ri'nj^, 
fuStr;i-'t  t!i  •  (iiiii  of  ;i:i  <■  lier  iiii'iilie  n.;:nL.r  of  ti-tnn 
of  f<inic  6r1i.11,  (M'lmi:  iieiii^  riftci  fo  trany  of  lliC 
f.riT  Iciili?  wb  ife  luni  is  icq-ired  ;  ar.d  ib^  diikrencc 
will  e  .  id<_'iitly  be  tin  1  ^•^n  i  -li  it  i,n;ti')':r  of  terrr^s  of  tbe 
Si-ies.  I'or  ixaTp!i\  to  fiid  ibt  fin  of  «  ttf.^scf 
till,  i  ifiiiit':  •levir.e' lii'  ■!  .'ci.  \ei  {■  nx  +  m''  -,  <jv'  ic. 
1  ii-  c  DC  ti'.>:  iir'.ri'.e  S^rcs  ;  t'u-  on,-  bi  jjji  in^^  w  .'b  <f, 
and 
the 


vvbitb  i^  tlu' 


t'.e  other  v.'ilh 

iiril  Jif  ter-crii  ol  ibc  original  series. 


xt  I. 
By 


lllv-  tutc* 

the  fum  of  the  firll  iofiniie  progicflion  will  b.    *  ^> 

> 


and  the  fum  of  the  fecood 


the  dilftrence  nf 


which  it 


1  — * 

firA  a-tema  of  the  Serict. 


which  n  therefore  the  fnm  of  the 


Tmi  quantity  —  


ii  equal  tu 


at—  I 


whidi  lad  exiMiITion,  putting 

•r*"" '  as  /»  win  be  equivalent  to  thwt  ^^^  *» 

wliich  it  the  comrtinn  rule  f)r  fiidinfj  the  fum  <jf 
any  geoinctric  proTrcfuon,  liaviug  given  the  firil  tctm 
a,  the  lull  lei m /.  and  the  ratio  «.  See  Mifeel.  Ana> 
lyt.  pa.  167,  168. 

In  a  recurring  Serie'S,  .my  term  miy  bc  o!>t~ini''! 
wliofc  pl-ee  is  rifH^^nrd.  For  arte"  having  taken  (o 
many  terms  of  tiic  Series  ?s  tlit.e  arc  teims  iti 
ilie  Icalc  of  iiIitiL-n,  the  St'riis  iii.iy  b;  protratlcd 
till  It  reach  tlik*  pb-rc  plligned.  Uut  when  that 
place  is  vcr;,'  dillant  fion  the  beyhining  <  f  the  Se. 
rin,  the  CwiitMiuing  the  tirnis  if  very  I;;borioii5  ;  a  ;d 
tlwrcfur^  otiier  RHthudi  hare  bean  contrived.  See 
Mifcrt.  Aiir.'yt.  jia.  33;  ai>d  DoArme  of  Chance*, 

rbele  qneRions  hute  been  rcfb'ved  in  n^i'iiy  cjC  s, 

btfidrs  thole  or"  rL'onn  i';^  -'ei  it^.  Ln!:  as  there  is  t:u 
iinivtrfal  nulluid  for  tbf  qii;Hdi.iturf  cA  curves,  neither 
IS  there  one  fur  tbe  ftininiat:<in  t;f  Series  ;  ini!ef«l  llieic 
i*a  (Tn  at  unidc;  v  l>el"oc"  tlnfe  ihinj,'*,  and  finiiiir  di". 
ilctiltle*  arilln^  in  f'otl  .    S--i-  the  a'.itlior<.  a'vove  cited. 

■J'hc  inveili;^:itio:i  of  D  1  ie)  Ijer:H-\.;li'»  nu  tJu'd  f<ir 
firdiiiji'  llie  rouls  i  f  al,-.e  Li :  eq'.i.i'Jons,  v  liiehis  in- 
lirted  in  the  IV't  if"' :titj_h  .niii?,  tor.',  y,  pi.  92,  l)e- 
pciuls  ujjnii  tin.  di-fti  II":  of  rrcuri  int.' 'Siri- s.  See  Euf 
Ici's  ATi;ib  lis  Inftiiitoium,  tpn>  r,  pa.  j;6. 

KtT-r/^ll  rf  SfRIEI.     SeC  RKVtF^ieiN  (./  Sfrlff, 

Summr.b!!  Si  Rtts,  is  one  whofc  fnm  can  be  ,;Clu- 

rattiv  found.    Such  Is  tbe  Series  [■  —  ■(-  —  &c,  . 

'  240 

the  fitm  of  V,  hicb  is  fnid  to  l;e  unity,  <  r,  to  fpeak 

n'.ore  aecum'.ely,  the  lln'It  of  ilsfiiin  is  unity  01  1. 

An  indefinite  oumbci  of  furaowiblc  infinite  Setiea 

-  3  L  vaif 
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maybe  alligncJ :  Toch  arc,  for  tnibiwe,  aQ  iofioitc  re- 

ciirrin^  convcreing  Scric^i  andmany  otiicrg,  forwhich* 
confuli  Dc  Moivrc,  Bcrnoulir,  SuHing,  Eulcr,  and 
Maclaiii'::  ;  vi/,  M  f  .1.  .V:  ily t.  pi.  i  lo  ;  Dc  Strit-b. 
Infinit.  Miliui  ;  Mti.ijd.  H.Ul  pi.  34  ;  Ada  Pt- 
trop.  palUm  ;  Huxions,  art.  3^0. 

The  obtaiBing  the  fumcaf  infinite  Scricfc»  of  fi-ac- 
tion*  ba»  been  out  of  the  priocipcl  objitts  of  ihc  mo- 
den  mctliod  of  coinputaiiion ;  and  tlicfe  lumi 
■WJ  ofteo  be  found,  and  often  not.  Thiia  the  fums 
cl  the  two  following  Scries  of  geometrical  giOgfet- 


are  ealilj  found  to  be 


and  —  =  —  +  -+  —  +  j-  fte. 
2       i      y      27      81  ^ 

But  the  SericftB  of  fntdiont  that  occur  in  tlie  folotlbn 

of  proL.cuif,  111  'Lltioin  be  reduced  10  geometric  pio- 
greffiaiis  i  Hill  tiii  ar.y  gcnc'.il  rule,  in  tafc»  (o  infi- 
nitely varlou*,  be  jjiv^u.  The  art  here,  as  111  n<<<ii 
other  cafts,  is  only  to  be  acquired  by  c xaini>Iei,  aiiii  uy 
a  careful  obfervjt'ou  -J  the  ari»  ui'cd  by  ^reiit  authoi* 
in  the  invelligation  of  fucb  Seiies  of  fraitions  a«  llicy 
have  confidercd.  And  the  general  methods  of  iti.iiutc 
Series,  which  hjvc  been  e;irr:cd  fo  *'ir  by  De  M'^ivre, 
Stirling,  Ku'cr,  &c,  arc  often  found  necefLiry  to  dtter- 
jawe  the  fum  ttf  a  very  iiiitpU:  S«;tic>  of  fr^ctioui.  Sec 
theqnotationi  above. 

The  funtof  »  Series  of  fn£6w»i  thott^  decreafins 
ooatinuaUy,  is  not  always  finite.   This  u  the  ak  m 

the  Scri<»—  +  -  +  —  +  -  +  —  &c,  which  iiibe 

*      *       «      ♦      ^.  . 
hnrmoak  Serica.  eonGftiiiff  of  the  recipTocalt  of  airith* 

nccicaU,  the  fuat  of  which  exmda  any  R**tn  amnber 

whatever ;  and  this  is  fbcwii  from  the  tooAogf  between 

th;  .  p:o.,rcflion  and  t'.t   f  :.lc  c^jrnprciniiccd  by  the 


It  would  require  a  whole  trcatifc  to  enamcnte  tliC 
mriom  kioda  of  &r!c»  of  friiclio:i»  wliich  may  or  mar 
not  be  fummed.  iiometimcs  the  fum  cannot  be  af- 
figncd,  either  beca  jfe  it  i»  intinite,  ai  in  the  lunnonic 

Scriea  4*  *  X     "J"*"      *'^*      ■^^'"""J*'  f*™ 

U  finite  <aann  the  Seric*  —  +  -1  +  i  ftc),  J«t  Ha 

I       4    '  9 

furn  cannot  be  afilgiicd  '.n  Cr  /t-  Itni-  ,  i.r  Iiy  ihc  qua- 
drature of  the  cucL"  or  hj  J  Cl U.l.i,  uhitliu.tj  U  c  lafe 
of  t)ii»  Series  Ijcf.jic  EiiUi's  difcovcry  ;  but  yet  the 
fum  of  any  given  nuirbtr  of  iht  terms  of  the  Series  may 
be  cxptJitiuiifiy  fuur^d,  and  the  wliolc  fum  may  he  af- 
figned  by  approxiaialion,  imkpeniknt  uf  litcci/dc.  See 
Siirllng'a  Methods  Different,  and  De  Moivfe**  Miied. 
Aaalyt.  • 

Befidct  the  Seriefea  of  (raAions,  the  fums  of«lMdl 
convcige  to  a  ccrlaiil  quantily,  there  foiiittimcs  occnr 
othcif,  tth'th  coi:vci]^c  by  a  continticd  muhip]icatioR> 
Ofthikkind  i»  the  Scrica  found  by  WaUi»t  for  the 
diatwv  of  the  eirele,  which  he  expreflei  thui» 

Ice 


g  X  3  X  ;  X    X  7  X  7  X  I 


9  X  9  X 

it  x  4x4x6x6  xttx  6  X  lox  &c* 

where  the  charaAer  □  denote*  the  ratio  of  the  (fuaw 

of  the  diameter  to  the  area  of  the  circte.    Hence  the 

drnointnator  of  this  fififiion,  is  to  its  nomerator,  both 

infinitely  conlinind,  as  the  circle  i*  to  the  fqu.ire  of  the 
diameter.  It  may  fdrihcr  be  obfetvcd  that  this  Scrica 
is  equisaK'nt  to 


1 
9 


5* 


coiuniM  hyjKibjla  au'i  iu  .ayaiptotc  ;   though  the 
JriPTic  m.iy  be  (licwn  alfo  from  the  nature  ol  pru^'tif- 
'  lions,    bee  James  Uemouiii,  dc  Seriibu*  luuu.  uut^ 
what  i»  curio 01,  the  fquaie  of  it  la  finite,  fur  if  the 

finae  terma  «f  the  faarmonie  Seriea.  -  +       -  &Ct  he 

•     «  5 

fquaredf  fomioff  the  Seriei      -  +  -  -f  -  3ic, 

I      4  y 

being  (he  reciprocals  of  tlic  l  .juares  of  the  natural  Series 
of  numbeis;  the  fum  ot  this  Scrira  of  fractions  wtU  not 
uuiy  be  limited,  but  :l  is  remarkable  that  this  fum  will 
be  ptecifeljr  equal  to  the  6th  part  of  the  minibcr  nbtcb 
,  tSftdSt*  the  ratio  of  the  fijuare  of  the  dicumfismiGe  of 
a  ctlde  to  the  fqiiare  of  ita  diameter.  That  ia,  if  e 
dcaole  3*14159  &c,  the  mio  of  the  circdnnference  to 

...  ,     .   >   .       '   ,  t      '      t  I 

the  Uiameter,  tlieo  is  —  ^  =  — \  h  — h— ;H  ■ 

6        1^4     9     t6  as 

fllecJ^This  property  waa  firft  dibovered  hf  Euhn";  and 

hia  inveftiniioa  may  be  feen  in  the  A&a  Petrop. 

«ol.  7.  And  Madaurin  haa  fince  ubfervcd,  that  this  roar 

( in:y !  u  dt  u'iu  d  from  hit  FimigQ^  art»  9su  PJulof. 


24      4»       ^        3'_i  5-1 

&c,  that  is,  the  pr.idu^l  of  the  fquarcs  of  all  ihc  odd 
niimlierji  3,  5,  9,  &c,  is  to  the  piod!i*\  of  the  fame 
fqiiar«s  fevcTally  diniiiiilhed  Iiy  iiniiy,  i!  t,  i  |  .,irr  (>f 
the  diameter  is  to  t!ie  arta  t  f  the  circle.  See  Anthinet. 
IiifSait.  prop,  lyi,  Dp^r.  vol.  1,  p;i.  4<iQ.  Id.  Opcr. 
to!,  r,  pa.  8;i>.  And  thcfc  prudufts  of  fraftions 
and  the  like  q>n:)titics  arifing  from  the  continiKd 
mnhipiication  of  cciuin  factors,  have  been  fnnt* 
cularly  .confidered  by  Euler,  in  hia  Analylta  Iniinit. 
vol.  I,  ebap.  ij,  p.;.  211. 

For  an  cify  and  general  method  of  lammiBg  all 
al'emntc  Sct'e*,  fin-h  ita  —i  ^  e  —  if &c,  fce  my 
Tr.ic\s  vol.  1,  p.).  1 1 ;  and  in  the  lame  vol.  nmf 
be  fecu  fluay  oihea  curiout  trafka  on  infiaiu  Se- 
ries. 

Summatlan  of  Lifiniu  Scrits,  iithe  finding  the  v.iliie 
of  them,  or  the  rjubx  from  which  they  u:ay  he  niifcd. 
For  which,  c<uifult  all  the  authors  upon  this  fcience. 

To  fmd  an  iufitiite  Series  by  eatra^ting  of  roota; 
and  to  iind  an  ii>luiitr  Suio  by  a  prtfuppoicd  Scmtt 
fee  Qu  AOK  a  i  c  r  i.  of  de  Circ/e. 

Toextradt  the  luota  of  aniafintlie  Scrira,  lceEx« 
raACTIoK  a/  Roeti, 

To  mile  an  infinite  Seiiet  to  any  power,  fee  Ikto* 
Li;tion,  and  Fawca* 
TraKfcend^ntJ  Sekibs*  See  TaAwacbNDSHTat. 
TliLie  are  mjr.y  other  important  writings  npon  the 
fuli^it  t't  Ii;liii;:e  !~iric8,  bcfKlci  ihofe  above  quoted. 
A  n•  ^  I  '  l  U  iiu  iit:i:  \  trait  on  tliiv  fcience  is  that  of 
James  i^cruoiilii,  uuiukd,  Trailatiu  dc  Seritlnu  Ji)fim- 
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ti),  and  anoesed  to  hi*  An  ConjcSjaili,  publidicd  in 
4to.  171?. 

SF.KPKN'S,  in  Aftronomy,  a  conftdldtion  in  the 
ni  vtficrn  licmilplKrc,  b-i;!^  our  of  the  48  old  con- 
Heilitlion*  rncnlioncd  by  alJ  tlie  Av.c'.rr>u,  ;iud  ii  otilid 
V'O.c  particubrly  S.  rjvHt  L^  binc'  ;,  l  i  u;^-  p.rafpcd  in 
tlie  haw)*  of  the  coailclktion  Opbiuciiu«<  Tlw  G»ei.*kaf 
in  tbeir  fiblea,  htTCiTciibed  it  fomettnm  to  one  of 
Tr^denrot**  dnfgOKL  kilkd  by  Cai  nabct  1  and  iumo 
times  to  the  ferpeiitorths  rifcrSe^ari*,  II  roved  by 
I J .  re  tiles.  'J  his  i»  by  Tome  fnppowu  to  be  the  Kune  m 
the  aiithor  of  the  boolt  of  Jof)  cttli  the  CfatM  Ser» 
ffVI  ;  hi.l  il.ls  tx;;ulli  m  in.ire  j)iob::b!y  nOHIt  the  COB- 
tiilbliuu  DiatK,  licdi  dicnurtli  pule. 

The  ttirs  in  tlic  fi/:ifttlIatioii  Serpens,  in  Ptoloniy's 
catr.luf^tic  arc  18,  in  Tycho's  13,  in  Htve!iu»'s  ?7, 
and  in  'lie  r.riiannfc  catalogue  64. 

SKKPENTAklUS,  acniilUlbttonof  the  nonliera 
lieniifphere,  bcitijj  one  of  the  48  old  coiiUclUtioiig  nicn- 
lioRcd  by  all  the  Andrnu.  It  i»  called  alfo  Ophiuchn*, 
and  aociently  iErcuUpitic  it  ia  is  the  figure  of  a  nui 
grafpiMj^  the  feipeiit. 

The  Greeks  had  different  fables  about  this,  and  Other 
cootlcifaulons,  bccaul'c  iliey  were  ignoraul  of  the  true 
pwaaifig  of  them.  Some  of  ihcm  fay,  it  trprelentt 
CarnaboH  who  killed  one  of  the  dragon  i  of  Tiipto. 
lemue.  Othcra&y,  itwaa  Hereuki*  killiiig  the  fer. 
pent  at  the  ritrer  Se^aris.  And  other*  agi»ia  lay,  it 
leprefetits  the  celebr4!ed  i-hj  fician  ^fcnlapiu.<),  to  de- 
note his  fl::]l  in  nieditiiie  to  cure  tlic  bile  of  th'-  f- 1  ;)t  nt. 

Tlic  ft:irsiii  the  ContltilalioK  .StrpcilUriu?,  in  Floto- 
my*!)  i-;;t.iluj;i:r  iri  :  in  Tycho's  I,-,  ill  Hcvdiin'a 
4^1  and  ill  the  rjiitannic  catalogue  llii-y  arc  74. 
SERPENTINE  Lmr,  ihc  Umc  wiili  fpiiat. 
SZ6Q_l'I,  an  cxptefiioii  of  a  certain  ratio,  vi/,  the 
ftcoiid  ratio  of  inequality,  calttd  aMofi'ptrpurl'u  vliir  ra- 
tio ;  being  that  in  which  the  ^rcatci  Itim  coiilaius  ilic 
l.t'j  iiK\,  iiiid  fome  ccrt.iin  part  over ;  as  3  to  >,  where 
lliefiitt  term  contains  tlie  fecond  once,  and  unity  over, 
which  U  a  quota  part  of  2.  Now  if  thia  part  lemaiti' 
ing  be  jull  half  the  lefs  teim,  tbe  ratio  h  called  Jrj'qui- 
Mtra  j  if  the  rctnainin^r  part  be  a  3d  part  of  the  Jcfa 
term, , as  4  to  3 1  tl 


v^'  citllod  j^/^Mtriviwt  Ot/tf' 
K,  «i>  J  to  4,  the  ratio  kcgUed 


naraw  ;  if  a  4th  l>.. 

Mpdfuarla  t  and  fo  oo  continvaltyt  ftill  adding  to 
hcfqui  thccnrdinal  number  of  the  fmallcr  tcsm. 

In  Englifh  we  foineiimei  fay.  fi-fyuudttni^  Cr  pf- 

qutehcraif,  fej^uuhtrd,  Jejquifi/urlii,  ic 

As  to  the  kindi  ot  tripka  cxpitflld  by  tbc  pwtidc 

fifiju'iy  they  are  thcfe  : 

SE8QUIALTERATE,  tbt greaur p^rfcfl,  which 
is  a  triple,  where  the  breve  is  three  tncalure?,  or  feini- 
brc%e3. 

&i.iqiiHki,ri.%kft,grtal€rii»ptrftS,  which  i<  where 
the  brcvr,  when  pointed,  contaiu  tbKenea(amt  and 

without  any  point,  two. 

SE»iij"iALT£RAi  E,  left  imJifrfrU,  a  Ifiple,  whcre  thc 
Hemibreve  with  a  point  contairiithiec  (r.cafurcs,  aud  two 
^  witbont* 

Sxtqjif  JiLTEK ATI*  ia  Atitlimetic  and  Gconictry»  ia 
B_ntio  between  t«ro  numbcn,  or  Imu,  8k,  wherethe 
grcMcr  U  equal  to  once  Md  nhldf  of  the  1ef$.  Thus  6 
aod  9  are  in  a  Scfqttiaketate  ntlo,  m  alfo  zo  and  ao. 

SESqyiDJTONEt  inMulK^  «  concoid  tcfiiUiof 


from  ilie  founds  of  t%TO  ftruit^t  uhofe  vibrations,  ia 
equal  times,  arc  to  each  other  in  the  ratio  of  5  to  6. 

cSESC)l  IDU  PL1CA1'£  Ruho,  it  that  in  which  the 
j^reuter  term  coiitaina  the  hrb|  twice  and  ■  half}  a» 
the  ratio  of  15  to  6,  or      to  20. 

SESQLUQIJADRATE,  an  afpeft  or  pofition  of 
the  planeis,  wiieii  they  are  diiUni  by  4.I^Bt  and  a 
bdlff  or  13$  devices. 

SEaQyjQUlNTILE.  ii  an  afpeek  of  the  plancu 
when  they  are  (fiflaat  \  of  thecirde  and  a  half,  or  itA 
dej^rces- 

sESC^;iTERl  ION.\L  Prs^'.nloi^  h  that  in 
nhidi  tiiegtcuier  term  L  jntaiiis  the  lefe  onoe  and  one 
third  ;  as  4  to  3,  or  1 ;  to  ty. 

SEITING,  in  Adfonotny,  the  ivitiidrawing  of  t 
(lar  ot  planet,  oriis  linlciii^^  birlou'  the  l,'>viz^;M. 

All  (iiinnu  1 5  r.i.d  jiot  1 -,  ( outit  three  diHi-rcirt  kinds  of 
Setting  of  tiie  l"tar»,  viz,  AchkonicAl,  Cosmical, 
and  Heliacai,.    Sec  thefe  linns  ufpeetivrJy. 

SrTTisr.,  ill  Navigation,  Smwying.cic,  <^eiiotes  the 
obfervluj;  the  hediiiijj  or  fuuation  ot  any  diitant  ob» 
jed  by  thecompaff,  ttc,  to  dtfcover  tlw  angle  it  makes 
with  theneaivn  aictiitiaii,  or  with  foneotMr  line*  Sec 

Thus,  tafitiht  Imi,  or  iktjimt  by  the  compabi  ia 
to  ubfcrw  bow  the  land  hcai»  «n  any  point  of  the  e«a« 
pafs,  or  on  wliat  point  of  the  oompafa  the  fun  it.  AHo« 
whea  two  fliip*  come  in  fiKht  of  each  other,  to  marit 
on  whst  point  the  chace  bcaru,  is  termed  Stimg  tkt 

5ti  HAG  denotes  the  direftion  of  the  wind, 
cunnit,  or  fin,  pattii  til  i- U  Mt  the  two  latte. . 

.SEVEN  Stars,  a  conunati  tienomination  given  to  the 
chiller  ol  ll:irt  in  tlic  neck  of  the  llgn  Taurus,  the  bull, 
pnpetly  called  the  pkiadii*.  They  are  fo  called  from 
their  Lumber  Sevm  uhieh  appear  to  the  naked  e^'e, 
tfaoii(;h  foine  eyes  can  difcover  only  6  of  them  ;  but 
by  the  help  of  t'elefcop««  there  appcw*  tobem  gi«K 
multi'udc  r)f  llK  m. 

SEVENTH,  Sif  tina,  an  tntcral  ta  Mufie*  caUed 
by  the  Greeks  btftattmitn, 

SEXAGENARY*  CMacthing  ceiatii^  to  dm  nun* 
ber  to. 

SEXAosMAav  Afkimtik.  See  SRAOCtiWAt. 

SfxAGtNAHY  Tallft,  are  tables  of  proportional 
parts,  lht«ing  the  produd  of  ■two  Sexageuarics  that 
ure  to  be  miihtplied,  OT  the  quotient  of  two  that  are 

to  be  divided. 

SEXAGESIM.A,  the  eighth  S  inday  before  Eafieri 
bein^  fii  caflt  d  becaofc  near  60  din  b  bc!orc  it. 

Sl'X.^GESI.MAL  or  SiSActNAxr  v/W/.f".  j a 
mttitodof  coiTi[iut.uion  priKcedi.ig  by  6clhii.  iSuch  it 
that  ulcd  in  the  divifiou  of  a  degree  into  60  trinutcs, 
of  the  minute  into  60  fct'oiidn,  of  the  Hciond  into  bo 
(hir^Ls 

SEXAGEniMAL.'^,  or  Sfiacesimai.  Frufiioni, 
are  tradllc/rb  whofe  deiicminaloi  s  proceed  in  a  fcxagecu- 
pie  ratio  {  that  is,  a  prime,  or  the  £r{l  minute  = 
a  fLCi>iiJ  =  ira«»  «*h'rd  =s  rrt'oav 

Anciently  there  v.^  '  t  her  than  Scxagcfimala 
>»Iin1  in  aftronomical  ..,  for  whidi  reaJon  thcj 

are  fometimet  called  i^/r^nwi>-<i//f-«9/M/,  and  they  are 
Kill  retained  in  suany  cafc^,  «;>  in  the  dififions  of  time 
and  <  f  a  cirek}  blU  deoMl  nithoMtie  u  now  much 

3  L  2  -  uGed 
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uffi]  i:i  the  c:itr  ilit'cnu.  S^xajTL-fimilj  «irc  pri)bjWy 
liiit  -.iIli!  |.<r  I  (n  clivil  ii:!*  of  it  circle,  36,"^,  or  (1  times 
fo  iiii;V.ii;i^  iiji  ill':  «!uilc  cltciimriicncv.  ■>•!  nccoiiiil 
that  day*  m:idj  u;i  tlic  vi 'r  of  the  Ariicn!^.  in 
wh'c'li  V\r.c  \\>:  lull  u'.:s  iir/'pofcd  to  compiL'tt.  tiijcuudie 
in  :'ic  ciicv:  <ir  ih?  icl-jit:i:. 

Intlwfc  fr»flio:ir,  tlic  <!cimniif»icirbcmg  alw»y»6o, 
or  a  multipk  of  it,  it  i:^  ufuul!/ omiiteil,  and  tUt  nu- 
menUor.onlj  wriitcn  <Il>wu:  thoi,  3°  4$' 24"  40"' 
&.Cf  Mtobermd,  3  iUgrcct,  4;  minatci*  l4f«coadf» 
40tl»ir<li,  &c. 

SKXAKGLE,  in  Ccomrtry,  a  figure  having  6 an* 
gle.s  and  conrequcntly  6  licc-.  alia 

•SEXTAN,-',  a  fixth  p;tit  i^f  cfrtaln  tliin'^s. 
'I  lu-  Kijin;iiiS  liiviJii!  ilic  r  .(-r,  whicli         a  pcduJ 
of  l)f:ifi,  into  12  oiinifs,  c^lltU  j/BifiJ,  Ham  ;  JuU 

itic  quantify  i-f  :  oinx:!!  veat  aHied JexUiiUp  t$  btiiig 
llif  6tli  pait  of  the  i>oiir«l. 

Sextans  was  .ilfo  a  mcafurCf  wb!cH  COntMOcd 
7  finnatof  liq>ior,  or  icyathi. 

SfxTANS,  t!)c  Sixtriiit,  in  Aftronomy,  a  itrw 
•onAcUitlion,  pl.iccil  atrofi  the  collator,  but  nii  the 
Inuth  (idc  of  tlif  ecliptic,  and  Ly  HeveluK  m^n^ir  tip  uf 
fomc  nnforoicd  fl.ti.',  or  fuch  as  were  nut  included  in 
any  of  the  48  old  co-.ilklLations.  Ill  Hcvclius'i  cote* 
logue  it  cutitaiiit  1 1  iUrs,  but  io  the  Driiauuic  cata* 
KgatAt, 

'  SKXTANT,  denote*  the  6th  part «(  a  circle^  or  an ' 
arch  coataining  (^0  decreet. 

SaxTAMT  it  more  parttculailfufcd  for  an  ..flton  -rii. 
cal  inftmnient.  It  is  made  like  a  quadnint,  c'\c(  |/[mi^ 

that  itfillmb  only  conlain^  (  Oilcj^rtc  .  nk  u:  >1  aj)- 

plicatum  urc  ihc  fame  »i;lt  ihcii;  vt  l:ic  (^r  mik  a).  i  ; 
which  fee. 

SEXTARlirS,  an  ancient  Rumaii  mtalure,  toi>- 
tainin'j  j  cotyl*',  i>r  2  hem-i.ar. 

SEXTILE,  the  alpeift  nr  polltlon  of  twD  planetif 
when  iLey  are  diltant  tlic  6ili  part  of  ilic-  litlIc,  tilt, 
a  Qgnt  or  60  degrees  ;  and  it  is  marLed  tins  ^  . 

SEXTUPLE,  denote*  6  fold  in  j;c;.c:rj.  Eut  in 
fluific  it  dcnotn  a  mixed  fort  of  triple  time,  wludi  i$ 
beaten  id  double  time. 

SHADOW,  Situk,  m  Opticn,  a  certain  fpace  dc- 
prited  of  light,  or  where  the  li^ht  is  weakened  by  tJ.'j 
interpofitlon  of  fotr upaqm  body  befon-  t'lc  !;irn:  n  ir  v . 

The  doiSrinc  of  .'j|iii'.u\vsraakc»acuniulcr;il>lc  article 
in  optics,  allrunutny,  and  geography  (  and  11  the  ge- 
neral fotindation  of  dialling. 

As  nothing  is  Iclh  but  by  linlit,  a  mere  flaJow  i$ 
tiiTilible ;  and  therefore  wlieii  wc  lay  we  fee  a  ihaditw,  wc 
mean,  partly  that  we  fee  bcdic*  placed  in  the  Shadow, 
and  illuminated  br  light  rcflcdicd  from  coUateml  bo- 
i  es  and  partly  that  wc  fee  the  corline*  of  the  lij;lit. 

When  the  opaque  body,  that  prc^cAt  the  Shadow, 
is  perpcnilicular  to  the  horizon,  andtbe  plane  it  is  pio. 
jeded  on  is  horizootalt  'he  Shadotr  it  called  a  ri^lt 
dae :  fiteh  aa  the  Shadowa  of  men,  tntt,  boildini^fi, 
monnuiae,  Jltc._  Sut  when  the  body  ii  {ibeed  parallci 
to  (be  faofiaon,  it  i«  caHed  m  vtrfi4  SuMdtw  }  ai  the  9mt 
•f  a  nan  when  ftrctched  out,  ice. 

Z4tKi9fi''  Pr  '.-.l'itme/  Shadow, 
1.  Efcrjr  opaque  body  firojcA*  a  Shadow  ia  the 
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farnt  direction  with  i!ic  ra-. »  cf  li^'if  ;  tint  I',  toward* 
ll.c  part  i^[):).ir;c  to  llie  l::;lil.  IK'i  ic,  ;is  litlur  tiie 
luminary  or  tliir  holy  cli.iti^c}  place,  tl.'.'  .SiiaJjw 
likt wile  changes  i(»]>!aci'. 

2.  l-  v<  iy  npnq  ie  body  projcfts  a*  many  Shadows  wi 
thete  arc  liiniiii:irit-'i  In  enlighten  it* 

A»  tlic  liifm  01'  tin--  Imiiiiiar)-  ii  iTidrv  in^cnfi-,  t?ie 
(lijdnw  i«  ihc  dirpcr.  llctico,  the  illt^•lllll^  cf  tl.c  Slia- 
dow  it  mcafincd  br  the  degrees  of  li^ht  that  fpace  i* 
deprived  of.  In  reality,  the  Shadow  illctf  i«  not  dcc^pcr  { 
but  it  appcan  fo.  bcrattfe  the  furrounding  bodic«  are 
more  tnicnrdv  iiliiminated. 

WiKtt  tfie  liuniiioui  body  aod  opaqtte  one  tie 
e(]w:il,  tl.i  Slindcwv  i*  atwavd  of  the  fame  brcadih  with 
the  tipuc'iL  l.»>iM\  I'ut  v.'li  .  n  the  l':inii;o;ii  btH!y  is  1'  c 
l,ir;Tir,  the  .Sli.-.ijijw  ;;r.f.v,  ..livnytj  1-,  ;»  ;ii)d  liT  ,  ilir  f.!'-- 
ihci  from  till.  !:oi'v.  »vl;rn  the  lurr.InDiis  ln/i!y  ri 

thf  f.r:  ill-.r  cf  tl;e  twd,  t!ie  S.iaJow  iiitrtjf.s  al«  .ly  b  ti  e 
wider,  the  f;;rtli<T  fnjm  the  body.  Ileacr,  the  .Shj<1uw 
of  an  opsfjiic  viobe  ia,  in  the  fiid  cafe  a  cyl;r(!>rr,  in 
the  fecoiid  cue  it  it  a  cone  rer^jiiifr  to  a  poiir,  -  I  ri 
the  tliird  cijl'e  a  tninciittd  cone  that  «nlarpc«  li>ll  tlic 
more  the  farther  finru  the  body  .•Mi'ii,  in  alt  ihclc 
cafe*,  a  tranrverfe  i>e6kioo  uf  tiic  Sliadow,  by  a  pbuie* 
ia  «ciiicle«  refpefii*ely,  in  the  three  cifer,  equaf,  leb» 
or  greater  than  a  ^^reat  circii.-  of  the  globe. 

J.  To  fiildthc  li.-n;:th  uf  the  Shadow,  or  I'li  ;i,it  of 
the  fiiady  cone,  projvdcd  by  a  fphere*  when  it  is  iiin- 
minated  by  a  I«rgrr  one  t  the  diameter*  and  diftance  of 
the  two  fpheiea  being  known.  Let  C  and  D  be  the 


centre*  of  the  two  fphcres,  CA  the  fcmldiametcr  oflhe 
larger,  and  DB  that  of  the  fmalh  r,  both  perpendicu- 
br  to  the  fide  of  the  conical  Sliaiiow  BEI*,  whofc 
i,  DE,  coiitiniied  to  C  ;  and  draw  BG  parattcl  to 
the  lame  axis.  Theo,  the  two  triangles  AGB  and- 
fiD&  being  fiaubr,  it  wiU  be  AG  i  GB  or  CO  t  ( 
BD  I  D£»  t|tat  to,  as  the  dileicnceof  thefefflidiame* 
tert  iatothe  dill  .nce  of  thecentm,  fo  it  the  femi- 
diameter  of  the  opaque  fphere  to  the  aaia  of  .the  Sha- 
dow, or  the  diftance  of  ita  vertex  ftom  the  luld  opaque 
fphere. 

Ex.gr.  If  BD  =r  1  Ix  tl-.r  rim'iiir.mctrr  of  the 
earth,  and  AC  =  lOi  llic  1mi.11  li.-nii!istTit itr  of  the 
fun,  alfo  their  Uillance  CD  or  GB  =  : x'.q'^  ;  then  a* 
109  :  : :  1  :  240  s  D£,  which  it  the  mean 

height  of  the  earth's  Shadow,  in  fcnidsamctera  of  the 
bafe. 

6.  To  find  the  lcn;jth  of  the  (hadow  AC  projcftcd 
by  ati  opaque  Ixuiy  AB  ;  having  given  the  ?.!titude  of 
the  hi:niraiy,  ft  i  en.  of  the  fun,  above  the  li.  1  i.rcii,  viz, 
the  an^leC,  a  id  the  height  of  the(iliii.t:i  AB.  Here 
thf  projjortion  ii,  ns  tang.  ^  C  :  raditiH  : :  AB  :  AC» 

Ori  if  ibe  length  of  the  Shadow  AC  be  given,  to 
lind  the  height  AB,  It  wiU  be^ 

as  radius :  tang.  £  C  ii  AC  1  AD. 

Or, 


S  H  A 


[    445  ] 


SUA 


Or,  if  the  Irnj^'th  rf  x)  r  Shadow  AC,  and  of  t!ic 
ohjcci  Ab,  be  y;iven,  to  hnd  the  riinN  sititudc  Above 
the   hori/tii,    ur  tItL-mffll!  M   C.     It  Will  bCp 

U  AC  :  AB  :  z  radio*  :  uiig.  A.  C  Tou^Ut, 


7.  T  '  meariite  tlic  fip-glu  of  aiiv  <jlj  f^,  ex.  jjr.  a 
tower  AB,  by  tuciiiuof  lit  iL^Joiv  proinntd  t;;)  an  ho- 

jilii-  tal  —  A;  l';    t  .t:  :  :r,":y  .^f  tKv  ihiijow,  It  V, 

ercft  a  llick.  ur  pule  t'U,  .iti.l  uh  r.f'irr  the  lrr.,-^ih  of  its 
ftiriJow  CE  ;  atfo  nicaf«;ir  ;he  Icii^'/li  of  tiit  Slii,!  .w  AC 
of  the  tower.  The:",  by  I'milai  tri:ingle«,  it  will  !>• ,  :i» 
EC:CD::CA:AB.  Si>lff:C=:o  fVa.Cl)  =  ()f«ret, 
ttid  CA  "=  9?  feet ;  then  as  10  :  C  yj  :  j7  feet  —  A  U, 
the  heif^ht  of  the  tinvcr  fought. 

Shadow,  in  Ceo^aphr,  The  inliabitanu  of  the 
earth  are  dinded,  with  rrijicd  to  their  Aadoin,  into 
Atcii»  AMrMt»cit,  HeruMCti,  and  FsKticti. 
See  ihefe  tcmia  is  their  jphcei, 

.Shadow,  m  Aixe,  IS  of  p^rrat  ufe  in  this  art« 

— Having  j;iven  the  appearance  of  nn  opaque  body, 
and  a  Iiiminoin  t  ii  ■,  .vhofe  rav»  divcrj^c,  as  a  caudle, 
or  lamp,  Sec  ;  to  lii  J  ilie  juH  appe.ir.ince  of  tlic  Sha- 
dow, accordiiiLT  to  i  laws  of  piTfpfflivc.  Tlie  me- 
thod is  this  :  From  the  himlnoiis  \wi\f,  which  it  hire 
confidcrt-d  as  a  poi:it,  let  f^lt  n  pcrpindical.ir  to  the 
perfpfrtivo  plane  or  table}  and  from  ilie  ftvcral  anf;lc^, 
or  raif^'d  points  of  the  hodr,  let  full  per-pcnJicul.i:s  to 
the  f^me  plane  ;  then  cnnned  the  p'  intsoa  which  thefe 
htttr  p^l^c11dicu].)ri  f.ill,  hj  nghl  lnie»,  with  thepoint 
on  which  the  liril  faUaj  •aDtiiui!:;g  tlicfc  Hnei  beyond 
the  fide  oppofite  to  the  tominar)-,  till  they  meet  with 
ai  many  ether  linrs  drawn  ftora  the  centre  of  the  lumi- 
nary ihrfnjs:h  till-  faid  angles  or  r.'iifed  poi.tU  (  fo  (hall 
ilir  t  :  <!.'  interfcckion  of  ihefe liiKt  betbc  cxtreBCi 
or  bounds  ut  lUc  iiiMduw. 


t.r- 


F.,.., 


I 

f 
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Fur  Example,  to  nrojctfi  the  appearmnce  of  the 
Siidow  of  ■  If  ifin  ABCD£F,  (e«Mgra|rfikidly  4  li- 


nested.  Hrrr  M  i;  iVr  rlice  of  the  prrpendicul.tr  of 
the  light  L,  and  1),  1'!,  V  ihnle  of  the  raifcd  pointl 
A,  D,  C,  of  the  pvilm  ,  tlirrrfirc,  draw  MKH,  MDf;, 
Ac,  and  L!;H,  I. AG,  &c,  which  will  gtfc  DllGil 
&c  for  the  ;i ;)ptnr:ii,te  of  llic  Shadow* 

At  for  ihiife  Shadows  that  are  intercepted  by  other 
ohjeAt,  it  majr  be  obfcnrd,  that  when  the  Shadow  of 

a  Uic  ftilts  npot»  any  oHeA,  it  mttft  neccfTanly  t-ike  thi: 
form  of  th:n  ohVrt.  If  it  fill  iipnii  another  ftjiK-,  it 
will  he  a  lii'lit  iii  e  ;  if  ii;n.n  ;i  jtlotic',  it  will  i  u-  ciu-t;- 
Int  ;  and  if  v\v.in  n  r\  Ir  dir  t  r  core,  it  \\  't\]  fu-  cii  i  iilsr, 
or  oval,  &e.  It  tiit  b>  dy  iiitcrtijitiii;;  i:  bcarlnr, 
wuan-vcr  be  the  fitii:itio->  of  it,  the  fhndn'.v  f.  ll'ii^ 
upon  it  mif'lit  be  foi:r^'!  by  pn  diicin;;  that  pl,;L.e  till  it 
intercepted  the  prrpendiculif  let  (M  npcf.  it  fmin  the  I-j- 
■atnoua  body  ;  for  then  a  line  d:n«ri  fTOtr.  th.it  pc  lot 
would  determine  the  Shr^dow,  jutl  ao  if  ;;o  otltcr  plane 
had  been  eancemcd«  But  the  appearance  of  aD  thefe 
Shadow!  may  be  drawn  with  kh  tiot)ble«  by  firA  draw, 
in;;  it  thnnigh  thefe  interct  pted  obii.*ita,  ai  if  they 
lud  not  l)i.fn  in  the  way,  and  then  making  tlie  Sfi.t- 
dow  to  aiterd  pe-rpcnJici'l.nrlv  op  every  perp<:r^dlCllLlr 
plane,  SI)-!  i  '  !i  m  i '•  i.  i  il;  ;  •  iliat  are  fifuitrd  ob- 
liquely, in  :iie  n;.iii  itr  litfcuLtd  by  Dr.  Pricdlcy,  in  his 
PcifjK'ilive,  pa.  7i  Sic. 

Heie  wemiy  obfervc  In  '''a'  ^nfe  the  i'ha- 

dows  of  nil  objects  which  ar  '  r  \  upon  the  groniid, 
will  vaotfli  ioto  the  horizontal  1-ne  ;  fo,  for  tJ)e  fame 
reafbn,  the  Wlifhinir  point*  of  all  Shadows,  which  .ire 
cafi  upoB  any  inclined  or  other  phnc,  will  be  (bme* 
where  in  the  vtnifliitig  lim:  of  chat  plane. 

\Vhea  objeAa  ate  not  fnppofcd  to  be  viewed  hy  the 
lij^ht  of  the  fuD,  or  of  a  can.lle,  {^-r,  btit  only  in  the 
lijjht  of  a  cloudy  d»y,  or  in  a  nv>m  i.-.to  which  ine  fun 
does  not  fhine,  there  is  no  fiiifiblc  .Sb  idowof  itie  '.-jipn- 
part  of  ihe  ob]eit,  and  the  lower  part  o:i!y  rrinkcs  t!ic 
ncij^hliouring  p.rts  of  the  f;roi!iul,  on  wliich  it  Hands, 
a  little  darker  (hail  the  n-it.  This  imptTrcft  obfi:urc 
kind  of  Shadow  is  caiily  mat^i',  being  nothinf^  mure 
than  a  fliade  on  the  j^round,  oppolitc  to  the  ti  je  on 
which  the  li^ht  comci  ;  and  it  may  be  continued  to  a 
greater  or  le!s  didaocc,   according  to  the  fiippofcd 

brigbtncfa  of  tbe  tight  by  which  it  is  made.  It  ia  in 
tbiantiHwr  ({norder  tefiife  rrouMe,  and  fometSmea  to 
prevent  cooroCon)  that  the  Shadows  inmoft  ^^.ruw',-.  s 
•re  made.    On  thia  fubjca,  fee  Prieniey'ii  IVrlia;!. 

•bO*e  quel  i  d  ;  alfr>  Kirb)  's  Pcrfp.  book  3,  ch.  4. 

SHAT  r  c/r.  (  r.fumH,  in  lluiiding,  i*  the  body  of 
It;  tliiiii  cat!^'<l  frcm  its  ih',ii;^litDclat  but  bf  wehiteAa 

more  comniuidy  the  l  uU. 

S:i  AFT  is  alio  ufed  for  the  fpire  of  a  church  llecple  ; 
and  iar  the  ihank  or  ttinnel  of  a  chimtiey. 

SHARP  (Abraha*!),  aoeminrnc  matbematlcIaB, 
mechanill,  and  Hllronomcr,  was  defcended  frooi  an 
ancient  family  at  Littlc-Horton,  near  Bradford,  in 
the  Weft  Rrding  of  Vorklliiie,  where  he  was  bom 
about  the  year  i  bj  1 .  At  a  pi ojicr  age Jie  was  put  ap. 
prentice  to,  a  merchant  at  MaiiLhetUr;  but  his  t'eniti^ 
led  him  fo  ftrongly  to  the  ftudy  of  mathematics^  Ix  th 
theoretical  and  practical,  that  he  foon  becanu-  11  r  :(y 
in  that  fituationof  life.  Hy  flic  miitii.-il  confrnt  ther> 
fore  of  his  maft<  r  r.r  d  lii;:.ulr,  though  not  altoaethcr 
wiih  Uiat  of  his  lather,  he  quitted  the  buiinefs  of  a  mcr* 
chut.   UpoQ  tbti  be  teoiof  cd  to  Liverpool,  where  he 
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(ave  hlmMr  up  wbully  (o  tite  (liiJy  of  niatheoMticat 
»llronomv,  ice  ;  and  where,  for  a  fubliOnncc,  |)e  opened 
afcboolt^Qd  tawglit  wnting  and  accouitttf  &c. 

iblmlitut  becirlongat  Li'verpoBl  wImb  bescciden* 
tally  fell  i»  campaax  with  a  tntrdwnl  or  tradcfnua  »i« 
filing  that  town  from  Tjond«tn,in  whoi«  hnafe  it  feemt 
the  alli  ono  I  ir  Mi.  J  kinKi  til  tlien  Iiici;jcJ.  Wtjh  the 
view  lliiieli'if  'if  bcconuii<^  acmiaintvd  with  thii  emt' 
iici.t  niiiii,  Mr.  Sh:trp  eti;^ji;;cil  hitnfelf  with  the  mer- 
chart  ikt  I  h  j>)k  heepcT.  I  ;i  Lonfftjuenee  he  foilil  con- 
tradcil  .111  intiinaic  actjusiiilniiL'c  uiiil  friendfhii)  s'. itU 
Mr,  nartillctd,  hy  ivl.ofe  i  i;c<;r!\  ai>J  Ke-jinnuviJaiion 
|(c  oht^liKil  a  mine  {jrolitiihl.:  < tn|,rjymeiU  it>  liici!<jck« 
y.srd  ]«t  C'li-Tiiam;  uli-jri-  Ur  0':itlmied  till  iiit  Iricmi 
a^iti  ptian,  knc^iiijr  \U  ;;rv'.it  meiitia  aftroai^my  and 
mcdiaiiicat  caittni  )4ir>i  to  h'^  aiiitUacc,  i:i  ci<iiiiivin^, 
ndaptinfif,  and  iitting  up  the  nllrunomical  ap[>iantu«  in 
the  Royal  OliU  ivntory  at  CrecOH'ich,  which  Itad  faeea 
lately  bnilt,  (i.imviy  pbout  the  year  1676;  Mr.  Fhm> 
flted  bfi'i;;  tlifii  30  yci.rs  of  ap;^,  aint  Mr.  Shnrj)  j^. 

In  tltis  ritiiAtiiHi  he toiiliiiULj  to  afihl  Mr.  1  latiillced 
in  tiv.ikiri^  ohfci Viitioii*  (witli  (he  itiuial  arch,  t>l  80 
inclics  radius,  and  140  dcj^rcis  on  tlic  limb,  contrived 
ai:d  pr.u^ii.iu  i  by  Mi.  S^iarj))  on  the  meiidioiial  /^ii<th 
(liAancc*  ot  the  fixed  ftnit,  f>.n,  muon,  and  (jlaixtt, 
with  thctimeiof  their  tiaiiliis  over  tlie  ineridian  ;  .illo 
the  diameters  of  the  fuu  and  muuii,  and  thiir  ccUpfcit 
wiA  thufe  of  ]upitcr't  falellite«,  the  vaiiation  «f  tbe 
eowpara*  &c.  Be  ai&lled  him  aUiu  in  auiking  a  cata- 
logue of  near  3000  fixed  Aara^  at  to  their  Iwigiuidct 
and  Riacrnaudea,  thctr  ligbt  afcenfiona  md  fi&r  dif- 
tancrs,  with  the  variations  of  the  fame  while  tlicf 
tlKii.'.^L  tl  'jir  1  iiijnrude  by  <inedc);ice. 

B-it  trom  liic  tdtij^^ue  »'f  t«r.;iiiu.itly  obicrving  the 
ftars  at  ni^^ht,  in  a  cold  thin  air,  joined  to  a  wi-ukly 
1  li  iflitutioa,  he  wa»  reduccil  to  a  bad  llalc  of  hcallh  ; 
;  recovery  i  l  v.liii  h  lie  dcilrcd  leave  to  retire  to 

hit  tiuufc  at  Horton  ;  where,  as  loon  as  he  found  him- 
jielfoii  iJie  nooverft  be  be^an  to  lit  up  an  ohfervn-ory 
,  of  biaown  ;  liaviiig  lirtl  made  ao  cleg.'uit  and  cuiiou* 
COgim  for  iuinin((  all  kinds  of  woik  in  wood  or  brafft 
Mitb  a  nanndril  for  turning  imgolir  iigwm,  n  ovab, 
fofei,  wrmtbcd  pllhn.  ftc  iKlide  tnefe,  he  nude 
hintfcif  mod  of  the  toobulcd  |oinen,  dockawikera, 
opticians,  mathematical  !nftrumi>nt-makert,  ttc.  The 

Iiriil.no:  w.i  s,  1)1  III:  I:irm'  t.[.iat'.)r!.il  iiiilivmcnt ,  fc^tant, 
.  qii.iJiii;/.,  ivc,  lit  gruil'.iuttj  »iiU  ibe  uiccll  accuracy, 
by  diagor.il  divifioos  into  dej;ree«  acd  miuntes.  I'he 
tclclcupee  lie  nude  uTe  of  were  aU  of  Uitt  ewn  making, 
and  the  leiifes  ground*  figured*  aadwljttllcd  with  bia 

own  handi. 

r.  was  at  ihlfi  time  that  he  alElled  Mr.  Flamdeed  in 
cakolatifii;  nwll  of  the  tabkt  io  the  fecund  volume  of  bia 
Hffiona  Cmltfih,  aa  appears  hy^  their  letters,  to  be  feen 
in  the  hand*  of  Mr.  Sbaip'*^ritadi  at  Horton.  Lik«- 
wife  the  enrinut  drawing!  ftf  the  cbartaof  all  the  coo* 
fltll,  rii.*:.:  v'h'ilc  incur  hemifpherc,  with  the  ftill  more 
c?.^:t.l.'ii  (iiawin^s  of  the  phinifplieres  both  of  the 
i:ui:la'ni  and  fou'lu-m  rumicll.itii  ;!'.  .\u\  thouf^h  thtfc 
djiwings  of  thf dhIK  il,i''"ii:.  \v;)r  iint  to  he  rn^ravrd 
at  Attillcr<iri;n  Ijv  am.ilU-^lv  lip.i.'i,  vrt  ilic  crr_jir;.ils  tnr 
exceeded  the  engrsvings  in  point  ofbcatiiy  and  ele- 
gance :  ifacfc  were  publilhed  fay  Mr,  Flamfiecd)  nad 
botb  copiea  naj  be  ten  at  Uorton* 
5 


The  nathematiciati  meett  with  fomethin^  extraordi* 
TMJ  in  fihatp's  (l  iberate  trealifc  of  Geometry  Jmfrwwi 

(in  410  1717,  Haiud  A.  S.  FhitoQaih.},  tft,  a  lai]g« 
and  accurate  ubic  of  feginciiu  of  ciidea»  tta  cmHIrne' 
tioR  and  varioua  uGra  in  the  fobition  of  fevcml  difEcdt 
problenta,  with  oompendioiu  tabtei  for  finding;  a  tnia 

propoitloual  p.irt  ;  ami  iheir  life  ili  thefc  or  any  other 
tables  cXcmplitiid  in  makin'^r  logarithms,  or  ihcir  iiatu« 
ralruniber-,  to  (k)  places  of  fignrca  j  ihvie  bting  a  table 
of  them  for  all  piiir.cs  to  1 100,  true  to  h\  fij^ures.  Jd, 
Hii  coiicite  trciit  le  M  Polyedi-a,  or  folid  bo'lit  s  of  many 
b.iffS,  both  the  r«.'^;ular  onei  and  others  :  to  which  are  ad* 
dcd  twtK'j  iK  VV  uncs,  with  vAi  ioim  inelhotls  of  forming 
them,  and  their  exatt  dimenfion:.  in  furds,  or  fpecies, 
and  in  mimberai  illuitMi-.d  v.  iih  a  vanety  uf  copper- 
[Jates,  neatly  engraved  by  bii  own  tiandi.  Alfe  the 
models  uf  the  fe  polycdra  be  eut  out  in  boa  wood  with 
amaxing  peaincfi  and  accuracr.  Indeed  few  or  none 
of  the  flnathemsiKsl  inAniinciit-maken  coufd  eacrtd 
him  in  cxiiiflly  frraituatinjr  or  neatly  cnp.iviiij;  any  ina- 
thcinaticnt  or  allroi-.om^cal  inilruir.ent,  as  irav  be  feen 
ii)  the  eijiKitonal  inflrunKtit  above  mentioned,  <ri  \n 
fcxiant,  cjua^-antb  and  dials  of  v.iiiouf  f<Trts  J  :ilio  iti  a 
curious  aimillaiy  fplierc,  which,  biin^t  tin  cLinmoD 
propcrtie.",  has  moveable  circles  &c,  sur  t  *liil>tting  and 
tcfolviiig  all  fpheiioil  triai'^l'js;  alfo  his  double  fecior, 
Mith  r.iitny  (itlix.r  i.iltrnmcuts,  all  Cuntiived,  {graduated 
and  fiiiithed,  in  a  molt  ekgant  manner,  by  himklf. 
In  Ihortr  he  pofllHed  at  oacc  a  remarkably  clear  L&ad 
for  contfi'ving,  and  an  extraardiaary  baud  for  esccut- 
ingf  any  tiling,  not  only  in  mceliknici,  butlikeinfie  in 
drawiii;^.  wiiti:ig,  and  r.Ktkiii^  the  OBoll  exaA  and 
bf. dutiful  fuhrmi  j  nr  figiirca  in  all  hk  calculaluwi  and 
geometrical  confliiivlinnp. 

The  quadrature  of  thv  circle  wns  undertaken  by  him 
for  la's  t>«n  private  aniufement  in  the  )c.ir  it  .,9,  de- 
di:ced  from  two  diirrrtnt  ftriet,  by  which  the  tnith  of 
it  was  proved  to  72  places  of  figures;  as  maybe  feen 
in  the  iiiir.itl:r:'t!(iii  to  Sherwin's-laldcs  of  logarithms; 
that  is,  if  the  diameter  of  a  circle  be  I,  the  ciicumfe* 
rence  will  be  found  equal  u>  3'l4IS926;}$8979i9 

5923o-t!i64o$,  &c.   In  the  lame  book  of  Sherwiaa 

nav  alfo  be  feen  hiii  ingenious  improvementt  on  the 
iraxini^or  logarithmE,  ar.d  the  conllrudliug  of  the  na- 
tu;  j1  n.'.i  s  imn'cnt  •,  an.',  ucant-. 

He  alio  calciildtcU  tiit  ii.i;u;al  aud  lo^ajiihmic  fine*, 
tangent;,  and  ftcarts  to  every  fecond  in  the  liril  mi- 
nute of  tIte  quadrant  ;  the  bborious  iuvelUg.nion  of 
which  may  prcb-ibly  be  Ictn  in  the  archives  of  the 
R(>y.il  Sixicty,  as  they  »eie  prefentcd  to  Mr.  ralnck, 
Murdoch  for  thatpurpofc;  exhibiting  hit  very  neat 
and  accurate  manner  of  writing  and  arranging  bia  fi- 
gnrct«  not  to  be  equalled  perhaps  by  the  beft  pconHUl 
now  living. 

The  late  tngentoua  Mr.  Smeaton  fays  (Plulof.  Tnnl^ 

an.  1786,  pa.  5,  S;c): 

"  In  the  year  16S9,  Mr.  F.-imflccd  completed  his 
mural  arc  at  (irccnwich ;  ai  .l,  in  liit  I'lu!  gomenato 
bis  Hiftoria  Curie ilis,  he  ni.ikci  ;.ii  iinj^k* acknowledg- 
nuist  of  t!,e  particular  idTitlancc,  can,  and  induftry  of 
Mr.  Abraham  Sharp  j  whom,  m  the  month  of  Au- 
gvfl  16S8,  he  brought  into  the  obfervatory,  as  hit 

UMOucnlta  uad  bung  u  Mr.  FUmUced  tella  u«,  not 
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Vnlf  ■  my  (kilfLii  matbcinstician,  but  exceedingly  ex-  but  tlie  whrile  of  the  cn^ravi'ng  of  letters  and  fS^iKtb 
pert  in  mechanicil  opmtioni,  he  wus  pritiL-ipsU^  em-     une  Jone  by  himfclf^  as  1  wm  tokl  by  a  pcdci  in 


pkijed  in  the  conftrudioa  of  the  mural  arc ;  wliich  ia 
ChecMipiftaf  t4,manth>  he  finiflwd.  To  greiitl^  to  the 
fitufadion  of  Mr.  Flamftecd,  tliat  ht  fpeakt  of  him  in 
thc1>|eheit  tcmw  of  .fnile. 

*•  liiitedelHatediiillninienl,  *f  which  lie aUb give* 
the  figure  at  the  end  of  the  Pro1egomeiia«  WM  of  the 
radius  of  6  feet  7f  iuchc«  j  and,  in  Vke  manner  a*  the 
ftxtant,  wa«  furin'ihtJ  fiLjtli  «  it!i  re- v.- a  id  ilIa.'HtiTil  dt- 
vifion«,  alt  pcrforuicd  by  ihc  accujal^  hanj  ut  Mr. 
{{har}!.  But  j  ct,  whocvt-;  cunip.i.tcs  the  different  part* 
«flht.  t.ib'.t  lOr  convcrdoii  of  the  revolutions  and  parts 
of  the  ftvcv.  belonging  to  the  tuural  an-  into  decrees, 
minutes,  and  feconda,  with  each  other,  at  the  fame 
dillance  from  the  rcnith  on  dtfltrcnt  fides;  and  with 
rhcir  halves,  qimtters,  &c,  will  find  d«  notable  a  difa- 
grccmcnt  of  the  fcrt«'-»ork  from  the  hand  diviiions, 
»%  had  apjiearcd  before  in  the  wcrlc  of  Mr.  Tuir.pion  : 
and  hear-  wc  may  conclude,  that  die  method  of  Dr. 
Hook,  being  cncutcd  by  two  fuch  mafierly  hamb  M 
Tonpioii  Kid  Sharp,  and  found  .defcdiwt  ia  it  tea* 
Ktj  not  to  he  depended  upon  in  nice  matten. 

**  From  the  account  of  Mr.  Flamllccd  it  ajmcar* 
lUbi  that  Mr.  Sharp  obtained  the  xcmtb  point  ot  the 
inflnnnent,  or  line  of  eolHtnation,  by  obfervatfoa  of 
the  zenith  ftars,  with  the  face  of  the  ii.flrumtnt  on  the 
«!1  and  oa  the  well  fide  of  the  wall;  and  that  ha\ing 
made  the  index  I'r mj^i  (to  puvcnl  fltxurt)  t!.  m  tint 
of  the  fcxtant,  ami  ilitrcby  heavi.T,  hi  conu  v -J,  hy 
means  of  pulleys  and  balancing  weights,  to  ii.!itvc  ihc 
hand  thnt  vv.i»  to  move  it  frnm  n  great  pan  of  ii»  (gra- 
vity. Mr.  Sharp  contiruicd  in  tkiit  corrcfpondciicc 
with  Mr.  Flamllecd  as  long  a*  he  lived,  atappeartdbv 
letters  of  Mr.  FLimfleed's  fonnd  after  Mb*.  Sbjup^ 
4iaitb  {  many  of  which  I  have  feen. 

'*  IImvc  Seen  the  more  particiiLv  relating  to  Mr. 
Sharp,  in  tlic  biirincfs  of  conftiuftin;{  lliii  rr.nnd  ate; 
not  only  bvC:U:lc  we  m;iy  f.:;)pofe  it  tlier  full  gor>d  and 
valid  iiiHrumcnt  of  the  kiiid>  but  bcc»al«l  look  upon 
Mr.  Sh.iq>  t«  have  been  the  iirll  perlbn  that  cut  accu. 
nte  and  delicate  divifione  upon  ailronDntcal  inftru< 
mnta  i  of  which,  indepcitdent  of  Mr.  Plamfteed'a 
tellimony,  there  dill  ivmain  cunnderable  proof*:  for, 
after  leaving  Mr.  rianilUcd,  and  tiuitttnjf  the  dep.irt- 
ment  above-mcutioncd,  he  retired  in'  i  V  Ln.i.,,  tu 
the  villiijjc  of  Little  H'lrton,  near  BiaJlurd,  .vhcic  lie 
ended  his  dayi about  the  year  i':43  (fhuuldb.',  in  l^^z); 
and  where  I  have  ften  not  only  a  .larj'c  and  vtry  fine 
collcelion  of  mechanical  toola,  the  prini-ipal  ones  being 
made  with  his  own  iiands,  hut  alio  a  great  variety  of 
fcales  and  inllriimcnti  m.idewllli  then),  botli  in  wood 
and  biafs,  the  divitiaoc  of  wbicb  were  fo  exquifttc,  as 
would  not  dill-rcditthe  lirll  aniAs  of  the  prefent  timet : 
and  J  b,:llcve  tlwre  U  nrnv  Jcrrtiilninij  a  <]'i2dranl, 
t>r  i  fitl  rsdiii,,  fiaircd  <if  v  oixj,  but  the  limb  covered 
inth  abraf»  plate  i  the  fubdivifions  being  doae  bjr  diago- 
nala,  ibe  lim;s  of  which  areas  finely  ctn  at  thoCe  upon 
the  qtiadranta  at  Qftcenvrich.  The  delicacy  of  Utm 
Slurp's  hand  will  indeed  pernuncmly  a|>pear  from 
the  coppcr  plftes  in  a  quarto  book,  publilhcd  in  the 
Tear  1718,  ii  timled  Crom<'//-jf  Imfirovril  by  A.  Sharp, 
Philomath."  (11  i.-.-Aicr  1  17,  by  A.  8.  PhiloOuth.) 
f'  thereof  act  only  the  geoniciric^  lioei  upon  the  plaict* 


the  ni«cl<cmatical  line,  wbo  very  frcq^iently  attended 
Mr.  Sharp  in  tliL-  latter  pait  of  bi*  life.  I  there* 
fore  look  upon  Mr.  Shaip  as  the  firft  pcribn  that 
brou^t  the  aflitir  of  hand  divifioa  to  any  'dcgice  of 
perfedioB." 

Mr.  Sharp  kept  tip  ■  correfposdcnce  by  letter*  vriHt 
noft  of  the  eminent  mathematician}  and  allronomen  of 
his  time,  a*  Mr.  Flamileed,  Sir  Ifanc  Newton,  Dr. 
Halley,  Dr.  Wallis,  Mr.  Hodgfon,  Mr.  Sherwin,  &c, 
the  anfwcrs  to  which  letters  are  all  wiitten  upon  tiic 
backs  orempt^  fpacen,  ofrln"  letters  l.c  r*ccivtd,  in  31 
(hort-handof  his ou  11  ci-m' 1  i  1:  1 1  .  IVomajjrcat  vasiity 
of  letters  (uf  which  a  lai^c  chcA  lull  irn^ain  witii  hi« 
friend*)  from  thefe  and  many  other  cclchratod  mathc- 
maticiin*,  it  is  evident  ti  at  Mr.  Slurp  fp..itd  nci'.hcr 
pains  nor  time  to  promote  real  fcicntc.  Indeed,  being 
one  (if  tlie  nio!l  accnr.itc  ami  itidefntigable  compuicn 
th:t  ■  VL-  1  silled,  be  «.n  for  many  yt?ri  the  common 
rvfourcc  for  Mr.  FlamAccd,  Sir  Jonaa  Moore,  Dr.  Uoi- 
iey.  and  othet^  in  aU  forta  of  tRMibJcbme  and  delicata 
calculations. 

Mr.  Sharp  continued  ail  hit  life  a  bachelor,  nndfpent 
biatime  aanchifc  ai  a  hcnnit.    f  L- wnj  of  a  middle 

ftatUre,  but  very  thin,  being  of  a  we.  lily  conAituUoo  | 
he  waa  remarkably  tl-cble  the  lall  thrcL-  or  four  years 
bcfote  hedtcd,  v.  liicli  waion  the  i>>lhof  July  17^2,  ii« 
the  '■)  I  il  yc'.-.r  d!'  h'S  age. 

lii  Lu  ittiremtnt  at  Little  Horton,  he  employed^ 
foifr  or  (ite  rooms  or  an.nrtments  in  hi.'  houfe  Ijr  dif- 
ferent purpofes,  into  which  none  ol  his  fjinily  coi:ld 
poffibly  eiiui  ;i!  any  time  without  his  ptrmidion.  He 
was  fcldi;in  v^iitcd  by  any  pci°fon$,  except  two  gentlemen 
of  Bradloiil,  the  one  n  mathematician,  and  the  other 
on  ingcniuu«  njxrtbeearys  thefe  were  ndmilteJ,  when 
be  chofc  to  he  t'ccn  b^tbem,  by  the  fif^'^i  n.Wii:ig 
a  flone  arainll  a  certain  pait  of  the  outfide  wall  oi  ilic 
houi'c.  He  duly  attended  the  diflimtiag  cbaprt  at  Brad- 
ford, of  which  be  waa  a  member,  cvci j  Suuday ;  at 
which  time  he  took  em  to  be  provided  with  plenty  of 
halfDeace*  which  he  wiy  charitably  fuiTeivd  to  be  taken 
fitigly  out  of  hit  hand,  held  behind  bira  daring  hia 
walk  to  the  chapel,  by  a  nun;bir  ot  pi»>r  P'.ople  who 
foHcMved  hitn,  withour  his  ever  looLi;  ,^  kick,  or  .itlving 
a  fincle  q«cltiijn. 

Mr.  Mharp  wa*  very  iireguLr  a>  to  hi*  mtrtl.-,  and 
remarkably  Ipjring  in  his  diet,  which  iie  frequently  touL 
in  the  following  manner.  A  iitflf  fquinc  IrjU',  fouie- 
ihing  like  a  u  iMjvm.,  m  ivJe  a  e  :i.:iiii!i:rati<>n  betwceu 
the  room  where  Ue  was  ufnaliy  cnij>loytt;  in  culcuh-tiors. 
and  .inol  her  chamber  or  room  in  t'le  h^mk  wlicrc  :i  fti> 
vant  could  enter  ;  a.:d  before  tlii.*  iude  lie  had  coiitiivcd 
a  Hiding  hoard:  the  fervant  always  placed  hi*  victujla 
in  ihiii  hole,  without  fpeakiiig  or  making  any  the  lealt 
noife  ;  leid  when  he  had  a  liltle  Itlfure  lie  viC'cd  bn 
cupboard  to  fee  what  it  afloidcd  to  iattafy  Itia  baager 
orihirJl,  i^ut  it  often  happened,  that  the.  btcakbilU 
dmner,  and  Copper  have  remained  antouclyed  by  hiat^ 
when  thefiervant  hat  v,tmt  to  remove  what  wat  left— fo 
deeply  engaged  hud  iie  beet,  in  calcl:lation^. — Cavitici 
might  eafily  be  perceived  in  a«  old  Eaj'l  .ij  oak  tkLLe 

wlmr  i,,-  l.it   tu  \v;ite,  iivtln'   fii  (;uc';t  I'.oiiing  aod 

wcaiing  of  ills  ciuowi,— C>ii.-w  cjvai  u^nimy  iic 
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TKt  T!r.  r)'.ar|>\c;i;U-;ih  it  aj'peaij  »liJt  lie  waf.  rd  i?cd 
to  nrc!ihifS''p  M-..;''!-.  Ard  Mr.  Sh.i'p  tlio  fmiticii? 
furpcon,  w!.o  it  fci;ir  i  li  t  i  la'clv  n  iir'M!  fi  i.rti  V;:ri"  c';,, 
is  it.e  ticplt<.'  A'  cf  ot;r  iiuth:  r.  A-v-llicr  ii";ihcvv  'i^s  -.l.c 
father  of  Mr.  KamfJen,  she  prLfi.;i  cili'^rarct!  ii  il.-'i- 
Bwnt  iniik«i«  »ho  fays  thn-  lii*  •ji-im  1  nr.-U-  Abraham, 
our  :i;ii!ioi,  «  f-niH-  true  in  his  younger  days  an  «- 
cU-fri.ir.  :  vtliid)  i>c<'<ir  .<i<-ri  hi;  quitlcJ  on  COOliHg  to  A 

pcilrimonial  eAtfe  of  about  203I.  «  ycv- 

StfAnri  in  Mitfic*  a  kind  of  ii-tificijliiate«  orcha- 
nitcr»  thv»  hnrxi  m  -  t^ii  K<.-in;(|Arellscid  toany  note* 
fiiews  that  tt  it  to  he  lun^r  rr  i4arei!  a  f<m!t<>nc  or  ha!f 

ri.tc  liiyhcT  ih.  ii  tlic  n>.li;Tnl  ii  'tt.  .i.  Wli^  ii  ;i  !>'i.m;:i  is 
JpI  If  til  at  tiie  Ik  LjinniiVT  i>f  a  iLst  <ir  u.ovjtiai!;,  i;  I'lcxi 
tl'.iitall  notes  tliit  arc  tiiuiiJ  c  ii  tli;  li'i<-,  i  t  timcf, 
tl  r  "ivliru".,  ^rt-  to  b^-  i.wfci'.  \:A''  .1  \':--  \'  a'j:ivi-  ill . ir 
II  a, Kill  pilth,  i::;):r»  :i  lutlir,',!  iD'ciw  nc.  a 
fth»rpoccin<  ;ic  ■  >i  .rt.)Uy,  ii  oiiiy  aiiicCti  ni  many  inKcs 
a*  folW  it  011  iliL-  (A-.nc  Une  orfpwci  wlllvout  a  ratufal* 
in  the  cMnprif'^  ot'a  1  sr. 

S'.  !1-.AVF,       Mr.h.inxs  a  foil,!  rvllnark-;.!  ivlud, 

li&cil  in  a  channtf),  and  moveable  ahuut  an  axia,  asi 
bcin^  tifirJ  to  ntk  or  incrcafc  the  mcctianiciil  povrcn 
, .    applied  tn  rcinovf  any  body, 

SKEIiRS,  ahnird  a  (hip.  an  enpine  ufed  lo  hoift 

or  (lir;i!.icc  llif  low  or  ni.ilb  o?'  ;•.  lliip. 

SHEKf.L,  or  ShEkl:-,  aT«  siuit-.t  IIi.-!)ri.'«-  cr:;i 
an]  wcij'h',  equal  to  4  Allic  ilrflLhina^,  or  4  Roma-i 
ilviufii,  -.n"  ^•4.  «jjtl-  llcrlin^'.  j'l  i  (.'r.rij  .11^  to  fjtlKr 
M  ;•!  iViini-,  llio  Ht!;;cu-  SiicV.il  u^ii'lis  I^S  jniiiis., 
ailil  i^-  co:i  pi  led  i.{  JO  obt.1:,  cath  obchis      i^hiUj^'  lu 

StilLI.IXG,  an  Ln  ;'ini  fi!u-r  co;p,  ccinul  to  12 
p«ncr<  orthc  JOth  pan  ol  ,1  jxmiij  ;Ui!;n^. 

Tbi<  «ra)i  a  Saaoii  coin,  being  the  ^8tii  part  of  thvir 
pmbd  tvcfirht.    Its  vahic  at  firtt  waa  5  pcrcc  ;  bnt  it 

\v;i:.  i>.  i!i:t  <  J.  t>>4  ;:ci;cc  .^li.  '.;:  1  c<ii(ury  before  the  con. 
<j-.].  I.  A  let-  t;u  cor,qt:ril,  tl.e  Frcneh  fi)!)Jys  cf  II 
pence,  wMi  l,  iv.i'i  in  V!li-  ^mi>n<r  tlic  N  jr:i  aru, 
cn'!- d  liy  l'  L-  Fnj;l;ll  rir.mc  of  .*mi:!I  n;^  ;  .'.nd  tlic  Sjxon 
oli  li.:!,,'  i  f  4  1  f  tii'.k  :i  N'.irr/.  n  naLiii-,  u^id 
Cj'.kil  lln:  ::r<.,it,  or  ;,vf../  c>iii:,  htc.irU- 1;  ^vai>  l!ic  lar^cli 
r.;i;,li''!i  coin  tlu  n  l;n..Hvn  in  l-ii^bitd.  KruUl  tliittifflei 
tlie  Shlilina:  Hudcrwci  t  m.u.y  alieraiious. 

Mnny  <.t(»rr  n»ti6n-^  1  avo  uli>  their  Sh'V.'  i;^^.  T\:c 
£nc]i%  SJii!l'iiij  is  \vui;li  Antnt  1  \  Fi> m  1  :  U  ;  fln>(e 
of  rIoSlan'l  i^nil  Gtrrnaoy  abiait  1.  ■  1  im:  li,  nr  nj' 
(tit  t  thcfe  of  Flandcu  abuut  'l  Uc  Dutch  Shillings 
arc  aifo  caF^rd  feft  dt  ^nt,  hwaufe  equal  to  1  z  grofs. 
I'll '  {).!ii'. ,  1  tv;  cuppfr  8klliint;s,  worth  about  one 
fo',:irIi  ot'.:  t.i:;hi;iL'-  flerlinr^ 

In  t!ir  liiM.:  of  i''.J«an]  I'lc  111,  t'^o  pound  troy  was 
the  :  S'i  t'.i-  ;vjin.d  iK-rlnii'  I'lvi-r,  ronfilt  iii;^  iif  :o 
M.ii!i;lLi;5 ;  lo  th -.l  tlic  S'l  ili-,  wc'j;'')!:^  the  lotli  p  ut 
ofapo;i:;<!,  or  inoiL-  tii;»n  li  .!f  an  iii;:;ci:  troy.  lint 
foinc  nrf  ut  Dpi  iii  n,  tliiri.  v cc  im  cuius  of  tins  A:  uo. 
niti..i-.i.>n,  till  ILi.rv  ihc  r'.':,  in  tlif  yt;ir  1  501,  lii  ll 
I'  l  l. til  fi*.vcrnicct;s  of  i;  p;'ni;i;  v.;;iir,  wliicli  i  ill 
Shiilinga.  Since  the  rti^n  of  £i!/.abcth,  a  sla'!  " 
wcS^hb  the  62nd  pjitt  of  apmind  truy,^  or  3  dm  ^  .   :  | 

SrH.  the  ponod  wcijfbt  of  Gt«vr  tMakinf*  63  Shitlin^t. 
ttis!  JiTCf  tl»o  onncc  of  lil»er  is  worth  ys.  id.  or 

bt-ii"  ■ . 

t»ili  VLRS),  ill  a  fhip,  the  ft-iiin.u'ii  f.  rm  iuc  lUufc 


Jittlr  r;M!r,  ]  v.'ir.Ii,  i.i  •.vh-i-ti  tlu'  rope  of  l  p^ify  or 
h''nk  m.  .  Ti-.-T  I'.Mii  \\i'.!i  "I'.i;  VI.JH-,  atui  liavc  pii/i* 
cf  I.i'.i  Is  Ir  t'li  'r  crii"  rji,  into  v%         llie  p!i!  of  llif  h^'i  k 

g.  'L-  ,  r'li.ii  -.vLiLh  llovtiirn. 

SHORT  Sic; HTEi)NEiiS.  inj'^;*,  a  defcd  in 
the  ocfomatJiMi  tf  the  eye,  witen  t'le  viyAaBiuc  fcc 

bti .  -  I  I  <:-<'\yX.  the  rav»  t',  :;  oi  terth.;  eye  are  re- 
fraci  '-Ml  rntii !i,  atid  made  -a  t  i:iv.;rje  too  fadt  fttai 
to  uiiiic  before  th^-^  reach  the  letiiia,  by  which  meant 
viiitMi  it  retKlcred  dim  and  cosftif-d. 

It  ifc  '11 .1, -Iv  thon^t  that  iihort-fightcL'm-.^i  wi-ir* 
olFi'noltj  n:;.-,  (/!«  acrtMiiit  of  the  eye  bftomrn!;  tliitc;  ; 

h.  :t  I  >t .  S  q';-"  I?  "s  vv  i.::!i:-i  •\\\,  [i;-  n;  it;\.-r  of  i.T.rt, 
or  onlv  !i\  ji  illn  iis.  ll  r'.'r.i.i'-\-iI.l- th^t  SV>n  f-iylitcJ 
p,Tf^'r;s  cunin  only  vi,l  c  a  fmill  h.ii;  aiid  lo'/c  a  1  •.all 
pr  i;\  *;vI  Jj!v  ti  ;y  tan  fee  irnjtc  of  it  at  oiK*  view. 
'IT  .t  i:  i>  c-.;'to  r.:;ry  uilii  thi  n  t:»:  to  I.ioll  at  the 
ptrioii  ility  i.-.i  iTLfio  Lii-.-ii'i-  iluy  irnnot  ucll 
fee  the  mot iu; I  ul  1;',  t  yc-  .'.nd  fi-.ilrri'j,  ii::d  .ire  thciV* 

f  Kc-  f  tr:ir- I  (o  hi.  \vi  only.  Ttut  ilicy  fee  more 
d::li!  ."t'),  :t  ;d  f  11' !•  farther ofl*,  by  a  ftronjj  light, 
tim  by  a  »\.ik  -  ;  I  .caufe  a  ftrm  ;  li_<h;  iauiw  a 
contradnon  of  thi-  i  'i  >.  and  ron^v-qm  nily  of  the 
pcndbt  both  here  ni:<l  Jt  i!,c  rtt-ni,  whldi  ItflVns 
tlicSr  mixture,  and  ti.u:' Ktnly  thi-  .ip;i'  ut  con- 
f'j'ion  ;  .:'u!  tr.rnf.ie,  to  f  e  mote  d  llinilly,  they 
ai  .  .1  !  J  ik  thtir  t;yc-liU;>i  Jur  Aliith  leufoii  thty  were 
anciently  called  ny^t,   Sinitb'a  Optica,  vol.  2,  it.<m, 

p  IC. 

l)i.  Ji:ii:i  ohfervci',  ihrit  pr-fjiij  wl.o  are  mttch  and 
hsiij;  actuUorncd  to  view  «.i.ji.Cl.  f;i  all  o  'lanr«, 
iluJents  in  general,  ••atcUmaker'-,  m  ;r3vci-5,  p.iintcrs 
in  nn'iiiattire,^  Stc,  fee  beitw-r  at  fm.til  duUnees,  aod 
wo'fe  at  urcat  diftancet,  tl-an  other  pconjc.  And  he 
{five*  tlie  reafoiis  fr.tm  the  IbeelMnicJ  effeft  «f  haUc 
in  llie  eye.  Effay  on  Dill,  and  tiKlift.  Villon. 

TJie  ordinary  remedy  for  SUort-liRh't-Jnefi  is  a  con- 
cave lfii»,  btrld  Ivfore  tlie  eye;  f.v.  i;,;i  ciufing  the 
lay.i  Ul  aivci  ';c,  oi  ::t  l.-nll  d  nini;  in;  in-:tli  of  tlu  ir 
Clin  w  ijcncv,  ii  inal-.c'  J  <  ui;~p>-;tl  iti  ni  !,,r  she  lrjot;rv3t 
cor.vi.  ^.I'y  of  I'.v-  irs  Ihdl  i.f.     Dr.  I'l' .-.rt  ■ ,  :ir.- 

i'tl;j.-r  rc:i  r  'y  ;  ul:u.-(i  i-  ti.  -::i:)',iv  cjsivcx  yia•^,  i"  a 
yK-fiti  ir.  f..'v..  .■!!  ti  l-  I  1  ■  '  :  111',  ihc  eye,  by  me«in&  of 
wliiiS.  t!,;-  I  m.iy  Lc  nt.lJe  t(j  i;:;  I -r:i;  .,ny  rli^^^Lce 
f-iM  il^i-LVi,  :i  .'.1  fo  tile  eye  bent; 'i  t.  ci.r,tni|.  Vi'i  the 
jjiitlue  til  till  I.I  irnnneras  il"  ti.e  object  ilUlf  w«te 
lu  ili  ji].i:e.  1.  ■  i,  .V  nrJortuiiatily  tbe  ima{;e  n'tll 
appinriitverted:  forthi^h  t-.-  vvvrheHaii  iume  whimCenl 
rxpedietitr;  \\*,  in  r«adlf  ;  lo  f.trn  the  book  upGde 
doM-i),  and  to  learn  to  wriu- oyifiijo  <Jo>v)i.  Auodii'- 
Iciit  o'i'  -i:*!«,  tl-.i-  D  >i*l<>r  sT.-i  ts,  tVom  h?i<.vvi.    p^.  ii-i.ci.-, 

I  lilt  \.  i;  II  ;i  111 ' ! ;  i'  ;i ix  w,  coiilrii; '  i;  .  i;i  v^i ;  ,_i;  dlj. 
]■  i  ;•,  (inc  .  :. ;  ;;ij')d  ..n  -.dtii  i  1  :.Kai  .is  i,'  ;i.''n  in 
tln-'r  n:-;i:^  i!  p  <:[  .ic. 

S['<>  !'.  i:i  I'.i-  :<;ii:ary  Alt.  i.ui  .Jcs       fi-ts  nf 

I      !ii:lrln   (..r   |:tC  :il  :)!:.,   1  ;)'n  the  C-:l  l-»:)r.  tti  the 

piliol.    A'tiith.i'V  t'.i:  t!iur;;ir>,  •:■>.:■■.■  .to  -I  :;!!!-;  c  ilicj 

Sil'jt  arc  mo(!lv  of  a  round  furm,  tUough  iJim-  are 
other  fhape^.  Thi'fc  for  caution  are  of  ii-pn;  bat  tholis 
far  niu(l;ct$  and  pillnlii  are  of  leid. 

Oanmiii  flmi  an-J  fhfJIi  arc  ufn.iMr  fi  •  i-]i  "n  f  itet,  or 

lii-tii,  t.:|;rT[.i.'  iV' ill)   t!  <.   h.'fi-   to'A.rrlr  the  tup;  lie 

Ijalu  being  ciujcr  a  triaii^li',  ^  fiju.nt,  or  a  rtCtani;le  j 

flQOI 
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fntn  which  the  number  in  the  pile  it  cMily  commuted. 
■Bee  Pits. 

Tlie  wcij^ht  Mid  difflebEiou  of  balb  lUf  be  foaad* 
one  from  tbc  Other,  whefher  thejr  tre  tfirmt  ar  of 
kad.  Thus, 

Xli«f  «'e'i»1i»  of  .in  lion  ball  of  4  inrhn  diameter,  i* 
ri^h,  ami  LLi..i>ife  t*u-  weight  i*  t!u-  cube  of  ihc 
diameter,  therefore  aa  4.*  :  9  ; :  :  /,  J*  3:  w,  the 
Weight  of  tlie  iion  ball  who(e  diameter  i»  </ ;  thitt  is. 

of  the  cube  of  iu  dtamet«r.  And,  ooBverfdN  if 
the  weight  be  given*  to  find  the  diameter,  it  win  he 
\/%*  uj  J ;  lli;it  is.  V^Vv  V  cr  -i  <;t""  tlir  v.  '  '  t, 
aud  the  cube  luui  uf  tliai  wi.l  Lu  Uic  liiamctu  o<  liic 
■ton  ball. 

For  leadea  ball*;  one  of  4^  inchei  diameter  tfcighs 
t7poiMld*t  th«efore  ac  the  cube  of  4}  is  to  17,  or 
«(»Af  at  9 :  3  :  :  «^  :  ^  a  «r,  the  wcic^  of  the 
letdco  ball  whofe  dianMter  it     that  7a,  \  of  the  cube 

of  the  diameter.    On  the  trontrary,  :f       freight  be 

given,  to  find  tlic  diameter,  it  wiil  be  i/  {  w  ^  J; 
that  is,  ?  or  4I  of  tlic  wcii{lit,  and  tlie  cube  root  of 
theprodud.    See  njr  Conic  &:&iona  and  SelcA  tx- 
-crciMt  p«>  141. 

SHOULDER  of  a  BaftioH,  in  FortifidtWDt  ntllC 
angle  where  the  face  aud  the  flank  meet. 

SHOULDERING,  in  Forti6eatwa.  Sec  EftBtf 

mnt. 

SHWAN-/1.JB,  a  Chiuefe  inftnuncnt,  compofcd  of 
a  number  of  wires,  with  btoils  upon  tin,  in,  uhich  the* 
ctijve  backwards  and  forwards,  and  which  iervet  to  aiTiK 
4hem  in  then: compulatiohk   See  Abacus. 

SIDE*  kHut  in  GcMMtry.  The  fide  of  a  figure  it 
1  line  mdraig  psrt  of  the  periphery  of  »,n\  fiiper&cial 
filgnre,  viz,  a  pmt  between  two  fucceflivc  angles. 

In  triangles,  thr  tides  arc  alfo  called  Ifgu  In  a  rl;;ht- 
angled  trttngle,  ihe  two  h.V*  tlmt  include  the  right 
a6|^  are  CMlcd  calhtii,  or  fometimea  the  ^f^^.nnd  /trw 
frmSttiar'f  and  the  thhd  fide,  (he  hfptthfnnfe. 

SiDi  of  a  J\/yx-^''ii'  X:  r  J ii  ilie  number  of  term* 
la  the  arithmetical  progrcffioii  that  are  lunmcd  up  to 
Ibrm  the  number. 

Sii>B  ^  «  Pcwer,  h  what  it  ofuiOy  called  tbe  root 
ttr  nullx. 

Sides  of  Hom-^mrlt,  Cro^vn-warlt,  Dcul>!r-tniaillet^ 
fte,  arc  the  rsmparta  and  parapets  which  inclufe  thei|l 
m  the  riijlit  and  lift,  fromthe  gorge  to  the  bead. 

SIDE&EAU  or  St  DEKiAL,  fomrthing  rehiring  to 
tlie  ftan.  At  Sidereal  year,  day,  &c,  bciujj  thoff 
marked  out  by  t!:c  ft^r^, 

SiBi-iifcAL  JVu'r.    See  V«,A».  ■  ■  , 

Sidereal  Day,  is  the  time  in  which  any  (larap|»tait 
to  revolve  from  tbe  meridian  to  the  meridian  again ; 
which  is  »3  hours  ^6'  4"  (,"'  of  mean  foUr  time ; 
there  being  366  Sidercaldajt  in  a  TCW*  or  in  the  time 
of  365  diurnal  revolutiooaof  the  funf  that eXtAly, 
if  ttke  eqaiaofiial  points  were  at  reft  in  the  bcmnt. 
But  the  c^inofitial  points  go  liackward,  with  refpeft 
to  the  liars,  at  the  rate  of  50  *  of  :j  If  :  c  in  a  Jiilijn 
K&ear  i  which  nufctia  the  il«r«  to  iiarc  au  apparent  pro> 


grcfTivr  motion  cad M-aid  $o'in  that  time.    And  »ithe 

fuu'j  nitjii  niotiu:!  i  ■  ti  c  fcliii'iic  lu  only  11  U^m  zif* 
45'  40"  I  \"'  in  ji'.j  ilayt,  it  I'oilowg,  th.il  the  end 
ot  thiit  t  iiic  I  t  will  be  14'  19"  4;'"  fi.ort  of  that 
point  oi  iJ  pric  finm  which  be  fet  out  at  ibe  bc> 
ginaiiig  ;  sixl  (111  Uars  wi!i  beadvaaeed  50^'ofadegfec 
with  relpcCt  ti>  that  point. 

Oottfequently,  if  the  fua'a  centre  bem  the  incri£aa 

with  any  it.ir  an  any  given  d  iy  of  the  year,  that  flar 
wdl  be  14'  k/'  4?"'  -I-  ^o'  or  ij'y"  45'"  eaft 
ot  the  l-in's  cciiUf,  0:1  ti.^  36)tb  day  at-crward,  when 
the  lull's  ccntrr  is  f>n  un  meridian  ;  and  ilicrtiuie  that 
liar  will  iKii  come  to  the  meridian  on  tl.it  thy  till  the 
fun's  centre  has  palfcU  It  by  i'  o"  }8"'  5;""  of  mean 
fobrtime;  forihe  fun  takes  fo  much  lime  to  go  tLroiigh 
an  arc  of  1  j'  9"  45"':  and  then,  in  l'  o" 

l%>"  57""  the  Aar  will  have  jail  competed  ita  3661I1 
revolution  to  tbe  meridiiin. 

In  the  following  table,  of  Sidereal  revolutions,  the 
firft  column  cont.nns  li.e  number  of  revolutions  i  f  the 
flam  ;  ihf  iiilicf.  ruxt  it  (hov  the  time>i  in  whicli  thcfc 
rei'olu'.ioiiA  nu-  ni."^dL-,  a;,  '"ycwn  by  a  wz]\  rcf;i  'jted 
tlock  ;  a'  1  ibclt:  oa  the  tight  liand  Ihew  the  daily  ac» 
celer.:tian9  cjI  tlic  flars,  that  is,  how  much  any  liar 
gaina  upon  tlie  time  Ihewo  hj  fiidi  a  dock,  in  thecorw 
tefpoadingr  fcvohition* 
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Tl>I»  table  will  not  iMke  the  i79936oooOootb  pift 

of  a  kcotiil  of  iimi-  f  n;  the  truth  in  a  whole  year.  It 
wi!,  cakul^ttu  In  Mr.  Fcivnlbn  :  and  it  ii  the  only 
tabk  of  the  kirn)  iu  which  ihc  rtircflion  oMiu-  cfjuinu.- 
tial  pointj  lius  been  taken  info  the  caloric ti;iri. 

SIDl'S  Gwgium,  a  new  primary  I  '.uKt.  difcovered 
by  l>r.  HcrfcheUt  Bath,  in  the  night  of  iMarch  13, 
t',Sl.  It  is  lometime*  alfo  called  the  Gnrgian  PUtet^ 
»nd  the  AVw  J'JMft,  from  its  bavin;;  been  iituly  or 
htcH-  diftowred,  ilfo  l!t>fihil''s  Vlanct,  fiom  tin-  name 
of  ii*  difcoverer,  md  the  PiMni  Htr/fLel,  or  Uwply 
Hirfrhe!,  by  whicb  mmc  n  It  difttiiguiihcd  by  the 
aAronomer/uf  atmoU  dt  fiirdgn  ntHMtt  The  pbiaet 
is  detiuted  by  this  chart Acr  s  Raann  H  u  tb« 
iiiiti  il  of  the  name,  the  hotizoni.d  bar  bring  croffcd  by 
a  p^rperdicuhir  hne,  foimiiig  u  kind  of  crofs,  the  tni- 
hleiii  Chrifliaiiity,  meaning  thereby  pLvhaps  tliat  itt 
•IJttiivcrv  W3«  made  by  a  ChrillttUii  or  liuce  the  biith 
ol  C  iirili,  a»  all  the  OtfaCT  pUlMtl  WCTt  dlfeowmdliDag 
bcfuie  that  period. 

This  planet  is  the  remotcft  of  all  thofe  that  ate  yet 
knou  n,  thi«ugh  not  ilic  lirtjcf,  being  in  point  ofina(>- 
nilude  lefs  thai)  Satmn  .uiJ  Jupiter.  Ittli^bt,  favi  X>t. 
Hcrfehcit  itof  a  Uucifti-wiiiu  culonr,  •nd  lu  bnltiancy 
iMtweea  tlnt<f Vcoiul  sndtbe  moan*  With  t  tddcopc 
that  magni&n  sboot  300  tinoh  it  man  to  batrt  • 
▼ery  « ell  defined  Ttfibk  diflc ;  but  with  inftntnenU  of 
a  fmall  power,  it  can  hardly  be  di!>rngpi'fhfd  from  a 
fixed  flar  of  between  tlte  6tli  aiii!  7:11  mairnitude.  In 
a  very  fine  clear  night,  when  thr  '.iu:(ni  is  aMcnt^  AgOOd 
eye  wil!  p^fcclve  it  without  a  tclrlwopr. 

From  ttie  obferrationj  anj  rnlculatlons  of  Dr.  Her- 
Ickcl  and  other  aftrooo^crs,  the  clement*  and  diroca- 
ftom  ftcfll  tliit  plutt,  b«*e  been  «Deded  »>  below. 

Place  of  tlic  node  j»  1 1»  49' 

Placeoftheaphelionin  179J  11    13  J3 
Iiicliii.ition  ot' t!ic  orbit  -  -   •      •  4^ 
Time  of  the  perihelion  palTage  Sep.  7, 
Ecrentricity  of  the  oitit  •  -  'S^oj 
TIVJ  the  greater  axil  «  «  *  ;>  19*0818  of  Earth'*  dift. 
RcvcJution  ft^l   fideraal  ycm 

Diameter  of  the  planet  »  -  •  34117  mflca 
Pkopor.ofdiam.  totbceanb'a  4*3177  to  l 
Itabulk  to  the  caith^  -  •  -  8o*49s6  to  1 

Its  denlfty  M   *a2e4  to  1 

Its  quantity  of  niitttr    -  -  -  17-7406  to  1 
And  heavy  bodici  UW  on  itt  furfacc  iS  feet  8  iachei  la 
one  fecond  of  titnc* 
SIGN,  ia  Algebra,  a  fyabd  or  cHAaACTiK* 
SiONt,  Sitt  ft/Sihe,  anspeAnwi  raSut,  Ae,   Sec  (be 

StGN,  in  AilTanoiB7,  a  lath  part  of  the  ediptk,  or 

zt^di.'c  ;  or  a  portion  containing  30  degree*  of  the  Gtme. 

The  iincienti  divided  the  zodiac  into  12  fegmentt, 
called  ^If^tis ;  curt\meiicirifr  at  tl;c  pi.jnt  where  the 
ecliptic  and  tquinoitii.l  intcifcifi,  and  fo  cpiintinj;  for- 
ward from  well,  to  caft,  accordin;;  to  the  toiirfi  of  the 
fun:  theff  Hisrn*  ibej  n^mcd  from  (he  i a  »>iiileliationi 
irrhich  pfifTelTc  d  thofe  feement*  in  the  lime  of  Hippar- 
ehu*.  But  the  conilellatiflns  have  frncc  fo  changed 
their  placet,  by  the  preceCon  of  the  cq  i'  lox,  liiit 
Arica  IB  now  fennd  m  the  figs  called  Tannic .  and 
Twin  IB  tbat  of  <kaaiu>  Ac. 


?? 

3  > 

1799. 


The  ime^  aod  dunScn,  of  the  ts  SSgM,  and 
their  order,  are  aa  foDuw :  Aries  t.  T^unu  n  , 
mini  xT,  Cancer  ®,  Leo  £1,  ^  ir„o  rqi.  Libra  ifc, 

S'.:u-[''ij  11),  Sii^illariii$  },  C',,]!! ;.:  jri.u.i  '/J',  A'Ui^rias 
,  I'lk^i  }i  ;  each  of  which,  v.  itli  ihc  ii^rs  la  ihem, 

fie  under  it4  proper  ailicle,  Aai&s,  Taur'js,  S(c. 
The  Signs  arc  di>lingiii(hed,  wiiii  regard  to  the 

feafon  of  the  year  when  the  fun  it  in  tfacfli»  inib  rvraal> 

Kliival,  aultimnal,  arid  bramal. 

Fernalar  Sfnr^  Sioss,  are  AnVs,  Taurus,  OeniflL 
/1'flived  or  Suminer  Siass,  are  Cancer,  l^o,  Virgo. 
/Autumnal  SiCKS,  arc  Libra,  Scoipio,  Sagittary, 
Jtnmaiot  U'iattr  &i9n»,  arcCaieiconit  Ai|uariu%. 

Filceti 

T!ie  vernal  and  fummer  Sign*  are  JXa  called  mrthttit 
Sign*,  bccatlfc  they  are  on  the  tMtrth  fide  of  the  equi- 

nuclial  ;  and  the  auturrinal  ai-l  'A.'iiicr  S;,^;.ia;c  iil.,-d 
J-juiIkth  ones,  becaufc  tlicy  a.-c  ois  ti.t  luudi  oi  the 
feme. 

The  Sigr.i  are  .ilfo  dinii:  ;uulied  into  a/cemBng  and 
dijitrdiii^,  an  ,ij  tiu-y  arc  akfildlng  toward  the 

north,  or  dclcrnding  toward  the  fotith.    Thu»,  the 

y1f(endm^  Sicvs,  are  the  winter  and  fpring  fii;iH,  or 
thofe  fix  from  the  winter  folfticc  totbefununcr  folftiec* 
v>%,  the  Sigui  Capricorn,  Ai|BaenM^  KfiseB,  Arica,. 
Taurus  Gcmioi.    And  the 

JJt^ieiu^i^ Siomi  are  the  fuoMter  aBdatitttnui  X^B»,m 
the&ignt  CpBcer,  Leo,  V' irgo,  Libra,  Scorpio,  Sagittary* . 

SlONS^  Fixetl,  Mafi-Jinf,  &c  5  fee  tl.ir  adjective*. 

SII.LON,  in  I'omficaUoii,  un  tlcva;:i,:i  of  c.;i;h, 
iriiiJe  ill  tl'.e  miJdlc  of  the  moitt,  to  foriify  it,  \\\ica  l^Q 
broj'J.    It  1*  nior;-  cfually  called  the  Envelope. 

SIMILAR,  ill  Arthmetic and  Geometry,  the  fame 
with  like.    Similar  things  have  '.h<;  fame  cKpolitiun  or* 
conformation  of  pant>  and  differ  in  nothing  but  at  to 
tbeir  quantitf  or  n«gnitHdet  m  two  Cgiarca,  ot  two 
cirdn,  &c. 

In  Matliematica,  Similar  pan*,  a»  A,  a,  hztz  the 
lame  ratio  to  tbcir  wfadn  B,  ii  and  if  the  iirhoka-* 
have  the  fiinie  ratio  to  the  parth  the  pait*  are  Similar. 

SiMltAR  angUs,  are  alio  equal  aiiclct, 

SrMiLAK  ara,  of  circlet,  are  fuch  a*  are  like  parta 
of  their  whole  pcriplirries.  And,  in  general,  fimilar 
are*  of  anv  likeouivts,  :irc  the  likepvru  of  the  whole*. 

SiMii  Ap.  biidtti,  1:1  NjIui-^I  rii)lt)i'ophv,  arc  fuch  a* 
have  ihiir  partick*  of  tlie  fame  kind  and  oaturt  oae. 
witii  iinother. 

Similar  CuTMi.  Two  (egmcntt  of  two  nirvea  arcr 
laid  to  be  Simitar  mrben,  anj  li|bt-ltned  hgurc  beiii^- 
infcrihed  within  one  of  them,  we  can  iaicnbe  alin|a< 
n  ^mihr  re^ilineal  figttre  io  the  other. . 

StHiLAa  C«ur  SMuatt  are  (ncfa  aa-areof  the  Gunc 
hind,  and  have  their  principal  axca  aad  parameters  j 
portional.  So,  two  cllipfet  are  figures  of  ihc 
kind,  but  they  are  not  Similar  iiolri*  the  axe*  of  the 
one  havt  the  fame  ratio  a*  the  axes  af  the  other.  Anl 
the  fame  of  two  hyperbolas,  or  two  pandiula*.  And 
generally,  thofe  curves  arc  Similar,  that  are  of  the 
fiioic  kind,  and  have  their  corrrfpooding  dimeniiont  ia 
the  fame  ratio. — All  circles  are  Similar  figures. 

Similar  Diamtttn  cf  Came  SiSiami,  are  fuch  an - 
make  equal  anffles  with  liicir  ordiiaUca. 

SiHibaa  F'lgurri,  or  plane  figures,  are  Atchaafaaw 
aUf  their  angks  ct^uai  rcffei^ivcly,  each,  tocndi»  aad 
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ihftT  Cdet  about  the  eqaai  angles  praportionitl.  And 
the  fime  of  Similar  polyjjonj. — Sinillar  plme  figures 
bavtr  their  arra«  or  contend,  in  the  duplicate  ratio  of 
tbcir  like  Odes,  or  a>  the  fqttairs  of  thnic  llilca. 

SiMiLAK  P/titif  Numltrt,  arc  ftich  t^mxy  he  ranged 
into  the  form  of  {tinidir  rcfUngUs  ;  that  i«,  in;<>  rcrc- 
Cunglea  whofc  fides  arc  proporuonal.  finch  arc  iz  and 
48 1  for  the  fi<3c«  of  i  z  are  6  and  t,  huI  the  fidic*  ot 
4B  aw  fx  and  4,  which  arc  in  the  fiime  profortmii  vie* 

SittifcMt  ft/mns,  »re  pofygons  of  tfie  fame  number 
•f  angle*,  and  the  asglci  10  ibe  one  equal  feveiaOy  to 
the  angles  in  theathcTt  alfo  the lidc*  about  chofcKiii^i 

propoittonal. 
'Similar  ^ri?.7Hif/c/,,iTrtl\oft  thnt}iavri}ic?rfide«  about 

the  like  angles  proportional  All  fqtiares  are  Similar. 

Similar  SigmmU  tf  tirebtt  an  fach  ai  emtarn 

eqna!  anplri. 

SlMrLAK  St-.'ii-^j,  arc  fuch  ai  are  contained  iinHcrthe 

fame  nomocr  of  Similar  planes,  alike  lituatcd. — Similar 
fclids  are  to  each  other  aa  the  cuhea  of  their  lllte  linear 
dimenfipoi. 

Similar  Si/id  Numltrr,  are  thofc  whole  little  cubes 
maybe  fo  ranj^cd,  as  to  form  Similar  paralletopijjedon*. 

Similar  Trian^irt,  srcfuch  as  arc  cqjiiangiifar  onc9,or 
hm  aU  their  three  angkt  refpc Aivcfy  eqnal  in  each  triaii> 
gle  Far  it  it  foScRnt  for  triauilce  to  be  fiaiikr.  that 
theyheMi«jangiiLNr»hceanle  diatbaagflfiiiaanltr,  tbqr 
neoeflariljr'faave thciV fidtanvpaRioAab  whfcli » a  ooh< 
^ition  «f  SittiUritj  in  all  ngum*  As  to  other  figure*, 
Itivin^  more  fides  than  three,  they  may  be  equiangular, 

vi'Iiout  havfiig  their  fiiirs  pro;  ■  .  l'--  nl,  a!id  tlicrefore 
without  bciii^  limilar. — liiir.iJ-^r  tiianglvs  arc  as  the 
fq'iarr^  of  their  like  fides. 

i>lMILITUDE,  in  Arithmetic  and  fifcmttry,  de- 
notes  the  rcbtion  of  things  that  arc  fjraiUi  locach  otlicr. 

Eadid  and,  after  him,  moR  other  :iuthorf,  dcmon- 
llratc  every  thing  in  pcomrtiy  from  the  principle  of 
congruity.  WdBos,  inftead  of  it,  fiibftitutes  that  of 
Similitude  t  which,  he  fays,  wras  communicated  to  hiifi 

Sr  Ldbnts,  and  which  he  finds  of  very  confiderable 
t  in  gcoowtiy,  ailenringtodemonllratc  many  thinn 
«liredly,  which  are  only  demonllrable  from  tb^  jnincipc 
■of  congruity  in  a  very  tedious  manner. 

SIMPLE*  fimtttbilig  not  mixed,  or  not  cooqwundi- 
"Cd  I  in  whieh  tofeit  ftmd*  oppofed  to  componn)* 

The  ekoients  arc  Simple  bodies,  fton  the  oompofitiiao 
•ofwhidi  there  reiyi  all  foruof  nuxcd  bodiei^ 

S1MFL8  Ejmnkiit  tnSlmtt  wd  Surd,  See  the 

fvibllantivcs. 

Simple  ^anfitir/,  in  Algebra,  are  thofe  that  I'on- 
fift  ofune  Krui  only  ;  us  a,  or  —  at,  or  ^abf.  In  op- 
pofition  to  compound  quantiTirs,  wliich  confift  of  two 
or  more  terms  j  asa-f-£,  or«-f.2^<—  xof. 

Simple  FIuhI,  and  TntSSt^  m  Fmineatioa*  See 
the  fubllantivc*. 

Simp  LB  Maciiat,  Mot'un,  Pemfnkm,  ttd  Wbf/f  itt 
Mechanics.    See  the  fubftantives. 

The  fimpleft  machines  are  alwars  the  moft  efteemcd. 
Ami  in  geometrj,  the  woft  nmpic  dcmonflrauons  are 
^bell. 

StMriB  fnUmf  b  Mdicioatics.    See  LimtAt 


SiMPLi in  Optics.   See  Vision. 
SIMFfiOw  (Thoha«),  F.R.S.  a  very  ciaiBciit 


msthematician,  and  profeiKir  of  Mathematics  in  tht 
Royal  Military  Academy  at  Woolnvitli,  was  born  at 
Market  Bofworth,  in  the  county  of  Lcicclier,  thezoth 
cf  Augud  1710.  His  father  wa<;  a  Uufl'  vixaver  in  that 
town  I  and  though  in  tolerable  circumtt*nce«»  fttf  in> 
lending  tobnag  up  hi%  fun  'I'honiai  tohi*«wahi|finellk 
he  trtok  fo  little  care  of  hii  educatiunfthat  he  WtBonlj 
taught  to  read  Engllfli.  But  nature  had  fismifted  T ' 
with  taleota  and  a  gesiiw  for  fir  other  puifiiita  f  ^ 
M  hrn  alkcrwirda  to  Ae  highefttanlt  M  the  luthemr* 
tical  and  philofojihical  fciencc*. 

Yonng  Simpfon  very  fooii  gave  indications  of  hi* 
turn  for  ftudy  in  general,  by  eagtily  rtafliiJir  all  books 
he  couW  meet  with,  teaching  lum'^dr  to  write,  and 
embracing  every  opportunity  he  cmld  find  of  deriving 
knowledge  from  other  perfoos.  His  father  obferving 
him  thui  to  negled  his  bufinef),  by  fpending  his  time 
in  residing  what  he  thought  ufclefs  books,  anofoHowing 
other  fiich  Hike  p'.irfuits,  uf-d  all  tr'n  cndLavonr*  loclitck 
fuch  proceedings,  and  to  induce  him  to  follow  his  pro* 
fclTion  with  lieadinef*  and  better  eflPcdV.  But  attet 
many  ftruggirs  for  this  purpofe,  the  diflcrences  thus 
produced  between  them  at  length  rofe  to  fuch  a  heighli 
that  our  author  quitted  his  fatlier's  hottfe  entirely. 

Upon  thisoccalio'i  he  repaired  ta  Niuicaiun,  a  toira 
at  a  fmall  dillance  from  Bofworth,  where  he  went  to 
lod^e  at  the  houfe  of  a  taylur's  widow*  of  the  naoie  «f 
^snofiel^  who  hnd  been  left  with  two  diildrea*  « 
Atugbter  and  e  Ibn,  by  her  hulband,  of  whom  the  taa\ 
who  was  the  younger,  being  but  aboat  two  years  older 
than  Simpfon,  had  become  his  intimate  friend  and 
companion.  And  here  he  continnrd  f>^mc  time,  work- 
ing at  his  trade,  and  improving  his  knowledge  by  rcad- 
inr;  Inch  books  as  he  could  procure. 

Amnng  fevcral  D'hcr  circiiml\«nces  which,  loag  be- 
fore thi!,  >^ive  ocfafion  to  (hew  our  Ruthor's  early  thirit 
for  knowledge,  as  well  .ti  proving  a  frtfh  incitetnetit  to 
BL-quircit,  wa*  that  of  a  large  folar  rclipfr,  whii:h  look 
place  tin  the  I  iih  day  of  May,  1724.    Tlii?  phcnoine. 
non,  fo  awful  to  many  who  are  ign.jiant  of  ihc  caofe 
of  it,  ftruck  the  mind  of  young  Simpfon  with  a  I'.rong 
cnriofity  to  difcover  the  reafim  of  it*  and  to  be  aUe  to 
tartdi^)'  the  like  furprifiog  events.    It  was  howevet 
Jereral  years  before  be  could  obtain  hi*  defire,  which 
tt  knwth  waa  gxatiied  hf  the  ibUonriiig  accideit. 
After  he  bait  haatome  time  at  16*.  Swnlidd'ab  wft 
Nuneaton,  a  tnudliag  pcdiar  came  that  way*  aad  look 
%  lodging  at  the  fioM  boufi^  according  to  hi*  nTaal 
cuKom.    This  man,  to  his  profeflion  oT  an  itinerant 
merchant,  had  Joined  tbe  more  nroluablc  one  of  a  for* 
ti.rir-ttlhr,  which  he  performed  by  mean  1  ufjudicial 
allroh->gy.    Every  one  knows  with  what  regard  perfon* 
of  fuch  a  cart  arc  treated  by  the  iiihabitan:*  of  cjuntiy 
vifi.igcs  ;  it  cannvt  he  rurprilliig  tbtrefore  that  .m  im* 
tutored  bd  of  r.iiirtrcn  flionld  IkdU  i:pon  this  m.in  as  a 
prodigy,  and,  regarding  him  io  this  i'ght,  ftiouid  en- 
deavour to  ingratiate  hiinfelf  into  his  Avotie  ;  in  which 
he  fucceeded  To  well,  ihut  the  fagcmia  no  lefs  taken 
with  the  quick  natural  parti  and  geniu     hi*  new  ac- 

2uaintance.  The  pedLir,  intending  a  Joaney  to  BriRol 
lir,  left  in  the  hands  of  young  Simpfon  an  old  edition 
of  Cocker's  Arithmetic,  to  which  waa  fafajoincd  a  (hort 
Appeadix  on  Algebra,  and  a  book  upon  Ccmtnres,  by 
Partridze  the  -fnurrnc  maker.   Thefe  hooka  he  bad 
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peniled  to  lb  g^i/^  purpofe,  during  the 
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friend,  ajtoejctie  hU  wnazcmmf  upon  hh  rrlura  ;  n 

ojriii--;.K'[ice  of  which  he  A  ;  !.':  .'  IT  ^i^mt  tit  flrng  a 
rencU)li<ical  figure,  in  orticr  to  i  |iri.i.,gc  of  '1  i.^mas** 
tutiirr  fortune. 

Tlii»  pofilion  of  ihe  heavens  liu-.ln^  Iccn  mri'.urcly 
COTiliikrtd  fnknilum  arum,  the  wi/^ni,  with  jjtc^t 
con&dcace,  pn>Mianced>  that,  wuhintwo  ]^'cai;s time 
Stmpfoa  wovtd  tuni  out  a  greater  man  than  himrdf  !** 

la  hSk,  our  author  profited  fu  well  by  the  encourage- 
nciit  ami  afliAance  of  the  pedbi ,  aflbrdird  him  from 
time  ti)  x'tfot  when  he  occafioaaUy  came  to  NwRcaton, 
that,  by  th«  a<l«it:e  «f  liia  fricM*  be  at  length  made 
«n  opcD  profcJDuD  of  calling  nativitin  himfcU' ;  fiom 
vhtcn,  toprlhcr  with  teaching  an  crraio^  fchool,  he 
c'tii  -.il  ;i  pitiiy  pliiance,  fo  tl>ar  Ik  LV^  itly  iir^UcleJ 
h  »  litai  Bj;,  li>  whith  indxil  lic  lijtl  ii'.j'.tr  iii;n:ifilud 
»iiy  t;r<at  ;it;ai  !i!iu  ii!,  aaj  ii-on  b<.'r.tnK-  tin-  craclc  of 
Niiiuaton,  Bulivorlli,  and  tlic  environs.  Sf.irce  a 
c»urtrhii>  aiSvAiiccd  tu  a  ii^Hlch,  or  a  barjr^in  to  a  falvi 
withnul  prcviimlly  c.)iih.l;ii;){  i!r-  itifulliblc  Simpfon 
■ibmit  the  ci^nlciiiiciiieii.  Kui  til  iirlping  pmptc  to 
flclfu  piuKh,  lie  alv.'dyi  tkLl.iuii  iiut  i\hc\e  Im  /kill; 
and  tjvtr  life  and  licnh  lic  diclarid  iic  iiad  no  juiwer  ; 
ill)  xhok  called  Ltwjul  fn^lMU  hc  rcadilf  jublvcdt 
provided  the  p<rlbna  were  ontain  as  to  Ae  Bonry  Afa 
of  the  hora£»pc :  and,  he  l>s>  often  dedaieil,  with 
fuch  fiicceff,  tliat  if  from  very  cogent  reafons  he  had 

nat  teen  tl^ n  i  i!.; lii  v  (.(mviimd  ui  tljL  foiili  Jatloil 

and  f^liaciouliicU  oi  his  art,  hc  never  Ihould  have  drops. 

it,  as  hc  artcfwiidt  kmd  bimfidf  in  coftCeieMe  bovod 

to  do. 

About  thi»  time  he  married  the  widow  Swin6eld,  ia 
wbofe  houk  he  lodged,  though  ihe  wa»  tltcu  atnioll  old 
CDMigh  to  be  his  grandmother,  being  upward*  of  iiftjr 
yoit  of  age.  After  thia  the  ^mily  livyd  comfortably^ 
CDOOgh  together  for  fome  (hort  titne,  Simpfon  occali- 
ornaSjr  wgriunc^it  hU  bufioeft  of  a  weaver  in  .the  day- 
tiiDC>  and  teacuingaa  evening  f<.hoo1ortc!lingfottttoet 
at  night ;  the  farntly  being  alfo  farther  aflitieJ  by  the 
labours  of  young  StvinGdd,  who  had  bccu  bruuglit  up 
ill  the  profcfTton  ol  his  father. 

But  this  Iranquiilitv  was  foon  iatcmipted,  and  otir 
ai.t:  Lir  liriviii  oiiLt-  Iron:  his  home  indthc  ptofcfllou 
ct  .illr<ili.;;'y,  by  the  fullowiitg  accident.  A  ifourg 
wum.in  in  liic  neighbonibood  had  lutig  to  iuai 

or  know  fuiiietliing  of  her  lovri,  who  had  been  gone 
to  fca}  but  Simpion  had  put  her  off  from  time  to  time, 
till  the  girl  grew  at  laA  fo  importunate,  that  he  cuuld 
deny  het  no  longer.  Hc  afkcd  her  if  (he  would  be 
•frai'd  if  be  ftonld  niU  the  de*ilt  tbinkiog  to  deter  her  } 
but  flte  Axlanrd  ihe  feaitd  neither  ghoil  nor  devO:  fo 
he  w  oUiged  to  comply.  The  fcene  of  aAioa  pitched 
apnn  was  a  ham,  and  young  Swinfield  wasto  M  the 
di'.ilcjr  j;IiLifI  ;  \\]\o  licmp  coif.Llti  under  forac  ft  raw 
111  J  comr  o!  llic  liarn,  ivif,  at  .1  I.^u.ll  gi»cn,  lO  rife 
Gowly  out  fruii-  auiuiig  ilit  llra.v  ,  with  his  facc  marked 

thill  lilt  )n:l  riiiy;ht  not  kiir'.v  him.  Every  thing 
b' in^;  ill  otiltr,  the  j;irl  cii nic  ;it  tliu  t.'ra!.'  appoiuttd  ; 
when  Simpfon,  alter  cautioning  her  sot  to  be  afieiil, 
began  muttering  fume  myflicsT  wordf,  Wld  diaUciog 
round  about  ihem,  till,  on  tbe  fign;il  ^iTcn,  ttp  ritca 
thetaylur  flow  and  folemn,  to  the  great  tenor  of  the 
BOorgir^  who*  before  Ihe  had  feen  half  his  iboulderik 
lclliat«mol«tt6lsV  «-Tying$ut,it  w^s  the  vcnr  tnage  of 
Iter  lvi«ri  aod  tbe  €Se&  vgou  ha  «m  »  dfCMftil4 


that  It  «u  thought  cither  death  or  madnefs  mnft  be 

the  confequcncc.  Sa  tl>^t  poor  Sinnpfon  was  obliged 
immediately  to  abandou  n  tutc  both  his  home  and  the 
profcfTton  of  a  con;iiror. 

Upon  this  occaGon  it  vrould  ficm  lie  tJcJ  to  Derbr, 
where  hc  remained  foirt  l^voor  ll.:cc  vcarii,  viz,  ftoia 
173}  till  1735  or  '7:^''l  "'ir  '-•ti'gpupiisioancrening 
iichool,  and  ivark  i  ^  u*.       trade  by  day. 

It  would  feem  that  Simpfcn  had  an  early  torn  for 
vcrilfy  it'g,  both  from  the  circumllancc  of  a  fvmg  tmnttea 
here  in  favour  of  the  Cavendifh  family,  on  occafioo  of 
the  paiUamcflUry  ckdioa  at  that  phce,  in  tbe  year 
*}3}i  f">P  hie,  firil  iwil  aatheiMttical  qucllions 
that  were  piUilhed  in  the  Ladies  Diary,  which  were 
both  in  a  fet  of  vcrfes,  not  ill  written  fertile  oceaiifji:. 
Tiidfe  were  printed  in  tbe  Diary  for  1  736,  arj  ilicrefoic 
iTi'  il  at  laicil  have  been  written  intlic  year  1735.  1  litie 
lu  o  iiirciJKini,  beinof  at  that  tin^c  pretty  difficult  ones, 
iYcv.  t!ie  j;icat  [jre^uf.  lie  had  even  then  made  in  the 
maiiictnatiesi  and  tiocn  an  cxprciiioo  in  the  hrll  of 
them,  vie,  where  he  mentions  hii  refidcnceaa  bcH^  tk- 
latitude  ^1",  it  appears  he  was  not  tlicn  come  up  to 
London,  though  be  muft  have  done  fo  very  foon  after. 

Together  with  his  ailrulogy,  he  had  funti  furnifiicd 
faimfcff^  with  arithoetic,  a%ebra,  a.id  ^^eemctrv  fuf> 
fictcMtobe  i|iiaUfiedfor  looking  into  the  Ladies  Diary 
(of  which  he  bad  afterwards  for  fereral  years  the  direc- 
tioni,  by  wti'cfilie  cime  to  ci.derilaiui  t!mt  liteie  w-* 
a  flill  higher  tirjiufi  t.f  the  KiJl!.i:iiaiic.il  Lnowleiigt 
th?.ii  any  he  lud  yet  b<.cn  acquainted  vv.ih  ;  ii.d  this 
»  as  tlie- method  of  Fiiuivm,  But  our  young  analyll 
wjb  ijuitc  at  :i  l.ffs  to  difcover  any  LngliUi  author  who 
had  written  on  tbe  fiibjt^^,  except  hit,  Uayet;  and 
his  work  bring  a  foho,  .,nd  tlicii  pretty  ftarce*  ex- 
ceeded his  ability  of  purchaJing  :  however  an  KQimfnt,. 
ancc  lent  bim  Mr.  Stone's  Fimxiont^  which  ia  •tmilii* 
.lion  of  tbe  Aftargwr  Jkl^MMtaitAad^da  lifmmnt 
"Ft^ts  by  tbt*  one  booC,  and  hit  own  penetrating 
talents,  he  was,  as  we  liiall  fee  prt  fer.tly,  ciiaMed  'ii  1 
very  few  years  to  compofc  a  much  ir.orc  acciuate  irc4tile 
uri  this  fuLjea  tbaa  uy  that  bad  before  appeared  in 
oui  laiiguuge. 

A ftii' he  had  quitted  aPuulogy  and  lis  e-:.oK;:iient|, 
he  was  driven  to  haidlhlps  ior  tlif  lublillcnce  of  hii 
f.i  iiily,  while  at  DciLy,  njtwithflanding  bis  other  in- 
dullrioui  endeavours  in  Ins  own  trade  by  day,  and 
teaching  puj  ii,  ^i;  eAxniugs.  This  detemincd  bin  to 
repair  to  London,  which  be  did  in  173 j  or  1736. 

On  bis  firft  coming  to  London,  Mr.  Simpfon  wrought 
fot  fone  time  at  hii l>uGaefa  in  Spitalficldii,  and  tau^t 
maiheowtiei  at  e«enngf,-or  any  /part  houra.  His 
tnduib^  turned  to  fo  good  account,  thut  he  ntumt  i 
dc}i^  into  the  country,  and  brought  up  hi-i  wjicnud 
three  childicn,  (he  h.i.if.j;  jjroduetd  \w\  iicll  child  to 
him  in  his  ibltntc.  'r.'.e  uuinUr  ot  hii  Icholars  in- 
crcafiiig,  and  his  abil iu<  becoming  in  fome  mcafui« 
known  to  the  public,  lie  wa*  encour<iged  to  make  pro- 
}  i.r..'<  for  publiftiing  by  fubfcription,  A  new  Tieatife 
of  I  luxions  ;  wherein  the  Direct  and  Inverfc  Mfthodi 
are  dcinonftnvtcd  after  a  ucw,  clear,  au«|  concile  M«n> 
ner,  with  (heir  Application  to  Pfayfica  and  Aflronaoiyi 
alio  the  Doitiinc  of  inanite  Serin  and  Renting  Se- 
tie*  univerfally,  are  anwly  explained,  lluxionaty  ai  d 
Exponential  Koimioat felved :  together  with  a  vunetv 
Qt  HtIV  WkI  CUtlMM  FkoUcm, 
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When  Mr.  Simpfuii  firH  propofed  bis  ir.teniiuns  of 
p«bli(hii)it  rtict)  .1  woik,  \ir  did  nut  know  of  .my  Fir  .^l  fh 
bonk,  ftrmriro  fin  the  tiue  principlM  of  Fiuxioni,  lli.it 
ctjtitair.td  a:iT.'  tiii-.^f  material,  clpcuiLilly  tlit:  pti  tiical 
pail  i  and  though  there  had  been  fotnc  very  curious 
thing*  done  by  levcral  learned  and  ingenious  gentlemen, 
Hie  principles  were  iMterthclef*  kft  obCettre  aixl  defec- 
tive, and  all  that  had  been  doite  by  any  of  tbea  in  m- 
^n'ltr  fn'tti,  vei-y  inconfidcrable. 

The  book  ws*  publilhcd  in  4to,  in  the  year  1737, 
•lihoiffik  (he  aaihor  had  been  frequently  iatemipted 
horn  iumifting  the  preftr  £>  ftft  at  he  eauld  ttaw  wUmd* 
|htwi|b  U»  iwwNMdable  ■ttentieo  to  hit  popik  fer  hta 
inimeaute  fippoit.  Tbe  jpriiKipIca  qF  fluawm  tivatcd 
of  in  this  work,  are  demonlitated  ill  a  metbod  accurate- 
ly true  and  p;enutne,  not  rfleotially  differeut  from  that 
of  their      t  itiTentoTf  bctBg  entinly  «apomdcd  by 

finite  quznUlius. 

In  1740,  Mr.  SimpfoD  publifhcd  a  Treitifc  on  The 
Nature  and  Laws  of  Chance,  in  410.  To  which  ate 
annexed,  Full  ai  d  clear  Inveiti^^a'io:)'  uf  t  .>  _>  inportant 
Problemt  added  in  the  ad  Edition  of  Mr.  V)i  Moivit'* 
)>ock  on  Chance},  alfo  two  New  Methods  for  the 
Sumn~ation  of  Series. 

Our  author's  next  publication  was  a  410  Tolumc  of 
£fliliyt  on  frvenl  curious  and  interefling  Subjedi  in 
Spcculaliw  and  Mixed  Mathhmatics;  ptintrd  in  the 
fame  year  i'740:  dedicated  to  I'rancis  Elakr,  Kit], 
Itnce  Ftlionr  of  the  Royal  Society,  and  our  .luthnr's 
good  fHcadaiNl  ponon. — Sooa  after  the  puUication  of 
thit  book,  he  wia  chofcn  a  mcnber  of  the  Royal  Aea* 
demy  at  Stockholm. 

Our  anthoi't  next  work  wai,  TheDoArine  of  Annui- 
tics  and  Revcrfions,  de<1uceil  from  general  and  evident 
Principles  :  with  uf(ful  Tables,  Ibewing  the  Values  of 
Single  and  Joint  L-vc:.,  i?ic.  in  8vo,  \')J,t.  This  was 
followed  in  I743>  by  an  Aaprndix  containing  fotne 
Kcmarks  on  a  late  book  on  the  lame  Subjcft  (by  Mr, 
Abi.  Dc  Moivre,  F.  R.  K.)  with  Anfivcrs  to  fotneper- 
fonal  and  naalipi^mt  Rvprtl'. mat  Ions  in  the  Preface 
fScrtof,  To  thisaniwei  Mr.  De  Moivre  re»cr  thought 
tit  to  leplv.  A  new  edition  of  this  woik  has  lately 
been  pisbiithcdf  aogmentcd  with  the  tn^  npoo.ihe 
f^me  tabjeft  tint- was  primed  in  our  attibor'a  Sckd 
Exerdfea.- 

In  1743  alfo  waipnblifhrd  his  Mkthematiral  DiflVr- 
tationioD  a  variety  of  Fbyfical  and  Analytical  8nb» 
jcAa,  in  4to  1  containing,  among  other  partiaihTa, 

A  Dcmonilratkm  ot  the  true  fwure  which  ibe 
Earth,  or  any  Phnctt  muft  aeqirire  fram  ?t»  rotation 
about  an  Ain.  A  general  In^igBtion  of  the  Atttncfc 
tion  at  the  Snrfacea  of  Bodies  ne^^y  fpherical.  A  De- 
trrmination  of  the  Metidionat  P.irta,  jiid  the  Lengths 
ai  the  fevcral  Decrees  of  the  Meridian,  actt»rdiiig  to 
the  trut  I  ij:  uc  il  ili  Earth.  An  Invcfligation  of  the 
Height  ol  (!i>-  Tides  in  the  Ocean.  A  new  Theory 
<-■;  AKrj;  oniic.il  Utfrai'lioni,  with  cxa(fl  'I  nblfS  dc- 
diiCt.ll  Jtom  till'  Aime,  A  new  and  Very  txadl  MetliC'd 
for  approxiro.-.ti:  :^  i'h-  Kof.ts  ot  lOjuations  in  Nuiriht, s; 
which  quiatupici  the  nunibtr  of  i'iace«  at  each  Opera- 
tion. Srvctai  new  Mttbods  for  the  Summation  of 
Series.  Some  new  and  very  iifeful  Improvements  in 
the  Inverfc  Method  <if  Fluxions,  The  work  being 
dedicated  to  Martin  Fvlkest  £fq»  Flnfident  of  tM 
R^fal  Society* 


Hi'ii  nrict  hook  w.ii  A  Trcjtile  of  Afgrbra,  wherein* 
\\\ti  tii!ui.i!r,rjnt..l  Pniiclpltf;  are  dcmonltrated,  and  apt 
pticd  to  the  Solution  of  a  variety  of  Problems  To 
which  he  added.  The  Conilruclion  of  a  great  N  iml  er 
of  Gcomctncal  ProbUms,  with  the  Method  of  rcfoir- 
ing  them  numerically. 

This  work,  which  was  defigned  for  the  ufe  of  yoaag 
beginners,    was  infcribed  to  Wdliani  Jonct,  fib.. 
F.  R.  &  and  printed  in  gvo,  174^.  And  a  new  cdi* 
tion  appearad  in  17^5,  with  additiona  and  improve- - 
menlat  unnny  which  wa«a  new  and  ccneral  netlMNlof 
FeToleing  all  Biquadratic  Eqiiatiom.  that  are  completer - 
or  ha«k^  dl  tbeir  trmiR  ■  Thia  edition  was  detlicatcd  • 
to  Janwi  Etrlof  Morton,  F.  R.  S.  Mr. 
then  dead.    The  work  hns  i^nnu-  iKro  Ifveral 
odier  editions  fince  that  time;  ifit  L'.li,  01  1.^1),  uas  in 
J ;  n. 

Hir.  rrxt  work  "  .'.Ittni'nts  of  Geometry,  with  ' 

their  Aj>;)licat:o';  lu  the  Mcnfur  iMon  of  Superficies  and 
Solids,  lotiic  Dctcnnination  oi  Mixitm  nnd  Minima,, 
and  to  the  Conrtriicftion  of  a  jfrent  V'  i:lot\  of  jjcomc- 
trical  Problems:"  firrt  p-jblilKni  in    IJ47,    io  8»0. - 
And  3  fccond  edition  of  U.c  l.imc  came  out  in  1760^  . 
with  great  alterations  and  additions,  being  in  a  matiuer- 
a  new  work,  dcfigned  for  young  beginneif,  part-cu- 
larly  for  the  gentlemen  educated  at  the  Krtvr.i  Military 
Academy  at  Woolwich,  and  dedicated  to  (^harlei  Fre«  •• 
derick,  kfq.  Sur\eyor  General  of  the  Ordnance,  And« 
other  editions  have  appeared  flnee* 

Mr.  Simpfon  met  tirith  Ibeae  tiouUe  uid  vcaitioa 
!n  eoareqnenoe  of  the  firfl  edition  of  hi*  Geometry. . 
Ftrft,  from  feme  reflexions  made  upon  it,  as  to  the 
accuracy  of  certain  parts  of  it,  liyDr.  Robert  Simfon, 
the  learned  profeflur  of  matheinaticks  in  the  univtrrny 
of  Glafgow,  in  the  notes  fubjoiited  to  his  tdHKin  ,jf  ' 
F-'u  Iiii's  I-'k Kit '  ts.    This  brought  an  anfwci  t.j  thtj.'e 
rcmairk^i  trom  Mr.  Simpfon,  in  1  lie  notes  added  10  tlie 
2d  edition  as  above  j  to  foiue  j/arts  of  whirh  Dr.  Sim^ 
fon  again  replied  in  his  notes  on  the  next  edition  of  the  ■ 
faid  hlemiiitj  of  EulIuI. 

The  r,i( "(i  \-,7:-i  !'V  rsn  illiberal  charge  of  havin 
flolei.  Ills  L!cr:-,tiii5  tiuLi!  Mr.  Midler,  the  profetltir  o' 
fortification  and  atiiUery  at  the  fame  academy  at  Wool- 
wich, where  our  author  waa  peofeiTor  of  geometry  a^id 
mathematics.  This  charge  was  made  at  the  end  of  the 
preface  to  Mr.  Mulier's  hlements  of  Math<-mati»,  in 
two  voiiuncs,  printed  in  1748  ^  which  was  iiilly  lefuted 
bv  Mr.  Simplott  in  the  pn^ee  to  tbc  cd  cdil«m-af  hie 
Geometry. 

In  i74B*CMne.  out  Mrt  Stmplbn**  Trigonometrn 
Flane-andfSpherical,  with  tbcC&ilrufiNnand  Appli. 
cation  of  Logarithnu.  8vo.  TUa  little  book  contains 
tcvcml  things  new  and  ufefu!. 

In  1750  came  out,  in  two  vidiunes,  8ro,  Tlie  Dor* 
ttnu-and  Ap(;lii.;.tic n  iif  I'lu'  ii  i  !.,  containing,  befidcs 
what  is  cumrr.jn  011  the  S'.ib''.  "t,  a  Number  01  new  Im- 
jirovtiiii  III?  ili  the  'i  luoM',  .ind  the  Solution  of  a  Va- 
:iet\  ot  nc^^  and  very  inuisiting  Prfiblrms  in  dittirtr.t 
iltar  chts  cf  the  Malhem.ltics.— I  i  tti-.  preface  the 
author  oiTcrs  this  to  the  world  as  a  new  iuxtk,  rather 
than  a  fccond  edition  of  thit  which  was  pnhhihcd 
in  1737,  in  which  he  acknowledges,  that,  briidcs 
errors  of  the  prefs,  there  ate  feveral  obfcuiities  and 
defeda,  for  want  of  eapcriesicr,  and  the  many  diCid- 
WHitMCt  hcdaen  labovreo  wder,  tn  bit  lirit  lUlf .  - 
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■  Tlie  Mr.i  and  (-xplanBtion  here  given  t>f  the  firft  r-rin- 
■  cii.l«»  of  Fiiilicn*,  are  nt-t  crcrtiallv  differ. -nt  li.Ma 
V*li»t  they  arc  III  his  ftrraer  trt  i'ile,  thr/iij^li  es.(jrL',TL J 
in  o;)ier  tcrn.a.  Thr  c«tii:Jerj'  o  i  /jire  introd.'eeil 
into  t!)e  general  dchnitiou,  will,  he  l<ir«,  pethitpt  be 
dillikrd  by  thofe  vvlio  would  have  Ihixiont  to  be  nifre 
wietttiu:  but  the  advan(a;;e  of  oonfidcriiig  them  other- 
wife,  tiz,  not  u*  the  vcloeineatlicsCtlveai  but  at  ii)a^- 
nttudea  tltey  would  uoifocBly  generate  in  a  given  time, 
uppcan  to  obviate  any  olMcAion  on  that  head. 
Inking  flusioro  M  mere  vciociticst  the  ima^^ination  tt 
'CoiifiMd  at  it  were  to  ■  point,  and  without  proper  ctte 
•  inlViiably  inrolved  in  nietaphylic<ildiilicultic«.  But  'jc- 
eiirdliij;  to  thit  other  mode  ot  explaiutng  the  ir.utler, 
led  cdati"ii  in  the  liarner  i«  iHceCiiiy,  and  the  hij^her 
iitdtrs  of  iluiii^rt  .tic  tendeted  iriich  more  eafy  and 
itittllipiLle.  Dclidii,  though  Sir  Ifaac  \>  wr<  ii  defuKs 
fluxions  to  be  the  \e!ot'tie»  of  n:ctionii,  yet  he  hat  tc- 
i'uurfe  to  the  incren'.entK  or  mritneiiti  grnirated  in  e^uat 
pariiclet  of  time,  in  order  to  determine  thofe  velocitiea; 
Mhieh  he  afterward*  teaches  to  expound  by  Hniie  mag> 
nitudet  of  other  kiudi.  This  work  was  dedicated  to 
■Gtorge  carl  of  Macclet&eld. 

In  lyjx  appcucdf  in  8«o,  the  S^Oftctnifa  J*t 
ytung  Pr^iaMi  m  tit  MaAtmmttu.  Thk  aent  rahinc 
containti  A  crcat  Variety  «l  atitebraica)  IVobleinak 
will  tliefr  8n{utkM]«.    A  fcle^  Number  of  Ceometii- 

cal  Pk. Mr:r<,  with  lli' ir  il ,!• '  'iifi,  liolh  l!gtlir.iical and 
C'  !iT"etneiii.  Tlie  Theoi )  (jt  C'rui'iieiv,  iii(ie|>eiidtnt 
f  f  ihe  C'linic  Sultion  .  A  ih->v  and  very  comprthen. 
five  Method  ti  r  liistiitig  tiie  Ratts  of  Kqttation*  in 
N'ombcis.  A  (l,ort  Account  of  t!  f  firll  IVineipIca  of 
iluxioni.  Alfo  the  Valuation  of  Aunuttiei  for  fipgle 
and  joint  Live*,  with  a  Set  of  new  Table*,  hx  mure 
cxtcnfive  than  any  extant.  Thi*  tall  part  waa  defign- 
«d  as  a  fupplement  to  hii  Do&rine  of  Annuiiie*  and 
Remiiom ;  but  being  thought  too  fmall  to  be  pnblifflicd 
aloM,  ttamisiitrMlhentattliecadsrtbeSaeaEx* 
cii»ii»(  tttm  lahcaec  howncr  it  hw  bet  n  remo^  ia 
.thehifl  editfont,  indrefirrred  to  ft*  proper  plaee,  the 

cnf!  of  ihe  A i.niiilifs,  iis  '[■i.'ir.t  n  t  iit:riird.  The  ex- 
amples tliat  .ire  ^i^erj  tn  (.!..h  jin.tjUni  in  tliis  lall  piece, 
are  acciMiling  lo  tlie  I.onddii  hilU  I't  mortality  ;  but 
the  fuiution*  arc  gtoeriil,  and  may  he  applied  with 
equal  facility  .Mid  advantage  lo  ar.y  other  taiilc  of  nh- 
fcrvaiit^n*.  The  volume  i*  dedicated  to  Joito  Bacon, 
F.rr^.  F.  R.S. 

IVf  r.  Siropfon'a  MiiiccUaneoua  Tta^«,  printed  in  4tO| 
J  ;      were  hii  bit  legacy  to  the  public  :  a  mull  vaiuahla 
hc^cft,  whether  we  OMfidcr  the  digaity  ud  f 
•aace  of  the  fubkAa*  Or  bii  IttUime  aadaecm 
«cr  of  traatiac  them. 

The  firfl  of  tbele  |wpen  iieoncenwd  in  detemining 
the  Prrceflion  of  the  hquinox,  and  the  different  Mo- 
tions of  the  Earth'*  Axi<,  ariGng  from  the  Attnidlion 
■ot  the  Sun  and  Moon.  It  \<mii  drawii  up  aUoiit  the 
■year  t7^J,  in  ooiiferiucnee  ot  iinoiher  on  tiic  fame 
fiibjeft,  hy  M.  <3e  ^lylvibil.e,  a  t  n  iicli  >;eii!leman. 
Though  thi«  ^eutkiuaii  had  gene  through  one  part  of 
the  fubjeft  With  fiiccef?  and  perfpicuity,  and  hi*  con- 
clurion*  were  perfeclly  cunfoiBuble  to  Dr.  Bradiey's 
cibfervations  ;  it  iievcitbelefi  appealed  to  Mr.  Simpfun, 
4hat  lie  had  greatly  failed  in  a  my  natcrial  part,  and 
that  indeed  the  only  very  dilScutt  onet  that  tt%  in  the 
«f  (be  jDBOKMary  aluiatioii  of  the  po> 


fit  ion  of  the  <artii''t  nia,  caufed  by  the  (bieet  of  the 

fun  and  moon ;  of  uhieli  (jr^  es,  the  quanlitiei,  but 
nui  the  effeftt,  are  truly  luv^fll^Atcd.  The  fccond 
p  iifr  L>  ;Ha-n  .  tl;e  f nvei; i^jaiion  o?  a  very  e\. n't  M'.ir.<i4 
or  R>ilc  tor  lind^n^'  the  I'iace  of  a  IManct  iii  ii*  Orbit, 
from  a  CorrcClii)n  of  D  (hop  Ward'*  circular  Hypo- 
thefi«,  by  ^'ea4l*  of  certain  Equation*  applied  to'  the 
Motion  about  the  upper  Facus  of  the  LUipCe.  'By  tHla 
Method  the  Refuk,  even  in  the  Orbit  of  Mirrury, 
may  be  found  within  a  Second  of  the  Trutli,  an  i  ti.ae 
without  repcatine  the  Unceatton.  The  third  fltewa  tl»e 
Manner  of  tianaK  triag  the  Motion  of  a  Oomict  fiwa  % 
painbolieOrbiti  loaa  dHplie  one  \  being  of  great  (Jie» 
when  the  oblerved  Place*  of  a  (new)  Comet  are  found 
lo  di{F<  I  feni  111*  fiooi  t!i«fe  computed  on  the  Hypo- 
ihefi*  of  a  p.M4bi>Iic  Orbit.  The  fourth  it  an  Attempt 

to  Il.e»v,  tro:ii  ikjI  .u  n,.T.u  :il  i'r  Jiu  ijile*,  t!ie  A(ivaii'.,i  ;e 
anlii;^  (torn  ii;,;  (,'ir  Mean  ot  A  4»ambei  of  Ohli.  i. 
Ts"n  lis,  in  piaciudi  Agronomy  ;  whetciu  tlie  IW  It 
that  t!u  Rtfult  in  tint  Way,  i*  more  exacl  than  from 
ctie  liiiv;le  Ohleri. at  an,  i*  evinced,  and  the  Utility  of 
c  Method  in  Pra^ice  dearly  made  appear.  The 
fifth  contain*  the  Determination  of  eertuin  Muents,  and 
the  Refulution  of  fome  wry  uieful  Equation*,  io  the 
higher  Order*  of  Flukiom,  by  Mema  of  the  Meafure* 
oT  Aiii|^  md  Ratio*,  and  tlw  right  and  verted  :iiae* 
of  circobr  Arc*.  The6lb  treat*  of  the  Rcfoliition  uf 
algebraical  Equation*,  by  the  Method  of  Svitd-d'v'< 
fois;  in  which  the  Ground*  of  (hat  Method,  m  J 
down  by  Sir  Ifaac  Ncu  ror,  are  iinriUgated  and  ex- 
plaineel.  Thc'tfi  ext;i!ii:-  the  1  civr:!  Ijjaiion  of  a  p;ene- 
ral  Ru.e  for  the  Reloli.itiijii  ■..■)  J  li 'pei  iiuetriLal  I'loblerii* 
of  all  Ordciii,  wall  ftina  Lxsmples  ut  tlie  L  ie  and  Ap- 
plication  of  the  faid  RuU*.  riic  Sth,  or  laft  part, 
comprehends  the  Relululion  rf  fuuie  gclicral  and  very 
important  Problem*  ta  Mechanics  and  Phyfical  Aftrooo* 
my  i  in  which,  among  otlter  Tbinga,  the  BHaci|at 
Part*  of  the  3d  and  ytb  Scdion*  of  the  feft  BoiAof 
Newton'*  Frwcipia are  demonflrated  in  1  aew  and  cm^ 
cife  Manner,  ihit  what  may  pcih^ps  beft  recommend 
this  excellent  trad,  is  the  applienii.-ii  of  the  ^eneial 
equationa,  thu*  derived,  to  the  lieii iminatfon  of  tiie 
Luiur  Orbit. 

Accor4in«T  to  what  Mr.  Siaipfou  lad  intimated  at  the 
coneludoii  ot  his  Da£lrine  ot  Fluxions  the  grrateli 
part  of  thii  arduous  undertak.iog  wat  drawn  up  in  the 
year  17JO.  About  that  time  M.  Clairattt,  a  very 
eminent  mathematician  of  the  French  Academy,  had 
ftarted  an  objection  agaiofl  Newton'*  genera]  law  of 
gravitation.  Thi*  wa*  a  motive  to  iaduoe  Mr,  Simpfbii 
(among  Ibaw  other*)  10  endeanoar  to  di&Bi«r  wficthcr 
the  motion  of  the  mooa^  opogaet  «a  idiidi  that  ob« 
iedion  had  tta  whole  weight  anclfiMiodalion,  eouM  not 
be  truly  accounted  for,  without  fuppoGn^'  a  change  in 
the  received  law  oi  gravitation,  trom  the  mvetft  ratio  ot 
t/ic  Iquares  of  the  dillances.  The  fiiccel*  anfwercd 
his  hopej,  and  induced  him  to  look,  f.irthtr  into  ether 
p..rt5  of  the  theory  ot  the  moon's  motion,  than  lie  had 
at  tinl  intended ;  but  before  he  liad  completed  his  dc- 
figu,  M.  Clairaut  arrived  in  England,  and  m.ide  Mr. 
Simpfuu  a  villi ;  from  whom  he  learnt,  that  he  had  a 
little  before  printed  a  piece  on  ili«t  fubjeA,  a  copy 
of  which  Mr.  Simpioa afterward*  received  a*  a  prcrcat* 
and  found  io  it  the  apKthiag^dcnioiMb«led*tow1iichha 
bimlidf  had  diicdcd  hit  <iw|uiiry,  bcfido  ficocnlatlim. 

The 
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t(u"  cr|ii;itKiiis,  but  ultcily  cxlI  jdcn       tliat  dan- 
is.  Liinl  uf  iLTiiib  tliat  had  ec.b.'irr.iirofl  ilu-  gicitift 
after  a  great 


"Hie  fiicJIIty  of  the  method  Mr,  SirapTon  fell  upon, 
and  the  cxtenfivenefs  of  it,  will  in  feme  meafure  appear 
from  tfii«,  that  il  not  only  detcrintiic*  the  rootioii  ot'ide 
aprg?-c,  in  ifn  r.'iiiu-  ni.in-.r,,  ami  tlif  famcc.ilc,  as 

the  II 

ir.sthcmali.'ians,  btkI  would,  after  a  great  Tiurnhcr  of 
n-vi'lutiDtis,  entirely  change  the  figfure  of  the  inoui/s 
orbit.  Friim  whence  lhi«  important  confcqiicncc  it  de> 
rivrd,  that  the  moon'*  iBcao  muiioo,  and  the  grratcll 
^uatititirs  of  the  feveral  equation*,  will  ranain  un> 
changed,  nnleft  dilliirbed  by  the  interrmtiaB  of  (bote 
foneign  or  nccidenial  oiufr.  Thefe  tradi  tve  iBletibed 
tB  the  Earl  oTMnclnlield,  ftidid<Bt  of  tbe  RopI  So< 
delr. 

ftfidri  die  finrgoin?,  whidi  are  the  wkok  of  the 
Kgi:Iar  book*  or  trealuM  that  were  puUiftcd  by  Mr. 
Siinpfon,  he  wrote  mJ  cwepofed  fewnl  other  ffaper* 
and  Aigitivc  piecrt,  M  ibOow  t 

Several  paper*  of  hfi  were  read  at  the  meeting!  of 
the  Ri  S  icicty,  ar.il  [>  inted  in  their  Tranfadioat : 
but  a:  n-_oll,  if  ni;t  i  f  them,  were  afterward*  in- 
ftrttJ,  with  altf ra; I'.tts  oi  ailtii; lonr,  in  rus  printed  yo- 
Iuni<.'i>,  it  ii  nn.iiUi'*  to  tike  any  farther  B>>dce  of  them 
here. 

He  pn'fMifcd,  and  refoivcfl  many  queftiooa  in  the 
l.j  !  (5  Diaries,  Ac;  fometimcs  under  Ir*  own  name, 
ai  in  the  years  173,'  and  i'^jf*;  and  fometirnci  under 
feigned  or  li£iitiouti  njmea ;  fuch  a*,  it  i«  thought, 
Hurluthrumbo,  Kubcrnetei,  Patrick  O'Cavenabf  Idar- 
maduke  Ilod^foii,  Anthony  Shallow,  Efq,  MA  pro- 
bably fevetal  uthcrs;  fee  the  Diarie*  for  the  yean  T715, 
_'73<'..4'i.43»  53' .S>'  'S*  5?'       5^  59'  60, 


It  is  probable  that  tlila  rtfLirnc-c  to  him,  gave  occr. 

iliiiiiyji!'*  more  fcrioudy  10  this 

■  clcli|i,'n  oi  compofms^  in  reg-ulur 


fion  to  the  turiii;!^'  h 
fubje-l,  fo  3^  to  form 
treat  lie  i[ii)n  it  :  fur  !ii 
tfiat  fx  ;.ihoilrr(i  hard 
before  hi:,  ili-aiii,  jnd 
[■'eti-d  [f,  ireqiicntly 


•  family  luvrviftcn  :n(urr.ud'me, 
iipr.ii  tills  u.rk  for  feme  time 
v?.s  vei  y  aii\ioui  to  have  com- 
remarking  to  them,  that  thia- 


V  orlv,  V,  :jcn  publifticd,  would  procure  him  more  cmJit 
than  ai;y  of  his  former  publications     But  he  lived  not 
to  put  the  fiiiifliing  hand  to  it.    Whatever  he  wrtjte 
upon  this  fubjed,  probably  fell,  together  with  all  his 
other  remaining  paper*,  into  the  hands  of  major  Henry 
Waifon,  of  the  engioeers,  in  the  ferrioe  of  the  India 
Company,  being  ia  all  a  large  cheil  full  of  papen. 
This  grntlentao  had  bceo  apopilof  Mr.Simpfon'a,  and 
bad  lodged  in  hii  houb.    After  Mr.  Stmpfon's  death, 
Mr.  Watfon  ptrvailtd  upon  ilie  widow  to  let  him  have 
the  papers,  promifmg  cither  to  give  her  a  fum  of  monej 
for  them,  orelfc  to  print  and  publilh  tliem  for  her  be- 
nefit.    But  neither  of  thefe  was  ever  done;  this 
gentlem.  n  alu.iys  ditla  in^,  uiu'ii  urgtd  on  this  point 
hv  myiiil'i.rd  o'.l.o,  ihjt  !iQ  uf;  could  be  madco/  any 
ol  the       I  s      : "o  tlic  Very  imperfert  ibu  in  wliiili 
he  I  .;J  iluy  vieir  Utl,    And  yet  lie  {siifincd  in  his  re- 
fulaitoj^ivc  tSein  u;>  ajjaiii. 

From  Mr.  S;mpfou'j  writings,  I  now  return  tohiai* 
fcif.  Thruuch  (he  intereli  and  folicitatiooa  oif  the  be*- 
foftmentiopcd  William  Jouei,  £fi^  he  was,  in  1743,. 
appoiDted  profcfTor  of  matfaeiAatica,  then  vacant  hjT' 
the  death  of  Mr.  Derhim,  in  the  Koyal  .'V^cademy  at 
Woolwich  J  his  warrant  htaring  date  Aagull  zjtb. . 
And  in  1745  he  was  admitted  ofelkHr  of  tbc  lbo«l< 
Society,  having  been  propoM  tM  m  aididttc  av 


Mr.  SimptM  ma  alfo  the  editor  or  compiler  of  the  Mattio  Folkca^  £|q.  Frafidcatt  WiSmn  kaca»  Efo. 
Diatiea  from  the  jar  ■7^4  tOt'tbe  j««ir  1760*  both  Mr.  Geoijfe  Graham,  Nad  Mir.  lohn  Madita,  Seero' 
iochdive,  during  vbidi  tmw  he  niud  that  work  to    taivf  all  verj  eminent  mtthematicians.   Ti)e  prcfidcnt 


.  during 

the  hSghell  degree  of  refpcA,  He  urn  fiiceeedcd  m  the 
EditoHhip  by  Mr.  Edw.  JUBiafiMi*  8«e  my  Oiariaa 

MrfcrllaDy,  tuI.  j. 

It  has  alfo  be  ;i  L  :itii-.-.!y  fupporril  t!i.it  he  w;m  'Tie 
real  editor  of,  or  tiatl  a  principal  lhare  in,  two  ct.ur 
periodical  work*  of  a  niifcLi^iiKoiis  matlicin.-iticiil  n:i- 
torc  5  »!»,,  the  Mntliematiuan,  and  Turner's  MatKe- 
•BJitrcal  Excrcifis,  two  vilumcs,  in  8vo,  which  tarric 
out  in  periodical  numbers,  in  the  yeai*  I  '  50  and  IJJ  1, 
tec.  The  latter  of  thefe  fcems  tuwcialh-  to  have  hern 
fet  on  foot  to  afford  a  proper  place  for  cxpofing  the 
error*  and  abfurditiea  of  Mr.  Robert  Heatb,  the  then 
eondu^lar  of  the  Ladies  Diary  and  the  Palladium  j  and 
\jiuch  tontroverfy  between  them  ended  in  the  difgrace 
of  Mr.  Heath,  and  expulfioa  frana  hia  office  of  Mitor 
|»thc  X.adi<a  Diary,  andthe  fubRitadoo  of  Mr.  Siinp* 
lifii  IB  hia  ftcod,  in  the  year  175  ). 

In  tbeyear  T760,  when  the  pkns  propofedArereft- 
{iiga  aear  bnJirv  at  Blackfriars  were  is  agitatioo,  Mr. 
8iinp4bn,  smnng  other  {rcntlemen,  was  confulted  upon 
the1i<-rt  firm  for  the  arches,  by  the  New-bridge  Com- 
mitttc.  Upon  this  occafiui)  he  gave  a  preference  toiKe 
femirirculsr  fotm  t  >n<l,  bcfiden  liis  report  to  ihi  C^ni- 
miltee,  fotrr  letters  alfo  appc^nd,  by  himleif  ^nd 
Dtherf,  on  the  faii'.e  fubjfft,  in  the  public  new»- 
paperf,  particiibrly  iti  the  Daily  Adverfilci,  and  .u 
Lloyd's  Evening  Polt.     The  ffn  e  were  slfo  cr>lltCtrd 

ia  the  Gcnikmaa'a  M8|^iac  for  tbat  year,  pai^e  14^ 
1. 


«ery_  eminent  mtthemattcians.  The  prcfidc. . 
■Baeounal,  io  coniideratioD  of  his  very  moderate  cit- 
CUmftaocet,  wure  pieafed  to  txeufe  his  adinifiion  fetii, 
and  likewife  his  giving  bond  tor  tlic  fettled  fiituu-  puv- 
ineiits. 

At  the  ncadcmy  he  enertfci  lii^  fieuliies  to  the  ut^ 
moll,  ill  ii.rtructinjj  tiie  pupils  v  iii>  wire  the  immedi- 
ate objects  of  his  duty,  Lii  wcli  a*  othen,  whom  the 
fuper.or  offierrs  of  the  01  dnance  permitted  tu  l*e  board*  - 
ed  and  lodged  in  hi»  boufe.  In  his  manner  of  teach- 
ing, he  had  a  peculiar  and  happy  addicfs  ;  a  ceiiain- 
di^nity  and  perfpicuity,  tempered  with  fuch  a  degree 
of  milidncfs,  as  engaged  both  the  attention,  efteero  and 
fricndfhip  of  hia  fcliolat»»  of  which  the  good  of  tbe 
fervicc,  u  wtO  «B  of  the.cMiMMmily,  -Timi  *  mcdfaiy 

OOnfcquetiee. 

It  muA  be  ackooarledgcd  ho«t«er,  dnthia  mildneft 
■nd  caGnda  of  tempert  miited  with  a  more  inaAive 
Ihte  of  mfnd,  in  the  latter  yean  of  hn  life,  rcnderad 
hit  fehricea  lefa  olirftil;  aad  tbe  fame  tery  cafy  difpofi- 
tion,  .with  an  innocent,  unfufpcvling  fimpbcity,  and 
playfulni fi  e  f  mind,  rcr(lcrt<l  him  i/itr  .i  the  d-.ij;e  uf  the 
little  tritcki  lif  his  pjjjila.  Huv.u.^  dd'eovtrej  that  he 
w'.is  ibad  uf  liflenipg  to  little  amutjng  Uorir',  they  took 
i:ire  to  fi'riiifh  thcntfclvet  with  a  ft<H:k  j  fi»  that,  hav. 
ing  oegli^cd  to  learn  t!.<  ii  k5  ii:  ]  trfe.  t,  they  waild 
get  rak >d  him  in  a  crowd,  aud,  inttead  of  dcmoniirat' 
ing  a  p  up-it.tioti,  V. uuld  amulc  him  with  fonie  comical' 
iiory,  at  which  be  would  lau^h  and  fluke  very  hcaadv^, 
cffcciaOy.if  at  im c  tiaAwcd  with  fimicwhat  of  the 
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lliidBeiwn  or  foutty  ;  by  which  device  ihej  veanli  con- 
;tnvr  inipcrarpuUjr  U»irt«out  the  hOHtS  ailotted  far 
.inllri:aiun,  nnd  fe  ivotd  the  trouible  of  kamkig  nd 
rtptaiing  il:  If  lifTon.  They  ttll  aHb  of  varioiM  tricka 
thzt  were  ptatiikd  upun  him  in  oonfequeaoe  of  the 
iufs  of  his  cicmory  in  i  gteatdcgm^  lothcltttcr  fi«sc 
of  his  hfe. 

i I  has  been  fa^d  (hat  Mr.  Simpfon  fretjdi-nted  \ci\i 
company,  wllli  whom  he  iiUd  lo  gii/zlc  porter  ant! 
c'n  :  but  ic  tnufl  he  ubfervcrt  that  the  milcondudt  of  Lis 
ian:iK  put  it  out  of  his  pi»«er  to  keep  the  tompaiiy  of 
of  gKukmen,  a$  well  a*  to  procure  better  h'<)uor. 

In  ibc  l»Uer  ftige  of  hi*  exilUiicc,  when  liisi  hfe  was 
nn  dangCtt  eicrcile  and  a  proper  rcKitren  were  preferih- 
•«d  him,  but  to  Iktlc  pur^fe  ;  fur  be  funki^iuny  in- 
'  10  fuch  a  towncfi  of  fturii*,  m  often  in  a  mmiier-de* 
:^;^i^.d  I.im  of  his  ittentil  raculiKs,  ami  at  bftreadend 
liiiii  ;iii-apable  of  pei  fortning  liis  duty,  or  cvtB  of  read* 
iiig  the  letter*  of  !  >  fi:i  r.i!=,  ?.r,d  lotiifliug  an  acci- 
dent as  the  «3ropptijg  «•  a  ttii-ciip  would  (lurry  lliiu  as 
•  BWch  as  li  ii  !n'i..chad  tUR.bkd  do\r:>. 

The  phjftcian*  advifed  liit  native  air  fur  hi*  rcco- 
■rery  ;  and  in  February,  1761,  he  ft t  out,  with  much 
rehi£l»oee  (belicvin};  he  (hould  never  retiim)  for  Bof- 
vrorth,  along  with  feme  relations.  The  journey  fa- 
'tigucd  him  to  fuch  a  degree,  that  upon  his  .irrivjl 
lie  betook  hiirfelf  to  his  chamber,  where  he  crew 
continaallr  woife  and  worfr,  to  the  day  of  hia 
death,  which  happened  the  J  4th  of  Majr,  hi  the  fifty* 
fjril  year  of  his  agv. 

SINE,  or  Rixtt  Stsi,  of  an  arc,  in  Trigoiwrnetry, 
II  right  li'ic  di.TAii  firm  >>:.r  rxtfemity  of  llie  an-. 


lui  liiawit  lo  the  Other  cxircmiiy 

(l.urd 


r 

perpendicular  to  the  la^' 
of  it  :  Or,  it  is  half  thi 
of  double  the  arc.  Thus  lUc 
line  DE  is  the  fine  of  the  arc 
BDt  either  becaiifc  it  is 
.drawn  from  one  end  D  of  thdt 
arc,  pcrpcadicubtr  to  CB  the 
ndius  drawn  to  the  utlwr  end 
B  of  the  arc  I  or  aJfo  becaufc 
ft  ti  hidf  the  ebon!  DF  of 
double  the  arc  DBF.  For  ihe 
fame  reafon  alfo  DE !« the  Sine  of  the  arc  AD,  whkh 
1'  :  fi;;  i  ltmr.itof  BDtoafeir.»circIe  or  180  degree*  j 
that  is,  tvtry  Sine  is  commun  to  two  axes,  whkh  are 
fi.pp)einents  to  each  other,  ot  whole  ft:na  oaake  up  a 
fimicirclc,  or  iBodrj^rees. 

Hmcr  il\c  Sii.cv  1-  creafe  always  from  nothing  at  B 
till  they  become  ibe  radius  CG,  which  is  the  greatcH, 
btin;j  the  Sine  of  the  quadrant  JXi.  From  hence  thcT 
dccreafe  all  the  way  along  the  fecond  qiiadrant  from  G 
lo  A,  tilt  they  quite  vaniJh  at  the  point  A,  thereby 
Ibcwiaglbat  the  Site  of  the  femicircle  BGA,  01  180 
degrees,  i»  nolhiog.  After  this  they  arc  negative  a& 
the  way  along  the  next  baaicircle,  or  ^  and  4tl>  ipa* 
drants  AFB,  being  drawn  en  the  oppofite  fide,  or 
■downwards  from  the  diameter  AB. 

Whok  Sin  I,  or  ^mm  7iilus,  istheSiOCof  the  qua- 
drant BG,  ui  .<r  (;o  (!(}:r<^is ;  that  ii,  the  Wbolc  bine 

is  titc  fauve  w      the  rudt  i-^  C  (J. 

^\%f.-C(imf!in.n\t,  or  L  .j<n!,  is  the  fine  of  an  arc 
EG,  which  18  the  ttmpkment  of  tnothtr  arc  BD,  to 
a  quadrant.  That  is,  the  line  DH  is  the  Cofn  e  of  ilie 
JUG  £Dj  bccaute  it  ii  the  Jinn  of  DG  wUicb  is  liic 


complement  of  BD.  And  for  the  fame  reafon  DE  is 
the  CoGne  of  DG.  Hence  t^^e  fi-i?  and  CoGue  and 
raditit,  of  anv  arc,  form  a  riglu  anjjlcd  triangle  CDE 
or  CDH,  of'  which  the  radius  CD  is  the  bypotcnafe} 
and  therefore  the  fcjuare  of  the  radius  is  tquji  to  the 
fum  of  the  fquarcs  of  the  fine  and  C'ili  if  ot  any  au', 
that  is,  CD»  =  CE^  +  ED»  or  =  CU'  +  Dif*. 

Il  is  evident  that  the  CoCiie  of  o  i>r  a  >;!iing,  k  the 
whole  radius  CB.  From  B,  where  UiisCofme  is  grc.it- 
cll,  the  Coline  dccreafrs  as  the  arc  increafes  from  B 
along  the  quadrant  BDG,  till  it  bcconve  o  lor  the  com* 
phtc  quadrant  BG.  After  this,  the  Cofines,  de> 
<.-reaGng,  become  negalJrc  more  and  more  alt  the  w:»y  to 
iJie  complete  femicircle  at  A-  Then  the  Colines  iii- 
crealc  ^gain  all  the  way  from  A  tbnKu;h  I  to  B ;  at  i 
.  the  negation  iadtllroycd,  and  the  Coime  i*  equal  to  o 
or  nothinj^  ;  from  I  to  B  it  \%  poritive,  and  at  B  it  \% 
a^ii^  become  equal  to  the  mth'us.  So  tluit,  in  gene> 
r:il,  ('ofinrs  ill  ihc  jit  .>!id  4th  quadiantt are  poll* 
tive,  ki.;  Ill  ilicadind  3J  neg.itivc. 

/■('  ,  y  .Si-,E,is  the  pait  of  the  diameter  between  the 
fine  and  the  arc.  So  BE  is  the  Verfcd  S  :ic-  of  the  arc 
BD,  and  AE  the  Varied  Sine  of  AD,  alio  GH  the 
Verfed  Sine  of  DG,  &c  All  Verlcd  Smcs  are  aiBr* 
mativc.  The  fum  of  the  Verfed  Sine  and  cofine,  of 
any  arc  or  nnglr*  !•  equal  to  the  mdiiis,  that  li, 
r>E  -h  EC  B  AC> — Ihe  Gne,  corme,  and  Verfed 
Sisci  of  M  *te^  are  aUa  the  fame  of  an  angle*  or 
the  iMUnhcr  of  degreca  tec,  which  it  meafnrei. 

The  Sines  3cc,  of  every  degree  and  minute  in  .1 
quadrant,  are  calculated  to  the  radius  I,  and  ranged 

ill  t:;bli.5  for   ufc.      B'Jt  iH  cr.'.-k'  <ip:  rntlor,?  witli  ihcic 

1wlijr.1l  Sines  require  tiiuth  Ubuur  111  niul.i]ilyiii^  siul 
dividing  by  them,  the  logaiithms  of  them  are  i..lvci;, 
and  i-aiigcd  in  tables  alfo  ;  and  thefe  logarithmic  bines 
are  commonly  ufed  in  practice,  inflcad  of  the  natural 
one*,  as  they  require  only  additions  and  fubtiactiunr, 
inltiad  of  the  multiplications  and  d<vilion$.  For  the 
method  of  conttrucling  the  fcdes  of  Sines  ftC|  lee  the 
article  Scale. 

The  Sioea  were  introduced  into  trigonometry  hr  the 
Arabian*.  And  for  the  etymolojjy  of  thewtinfSme 
fee  Introduction  to  my  Logarithms,  pa.  17  &c.  A^d 
the  various  ways  of  calculating  tabtci  of  the  Sines,  u.uj^- 
be  fcen  in  the  fiime  place,  pa.  1 3  fee. 

Thtoremj  for  ihe  Sintt,  Co/inti,  (^c,  one  fium  another. 
Frof:i  till- lii  finitionsof  them,  and  the  common  propii- 
ty  o;  ri^'Iir-r.ngled  triangles,  with  that  of  the  circle,  viz, 
that  lit'  =  CD'-CE»  =  AE  X  EB.are  eafjJy  de- 
duced iLcfc  foUowing  ralnc*  ot  the  Sinca,  4C|  viz, 
putting 

s  =  tlic  fine  DE, 
t  =  th-j  cofine  CE, 
«—  vciTrd  line  BE, 
T  SI  fuppL  verfed  Gne  AE* 
r  m  ndioa  AC  orCB» 
«=:nieBD{  then 


c  =  v'r*  —  ^*  =  r  —  v=:v— r=|v  —  4*. 
w  =  r  —  f  =  3r--»  =  r—  t^r^  —  i*  =  »  —  jr. 

The 
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Hm  taints  ■ 


ft 


TUc  Secant  = 


And  Co&c  s  — ■ 


to 


a  :s  s  +  - — -  +   +  •  *c. 

«  Lof.-  #SS  ~  iM  (<:»  +  ««4  ^  1^  4.  ^,1 

w  Lcf.  #  =  -  2M  (»  -f  |»*  ■}-  Is*  4.  f«»  9uu) 

If^be  g|if«tberan:,5itiljiiff»tlldCilraifi(ie.  Tlicti 

SiiuA-f  as  ■   I     I,  Cot*'--  - 
r 

»    A  8«  —  /C 


.  Cof.  A-tf 


r 

Cf  +  s* 


Sin.  A  X  cof.  ^  s  {  fin.  A  —  a  •{-  f  Co.  A  +  a. 
Sin.'  A  X  f  n,  a  =  J  coC  A  —  a  —  4  coC,  A  •(-  a. 


67i 

54 
♦f. 
36 

J* 
»5 


From  fomr  of  the  forer^ing  tbeoreiM  tike  Sioa  of  a 
great  variety  of  angK-9,  or  number  of  d^NM^  WHf^ 
computed.    Ex.       as  bcluw.  • 

72 


1 


Ridiui  being  i.  Then  for  multiple  arrti 


Cof.  A  X  cuf.  m  -  cof.  ^_Z^  +  cof.  hJLl,    ^  Sin.  m      l.a  =  ic  X  fin.  na  -  fin.  o  - 


Xfi  a:  s*7iti)i828  &^  the  mimber  wbolc  hyp.  lof . 
«« amtm  ■  .   


See  many  oth*r  cnn'oui  espreinoni  of  thU  kim)  m     fin. 4/1=  4vc)  >.4/'>r. 

*  intcgraJ,  aad  in  Bcrtnmd'i  M«.    fiD.Sa a 5«*- io<*c* 


aad.  CoC  •  +  i>c  «  t«  )C  eoT.  M  *•  cof.  M  -  I  .tff 

That  is,  multi^kingany  Sine  or  cofinc  by  te,  and  th» 
•est  prcoediag  ome  or  opSdc  liibtnfied  ftom  it>  it 
gbrea  the  watt  ftlowf Of  Smew  «Dliiie.  Hnce 

fin.  04  ss  0» 
fin.  a  = 
fin.  l«  =s  2//, 
fia  34  —  3«»  —  j». 


Ac* 


cof.  M  =  I  orndtiH* 

cof.  a  3:  r. 
cof.  2«  =     —  /•. 
cof.  3*  = 

cof.  44  =  «*  —  hi^i*  +  A 
cof.  jaaec*— 10  «V+itt*. 

Ik, 


or  Sin.  M  s 


CoCi 


»  •  3 
«. «  —  I 


t  .  a  .  3 


1.2.3.4.5 


j»  &c. 


*        ».  3 .  4 


w.  If  —  t.n  —  a.  i»  — 


a  .  J  .  4 

«*.  B*       a*,  a*  —  A* 

^  -      J",  *ft 

2  •  3  •  4  •  5  •  6 


Sin. 


ia^rs/'iZl.   And  cot  I*  «B  rl/lil.    Rttliua  be!iig 


of  the  Sii^s  t  iiijrfnts,  and  fccants.  In  fraction* of  it. 

b-.      .       .  .  .  From  Pi  -lt.t: /a  Almagctl  wc  kaiii,  thai  the  ancieut* 

MinM^  the  quantity  of  the  Since  ?  ,  ,  ,i;.ldr  l  rh,  radiu.  mio  fK3  partd.  which  they  called  dc- 

vl?«"''^'*  "^"^  ^  «^<n«  iIeteniuiK4  the  chorda  in  mi* 
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Iceond*!  and  thirda ;  thtt  i*t  in  ftugcBaisl 
fimAioii*  of  tlK  xadiiMt  "whitix  they  llkrwifc  ufed  I'n 
tiw  rcMutHn  f»f  trian^M.  A*  to  the  Sine*,  taocenu 
wd  f«CBnti,  tbcy  arc  modern  inventiooa^  the  Sine* 
bctng  iiitradliced  by  ihe  Moon  or  Smceu,  and  the 
tangent!  md  Iccants  afccrward>  hf  the  EufopCMW*  See 
lairod.  to  mj  L<  j;s.  pj.  i  to  19. 

Regionumtanu?,  ai  lirft,  with  the  ancifnt*,  divid- 
ed tlii  ladiiu  into  60  dc(jrec» ;  and  determined  the  Sines 
of  t'  e  I'cvtral  dcjjrcc(  in  dLLiniil  travtioi  ;  :>t  il.  Ijv.l 
hedflciwardt  fourtd  !•  uu  jIJ  he  nuiro  i  'iiivifiiic;.t  to  af- 
fumc  I  for  radiii  ,  i  with  any  r,  :;nhi  r  oi  i;vp;ii;r5, 
and  take  the  Sint»  in  tirci-r.;il  paru  ot  i(  ;  and  thus 
he  itiM-oiluced  the  pnlcut  miiljod  in  trigonometry.  In 
this  way,  diiTerent  autiioifi  iiavc  divided  the  radius  ii>lo 
tnoreor  fewer  decimal  paits ;  but  in  the  common  tablet 
of  Sitiei  and  tangents  the  radios  is  coocci*ed  u  divided 
into  iccooooo  parta;  which  dl  the  Snd  «*«(!>- 
oulcd. 

An  idea  of  fome  of  the  modct  of  conflruftfng  the 
tablet  of  Sines,  may  be  conceived  from  what  hete  foU 
lawt :  Firil,  by  common  ^eumetry  the  fidei  of  brae  of 
the  ngvUr  pnygaM  iiiknbcd  ig  the  ciideaM  conpot- 
cd,  fimn  the  given  radim,  whicn  will  be  the  chords  of 
certain  portiooa  of  ihe  drcumfeivnce,  denutcd  by  the 
number'  of  thelide*;  viz,  the  fide  of  the  triangle  the 
chord  of  the  3d  part,  or  i  jodc^nci  ;  t(ic  IhIc  ol  il  v' 
pentagon  the  chord  of  the  jilt  part,  tir;^  dfi jri:s.'» ; 
the  fide  of  the  hexagon  the  chord  of  iIk  (  th  j«vt, 
or  60  degrees  ;  the  (ide  of  the  o£tagon  tlic-  tliurd  of 
tlic  Slh  [:.1rt,  or  45  ilc^rccs  ;  :ua'.  fa  on.  By  thi«  mcaQt 

there  arc  obtiincd  the  thoiiU  of  fcvcral  of  fuch  arc«j 
and  the  haUct  of  tlici;  chord*  will  be  the  Sine* 
of  the.halmof  the  fiimc  arci.    Then  the  theorem 

"  hllf 


f  3:  v'l  —  win  B*e  the  colinci  of  the 
•to.  ■  Next*  bjr  hifieieliag  tbeCt  area  eofitiovollf ,  dien 
will  be  fonnd  the  Sinct  ud  oofiaa  cf  •  coatiMicdle* 
vieeaa  ftraa  wepkafe  bf  thele  two  theoRiDat 

Sip.  i  «  s  ^Irf ,  andeof.  Im  »  V-^. 

Then,  by  the  theorem*  for  the  fums  and  differences  of 
arc«,  from  the  foregoing  Csrics,  will  he  derived  the  Sine* 
and  cuBnea  of  Tariooi  other  arcs,  till  we  arrive  at 
kncth  at  the  arc  of  t',  or  1",  &c,  wbofc  Sine  and 
ttinne  thitt  become  known. 

Or,  rather,  ihe  Cnc  of  i  minme  wiD  be  nieb  OMR 

cafily  foun<f^rom  the  fcrit*  ■  - 

a*  ^ 

6  110 

bfjaufc  the  arc  is  eanal  to  it»  Sine  in  fir.alt  ares  ; 
wiicrice  s  —  ;  only  in  fuch  finall  arcs.  But  iht  lt.n.nli  o{ 
the  arc  of  180"  or  ic8oo'  1*  known  to  be  yi^  t§()ib^, 
fcc ;  therefore,  by  proportion,  aa  10800':  i'  :  ; 
3-141  >9s65  i  o*0O02^8Sii2  s  <•  Ihe  arc  or  J  the  /inc 
•f  i',  which  number  it  true  i«  the  hft  place  of  ilcci. 
nals.  Then,  for  the  eoCne  of  i ',  it  i»^  =^  ^  i  —  4* 
—  o-()9t)rj99(jf  77  the  coluie  of  the  fame  1'. 

Hence  ui.  fiijH  rt^/iN  u'itain  the  Sines  and  coGnes 
of  all  the  multiples  of  i',  as  of  .2',  3'  4'  i',  &c,  by 
Ife  applicttioB  of  th«f(S  |m  tlieornBii 


t  =:  a  — 


Sfc, 


Sin.  It  -f  I.  <  =  a  <  X  lin.  m  «  fin.  it  —  1.  . 

Cot  n  +  i.a=*e  >:  cof.  ra  —  cot- »      I .  o  ; 

for  fupnofing  a  =  the  arc  of  1 ,  then  r  =  ^'99990995  7  7* 
and  taking  »  fucccQivcly  rqual  to  t,  2,  3,  4.  &c,  tiie 
ibcoremi  for  the  Sinca  and  codoca  give  fevenliy  the 
Sinea  and  oofincs  of  i',  t',  3',  4',  ftc ;  vui  the  Sinca 
thus: 

fin.  i'  =  /  •  .  -  =  •ooo:9o888i 

fin.  i'  =  te  X  fin.  1' —  fin.  c/  =  "000581 : 764 
fin.  ^'t^  ir  X  fin.i' — fin.  i'=  •oooS72664? 
Iin.  4  =  jr  X  fin.  3' — fin.  2'  =  '0011635526 

&a.^'  =  ie  xfin. 4'— lia.  3' = '0014544406 

acc. 

And  the  Cofints  thus, 

cof.  1'=^  f......-...-r  ■99^9999577 

cof.  ic  X  euf^i'  —  cof.  o'=«  •'jifqiytt^ii^cS 
cof.  j'  =  a  f  X  cof.  j'  —  cof.  i'  •99y9i;9r)i9i 
cof.  4'  =^  J  f  X  cof.  3'  —  cof.  2'  -  -1  ■99'y9^93'3i 
cof.  i'  =s  zt  X  oQil.4'  —  cot  5'  —  ■99^89423- 
Hee. 

In  this  manner  then  all  the  Sines  and  cofini  -  .irc 
made,  by  only  one  coiiflant  iniiliiplication  and  a  iub- 
traction,  up  to  30  deuces,  forminj^  tliu*  tiic  of 
the  firft  a  no  lall  30  dtgrces  of  the  qiiadr.uit,  or  tront 
c  It)  ^j"^  iiiii  I'nim  60"  to  90';  01,  \y\i:cli  will  be  much 
the  fam  th'-iig,  the  Sines  only  may  b«  thiu  computed 
ail  the  way  op  to  61^". 

l*hcn  the  Siuet  of  the  remaining  30*',  from6oto90a 
wiH  be  found  by  ooe  addition  only  Ibr  eadk  of  tbciD*  hf 
'nean  of  this  theorem,  viz. 


Sia.  60  4-0  Es  fiu.  £>0  —  a  +  fin.  « I 
tbit  kt  to  the  fine  of  any  are  bekw  601°,  add  the  SSoe 
of  ht  MtA  b«^  60,  and  the  fiun  will  be  the  Sme 
of  anotKerarc  which  is  juft  at  much  above  60. 

The  Sinfs  of  .ill  an  j  bi-mt;  ihv.i  ^"ijLini!,  they  give 
alfo  very  eaiUy  the  verted  fines,  ike  tangents,  and  the 
fccants.  The  verfcd  fines  aie  only  the  arithmetical 
compkcmcnu  to  i,  that  it,  each  cofine  talicn  from  tbt 
ndioa  I. 

T!ic  tangents  are  fdiutd  by  tin Tc  tl.rt'c  tl.coreiBBj 

I.  As  cofine  to  fine,  fa  is  radius  tatangcnt. 

t.  Radlot  it  a  mean  proportioad  between  the  taa* 

gent  and  cotangent. 

Half  the  difference  between  the  tangent  and  co- 
1,1  ,.,i  r.t,  IS  equal  to  the  tangent  of  thedifierence  be- 
tween the  arc  and  its  complfment.  Or,  the  fiim  ariGng 
from  the  addition  of  double  (tu  tuiijtnt  of  au  arc  with 
the  tangent  of  iialf  ita  comptcmcot,  it  equal  to  the 
t  jngcnt  of  the  ftm  of  that  aire  and  die  Gudrlolf  cei» 

plement. 

By  the  iftaad  ed  of  thefe  iheorem^,  the  tanj:^nt» 
arc  to  be  found  for  one  hali  of"  ilic  mmi.ri'jt  tin  11  the 
( ther  ball  of  them  writ  be  founi.;  hy  <itu  iiii;;lc  adJitaon,, 
or  fubiradion,  for  each,  by  the  3d  thct  rem. 

This  done,  the  fccants  will  be  al!  found  by  addttio» 
Or  fublraiiion  only,  by  thcfe  two  tiu-oremit.lft.71ie' 
bcant  of  an  ate,  ■•  eqna)  to  the  fum  of  ita  tangent  and 
«he  w««t«f  InlCitteoinEleiiiat.  ud..Tfie£ecaM 
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of  sn  3rc,  IS  fqtial  to  the  difference  between  tlie  tan» 
gent  of  tli3!  .lie  iiiid  thetangncof  the  ue  vdded  to 

iialt  iti  complcmmt. 

Jrif.l,!  SisEs,  arc  the logaritluale  Since,  or  the 

lof  iiniliina  of  the  S  ncs. 

Ciirv' or  J~xure  if  ^/r  Sin  ks.  Sec  Figure  of  tbt 
Situs,  fr" c.  To  «  hat  is  there  faid  of  the  figure  of  the 
Sines,  mny  he  hcic  a  J.lal  at  foQowa,  iiwn  a  property 
jifft  given  above,  vie,  if  x  denote  the  abfcifg  of  tim 
curve,  or  the  correfpanding  cncuhr  wc,  auU  j  it»  or- 
.diiwie,  or  the  Sine  (>f  that  are  |  then  the  cqnatiea  of 
the  com  win  he  this, 

 * 

where  h  =  a'7i8a8iSxfl;  fte,  the  mmher  wfaofe hypp 

log.  i«  I. 

/,/'«.-/-/' RiNr  s,  is  a  h'nir  on  tlie  fti^lr.v,  or  nuntor'j 
fcate,  &:c-,  divii!r<l  acrtirdliijT  lo  the  Siiio,  or  cxprx-lTuig 
the  .SniCb.     .Sec  thdfr  .Tttul< 

Kisi  of  In.  i.L-ru  r,  or  of  Kr/i.  ,Ti',r,,  or  rf  Krfiadiaii,  i( 
nfed  for  the  Sine  of  the  angfe  of  inritieiicc,  &c. 

SINICAL  i^nat/nnit,  it  a  quadrant,  m.ide  of  wood 
or  metal,  with  lines  drawn  frotn  each  fide  interfering 
one  another,  with  an  index,  divided  hyfiuts,  alfowitil 
90  degree*  on  the  limb,  and  two  fight  =  at  the  edge. 
It!  life  is  to  take  the  altitude  of  the  fun.  Inftead  of 
the  finet,  it  is  fonietimet  divided  all  into  equal  part& ; 
and  then  it  i«  ufed  by  fcamcn  to  rdiblTef  by  ulpediont 
any  problem  of  plane  failing. 

SIPHON,  or  Stphon,  in  Hydraulic*,  a  crooked 
pipe  or  tahe  nfed  ni  the  niling  of  fluidi,  ciiipt}-ing  of 
*del%  and  in  TCrioni  hydrolbttkal  otperineiiUi.  It  is 
flthcnrife  called  a  crane. 

Wolfioi  dcfcribe^  two  vrfeU  itiKkr  the  nnmc  of  Si- 
phont;  the  one  eyiir'dricat  in  tin-  midtllc  and  conical  .it 
the  two  cxtrLiTii  s  ;  the  otticr  pi  jhul.ir  in  llic  iniddte, 
with  two  natruH  tubes  titled  to  it  axis-wife  ;  both  ferv- 
ing  to  take  up  «  qvantitf  of  Kqni4»  and  lo  retain  it 
when  up. 

13ut  the  moii  iifiial  .Svplion  ij  thatwUdtls  hCfC  K> 
prelentcd ;  whcic  AhC  is  any 
crooked  tube,  having  two  Irgs  CM 
unequal  lengths;  hut  fuch  how- 
e»cr  that,  in  .my  p<ifition,  the  per- 
pendicular altitude  BU,  of  B 
above  A,  wl>cn  AB  is  filled  with 
any  iiaid,  the  wctsbt  of  that  itiid ' 
may  not  be  more  than  about  t{lb* 
upon  cfay  fqifare  inch  of  ihr  bale, 
or  equal  to  the  pneffuro  of  the  at- 
liiofphere,  becaufe  the  preffure  of 
tJic  atmofphere  will  raife  or  fufpetid  the  flui<)  fo  hi^jh, 
when  the_  tube  is  exlunflcd  of  air.  This  heijjhtii 
about  30  inches  when  the  fluid  it  quickfilvcr,  and  about 
94  feet  when  it  is  water  ;  and  lb  OH  for  Other  fliud*, 
aocordinj^  to  the  r?vity  of  tlierti. 

']■<!  life  the  Siphf  n,  in  drawing  off  any  fluid;  im- 
merfe  the  fiiorter  end  A  into  the  flnid,  then  fuck  or 
^raw  the  air  out  by  the  other  or  lower  c::d  C,  :u:d  the 
fi  jid  will  prefently  follow,  and  run  out  by  the  Siphon, 
f  om  the  vrlTcl  at  A  to  the  veffcl  at  C  ;  till  fuch  litne  as 
the  fuifacc  of  the  fluid  fink  ■•.low  aH  the  orifice  at  A, 


.whe»  the  dccantmg  will  c»afe.  and  the  S-pl.on  vill" 
enptf  itlcuof  the  fluid,  tlie  wlM,!e  of  that  whicli  h  in 
ttrnnnmr  out  at  C.    The  primij-le  upon  wfiich  the 
Slldionaaa,  is  this:  when  the  tube  is  cxhamied  <.l  air, 
a  I  '''^  a'^K'fp'ifre  "pon  the  fuifacc  iti  O  t 

fluid  at  D,  forces  it  into  the  tube  hv  ilu  unTice  at  A, 
as  in  the  barometer  tube,  and  <!own'thc  kjr  BC,  if  U 

II  not  ahuve  the  ftufiiLc  .it  D  more  than  34  feet  for 
water,  or   0  1::.  Iich  for  cjuickfiKer,  &c.     Here,  if  the* 
extcrn.il  leg  of  the  Slphou  terminate  at  F,  on  a  ho. 
ri/ontal  level  with  the  imroerfed  end  at  A,  or  rather  on 
a  1c%tI  with  the  water  at  D,  the  perpendicular  preflurca: 
of  the  fluid  in  each  leg,  and  of  the  external  air,Mamft< 
each  orifice,  being  alike  in  both,  the  fluid  wiU  be  af 
rell  in  the  Siphon,  completely  fiUing  it,  hut  mthoot' 
running  or  preponderating  cither  way.     Bat  If  the  «•* 
ternii!  end  be  the  lower,  temjinating  at  C,  then  the 
fluid  in  this  end  being  the  heavier,  or  having  mote  prcf- 
Sm*  wiUjmpotfdenttc  and  ruii  out  bv  the  01  ifice  at  C ; 
tUa  would  leave  a  vaeuwn  at  B  but' for  the  continuid 
prefliireof  the  atmofphere  at  D,  which  forces  the  fluid 
up  by  A 10  B,  and  fo  producinjr  a  continued  motion  of 
tt  tbiough  the  tube,  ;.nd  :i  difi  barge  or  flream  :.t  C. 

•  °^  fucking  out  the  air  at  C,  .mother  method 

It,  fiitl  to  fill  the  tube  completely  with  the  fiiiid,  in  an 
inverted  pofit ion  with  the  angle  B  downward}  and, 

III  ppi»^  tlie  two  orifices  with  the  fingers,  revert  the 
tuhc  a,;uin,  and  immergc  thc  end  A  in  the  flnid  s  tbea 
take  oH  the  iK^j.;ers.  and  inuMdiatdr  the  ftrcancom- 

nunce,  troin  the  end  C 

Eirher  ,,f  ti.etwo  A.regoing  methods  can  becoimni. 
enily  pradtifed  when  the  Siphon  is  fmall,  andcalii*  ma. 
niigtd  by  the  band ;  as  in  decanting  oil  liquon  from  caflci, 
&c.  But  wlieu  the  Siphon  i»«ert4arge,and  many fJet  ,„ 
height,  as  in  cxhaulling  ivater  from  a  vilky  or  pit,  the 
following  method  i*  then  recommended  :  Stop  th.  011- 
''"u^  £m"'1'  ''2.'"""»«f  ■»  opening  made  in  thc  ti  p 
at  B,  flll'tlietlibeaompletelj  with  water;  then  flop 
the  opening  at  B  with  n  ping,  and  open  that  at  C 1 
upon  which  the  water  will  prcfeatly  flowout  at  C«  and 
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fo  coTitSnuf  tM  thai  at  A  is  cx^aiiUfd.  An^  thi*  mc- 
litiid  of  convening  w»ttr  over  a  hill,  f  utTi  one  valley 
toanoihcr,  Udrkiibcd  hy  Htrro,  ihc  clii  f  author  of 
■vaf  cg«lf«()uriK-c  upon  this  (uhytl  air.on^  the  An- 
cieata*  BtM  in  this  txpctimtnt  it  mull  br  noted,  that 
tlie  clicA  wlO  not  be  pradiiced  when  the  hill  at  B  ii 
iporc  than  33  or  34  feet  above  the  kahee  of  the  water 
at  A. 

In  an  npcrlmi-nt  of  *  this  kind,  ft  ?«  even  faid  the 
water  in  the  kgs,  unlefs  it  be  purged  of  it*  air,  n  ill 
uot  reft  at  a  I' i;;I:t  i>f  quitt'  .(c  f>.\t  abDW  tlif  wiarr  in 
the  vcflels;  tccaulv  v-'.U  t:\'.ikML-  itfdi  out  af  the 
wattr,  and  getting  abf  -i-  tin-  w.itrr  in  lla-  leps^  prtfs  it 
t!<>«  n«»rJ,  fo  that  itji  height  uiil  Ik- Irfs  tulwiancc  the 
jjrdTure  of  the  atmofplwrie.  But  with  very  fine,  or  ca- 
biii.tr)  tubes,  the  experiment  will  fucceed  to  a  height 
ibn'.ewhat  greater  ;  because  tlie  attratWon  of  the  mat- 
ter of  the  very  fine  tube  will  attraft  the  fluid,  and  fup- 
DOrt  it  at  forae  certain  height,  independent  of  the  prcl- 
nmofthettimfolicte.  Forwhicbreifon  aU6iti«»iba* 
the  espctjneat  lucceeib  bt  finaO  bcf^h^  ra  tbe  exhaulU 
<d  receiver  ;  as  has  been  tried  both  with  water  and  merw 
cury,  by  Dcfafrulicr*  ud  maur  other  pbilofopben. 
Expcr.  Pliilof.  vol.      pn.  16S. 

The  Il|;i:re  of  the  vtlftl  may  be  varied  at  pleafiir*, 

ftruvided  the  orilkt  C  bo  but  below  the  level  of  the 
urface  of  the  water  to  be  drawn  op,  but  Aill  the  far- 
ther it  is  beluw  it,  the  quicker  will  the  fiuid  run  off. 
And  if,,  ia  the  courfe  of  the  clBux,  the  orifice  \  Ik 
drawn  out  of  tbt  ftiid  t.  aU  the  liquor  in  the  Siphon 
%  ifliie  out  It  the  lower  oiifice  C  {  thu  in  the  Ice 
BC  dragging,  ms.itircf«t  that  ia  the  Aoiurltg  A& 
after  it. 

Botif  a  filed  Splioo  be  b  difoofed,  m  tbet  bMl^ 
orifice*,  A  and  C,  be  in  the  fame  oorizontal  line  t  the 
fluid  will  remain  pendant  in  each  leg,  how  uneqaal  fo- 
aver  the  length  of  the  Icga  ouy  b<-.  So  thut  fluids  in 
Sipbt)nt  fcci»»  a»  it  were,  to  form  one  continued  body ; 
the  heavier  part  dcfcen^K^g  Um  a  dwla^  and  dfllRBg 
1^  lighter  after  iu 

Iba  K^immkri  Siraoa^  i»  a  vny  tatnadSauf 


ir.j  ,  pcrfurrrjn^  fcveral  thingt  which  the  cn-nmon 
t>:pKon  wDi  not  reach.  This  Siphon  was  projecied  by 
Joidan  Pellcticr,  and  executed  at  iheexpence  of  prioce 
Frederic  Charles,  adminillrator  of  Wirtemberg,  by  hi* 
mathematician  ^haliackan),  who Jliado  each  branch  20 
tcct  Icn^,  and  fct  ihtm  18  feet  apart  |  ud  the  defcrtp- 
tion  of  It  was  publilhed  by  Keifelius,  tbe  doke's  phy- 
iitian.  Thiagave  oecafioa  to  Papia  to  iarait  anothcri 
vUckpcilanittd  the  bme.  thiagib  aad  kdelcribed  ia 
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the  Phitof,  Tranf.  vx>l  14,  or  Ahr,  vol.  T.  RcdU&MI. 

in  aniilhcr  I'^pir  in  thr  faiiiij  volr.iiic,  in^cnuoufly  owaa> 
llutt  tliis  is  tlu-  Time  with  liif  VViritmbtrg  Siphon. 

In  tliit  ciiginr,  tliuugli  tlic  lc)^»  he  on  the  l^n:e  level, 
yet  ibc  water  rtica  up  tiic  one,  antS  dcfi  cni^s  tlir«ugh  tlie 
other:  Th«  water  rife*  even  through  tlic  aperture  if 
th*  lefi  leg  be  only  half  immcrged  i«  water  ;  ilie  Si- 
phon has  Its  cfled  after  continuing  dry  a  long  lime  :. 
Either  of  the  apertures  being  opent.^,  the  other  remain- 
ing dtvt  far  a  whole  day,  and  then  opened,  the  water- 
flbwa  out  as  ufual  1  Laftly,  the  water  rifi»aad  Atlla  ia— 
dil&renlly  through  either  leg. 

Muflchenhro«k,  in  accounting  for  the  OBCntioa  of* 
this  Siphon,  obfervrs  tliat  no  difchargc  could  be  made 
by  it,  unlc-fs  llic  wjlrr  a[)pln.d  lu  lii'icr  ir  g  caiifo  the 
one  to  be  Ihortcr,  and  the  otiier  iougcr  by  its  owB' 
wci>;ht.  Intrad>  ad  EhiL  NMitan*.!*  pattjji  adw 
410,  1 761. 

SIRIUS,  the  D»s-fiar  :  a  very  bright  Aar  of  the 
lirll  magnitude,  in  the  mouth  of  tiK  coaltellatioo  Comu 
M^»r,  or  the  Great  Dog> 

Thia  ia  the  btightcil  of  all- the  ftara  in  our  finoaaentt. 
and  therefore  prambly»  fays  Dr.  Ma&clync,  the  aAn»>- 
aanet  royal,  the  ncateft  to  us  of  them  all,  is  *JgifW 
reeommcjiding  tlie  dIleo«ccy-  of  it*  parallai,  niMl. 
Ti^nf  vol.  z,  pa.  B89,  Sonw  bam«er  fivpou  Ar&tt« 

riH  to  be  the  nearcllk. 

'Hic  .■\j-i.bs  caa  it  4ftkrt,  F.IfJ.-.-a-f,  S:era  ;  l!  ? 
Gfccks,  &riui ;  and  the  Ljtins,  Ctinsiulu,  t^amu 
(andmt^    See  Canicu i.a, 

Tliis  is  one  of  the  carlicil  uaioed  ilart.in  the  whole 
bctveos.-  Heliod  and  Isomer  meotion  only  four  or 
fife  confkthtianj,  or  ftars^and  this  is  one  of  Lhcaa» 
fltrius  and  Orion,  the  Hyadea,  PIciadca.  and  ArAaMSt 
•a«t  ahao&  the  whole  of  the  old.  aMtkai-aftramaqr*- 
The  thrae  lafi  the  Gi«ak»i»Md  «r lhav  o«B  obfrn**- 
tion,  as  appeata  bf  tbaaaBiea|.tlia  twootfatta  wti*- 
Egyptian..  Sin'ut  waa  fb  eaUed  firoa  the.  Nile,  ooe  of- 
the  names  ofthat  river  bcln^  Sirii  j  and  the  tleyptians*. 
feeing  that  river  begin  to  Iwell  at  the  time  of  a  parti- 
culiir  tilmjj  of  tills  ft.ir,  paid  divine  honours  to  the  iltf,. 
and  called  it  by  a  name  derived  from  that  of  the  river, 
•xprcffing  the  liar  of  the  Nde. 

SiTUii,  in  Algvbra  and  Geometry,  denotes  the  li- 
tuation  of  lines,  iurfacca,  flee  Wouiua  delivers  feme 
things  in  gcnmrtry,  which  are.  not  deduced  front  the. 
common  anilyfis,.  partiottlariy  matter*  depeodiag  amr 
the  Sittu  of  line*  and  figincs.  Leibnitz  haa  eveai 
faunded  ar  partkidar  Uad-af  analyfis  upon  it,  calledt 
firfcwAri  Sitiu* 

8  K  Y, .  thebhie  expimfe  of  the  air  oratmofphere. 

The  axure  cukiur  of  the  flty  »»  aitributcci,  by  New- 
ton,  to  vapours-beginning  to condcnk,  laving  attainedi 
Mofiftenec  enough  to  reiDcd  the  moft  rclltxible  rays 
viz,  the  vt  jlei  (l  ici  ;  but  not  enough  to  rt&eti  any  of  , 
tlie  lefs  irllcxiblt  ones. 

Dc  la  Hire  attributes  it  to  our  viewn^  a  black  ob- 
jeA,  vixr  the  darfe  fpaoe  beyond  the  regiooa  of  the  au 
mofplicfe«.  through  a  white  or  l6cid  oat,  viz  the  air  iU 
lumiaattd  by  the  futi ;  a  mixture  of  black  and  whJtft 
always  appearing  ulue.  Bnt thia  hypotbcfis  is  not ori- 
ginaily  hii }  being  at  old  BS  Itmiatrio  da  Vipci^ 

SLIDING,  in  Mechaiucs,  is  when  Jic  fame  point 
cf  a  body,.inovitig,akui£  a  fur&cc,  «kfcriht*  a  luie  on 
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titat  rur^cc.  Such  is  th«  motion  of  a  piraBclBpipcdoB 
moved  alonj^  •  plane. 

¥nm  Sliding  arifo  fr'tSinn. 

StimiMi  £off,  a  mathcmancal  inftnnneat  fennagta 
perfbnn  eomputatiune  in  "atigii^,  meaforing.  Ice, 
without  the  ule  of  conpaiict.  i  merely  hj  the  Aiding 
«f  the  f  9ft«  of  the  inllnicnent  one  bf  womr,  tiltf  Ihica 
and  dinfiom  of  which  give  theanfwto  or  amount  by  hf 

l^ftion.  ' 

This  inftniment  i»  variotifly  contrivtM  and  apph'cd  br 
didcrtnt  .iiitliar«,  j  ii  tici.'urly  (mioIi r,  Fartticlge,  Hunr, 
Evtraul,  ami  Coj;rtiliaii  ;  but  the  lifual  and  ufc- 

ful  ones  arc  thok  uf  the  two  latter. 

Everartl'i  Sliding  Rule  is  chii-fly  o£cd  in  eaik 
gauging.  It  is commoDly  made  of  box,  1 1  inehea long, 
I  inch  Tinvnl,  ami  of  an  inch  thick.  It  cooAfls  of 
three  p  its ;  vi^,  ttu  Ibjck  jull  nientiniicJ,  .ind  tsrothiir 
flipi^  of  the  &ae  length,  flidiag  in  fiBMliKroomin  turo 
tippoAte  lida  of  the  ftodt  t  confcqucatfyt  when  both 
tlwile  |rieeei  m  Aawa  oat  ta  thdr  fall  eiteat,  ^,itt>' 
AiMliieiit  n  3  ftct  loHffi 

On  the  firft  broad  face  of  iht  inft  mmcnt  are  fi.ur  1>>- 
garithmic  line*  of  DUi»b«r»  :  ior  tk«  ptopcrlica  uf 
which,  fee  Gchtsk'*  /,  t^.  The  firll,  marked  A, 
conlifling  of  two  r.nSil  nmulMTcd  I,  2,  3,  4,  5,  6».7,  8, 
9,  I  ;  and  tlien  :,  3,  ^,  5^  Ov^-,  to  10.  On  this  line 
are  four  brals  centre-pins,  two  in  each  radius  1  one  in 
each  of  them  being  marked  MB,  for  malt-buthcl,  is  fet^ 
at  2150*41  the  number  of  cubic  inches  in  «  miilr- 
hulhel;  the  other  two  are  marked  with  A,  foraic  gal- 
ko,  at  28a»  the  number  of  oiibie  inchc*  is  a»akBal« 
loo.  The  ad  and  jd  lines  of  Hmbcn-Bte  w  tlw  DM* 
ing  piece«,  and  are  eaafilf  the  fiUM  with  the  firft  ;  bar 
they  are  d;Hiiif;(ii(hed  by  the  letter  B»  In  the  tirftra* 
dius  it  a  dot,  marked  Si,  at  '707,  the  fide  of  a  fquare 
infcrilxd  In  a  circle  whoft  diametrris  r.  Another  dot, 
iTiiiTkeJ  Sr.  lluiid*  at  "886,  the  fide  of  a  ftjuare  cnual 
to  the  area  of  tlie  Tjhk'  circle.  A  third  dot,  murkcd 
W,  is  at  3  3 1,  Xhf  rvihic  incites  in  a  wine  galkin.  And  .1 
,fenrtb(  marked  C,  at  3*14,  the  circumference  of  (he 
ftacdrdc  whofc  diameter  is  (.  The  fourth  line  of 
wmdieni}  marked  H^.to  figwfy  malt  •depth,  is  a 
brolcenlitkeofMionidii,  iHnnberedt»  io>  9,  8,  7,6, 

is  4i  )s  Si  >s  9>  ^>  7*  *ei  di«wniiher>  bdaxfeft 
ire^7  sftainfl  MB  on  tKe  firflf  imdina.  ■ 
On  the  fecond  bruad  face,  marked  eJ,  are  feveraT 
lines:  KS  ift,  a  line  marked  D,  and  mimbcred  t,  2,  ^, 
&>. ,  to  If'.    On  this  line  are  four  centre  pins  :  ihc  tirtk, 
narked  WG,  tor  wiiif-gaugt,  Is  at  i7'K,  tlie  gaujrc- 
point  for  wine  gallons,  being  the  diameter  nf  a  cylin- 
der whofe  height  is  one  ineli,  and  coiKcnt  231  cubic 
jnche;,  or  a  wine  gallon  :  the  fecond  centre-pin,  marked- 
AG,  for  ale-gauge,  is  at  18*9$,  thehke  diameter  for 
•n  de  gallon :  the  jd*.  marfted  MS|  fvt  mah  fqaare,  it 
•t  .^'3,  ibc  fquare  root  of  tijo^z,  or  the  fide  of  a 
iiltiare  whofe  content  it  equal  to  the  naadter  of  indico- 
k  K  bSd  bufhcl :  and  the  fiwitli*  amkied  MR,  for 
mak'nrand,  is  at  ^I'l^,  thedimieterof  acyfinder,  or 
biilhel,  the  .ir<  a  of  wlxife  bafc  is  the  fame  :  t  ,0-42,  the 
intliet  ill  J  ini(hel.  idly.  Two  lines  of  numhcrs  on  the 
Hiding  piece,  rn  the  otlar  fide,  inp.rkrdC".     Oti  tliefe 
Ere  two  dots  :  tfji-  our,  marked  r,  at  '079;,  the  nrca 
of  a  circle  wl.olV  cimimferente  Is   1  ;  arid  the  otlier, 

■urkcU</t  at        Uicaica  of  the  cir^  whole  diamc* 


terisi.  3<iiy,  Tuo  lines  of  iegmcats,  each  numbered 
1,  1,  3,  to  100;  the  firil  Jor  finding  the  ullage  of  a 
calk,  taken  us  the  middle  frulium  ofafpheroia,  lying 
vrith  its  axis  panille]  lu  thchori/.oo;  llrotheothcr  Ibit 
finding  the  uli^e  of  a  caflc  ftsading. 

Again,  uii  one  of  the  lurrow  fidci^  noted  tn*.  ill* 
a  Ude  of  inchetf  ntunbcred  i,  2,  3,  &c  to  13,  each 
fubdivided  into  to  equal  parts,  adiy,  A  h'ae  by  which, 
with  that  of  inches,  xs  e  find  a  mean  diameter  for  a  calk, 
in  the  figure  uf  the  middle  fruflum  of  a  fphiroid  :  it  it 
;i    I '^id  .S/A  rr,',/,  and  iii.:i,bi  ritl  I,      3,       toy.  3(llv,. 

line  fu-  Nii  jiHi;  ifie  iiitaii  di  iiiitltr  ot  a  w  «hc 

((.;  ni(jt  till.  11  iiiile  fri.ftunio!  i<  p.irabulic  fpindic,  nhich 
gauffers  cali  the  fecond  variety  of  calka  ;  it  ii  thcrcfurc 
marked  {ieCbud  Faritty,  and  is  numbered  1,  z,  3,  &c. 

4thJy,  A  line  hy  which  is  fuuttd  the  mean  diameter 
of  I  ca&ofthe  third  vaiiety.cooliftiBgof  the  fruilums- 
of  two  panbolic  coooidt,  abnttiqg  on  a  eomaioa  bafc  ^ 
it  it  tbaebie  nariud  TMrJ  Vtau^  aad.t»  onmbctcd 
tf  s,  3,  be; 

On  th*  otber  mwnnp  fice,.  marked  y^are  tl(,  a  line 

of  a  foot  divided  Into  ico  LCjual  pans,  inarked  FM» 
zdly,  A  hnc  of  iuches,  like  tL.il  bcfuic  mentioned, 
marked  I.M..  jiliy,  A  line  fur  finding  the  mean  diame« 
ler  of  the  fourtli  »»neiy  of  ealka,  which  isfuimeduf 
the  fruflumsof  two  Ct-nes,  iilmf.ing  on  3  cornnioii  L.ifc.. 
It  is  Dtunbcred  1,  2,  3,  ;  ar.d  marked  TC,  for  iruf- 
torn  of  a  cune.. 

On  the  backfidc  of  the  tw«  Aiding,  pieoea  it  a  Itue  of 
ineliri,  fium  il  to  $4^  fiv  dw  WMW  CSUttt  of  the  2 
fcct«  when  the  pieces  are  put  endwife  \  an4  s^init 
Iha^  theoQn«fpoodcnt  gallons,  and  locth  pane;  that 
pr  final tib»,OBtbelikca^.wfliV«rillamtaiit  ta» 
inch  deep; 

For  the  van'oui  ufes  ofthia inftniment,  fee  the  autliora 
mentientd  above,  and  moft  other  writer*  on  Gauging, 

Cri^^cjhiiir s  Slidint.  Uult  is  i  hiiriy  ufcd  in  mtafurin^  , 
the  tuperhcies  and  luhdily  of  limber,  mrffoury,  brick- 
work, &c. 

This  confiftt  of  two  ru]cn».eaeh  a  foot  long,  which 
at*  uited  together  to  vatioaa  ways.  Sometimes  they 
are  made  to  Aide  bj  one  another,  like  glaxieii'  rulea  \ 
(bmetimes  a  groove  it  made  in  the  fidcof  a  commofi  twD> 
Awijatatnls,  and  atbui.flidngjpicoein  «m  fide,  and 
Coggcftalili&Ka  added  on  that  &te  1  that  forming  the 
coamOBOr  Carpenter's  role  :  aodfometimes  one  ot  the 
two  rulers  it  made  to  Hide  iu  a  groove  made  in  the  lide 

nf  r'lf  other. 

Oil  the.Siidirj^  fide  of  tliarulc  arc  four  lines  of  num> 
bei-s,  tfin-c  ot  wlueli  are  double,  that  is,  are  lines  to» 
two  radii,  and  liie  fourth  is  a  tingle  broken  line  of 
numbers.  Hic  firil  three,  marked  A^  B,  C,  arc  (\- 
gurcd  I,  a,  3,  &c  toy;  then  i,  z,  3,  ttc  to  10 ;^ 
the  court  ru&ion  and  ufe  uf  them  being  the  fame  as 
thofe  on  Everard't  Sliding  rule.  The  finale  Iroc,  caUed 
the  gift  Jhu,  and  marked  D,  vi^holie  radius  is  rtjual  to 
the  C«Q  ladu  of  any  of  the  other  Unei,  it  broken  for 
theeaficr  tneaferfai^ef  ffSmber,  and  figured  6,  7. 
8,  9,  10,  id,  JO,  &c.  From  4  to  it  i  _!  , :  I  li  into 
10  pait$,  and  caeh  t  Jth  fuhdividcd  lato  2  ,  j:.  J  fo  on 
from  5  to  10,  ^<c. 

Oil  the  backfidc  of  tlie  rnlc  are,  ift,  a  line  nf  inch 
mcafure,  from  I  to  i:  :  >  n  I    iiicli  beii/^'  divided  and 

iobdivided,  zHy,  A  Hoc  ot  toov  mcaliitn;,  ouiiiilijig 
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<tf  floe'fem  4n!M  imd  too  equal  pkitii  nd  figwedr 
10,  io>  JOk 

Tlie  Mckfide  «f  tbe  fliding  piece  it  ihniei  Into 
inch:'^,  halva,  file,  afld figund  {rom  izto  24:  fo  tliiit 
wiic!)  the  Hide  Uout,  there  may  be  a  inearur>.'  of  :  fcrt. 

lii  tlic  Carpcnior'i  rule,  the  inch  mcafurc  ii  on  one 
fiijc,  (  oiitiniitd  a  !  t!it  way  from  I  10^4,  wht  n  tJit  rule 
in  iinfuldttl,  and  fubclitidtid  into  b'tlis  or  half-quartcra  : 
uu  lh-«  liiicirc  alfo  fomc  diagonal  fculcs  of  cqaal  patls. 
And  upon  the  iJtlgf)  the  whole  length  of  ;  t<rt't  is  di- 
jidrd  into  200  equal  parts,  or  loothi  of  n  foot. 

Sl.lNG,  a  ilrin^  inllnimcnt,  fcrTing  far  thc  Caft« 
iiig  of  itonvs  tec  with  the  jT-eatt-r  v!ol;ncc. 

Piinv,  lib.  76,  chap.  j.  attiibutci  the  invention  of 
"the  S!'  I,;  11  [he  l'!ia:iii(;i;(ns  ;  hut  Vcgeliw  aitribes  it 
to  ila  I  ii.ihitintB  of  the  Halcaric  idattdt,  who  WOC  «• 
icbrued  in  antiquity  fur  tiie  dcxtrwi*  manaj;cini-iit  of 
U'  BoriW  ana  Strabo  fay,  thofe  people  bore  thiee 
Idtidaof  Sl«n(4t  fome  kH^i-otbera  dtotter, . which 
they  ufed  aceordiiiff  aa  diftr  enenTes  were  amic  rnnotc 
or  nearer  hand.  Disdania  addit  that  die  fifft  fentd 
thetn  for  a  Head- hand,  the  sd  for  a  girdle,  and  that  the 
tju'rd  they  conllnntly  earned  with  thctn  in  tlie  hand. 
But  it  tnull  be  inipoflible  to  tell  who  were  the  firll  in- 
veiitttr*  of  the  Sling,  as  thi-  iir.:riiniciit  n  Ivi  I:irip1',', 
»nd  has  been  in  j^ieneral  iifc  by  aloioll  .sU  iiAtiosa.  l  ite 
iii:l:-iiir.i  iiL  i<  miu  li  fjHtkcn  of  in  tlie  wars  and  hiftory 
<if  llie  lli*i.ltus.    i>.ivid  was  fo  expert  a  (litiirff  tliat 


lie  ventured  to  po  out,  with  m 


.111%  againft 


Uie  ciant  and  champion  Goli.ith,  and  at  a  diiiancc 
ftntCK  him  on  the  forehead  with  the  ftonc^  And  there 
were  a  nuaober  at  left-handed  men  o£  one  of  (be  tribe* 
of  Ifrael,  who  k  ia  lud  could  Sling  aftonc  at w  iiair'a 

4>rcadtli. 

lite  motion  of  .1  ftone  difcharg^ed  from  a  Slingarilis 
fmm  it$  oentrifiigal  force*  when  whtricd  round  in  a  tip* 
de.  Tbe  adonty  with  vAaek  it  tadi&hatfvdt  k  iba 
Tame  as.Unt  wbich  it  bad  tn  thecitde,  and  ia  anich; 
^n  atcr  than  what  can  he  {;iven  to  tt  by  the  band  alon*. 
And  the  direction  in  which  ii  is  difcharged,  is  that  of 
the  tangent  to  the  circle  at  the  point  uf  dilchargc. 
Whence  im  flKKioa  and  cfiieft  nay  be  compuud  aa  • 

proje^ile.  ■  '  ■ 

SLUSE,  or  Sli'eivs  fJifnt  Franrit  iValter)  of 
Vife,  a  fmall  town  in  the  county  of  Liege,  where  he 
enjoyed  h<Miourg  anj  pi rfcrment.  He  tli  ii  hfcame 
abbe  of  AmaB,  canon,  counccllur  and  chancellnr  uf 
Liege,  and  m.nic  hi»  name  famous  for  his  knowledge  ia 
theolojty,  phjlics,  and  mathematics.  The  Royal  So- 
cietv  of  London  cicited  him  one  of  their  members,  and 
InlVrtcd  fcvcral  of  hit  compofitioM  ID  their  'i'nuifac- 
tions.  Thi«  very  ingenious  and  Ictmcd  nian  diad  at 
•Iiiraetil  i68j,  at6t7taraof  mgc 

Of  Slnfiin'a  wnka  tbnre  have  b«cn  publiflted,  {omt 
learned  letter*,  and  a  tvoik  tnthlcd*  Ht^Miimtt  Prt* 
Utmtta  fditia  ;  bcMc'the  fiillowing  pteeea  in  the  Phi* 
lofophicalTrdiifaclions,  viz, 

.  I.  Short  and  Ilafy  Method  of  drawing  Tangent  a  to 
all  Geometrical  Cuivcs  ;  voL  7,  pa.  5  143. 

Dcmuollration  of  the:  iamc;  voL  3,  pa.  60^9, 

.61 1  J. 

3.  On  the  Optic  Angle  of  AUuzeo ;  vol.  S,  pa. 
«6i39- 

i>M&ATON  (John),  I-..         juid  a  Tcr;  cdc- 


ct\n1  ergiiieer,  waalwii  titt  «8th  tit  May  1 724, 
at  Aufthorpr,  near  Lk4»,  in  a  lumTe  buih  bf  bia 
grindfather,  where  the  faniljr  bava  icfided  efcr  finee« 
and  where  our  author  died  the 28th  of  Ofiober  179s* 

iu  the  6Stb  year  ofhtt  age. 

Mr.  Sencnttm  few*  to  have  been  born  .in  t::,;*ii(.cr. 
3"he  orijfinjlity  of  hit*  genius  and  the  (Ircngtli  ot  lis*  u:»- 
dcrllandmp  appeared  at  a  rery  early  ajre.  Hi»  pby- 
tiiiut;8  m-rc  not  thufe  of  childicn,  hut  the  tool*  nicii 
woi  k  with  ;  and  tie  (tad  alwaya  mere  amufenient  in  ob- 
fcr\in>;  jititleci.i  vsiirk.ar.d  aminj;  them  queilion*,  than 
itt  dtiy  ihiii;;  clfr.  Having  w.^^tclnd  fo!;\e  mill-wiij^hu 
it  will  1,  lie  wiu  one  day,  foon  attrr,  feen  (totlicdif- 
ttcl'9  of  Ins  faulty}  on  the  top  nf  hii  /alher's  barn,  fix- 
ing up  lonielhin<riikt.i  windii-.ill.  AnothiT  time, attend- 
ing lurrie  men  who  werciixing  a  pump  at  a  ncighlKXir- 
'\Tf^  V  Ibge,  aiid  obferving  them  cut  olTa  piece  of  bored 
pipe,  he  cuucrived  to  pitKNre  it,  of  he  made 

«  working  pump  thataAinlly  nifed  wWer.  Tbcfe  ancc> 
doKt  refer  to  arcnftancca  that  bappeaed  when  be  waa 
hardly  out  of  pctticmntB.  au  l  probably  before  be  bad 
reached  the  6tu  year  of  his  a^c.  AlAiut  hit  14th  or 
l^lh  year,  he  had  made  for  himfelf-ni  cngitie  to  turn 
ryfe  \rotk  ;  and  be  ti>adc  f<.vcral  pitfcnia^o  hi»  frieoda 
ul  buxca  IB  ivory- and  wood,  twned  by  bin  in  tbtt 

l4 la  friend  and  p.nrtncr  in  the  D!ii'''>iiJ  Water- 
works, Mr.  John  Holmes,  au  <.-m:ii<, ut  clock  and 
watch  maker  in  the  Strand,  fay«,  he  viiited  Mr.  Sme;i. 
ton  andCpent  a  month  with  him  at  his  fathei's  houfe, 
iu  the  year  1742,  tvlien  confequently  our  author  was 
about  1 8  yeara  of  age.  Mr.  Hultnei  could  not  hot 
view  youog  Smeston's  works  with  alioniAtmeat  >  he 
forged  bin  own  iron  and  Heel,  and  melted  hii  own  me- 
tals ;  he  had  tooU  uf  every  lurt,  for  working  iu  wood, 
irary»  and  mctali:  he  had  OMuian  latbe,  by  which  be 
bad  w.  aHjApctaal  ibar.iB  biafi^  a  thing  vcr}-  littk 
kie\fruat,diatday. 

ThtH  Did 'Mr.  Smeaton,  by  tbe  firengtb  of  hit  ge« 
niui,  aud  iudcfaugable  indiidiy,  ac<|uircd,  at  18  ycart 
of  age,  an  exietifire  fct  t>f  toolt,  and  the  art  of  work- 
ing in  moll  <ii  liic  iDceh.tiiical  imdes,  without  tlie  alTitl- 
apcc  of  nny  ni.nltCi  and  which  he  contiaucd  to  do  a 
part  i>r  i.v.;ty  day  when  ai  liic  [iLscc  where  Ilia  toola 
were  :  ami  ti  0  men  could  wiu  k  InUcr. 

All.  Sii.ciUiiii t-illici  iva.i  an  iLti>ri^jv,  arui  wasdi-fi- 
rous  oi  Ijriiigiitg  l^im  up  to  the  fame  prolelkuH.  He 
therefore'  came  up  to  LoiidiM)  in  1 742,  and  for  fome 
time  attended  th«  ooiirtt  in  Wettounller  Hall.  But 
(inding  that  the profefiiun  uf  tbtlaw  did  aot  fuit  iLt 
irni  <,/  b't  gtn'iuj,  »%  hia  ufual  exprcflion  waa,  he  wiote . 
a  Orong  inemunaltobia  Cither  on  the  fitbjcd,  wfaofic 
good  leitfe  from  that  moment  left  Mr.  Smeaton  to  pur- 
iae  (he  bent  of  (lis  genius  iu  his  own  \«  ay. 

Mr.  Smeaton  after  tht^coBtiitMad  to  rcfidc  in  Lon- 
don, lad  aboat  lyjo  he  coawicaecd  philofopbieal  ia» 
ArumcW  mtkcTf  which  he  eMtioued  for  fome  tiaCf 
and  became  acquainted  with  hmH  of  ifac  ingenious  men 
of  th.a  time  j  and  thii  fame  year  he  made  his  firftconi- 
municatiuu  to  the  Royal  Society,  being  anaccouutof  Dr. 
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I  in.'.ni^er  compafs 


:uu.iiig  iiiaVLiy  uli'nl  labtiiir(,  aj)d  making  cxpcri- 
nicii(»,  he  communicdl^ii  la  tii.it  k.iiM'd  bodv,  the  Uvo 
fuUtiwin^j  ycar«,  a  oumbvr  of  other  iugeuioukimprove- 
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mttlMt  n  win  ke  mummAvi  in  the  Eft  of  U»  wntinglk 

■t  the  end  of  ihi«  account  <'f  liim. 

In  i-^i  he  be^an  a  cotnfc  uf  t  xjjrriincnti!,  to  try  a 
mi^twElt;  (>f  Ins  l-ni.-.iti<jn,  ft.';  m',.ilun;jg  a  way 
fcni  and  .tl[o  made  t^:o  vuya^t^  su  c'unij>dt.j  with  Ur< 
Knight  to  try  it, as  wcllat  ,i  iiuiupaCaurhi^uw-niui'cDtiun. 

In  I7{3  he  was  elcrteU  a  mcrnhrr  of  the  Royal  So- 
ciety ;  and  in  17^9  he  w<u  honoured  with  tUcir  gold 
meotif  for  hil  paper  cuvcciniii);  tlic  natural  puwer^  of 
VatCr  and  wind  to  turn  milU,  aud  oilier  OUOiilK*  de- 
pending o«  a  ciicuUr  maiion.  Thu  paper*  he  Uj»t 
wu  theteMt  of  cxperimentt  nude  on  wuklag.nodcls 
,  IB  i))e yean  17^2  ^nd  1 7  >  jf  but  not  coBnianiMted  to 
the  Society  ttll  1 7  ;•>,  havioj;  in  the  Sflterra]  found  op- 
portuirli.ji  t'f  puUiiijj  the  itfult  "t  thefc  cxpe< imtnts 
iiiiu  rc^E  pi-acticc,  to  avuiicly  of  cafui,  aod  for  varit^us 
puiporct,  fo  at  toafliire  theSoctety  bcfaid  found  than 
to  anfwer. 

In  1754  hi j  great  thirft  aftrr  fxpi:i  imental  Lho-a'- 
I'.-dge  lt  d  hint  to  undertaJ^c  a  voyage  t4t  Holland  aud 
the  Low  Councriciy  where  he  made  liimfctf  ucquaintcd 
'with  mod  of  the  curious  works  uf  art  fo  frctjuci^t  in 
thofe  places. 

/  In  D«;cember  17(5,  the  Edyftape  hzhiboufi;  wu 
Vtlrnt  down,  and  the  proprietorv,  being  oeCroua  of  re- 
IntiUing  It  in  the  mnn  fuhdantial  inaimcr,  «nt|aii'ed  of 

,  the  earl  ^  Kbodcaucld,  then  prtftJait  of  the  ^yil 
Society,  who  he  tiiju^lu  inii.liL  'iJc  llic  fitlcA  perfoti  to 
rebuild  it.  whtn  lie  Innf.nii.i'.tl)  iccoiunaended  our  au- 
ilitj.-,  Mr.  Smc.itdii  ac^uriliiigly  undertook  the  woik, 
which  he  completed  with  Aunc  in  the  fummcr  of  I  ^ji/. 
Of  this  work  he  givet  an  ample  dcfcriplion  in  a  folio 
voluiae,  tvith  pbtes,  publiflied  in    i^qi.    A  wofk 

^  .whidi  Contains,  in  a  great 'meafiirc,  the  hiitoiy  o(  /our 

' 'yean  of  his  Hte^  ia  wUieh  thcaiigiajdit]|of  hMgcoIitaU 
tttllY  difplayedt  as  wtU  v  bJa  'a^vuf,  «idaiiiy«  and 

.  perJereraoce*  .      1   •     ,  ■ 

Though  Mr.  Snuaton  OHnpletm  the  building  of  dtt 
Edyftoiie  lighthoufe  in  i7$9t  yet  it  fcemK  he  JiJ  not 
Toon  get  Into  full  buGnefs  at  a  civil  engiuLtr  ;  for  in 
l;''4,  wliilu-  i:i  Viirkftiire,  he  olTcrcd  hinifelf  ii  c;u;J;. 
date  kor  one  of  tlic  rtctivtrs  ot  ilie  Dci  wtiUwa'ir  ciIjU:; 
in  ttlucK  he  fticc«eded»  thonjjli  two  other  perfoni, 
ftioiiply  recommtndtd  and  pn; et fully  fnpportcd,  were 
candid^ts  for  the  cinpluyincnt.  In  tliis  appointment 
he  WIS  very  hnppy,  by  th<:  aluiljnci;  andabtiiuc»  of  his 
riaitner  Mr.  Walton  the  yoijtiger,  of  FaTnacre*  near 
Ncwcriftle,  out  of  (lie  prcUnt  re  c!rcK»a  who,  Likinj^ 
upon  hinifclf  the  managenunt  and  the  account!!,  I-Jt 
Mr.  Snuaton  leifure  and  opportunity  to  exert  his  abi- 

•  Ktiee  on  public  wovSm,  aa  wcH  a«  to  make  tpaiiji  im- 
provcmrnts  in  the  RiillaK  aiid  in  the  elhues  oC  Giecn* 
wich  hofpita!. 

By  tiie  year  1775,  he  lud  To  much  bi.ftncfvas  a  liril 
eiiginitr,  that  he  uas  dtfirou>  i,f  rt:":g:iliij;  the  appoint- 
ment for  tiiat  liofpiljil.  and  woiiIJ  have  done  it  ihtn, 
h«d  not  lii»  friendii  picvailcd  upon  him  to  coatiuuc  in 
the  office  about  two  yivir^Iongtr.. 

Mr.  Smeaton.  having  tiiM  got  into  full  bufincfs.sa  a 
civil  engineer,  it  would  hi:  an  cndlcfa  talk  to.cnunenie 
all  the  variety  of  concent*  he  was  rrigagcd  in..    A  tary 

'R-\vof  thtm  howc»a'  may  be  jut!  mentioned  in  t!l!^  placf. 
-i-He  made  the.  tirer  Calder  navigable  :  a  work  that 
Ktj^aitcd  i^ieat  &iU  aod  judgmcutj  uvnn^to  the  very 
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impetooM  floods    that  n**crv-*Ifc  f^nad  tttd  al^ 

tended  the  execution  of  the  great  canal  in  Scotland, 
for  eonvcyina  the  trade  of  the  counhy,  either  to  t lie 
At"ju:ic;  or  German  ocean  ;  and  hav-n^'-  hroni^ht  It  to  a 
(.>Jttcluiiuii,  he  dedioed  a  handfome  yearly  (alary,  that 
he  might  not  be  prrvrntt.-vi  from  attCBdlBg  tOlaCmiU- 
liplicity  of  bis  Other  buliitefii. 

On  opening  the  great  arch  at  London  bridge,  the 
excavation  around  and  under  the  flcrliugi:  u:is  (o  ctjofik 
dcrable,  that  it  waa  thoi^ht  the  bridge  vs  j'i  in  irreai 
danger  of  falling ;  the  apprehenfiotis  of  tlte  pcofw  OQ 
thiii  head  being  fo  great,  that  few  would  pajfsovcror 
under  it.  lie  was  then  in  YockfliuCf  wMie  h»wa«. 
Cent  for  by  tx^rcfii,  and  he  arrived  in  town  with  the 
grcauil  cxpedilion.  He  applied  himfelf  irtwncJiatJy 
tvi  exa.ntneil,  and  to  found  alwut  the  fteilings  rai- 
tii.tilj-  as  he  coulil.  Ti,  ■  committee  being  called  to- 
I^Ui'cr,  adopted  hi^  advice,  which  wa^  to  repiirchafe 
til,:  iloncj  th.it  l'»d  ^'Jcn  taken  from  the  middle  pier,. 
thca  lying  in  MoorfulJs,  and  to  thro*  tlum  into  the 
rivi-r  to  gu  ud  the  iicrliogk,  a  prafticc  he  had  before- 
adopted  on  uiiur  occaftonii.  Noihiag  fhewt  the  apprc* 
lM:urions  (if  the  biidge  faltiog,  more  than  the  alaerit]^- 
with  which  his  advice  was  purfucd;.,tl»e  ftone*  were  re- 
purcfaafcd  tUit  day    hoticj,  carti^  and  barge»  wcrO 

goiieady,  and  the  v.  irk  inftantlv  begun  though  it  wan. 
unday  moiiMng.  Thua  Mr.  Smeaton,  in  m  hasMD^ 
probabiliiy,  1jv;:J  Loudon  bridge  from  fall.'n/,  :ii-.dJe» 
cuied  it  till  more  eiF.clual  methods  coukl  he  l,ilcc;i. 

Ill  17  ,1,  lie  bccume,  joiiiily  v.  itii  his  trii-:)>1  ^^r.. 
liol.i.i.!.  jLovx' uicnliontd,  |j. ojji i 'tor  of  the  works  for 
fupplyiiig  l).:piford  and  Grfirin'. :i  h  v.  ith  w.iur  ;  which. 
bj  their  uviL.d  cu'ic.^voura  they  brought  to  be  of  ge> 
ncral  ufe  to  tlioG:  ilicy  were  nadc  l^ff.  and  modentdf 
Iwac&cial  to  thcuifcivew 

,  About  the  yc.ir  IjlH^i  Mr.  Smcatoo's  health  be]|^n 
to  dccUne  >  is  couWucnce  he  then  took  the  le&lution* 
tocndcavour  to  avoid  any  new  undertakinga  in  bnfincfr 
aajnw^iaabe  conldi  that  he  yn^ht  therehy  Mt  have 
the  TBorc  leifure  to  pnUilh.  Ibnie  account  or  hn  inven- 
ljo:is  and  woiks.    Of  this  plan  L  nv  .  ir  lie  I'-ot  no* 
moic  t>u:i:,ittd  tlvan  the  accoiwt  «jl  ll.f  Edyllouc  light* 
houfe,  aiid  fomc  pr.:psration3  for  his  intended  trratifc 
on  mills  ;  fi)r  he  could  not  refill  the  folicitalions  of  his 
frieuds  in  various  vwtrlu    and  Mr.  Auhctt,  whom  he 
gtculy  loved  and  refpcAed,  being  chofen  ciiainnan 
of  Ramfjjate  harbour,  picvailed  upoii  him.  to  acrept 
the  wfEu;  of  engineer  to  t!ut  harbour;  and  to  their 
jpinteOurta  the  public  are  chicAy  indebted  for  the  im> 
pravemeota  that  have  been  made  there  within  thefefew- 
yean  j  which  fuKy  appear.^  in  a  report  that  Mr.  Snica— 
loo  gave  in  to  the  board  of  tniitceO'ia  1794,  whi«k< 
they  imoiediurjly  publifued< 

It  had  for  pi.  uy  y  .!i  j  't^ta  the  practice  of  Mr.  .'^mn- 
to:>  (offend  puU  ul  ihc  ^car  in  town,  and  the  remiin- 
dcr  in  the  co>u:tiy,  at  hisUoure  at  Auuhorpe  ;  on  oue 
of  llivfe  cxcurlM/iit  in  the  co  .ntry,  while  wjilking  io 
hi»  ^aidcn,  on  (he  l6lh  uf  Scpceinbcr  i->^Z,  he  ivas 
llruckwiih  the  puiiy,  which  put  aa. end  to  hi»  ufrful'^ 
lifit  the  x9th  of  O^tabcr  following,  ta the gitatTCgict: 
o!  a  inimcrous  let  of  frierKf*  .md  aopmintances. 

The  great  variety  of  mills  coniliucleo  by  Mr.'Soca*-  - 
ton,  fo  much  to  iIk  lattifiidien  and  advaotaKC  of  the 
owiicri, .  wiU  Ihev  6c  g^-vSt  hc  JMdc  oC  tua  esperi- 

awsti. 
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tncm'ntf^i       t?;;.  fcdccd  he  (bi«ctf  tinted  to 

it'.c  irv  in.  Linv  c.Sc  wVxrc  he  conid  havr  an  opp«^r(uiiitjr 
tn  riw  IliijTt  ii  by  c penmen t ;  and  for  this  puq>ofc  he 
liii^h  .1  lU-.iin  c ii^'ivf  nt  Aullliorpe,  that  he  might  mak  • 
c»p<.Timeiit3  cKpsvl  ly  to  nfrritain  the  power  of  New. 
comen's  ftcam-tn.  i'M-,  \v'.;li:!i  he  improved  atul  broiijlit 
to  a  mucli  greater  digrrc  of  certainty,  both  in  ii« 
eonflrudion  Bnd  powers,  than  it  ws?  before. 

Dnrlug  many  vears  of  hi^  life,  Mr  Smcjton  iras  a 
condint  attendant  on  parliament,  his  oj>ii;  beini; 
eontinus'.!)  called  for.  And  here  hia  natursl  Hrciietk 
■  oF  jtidgmuit  and  perfpictiity  of  expreflifla  hud  their  lutt 
dil'play.  It  wat  his  eonllaiu  pra^it-Py  wh«a  Hiniied  tO, 
to  plan  or  fti])port  any  meafmr,  to  mtlte  hbttwlf  fully 
seqttaiiited  with  I:,  ai.  l  he.  eonviiiOcd  of  iti  merits  be- 
fore he  would  be  toiucrfed  i:i  it.  By  lhi»  ciiotioq, 
joined  to  the  cle»rnef»  of  l/n  ili  fcription,  ai:  l  li  e  iiitc- 

eity  of  hi*henrl.  Ik  fi !<>m  tailed  liavinjj  flu-  h'll  he 
p|)Artrd  carried  iii'.<j  an  ad  of  par!i:.iTi'  Ni>  p.  - 
liin  was  heard  with  more  attention,  ^or  had  a'lj  vik 
tver  inoie  confidence  placid  in  his  tefliTiony.  fi>  the 
eonrlt  of  law  he  had  (everal  compliment*  paid  to  him 
from  the  herkcli,  bv  the  late  lord  M^iisticld  and  others,  am 


Wfldiof  «n  tt«d«r  tlx-  dmAion '  «f  VIr.  "Srnmm, 

who,  ha»inj  confidered  the  enr<»r«  of  tTiL-  foimer  con- 
llfiiftioni,  hi!  judicioufly  j;ii«rded  p.i:ii:i  I  iWin,  nod 
r:-£ted  a  buiKJing,  the  demolitior.  of  '•■'lich  fecrn*  lit* 
tie  to  be  dreaded,  >inlef«  the  roct  on  winch  it  ia  erected 

Ihoidd  penlh  vntfi  it.  (jt  .  >  uoi!i»,  in  conftrudiilf 

bridf^ei,  liarboor*,   millj,  enginct,  fic,   &c,  it  were 
endieis  to  fpeak.  Of  hit  invrniioni  aod  iwpro»cmciltt 
ptiilofophical  inltn:mcnt<i,  u  of  the  air-pump,  the  py- 
rometer, hjf|rrontcter,   Ac,  4cc,  fome  idea  may  Vc 
iatmeA  from  the  lift  ttf  bit  writing*  tmferted  beknr. 


ffs  n  !.•,  m;ini;L.-s:  u.irxth  ofcijirrfT:  jii  tliat 

miglu  appca;,  lo  ih-j'^c  wl".'  did  n-;'  Icnmv  iiini  wtll,  ;a 
bor>ler  «n  karlhneft*  but  fuoh  ai  w  ltc  n>i;rc  cl  iKly  ac- 
<;u.-iintcd  with  hiri,  kttew  {•  arofc  from  ttic  utteofc  ap- 
jaicatr  ino'  n.inj,  w  ln'  -ii  \v,i(  always  i a  the  pilrfuit 
of  truth,  or  engactd  in  the  tnTcfiigation  of  diffisuit 
fubjedti.  He  wo'.ild  fonictime*  break  out  hallily,  when 
any  thing  wiw  faid  that  was  contrary  to  hii  ideas  of  the 


fnbjift  ;  and  he  wouM  not  give  up  any  thing  he 
MCDwnt  of  the  new  light  he  threw  upon  diffioiitfuhieda.    pied  for,  tiU  hia  xniMl  wat  cainoccd  by  fottad  RaloB- 
A<<  a  civfl  enctDCcr,  be  wa«  perhap*  unrivalled*  oer*    vtg*  ' 


tiy  any  one,  either  of  the  preCcnt 

Hi»  building  the  Edyflonc  light- 


In  all  the  fecial  dtttiVt  of  life,  Mr.  Smeaton  was  ex< 
cmplary  ;  he  WW  •  moll  aiTedionate  husband,  a  good 
falh^r,  a  warm,  zcalout  and  Cnccrc  iVicuJ,  alwa)  j  ic.i- 
dy  t.>  iditl  thute  he  rcfpetted,  and  often  befote  it  wai 
jioiiut  j  t'dt  to  him  ill  what  way  he  could  ferre  them. 
Hi-  .1  I,,vfr  and  an  encouragcrof  raettt  wherever  he 
Knjnii  It  ;  and  muny  perfonj  now  living  arc  in  a  great 
mealurc  indebted  tur  -.heir  prefent  fituatioa  to  his  aflifta 
aMce  and  advu-e  As  a  companion,  he  wat  always  en- 
tertaining and  ioArudive,  and  none  could  fpend  tbeir 
time  in  hii  company  withont  inpttneneob 

At  to  the  lill.of  hia  writiMa }  bclidc  the  large  woik 
tbo^eneatinied,  bang  thefuilory  of  EdyAoac  I.igfat- 
boitle»  md  mimben  of  reports  and  mc1T>onal^ 
which  were  printed,  hit  communicationt  to  the  Hoyal 
Snrliftr,  au  ia&ned  ia  thetf  TnolaAioBi^  aic  w 

-neala  of 


fainly  nut  ctceucd  h 
or  I'oMntr  tiiisc*. 

Imuli',  v:\-.c  Tl.irr  no  n^lu  r  mn!inm;-nt  c>f  li.G  f.iti  c, 
%V'uuU  (.llablilh  bin  fltar^Ctcr.  'I'ltc  Edyftonc  recks 
have  obtained  their  name  from  the  girat  variety  ofcv.ui- 
trarv  frls  of  the  tide  or  c«rr<^t  in  their  ricinl'y.  Tli.-y 
are  iitiiatrd  nearly  S.  S  W.  tu  rn  the  nuJilIc  of  I'lv- 
aaoisth  Soimd.  Their  dtrtance  from  the  poit  of  Fly- 
mouth  i*  about  14  miles.  TItey  are  almcnl  in  the  line 
whkh  joint  the  Start  and  the  Lixardpoints ;  and  .19 
tb^  lie  newly  in  the  dtredtian  of  vefleh  coanin].^ 
maimm  the  channd»  they  «m  unavoidably,  before 
the  cflabUlhment  of  a  h'ght«lioufe  there,  vcry^  danger- 
ous, and  often  fatal  to  (hips.  Their  fituatioa  with 
Tegaid  to  the  Bay  of  Bifcay  and  the  Atlantic  it  ftich, 
that  they  lit  ■■>i:i.i-.  ti>  tin-  hvill!.  of  tfv.-bay  and  ocean, 
from  all  the  luv.tli-\vt.i''cni  pmir,  ,  cif  the  compaft :  1.) 
tli^it  -.ill  the  heavy  li;is  frcmi  t'lf  fi)  !ili-wc:l  quarter  conic 
iiiROiuroled  upon  the  Kdyllor.c  ruckn,  nnd  hreak  upon 
them  with  the  utmoft  furv.  Scjinctimin,  when  the 
fea  i»  to  all  appearance  fmooth  and  even,  and  its  fur* 
ikce  unruffled  by  the  flighted  breeze,  the  ground f<aM 

Meeting  the  llopc  of  the  rocks  the  feabcats^  upon  them  

is  a  frighlfo)  manner,  foatoot  only  to  o'bdrud  any  rableuf  working  Itfel/:  ntcBlcd  by  dc  MiNirB»  of 
work  being  done  on  the  rock,  or  e>en  landing  upoa  it*    Portugal.    Ibi  pa.  43^^ 

when,  fiptiTatifely  fpcakini^f,  you  might  go  to  lea  fa  a  4.  Defcription  of «  new  TkUp,  or  ComVrnation  of 
i\- ili.iit-flitn.    Tliat  circumftances  fraught  with  dan-     Pulle)s.    lb.  494. 

CiiiToiiLMmt;  it  fliould  lead  manners  to  wifh  for  a        5.  Eaperimcnts  upon  a  machiac  for  rni-aiuring  the 

Way  of  a  Sliijj  It  Sea.    An.  1 7J4,  pa.  53*. 

6.  Defcrlptiun  of  a  new  Pyrtimeter.    lb.  p».  ^98, 

7.  tifcfts  of  l^i;;litiiiii^  Oil  tlic  Stcfple  and  Chiuqb 
of  Lertwithial  in  Comwat).    An.  1757,  pa.  198. 

8.  Remarks  on  the  different  I'cmperature  of  tho 
Air  at  Edyftone  Light-houfe»  and  at  Plymouth.  An. 
I7j8,j)a.  488. 

9.  Experimental  enquiry  oonoernitig  the  natuial 
powers  of  Water  and  Wuid  to  ttfm  milU'  aai  other 
machinetdcpcfldiagottscucular  BMtko.  Ap.  tyf^* 
pa.  ICO. 

io>  Ok 


I.  An  Account  of  Dr.  Knight't  I;r;;)r  A 
L'  Mariner's  Compafs  ;  an.  17501  p>.  $13. 
~  Some  Mtpnmiacatt  ia  the  Air-puap  1 1 


>75«t 

An  Engine  for  raiftng  Water  by  F&c}  betngaa 
improvement  on  .Savary't  oonftrudiaQ,  to  trader  it 


Ctr  IiiiToilL^amp  ![  inouiu  I 
bglit  houfc,  is  not  wdndcrfid  ;  hut  ti.c  danger  attend- 
ing the  eredliun  liatls  us  to  wontlcr  [hat  any  one  could 
be  found  haidy  ciumph  to  unJcrlakc  tt.  b  luh  a  man 
was  firft  found  in  tne  perfon  of  Mr.  H,  W-ndiia- 
Ity,  who*  in  the  year  1696,  was  fumi:hed  by  the 
Triniiy-honfe  with  the  neccflary  powers.  In  1700  it 
WM  finifhed  ;  but  in  the  great  ftorm  of  November 
1|0|t  it  wat  dellroyed,  aim  the  pn^eSor  periflied  in 
the  ni!nt*  la  1709  another,  upon  a  dinerenl  con- 
tlrtidion,  was  erected  by  a  Mr.  Rudyetd,  which,  in 
was  uofortuiutcljr  confumvd  hy  fire*   The  next 
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**  to.  On  tfif  Mcnftnial  ParaHas  anfivg  from  the  mQ. 
tnal  gravitation  of  the  earth  and  tnooa,  Iti  influence  en 
the  (Mcrvation  oi  the  Tuo  and  planet*,  «idl  •  OUtfaod 
of  obfcrvin?  it.    An.  176*,  pa.  156. 

1 1.  Defcr^pdoQ  of  a  new  mctliod  af  ObCarang  the 
bearenlf  booiei  out  of  the  mcriiiiaa.  An.  I7<S9, 
pa.  170. 

It.  Obffi-ratiijns  art  a  Solar  Edijjic.  An.  176*9, 
|M. 

l|.  D«{crijHion  of  a  new  IJyrr^tmc'rr.  An.  177I, 

pa.  193. 

14.  An  Experimfntal  EMmination  of  t}»e  qtnntity 
m4  prop<>rt:oa  of  Meclutnical  Power,  neceiTar;  to  be 
ciBBloyed  in  giving  different  degmt  of  velocity  to  hea> 
«7  bodietfrraiaiacraf  reft.   An.  1776,  pa.  450. 

MfOftltf  «r  Smimit  ■  lumiki  iiMn«»  ^Uad  in 
form  of  wwfmtVf  the aftio^Df  ha«t  cMmt  cMcmd 
or  inccTiial  t  or  Smoke  oonGfti  of  palpable  partickv, 
ele\ated  by  mean*  of  the  rarefying  heat,  or  by  the 
forct  r>f  ',hf  afceiMlin^  CUrrt  nt.  of  mr,  from  certain  Ho- 
diei  c^iiutvd  til  heat ;  which  pattrciet  vary  much  in 
their  properties,  acrording  to  (be  fchflaiKCl  frM 
which  they  are  prodiicert. 

Sir  Ifaac  Newton  i  biVrvrs,  that  Smoke  afceiida  in 
th<;  chimney  by  the  irrpulfe  of  the  air  it  80.11$  in  1  for 
that  air,  being  rarciied  by  the  heat  of  the  Are  under- 
neatli,  hutta  ipocifie  gnnty  dioyntAiedi  aad  ihoib 
Im'og  ^KpoCei  to  «lbMtf  Mcif»  it  «urin  «p  dw  SMlie 
■long  with  it.  The  taH  of -m  amet,  <ke  hmm  iMter 
fitppofes,  afcenda  from  the  makiw  mm  ilie  4ine  Maa* 
aer. 

SuiOAL  of  fill  unftuoue  woodi,  at  fir,  Ucecli,  &c, 
•IBtkea  what  it  called  lamp  hbck. 

There  are  variooa  invenlioo*  for  prevent  iop  aiiJ  ciir- 
■  iagfmoky  chiinneya;  »i  the  xolipilc*  of  Vitruviuj, 
the  ventidtids  of  Cardan,  the  witidaiiib  of  Beroat^, 
the  capital*  of  Scrlio,  the  little  drum*  of  PMluanu*, 
•ad  feveral  artilicct  of  Dc  Lovme.  Sec  alio  Ihi  philcv 
fephical  arorfct  of  Dr.  Franklin.  Pina.  lefcniUing 
fy«r.paaa»  platicd  oaer  the  tapaoC  chimacya*  aic  iifc 
fulto  make  theaa  draw  better ;  aod'thc  iif&gnMt  ealled 
tvjfiftcr-ftoves,  are  alwayi  a  fore  reoiedj. 

In  the  Philofophical  Tran&diona  » the  defcnptioo 
of  an  cn^ir.c,  iiiventi.'<1  bv  M.  Da'dmr,  wliuli  c»n- 
funics  tlu'  Smoke  uf  ;vli  forts  oi  wood  io  cfTcAuiilJy, 
tliat  the  eye  iniinni  difcovcr  it  in  tlic  room,  nor  the 
Bofe  diftincuifli  the  fmeUof  it,  though  the  lire  be  made 
in  tlie  n{«k  of  the  room  It  confiH»  of  feveral  iron 
lioopa,  4  or  ;  tachca  in  diameter,  n  liich  (hut  into  one 
OBirthcr.  and  is  placed  on  a  t  revet. 

The  btc  inveittion  calkd  Ar^and's  lamp,  alfo  con- 
^MUCathe  Smoke,  and  giveia  very  fironf'  light.  lt« 
pitncipk  ia  a  tbin  broad  cotton  wide,  roiled  ioto  the 
'fi>rm  of  a  boOov  cylinder ;  the  air  paffira  up  the  hoOovr 
of  it,  arxl  the  Smoke  i»alm<iftallconfumtd. 

Smoke  T'W/',  is  a  jack  fin  tiirninjr  a  fpit,  turnc«l  by 
the  >Sm<jkt  (if  t!ie  kiti'litn  iirc,  Uv  riK'i.ns  ol  tl.i:(  lixjii 
laili  let  oblitji^kly  on  an  axis  t!ic  flue  of  iLc  L-liin,iH'y. 
See  Jack. 

SNEI.L  (RiiDOLrii),  a  i-cip^^Able  Dutch  pltilofo- 
-  pbCTt  was  boTu  at  Oudrnwater  in  1 51^6.    He  wa»  fume 
timeprnfcflbr  of  Hebrew  and  nathetratioi  at  Leydea, 
vbeic  he  died  in  161 3,  «t  67  y«afs  of  age.    He  <*,»» 
.author  of  fevaal  woduon  getmettjrt  and  on  all  paitaof 
Voull. 


the  pUofo^hy  of  hit  tiiaef  but  I  ]\tif  not  dMaiBcd  S' 
particuLir  lift  of  them.  - 

Unci,!.  (WlMf^d),  fern  af  Kodoipb  ^bote  men. 
tioMdtittmedbot  mMheiMticiio,  waaBom  at  Leydeo 
in  i^9t|  where  he  fiweeeded  hi<t  father  in  t^f  r  ^hc 
flMticat  chair  in  i6t5,  and  where  he  died  in  iki6,  r, 

Olily       ycnr^i  f  jf  ?  jTC 

WaWbiord  Sneil  W4»  au'.l.nr  of  feveral  JnijfTiiom 
work*  and  difcovene*.  Ti  ns  it  w n  he  who  l-tft  dil. 
e<j»-eTcd  the  true  law  of  t',,  i.  fjaelion  of  the  raji  of 
I'yhi  ;  u  dilcDviTv  vvhuJi  I'lt  made  before  it  WM  SB. 
iiounced  by  Dct  Cartcti  at  Huygcrn  aflarat  iia. 
Thoiijrh  the  work  «rikwh  SacR  pnpaitd  ttpon  ihif 
fuhi<:L%  and  upon  optics  in  general,  was  never  pnli- 
liihcd,  yet  the  difcovery  was  very  wei  known  to  be- 
low to  hna*  by  faaecal  aMhon  aboot  bia  timet  «bo 
bad  ftcn  h  in  hie  matwftriiit*.-— ftc  ondcrtoolt  aKo 


to  iDcafiirv  the  earth.  This  he  effcA-'iby  inr  r  n;-,^ 
a  fpace  between  Alcinaer  and  Bef,'^' n  op  rooin,  tl.c 
difll-rtme  of  latnulc  hrt  wet  n  thr'i  jvl.ices  hcir.^ 
1*  I  '.  He  Mo  mcaiurfj  another  <iilia«.£e  between 

the  parallrl»  uf  Alrmacr  .ind  i.cydrn  |  and  from  the 
Ditan  of  both  thefe  meaturementa,  lie  toadea  degree  to 
ronfill  of  ($oz  I  French  toifesor  fathoms.  Thele  mea- 
fore*  were  afterwards  repeated  and  cerrrdrd  by  Muf» 
fchenbioek,  who  found  the  degree  to  contain  5701J 
(oiCee.—  He  wu  author  of  a  great  mnf  kanwd  natiaB> 
amiiealwork^  the  principal  of  mrfakbaee* 

I.  ApiMmmt  Bmtsvms  t  bctag  the  reftonitiao  of  fiiMe 
loft  pieces  of  ApoHoniiis,  concerning  DetcmbMlc  Sm* 
tion,  V  I  li  t'u-  Sl-i'Iioii  of  a  Ratio  andflpOMt  !■  ^liOk 
1O06,  ^.jbl  fhrd  in  liis  I  7tli  year. 

I.  K>n!o/lhrnri  litilavui  !  in  4to,  16  17.  BciriMh? 
work  i)i  whu  H  In;  gives  an  account  of  hit  optiitiot,*  ia 
meafurin^'^  tin  caitli. 

3.  A  traRflation  out  of  the  Dutch  knst^ge,  nto 
Latin,  of  Ludolph  van  CoiIai%  book  &  GmA  9f 
Atl/iripiu,  &c  ;  !n  4to,  1619. 

4.  Cjetamelricul,  D*  ClrcuR  D'menfiime  tcc  f  ^IB^ 

161 1,  'in  thia  work,  ibe  author givce  fcwal  iflfraime 
approximationato  the  nKafure  6t tbr  eirefe,  boiE  arftb> 

mctical  and  geometrical. 

5.  Tifhn  Batavus  I  being  a  treatife  on  Navigation 
and  N<«val  Affaits  {  tn  410,  1^1:4^ 

6.  A  pofthumooa  trcjtifc,  l>tin^  four  booki  Du^lri. 

ne  "f '  iar.^y!  Tut!   ( ..irtn  i.  .r  ;  id   Svo,  lf>2~.      In  wliicb 

are  contained  the  catiott  of  iecaius ;  ard  in  which  the 
conilrii^lion  of  fines  tapgvnrs,  and  fccanta,  with  the 
d«<Tir»l)i>n  or  calruiatiou  of  triangle*,  both  plane  and 
fphf  ricat,  art-  hi  it  fly  and  clearly  treated. 

7.  Hclii  tn  anU  Bohemian  Obfenratiuna  }  with  bia 
own  notcf. 

8.  Lin  4flmamimyt  PMiJtpf^f.i :  in  nhich  he 
ondcrtalfces  the  examination  of  the  prtaciplesof  G'alilco 
concermno  ccmetii 

q.  L'oiHi-niiiig  tlx-  CciWci  which  appeared  ta  iCiS, 

SN'O'VV,  a  ^vui  kiifwii  mrteur.  fgrtncJ  by  the  freer. 

ini:  ct'lhc  Tar.niirs  m  :  In-  ril-v,Mlii:;i.'ix.  It  riifftrs  from 
hail  and  iKiar-troU  in  being  as  it  wcrv  cryrt;!l];7{d,  n-hich 
they  are  net.  appeara  on  cxatrinisliiin  of  .1  Mtc 

of  Snow  by  a  Bii»a;ii)fyitte  glaft ;  wljcii  the  wlk^eof  'ft 


_  iiif]rit*g  i_  _ 
ap}K-arf  tn  he  (ompofi^  of  fine  ftiuDg  fpieo^  dU 

Aatbc  flake*  defcend 


Tctging  like  ntyt  -Iroai  •  cciit«c» 


ttirougli 
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,  through  tbc  aimorphcrc,  thqr  are  eoMtBUfl^  }o*Md'bif 

me  re  V  f  ilulV  tadiatrd  fpicola,  and  thus  im  irafc  in 
liiili  Uiie  ilic  dtopi  of  lain  or  hallftones;  (o  tbat  it 
f«:em9  as  if  thcwlu  ,c  Iji      of  SnowwC^M  iofimie 

The  lightncf*  of  Snow,  although  it  i»  firm  ii'c,  is  ow. 
Kijr  to  the  exccfsof  iti  furfa^e,  in  cowparifon  :o  the 
<g«urr  oohtaincd  Uflder  it ;  a*  even  gold  itfelf  may  be 
OiteiMlcd  iii  furfacc,  tiil  it  will  float  upon  the  lead  breath 
«f  it!r. 

AoeordiitgtoBeccariat  douda  of  Snow  iiSet  ia  no- 
itiiog  fromdcMHU  of  nlv«  but  ia  the  ci^eumfiaiwe  of 
luM  tlut  freeze*  them.   Bath  tbe  rcgtdar  difRifion  of 

till.  Sm.w,  and  the  retfiilan'ty  of  the  Artiftiir*  of  iu 
p.iitf,  fii^  .v  that  clniujjdf  r.:i')sv  arc  ai7cJ  ufonby  fuitic 
iii)i:">rm  caufc  like  tkcirkay  ;  ami  Lt  cudcavourn  to 
Uii  v»  how  deflricily  is  capable  of  forming  thefc  figures. 

was  Lonfirtncdin  his  conjfdureshy  obfeiviiig,  that 
ha  apparatus  for  (hewing  the  elet^lricity  of  the  at:no-> 
^en:,  uever  failed  to  be  elcdldlied  by  Snow  aswdl  as 

i.by.nili*  ProfcnTor  Wiatrop  fontetimes  found  hisappa- 
nsm  clcdlrificd  by  Snow  when  driven  about  by  the 
wisilt  tliough  it  had  not  been  aifcAcd  by  it  when  the 
Sdow  ttCeir.wm  fcUiiig.  A  more  inteofe  ck^Uidty, 
aCGprdro^toBeecirn,  wiucttbe  particles  of  IttfltMlte 
clofdy  tnao  the  more  moderate  ocAricitf  doe*  tholie 
of  Snow,  in  the  fane  manner  as  we  tire  that  tbe 
dfO[^5  of  raiu  wliir'i  t:  .  'm,  t'lO  ttuiacttr-cloiula,  an: 
larger  tiuin  ihufe  wbicli  l-u  -.n  others,  ihtiugli  tin.'  luj- 
Merdcfccnd  through  a  Iti*  <[)au-. 

In  the  northern  CouLUncs,  the  prmind  u  cowed 
with  fnow  for  fcvr:.il  months  ;  whrch  pr  iTcs  exceeding- 
ly fiavouvaUc  for  vcgctHtivn,  by  pneUrving  the  plaatt 
noia  thofc  intenfe  frofts  which  are  common  in  fncb 
CBOntrieSf  and  whidt  would  certainly  dellroy  then. 

.StrtboUoafcribet  ertatviitonto  Snow-water,  butes* 


B^0m  dtadtmy  of  Artt  mmlStUntn.    TMl  it «  So- 

c'ety  lunilar  to  the  former,  which  has  lately  been  cfta- 
bliiked  at  fioAqn  in  New  Engla:.'],  t:n<j?r  the  title  of  the 
Academy  ol'  Arts  anrl  Srunrt  s  ic. 

Btr6u  Soti4T¥.  TiH- ^>ci«iy  of  Natural  Hifto* 
rians  at  Berlin,  was  founded  by  Dr.  Mirtini.  Tlicte 
ii  alio  a  Pliilolophical  Sixriely  in  tin;  fame  pkce. 

BrufftU  Society.  The  Imperial  and  Royal  Aeade* 
my  uf  Sciences  and  Belles  Lcttrc*  of  Bniielt  wu 
founded  in  I'^yj.  Several  voiumcf  of  Ibcit  Ttiabc* 
tions  have  now  been  puUiibeiL 

DMm  SociiTt.  I'bia  h'n  SuficriMMatal  Sodetf, 
for  proontiiyMtiudkaowMfe*  wbi«b  was  infticuted 
IB  1777 1  the  inenbefil  meet  once  a  w«ek,  and  diiln- 
bnte  three  honorary  pi-!  !  mtJils  :inn  ijlly  fV,r  tlu'  nio<t 
approved  difcover, ,  iDvtinu.ii,  or  tirjiy,  tin  any  matlic- 
niatica!  01  i>'ii'  jio;il.  eiiifulijcf  t.  The  Society  is  under 
the  dircf^ttvii  uf  a  prcliJcnt,  twu  vicr-prelidcnts,  and  a 
fccreiary. 

Edinburgh  PMofephieai  SociaTV,  fuccceded  the  Nfe- 
dical  Society,  and  was  fanned  upon  ilie  plan  of  \.x  >.:J- 
ing  all  the  diiUcrent  brancbeaof  nftturjal  knowledge  and' 
the  antiqii'tica  of  ScotbiDd.  The  niectinga  of  thii 
Sodctf*  iotampied  m  174(1  ****  wvived  ia-  if^i  ^ 
tuu)  in  17(4  the  firft  Tolame  of  tbevcalkdioo  wna 
nnbliflied,  under  the  title  of  Eflaft  or  Obtrvaiibnt 
Pliyltcal  and  Literary,  which  has  been  fwcceeded  by 

other  voli}nic'.  Tins  Sjciety  I'-if  [n-i-n  l.'.'.<lv  iiiror]^ ». 
rated  by  royal  tharttr,  Kiidcr  the  name  ot  the  Royal 
Society  of  Scotland,  ioititi^ted  for  tbe  advancement  cr 
learning  and  ufcful  knowledge.  The  members  are  di- 
vided into  two  claflra,  phTfrcal  and  literary  ;  and  thofc 
who  nre  nrar  enough  to  Edinburgh  to  attend  the  meet- 
IDgs,  p^y  a  guinea  On  admifiion,  and  the  fame  fum  an- 
•mUy.  Thic  firll  meeting  was  held  oa  tbe  fitft  Mod- 
dkyM  Attgwft.  1 783 1  when  tbcf«  were  eholiea,  «pie- 


pnicncedoct  not  leeoi  t«  warrant  hi*  aflertiona.  Snoww  fident*  two  vioo-pfdidcBta,  ■  rccKtity*  tieafincr.  aad: 
water,  or  ioe^wMer,  it  alway:.  deprived  of  >ti  fixed  av:    a  coaienof  ta  perfoot.  Three  of  tbe  volnase*  ofthcir 


and  thofc  nations  who  live  among  the  Alpa,  and  ufc  it 
fur  their  conAant  drink,  are  fubtcft  to  aifetlions  of  the 
throat,  which  it  is  thniij;ht  jrc  oti  .liioiicd  by  it. 

From  fome  U'e  expcrjinnt *  1  .1  tlie  quantity  of  wa- 
ter yielded  by  Snow,  i-  apri<-.ii^  ihit  the  latter  gi«ei 
only  about  nnc-ttnth  ot  iii  bulk  in  water. 

SOCIETY,  an  afTcmblagc  or  union  of  feveral  learn- 
td  perfijni,  for  tlicir  mutual  alhitance,  improvement,  or 
information,  and  for  the  promotion  of  pnilofophical  or 
Other  knowledge.  There  are  ntiout  philoiaphical  So* 
eictict  inilitutcd  in  diftrent  parta  of  the  wwM.  See 

jhimcM  Pkili^^tkat  SocitTTi  m  cftriiBfted  at 

Philaddphia  in  the  jeer  1769*  for  pnunoting  ufeful 
knowledge,  under  the  direnion  of  a  patron,  a  prcfi- 
dent,  tlircc  vli:e-pi  <  fiilfnt^,  a  trcii  furei ,  U>n'  (<  iTi-ryiit 
and  three  cur.iCb:s.    'Jl  ltclit  il  vulunc  ul  thvit  'I'r^nUc- 
tions  Mmprehends  a  period  of  two  years,  viz,  from 

i[in.  I,  I7':9,  to  Jan.  1,  1771.  Their  irthours  le<m  to 
lave  been  interrupted  during  the  troubles  in  America, 
wbich  commenced  foon  after  ;  but  fince  their  tcrmina> 
tioni  fomc  mtire  voluinet  have  been  puUifltcd,  contaui* 
iflg  a  number  of  very  iogeniotuaod  ufeful  memuira. 

/fiiuriian  Aiadtm^  o£  Arti  mud  Scitnctt,  was  cfta- 
Uiflttd  bj  a  law  of  the  Cemmooweoltb  of  Ma&cbuicttt 
i«Ilb(di4i><iKa,,iq  tbe  year  ijVo. 


Tranbdiona  have  been  publifhcd,  which  are  very  rfri 
fpedable  both  for  their  magnitude  ami  r  uiitcnts. 

In  Frxu-.ct  thi-re  have  been  fever.d  Itillitutii:  -!  of  this 
kiud  (or  the  impiuvement  of  fcit  i;i  r,  befides  tJioi'c  re- 
counted under  the  word  Ai  ah-mv  :  A-.,  the  K.iVrtl 
Academy  at  Soiflun;,  fi/iudcd  in  ;  at  Villefranchci 
I3eaujolot«,  in  1679  s  at  Nifmcs,  in  1682  ;  at  Anger*,  in 
1685  I  the  Rovid  Society  at  Muntpelicr,  in  1706^. 
which  is  fo  intimately  cntinei^cd  with  tbe  Royal  AcIp 
demjr  of  Scicncet  of  f  aris,  as  to  form  withit»  ia  Cmm 
fcfpe£b|  one  body  (  tbe  literary  pruduObntof  diti  8a> 
detf  «i«  pufayiwd  nthe  memoinof  the  academy :  tbe 
Royal Acadeoiy  of  Sdcflcca  and  Belkt  Lettres  at  l.y. 
ons,  in  1700  ;  at  Bourdeaus,  in  1703;  at  ^fa^feiiles, 
in  >7l6;  at  Rochelle,  in  171:4;  D'jon,  in  1740; 
at  I'jit  in  Bern,  in  l'2i  ;  iit  Bezici.s  in  17:^;  at 
Montmhan,  inl'.^j;  t5t  Roueu,  iti  J744;  at  Amiens, 
in  |  -  ^o  ;  at  'l\  iih.i:lc,  m  17J0;  at  Befan^on,  in  t75j  ; 
at  Meir.,  in  i  ,t-o  ;  at  Arra*,  in  f-^  j  ;  and  at  Chalons 
fur  Maine,  in  1775.  For  other  itidiiutions  of  a  fiinilar 
nature,  and  their  literary  produdions,  fee  the  articlet 
AcADEMV,  JouKMAL,  and  Transactions. 

Mttttchiffkr  .IMirmf  tad  JPUM^tkml  SocitTTt  it 
of  cunfidenbk  ffcpiMlMM*  and 'baa  beea  lately  cib. 
Uilhcd  thiKt  nadcr  the  direAioa  of  two  prcfidents, 
feirnee-fnQdciitik  andtwoftcfctarica.   The  oumLer 
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<ff-incnibcn  is  I'reitcd  to  50;  hcnJcs  \]\t\e  ihete  ate 
fcTcial  koiKiraiy  lutimbcfi^  all  of  whom  aiu  clcflcd  bv 
ballet  {  and  the  otiisen  vf*  tha/Cea:  iiiikaallf  i«  Ap<>i* 
HiTmtf  Vthulile  eflay*  haM  been  alilsjfjr  read  W  llic' 
meeting*  of  tbi»  Sotkiy.  t.  .„.kj 

Ne-x.ltfile'UptiH-T'ytu  Literary  itnJ  Plihf'ipfwat  So» 
■cttTY.  This  Siicicty  V.' i  >  ■ii'ti'.uri  u  ihc  ^tli  of  Fc- 
hru3uy  17>;>.  uiiJcr  llie  ui-^;'  uii  'il  a  pic/iJent,  four 
vicc-fjj  cliilc^  V,  Iwij  ken;  Kr  ii : ,  .1  trcaii»r<  r,  whith  Ig- 
gctlier  witii  jujr  vi  tJic  oi'iiifi»i)  .mcmlKi*  form  a  com- 
iniKeCi  all  aiinuaily  clrdcdata  goucril  mcctiug.  Tiu* 
fiihjcdlb  propofcii  for  llit  toiiliiiLralitm  r.ixl  iniprovcn>cnt 
cf  iiii*  Society,  conijji\'In.iiJ  ila-  timUcni.iti^*,  natur.il 
phiktfoplty  and  liiltMyi  cUcnitliy.  \>  X\U  1itt.r.lturt;, 
«nttqiih!c«,  civil  liiilory,  bSograpbf,  qiu^'.ionsof  j;i:.-ic- 
r.il  l.iw  anij  policy,  commerce,  and  the  arts,  '  rrom 
fukli  junpic  fcopc  ill  tlic  oLj<c.\s  of  the  Sjvicly,  with 
tikC  kogwn  rcfpr^lability,  zeal,  and  talents  of  the 
tnemblM,  the  gr<.iiielt  improt'cinciits  «ad  dif/overica 
may  be  expcAed  to  be  made  in  tltofc  imporuivc  b^irJffiiilte^' 
«jF  ufcfiillcnoiricdgc. 

SOCRATES,  tlie  cbiefortlie  anckiu  philoropliers^' 
was  born  at  Alopecc,  a  fmall  village  of  Atti(hi,  in  tbe 
4th  yt  .ir  iif  tlif  7  7t!i  oK  inp:ad,  or  iiboiit  467  ycari  be- 
fore Ciirill.  Si.jjlir.jnifiu:,  fjtlier,  btiiij;  a  ftatuary  or 
cnrver  of  iin.i;;.ii.:  Iliia-,  o'r  aothor  followed  the  fnine 
prtiRrnon  I.jr  ri.Tii  tiau,  it»r  a  fublillcAct,  But  beiii^  nj- 
nii.-ily  avirfi-  to  tiii«  profcflion,  Ik  only  follo«'eJ  it 
when  ncceliity  comyirlliN!  liim  ;  and  upon' getting  a 
Kttle  before  hand,  wo  il  l  .'1:1  a  ivliilc  lay  it  afide.  Tbtfc 
interniifljons  of  his  trade  were  bellowed  upon  phiKifo-' 
phy,  to  which  he  wai  naturally  addifted  ;  and  tf.is 
being  obfcrvtd  by  Ci  it  ^,  a  rich  philofophcr  of  Athens, 
Socrates  wats^t  length  taken  frDUi  hia  (hop,  and  put  in- 
to a  coadilion  of  philufupbiiiug  at  hit  caic  and  Ivi- 
fare.* 

He  had  various  inl!ru£ton  in  tbe  fcknct^  as  Anaxa- 
goras,  Archylniis,  Damon,  Ptodicua,  to  w^utn  niay 
lie  added  the  two  learned  women  Diotyate'afld'Afpa- 
lia,  of  the  laft  of  whom  he  kamed  th«Mtitf  1  ^  £i|ie> 
mit  he  learned  poetry  ;  of  IcfaonadtUlt  hMfbaodry'f 
and  of  Thcodoru»,  geometry. 

At  length  he  began  himfeir  to  tench  ;  and  wis  fo 
eloquent,  that  he  could  lead  tlit  miiiJ  to  Bpplrovc  or 
dii.ipviiovc  u  hatcviT  he  plcafcd  ;  but  never  iifcd  t^is  ta- 
Imt  tor  any  other  pi"  pofc  than  to  condiid  his  fellow  ci- 
ti'/cus  into  tht  p.i'.h  i-i  '.iilue.  The  ac-iticmv  n! 
L.ycxua),  snd  a  j  Icaunt  meadow  without  the  city  on 
the  tide  of  the  river  Ilyffirt,  wcte  places  wlierehe  cMefly 
delivered  hi*  inllrvdion>,  though  it  feenu  hcwaahevcr 
out  of  bis  «>hy  in  that  refp:d,  as  he  made  ul<j  oF  all 
tunes  and  pUces  for  that  purpofc.  '  ' 

■  He  is  rcprefentcd  by  Xcnophon  as  excellent  in  all 
kinda  of  le«ioing»  and  patticuuilf  iDtlancetarilbincftlei 
and  wIraloeT  ofliftronony  t  Plato  mutUi^ 
Mtural  pbittfTopby  i  Tdomeneus,  rhetonc!  liSntiuk 
medicine.    Cicero  affirms,  that  by  the  teflinionjr  of  ad ' 
t'lc  L-ai  [ICQ,  and  the  judgment  of  alHjrcccc,  he  leas, 
as  vvtil  III  million),' acutenefs,  poKteiiefs,  and  fubtlety,'- 
iiS  in  eloquence,  viu-iety,  .ind  li'.  l'-.f  I  ;,  ..i  v/l/.itr-vv-r  In  ' 
applied  lumfelf  to>  wiilriut  tss-tjitiun,  tJ.c  j-t;jict  ol" 

•  It  hu»  bcea  (Afcr**.!!  by  («2ii]r«  that  Socn.tn  Uide 
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aVclt  biiliCt  being  WhoQv  {pent  Rt  lioflK) 
when  he  west  out  imMb  nnliuiT'iCervketi 


afFeited  travel  { 

excepting  when  he  west  oiK.  iifMB^niGuiy'jCervkc^ 
In  the  Pcloponnelian  «nr  lie  was  tbriee  peifiMUiQf 
engaged :  upon  which  occatiam  it  n  laid  be  mn- 
itrm  aUtbe  (bldiert  in  bardincfs  :  and  if  at  any  time, 
laith  Aleibiades,  as  it  often  happens  in  war,  iK'  pro- 
vifioni  faiicd,  there  wt-;.-  nr.;  uim  co,:I.i  bear  ;h.- 
want  of  meat  and  diiuk  like-  ^  j.utcs;  yet,  on  tlie 
otlier  hand,  in  iimr3  of  fcatliug,  he  alone  ftcmi-d  to 
enjoy  them;  a!(dthouf:h  of  himfolf  he  would  notdun^ 
yet  bciii^  l  iviicd,  he  far  oiitdraok  every'onc»  (boiiglt 
he  was  never  fct-:iir.to!iicatcd. 

To  this  great  pliitofophcr  Greece  was  principally 
indebted  for  ttct  ijl'jry  and  fplerdor.  He  foitrnu  the 
manners  ot  the  mull  alcbiated  perfoni  of  Greece,  at 
Alcibiadcs,  Xenonhoii,  Plato,  &e.  But  bis  great  fcr- 
viees  and  the  eic«1rui  qualities  of  his  mind  could  not 
fecure  him  from  envy,  pei  fecution,  and  calumny.  The 
thirty  tyrants  ftirbad  bis  inltinfting  youth  f  and  a*  he 
deddtd'tbi  ^uraitty  *>{  the  Pagn  dciiica,  he  watac* 
odftA,  ol  tfflpitty.   Tht  day  of  trial  bein^  c.>mr,  So* 


<attet  arade  ma  om  defenct ,  witliout  prociirinz  an  ad 
TOcate, 'at  the  CTiftom  was,  to  plead  for  him.  He  did 
nt^'defcnd  himfelf  with  tbe  tone  and  lan^-j'-.^g^-  of  a 
fupplianl  or  guilty  perfon,  but,  as  if  he  wtrc  v.vAcr  of 
the  ju<lL;;s  iIktiMlIu:.,  with  freedom,  flnnr  and 
fomc  dcgtec  i<f  cojuumacy.  Many  of  his  fikiids  alfo 
fpoke  in  his  behalf ;  and  lailly,  Plato  went  up  into 
the  chair,  and  began  a  fpeecb  in  thefe  words  :  " Though 
I,  Athenian!),  am  the  youngeft  of  thofe  that  come  up 
into  this  place"— but  they  iloppcd  him,  crying  oot* 
'?  of' thole  that  go  down,"  wh-ch  he  was  thcTCUpoil 
oOBtknincd  to  do  f  and  then  proecedinc^  to  vote,  tney 
enndlnnted  Soci«te«to  death*  wbfch  was  cfTct^d  fj 
means  of  p'lifon,  v  hen  be  was  70  ycart  of  age.  Phto' 
gives  in  i'.llrctiifv^  uetiount  of  his  imprifimment  and 
death,  and  concludci,  Thit.  waa  tii«  end  of  tbe  beft* 
the  wifell,  and  the  juftcft  of  mcii.''  i&nd'flmt  ac- 
Gooatof  ft  l^  .Plaioi  TtaUf  peoleflcat'  be  could  never' 

itad  witbotit   '         .    -.  <  «  . 

As  to  the  perfoa  of  Socrates,  he  is  reprefcntcd  at 
wry  fiomcJy;  he  was  btddj  had  a  dark  complexion,  a 
flat  noir,  cyi.'«  rtu-Liii_-  uiit,  ,\t,,l  a  fcvcrc  iSowncall 
look.  B{it  the  tleirOts  nl  K >  p.'-ricin  Wtic  amply  coiil-' 
penfaicd  by  the  imics  :ir.,',  iccorajpliftiraents  of  lir» 
mind.  Sot  atcs  wai  mrfeed  a  mi>:i  <jt  all  v'rturs  j  and 
If  rvii.ai  kalJy  Inij^al,  that  liow  little  foc^.  r  liafSn  it 
was^iiways  enough.  W  hen  lie  was  Hjnidit  a  great  va- 
riety of  rich  ami  cxpt  r.livc  ob] -cts  lie  would  often  Tij' 
to  himfeir,  How  many  <thiugt  uru  thae  which  I  do 
nOt  want  I"  .  , 

Sociatct  had  tVw  wnca^  one  of  which  was  the  n  jtrd 
Xauiippe;  whom  Anhui  Gcllios  defcribcs  as  au  a<.- 
curled  fir^waid  wtMnahi  altitay«  ceding  and  Icolding*'' 
br  day  aud  by  ntgb«»  and  Whom  It  waa  faid  be  made 
cnoice  of  al  ntriafand  exerafr  of  htttempCT.  Sefcral; 
iniaaeeaare  recorded  of  bet  iwpMtence  attd  hit  tbr- 
beanioe*  ■ -Olieday,  before  foate  of  hit  frievdti  flie  felt 
intblbe  tifual  cxtravagancet  of  her  paffion";  "RWrf  lie, ' 
\i'iihoiii  anfw.'fiiig  a  woid,  wen",  .ib.- jaJ  v,Ir!i  'inni: 
Uu  on  hi*  going  out  of  the  door,  di  .'  m.       -ijto  tiin 
chiinibri ,  ■xi-i  liiff.v  J' i\ni  walcr  ■.•p::i;\  hia  iicaJ  ;  iicton 
which*  turning  (y  ht«  Iriead*^  "  i;id  not  I  tcU  you 
■3  On  'it  {bff 
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(fays  he),  «h»t  after  (a  m»cU  th'joder  we  IJionld  hive 
r«ia  f"  Another  time  Ihe  pulkd  his  cl<>.ik  from  his 
ihoulilcrt  in  the  open  forum  ;  :ind  fome  ot  Kii.  iiientj* 
•dniiog  him  to  [icRt  her.  •*  Yi*  i  fj'tht),  tSiit  while 
we  tw.)  r'l^I.t,  yi»i  tnny  all  iiwHi  bvi  aod  (.IT»  WcU 
dune,  Sur-attb  ;  In  iii;n,  XaQtip^' 

Titcy  whu  air.riu       Si.i  r.>t«t  wiwU  nofhiPK*  mciA 

Vnl)'  iu  rwi.x  d  to  hi;.  |ili:!olophy  }  br  it  i«  Mttltinl  and 
•Ibwcd,  thstt.  be  iri&&««t  luiriBidM  m  com|Mting  t.  a^^c- 
diet,  and  was  ilw  author  oT  Tone  |>wcr>  of  poetry. 

Di.iloiuo  .ih')  hi:;!  <  piilles  arc  riTitiritd  ;o  hims  bul 
h  s  j;hihjli»(;riicai  (iiij>utdt(')ri!i  were  i uiniiittrd  to  writ» 
only  by  hi*  f^  lit  Lrs  ;  and  that  cliirfly  by  J'Uto  and 
Xvi.cplinn.    The  Litter  fit  tlic  exa.r.plc  to  the  rcll 

,)in'f  -jhty  ; 


in  ilijii  j;  it  in  l.,  and  aU'(i  will,  tlit  jrriattll  p 
as  Platii  did  it  wit'i  the  m       lil.^ily,  in!' 
Uliuo  of  h'.s  ow;i,tli.ll  it  i   'utdly  puili'siie  l<i 
pitt  btriorj;?  to  ci«cli.    llvr.ie  iiuef4ti.-p,  ht.  triojj  him 
recite  (ill  Lvfra,  cruduut,  "  How  many  tiiiii;^»dt>t!>  thi» 
yomijj  n)i:>  of  me  ,'"  Acconlir.^ iy,  the  t^eatefk 

part  uf  his  phili>(<iphy  is  tn  l>e  f>->urid  in  ihe  wnliiijEt  of 
Kdti).  To  Sncraus  IS  iifeiil:ed  (he  full  iittitMiMit'on 
of  oioral  phih<rciphy.  Man  haviv^^  a  i  woluld  rdtttun 
to  things  diviae  and  liuTnan,  hi^  dut^riun  ivna  iyrith 
rc^d  to  tbe  fama  iiket4iphyJ'ical,  to  ikr  latter  moral. 
Mm.  netaphyfical  opiaioiia  were  «ttie£y,  that,  There 
•lie.  three  principle*  of  all  tkin^it  G«d,  matter,  aad 
idea;.  Goo  ••  the  uoiverfal  inicUict ;  matter  tbe  fidl* 
jed  of  ^eneratioii  and  currupiiiu) ;  rivs,  an  iocorportd 
fubllante,  tin  ;ritJli.-t  lA'  ;  »ii<l  ,  d  li  i  ii)lelle<:\  of 
the  world.  Cjud  la  unc,  jicrtcit  Ui  iLiiiiklt',  jjl-'inp;  the 
being  ar.d  well-bcin^;  ol  tVL-  y  LI tuturc.— Tdat  Cioc), 
not  dunce,  made  tlw  wmld  and  all  cnatitro;,  isdcmuu. 
firablc (from  the  reafuiiable  diljxjJjtHin  ui  the  ir  part!,  ai 
well  for  ufe  as  defcnci' }  from  tWir  care  La  prekrve  ihetn- 
felves,  and  contiuue  their  fpecics. — Thnt  he  particularly 
TCgardaBuuiiabii  body,  app  from  hi*  tiobic  upright 
tanat  ami  fmu  the  g  it  ot  Ipccch  ;  in  hi«  foul*  from 
tiie  excelkncy  of  it  «b»vc  others. — That  God  take* 
care  of  all  crcaturra,  ia  demOB^lraMt:  fum  the  beneiit 
he  jcivei  tiicm  of  lij^t  water,  fiie^  and  frvita  of  the 
earth  in  due.  Cmfnt,  That  1^  hith  «  paitiiaihr  ttgui 
ti  man,  fn^  the  deAiaation  of  alLpltela  and  cicatum 
Jbr  Ua  ttniee  i  S/tym'  t^Kir  fitbjcAioa  to  nan,  khough 
tkey  nuSf  CliCCCd  him  ever  iu  mueh  in  flreo};th  ;  from 
iIk  variety  of  nmi'a  feafe,  accoiaaaixlatcd  to  the  variety 
of  object*,  for  aecdftty,  uie,  and  plealtire  ;  from  reafon, 
by  wnich  iie  difcourieih  throu|?K  n-trinilcenoe  froaa.fenT 

It'.iV  i/bjtjls  ;  from  I^-k;' I  h,  L  j  \it.it:li  !r.;  onmru-TiiiatC* 
.v'  iir  ku'-H*  *,  give*  ].»«•»,  and  jJo»ci  tis  Uatej,  t'lDallv, 

t!.jt  (;<>,;,  (lunigh  i.ivifiblc  lii[iiii.lf,  at  nnoc fcca 
iil,  iiie««-ry  whtre,  and  onkri  aii. 
A?  to  the  otiicr  ^rcat  object  of  metaphyfical  re- 
jturch,  the  foul,  Sou-atti  taught,  that  it  ia  prc-exill. 
cntto  the  body,  endued  with  the  kitowlodji;e  of  eternal 
ideal*  whkk  in  iu  Muoa  to  the  body  it  lofcth,  a»  Aupe- 
fied«  until  awakened  by  difcourfe  from  fcnCble  ob- 
j!^flt  ;  on  which  necoant,  all  iia  learning  if  oitly  (cni* 
nifccn«^'a  KGOifciry  of  it*  firit  knowkdge.  TlMt:the 
body*  being  compounded,  is  difiilvcd  hf  death  {  but 
that  the  foul,  being  fimple,  pafitb  into  aaolher  life, 
ifapahb  of  comiption.  That  the  foub  of  oien  are 
dinac.  HimUk  fimb  of  tbe  g<x>d  after  «kaUa  aie  ia 
&ki|ip7flate,  nStaito'God  in  abk&d  '  
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I  lace  t  that  the  bad  in  convrnicnt  placet  {uflc^rOodtgB 

puiitlhU'eut. 

All  I  Ilk.- Grecian  fe^ls  of  philufophera  refer  tl.cir  ori- 
gin to  the  difciphiic  I  I  bl  l  :,l^l,^;  ^  .11 ; icicUily  tiic  Fla- 
iuuic»,  I'eripatuticl,  /v,,.>ui,u.ti.a,  Cyitn«i\.>,  ^lutca, 
6CC. 

SOL|  ia  Aftrology,  &c,  Hgnificii  the  fun. 
SOLaR,  CtHhcthiag  rcUtisg  lo  ibelun^  Thna»iirc 
fay  Suliir  titc  in  covbaililiisctMis  totiuiiaarjr  iirr« 
So;.Aa  CiW  Mjnih.   See  Monril. 
ijOLAR  Cyclr>    Sec  CycLK. 
SoLaa  CotKtt.  Sec  Discui. 
Solar  Ettffe,  is  a  privation  of  the  Kght  of  the  fim, 
1^  tlie  iaterpolition  ol  the  opake  body  ot  the  ouon.  See 
Ectirte. 

SoLAK  Mwaht  Rjfii^t  Sfttt.  Sec  tbe  fnhlhn- 

tives. 

LiOLAR  S^m,  the  order  .ind  difpui'tion  of  thi  fc  ir.il 
luaTcnly  bodi(!>,  w)iich  rcvulvc  n-viud  lue  tun  a  ttie 
centre  iif  their  mution  ;  viz,  tlic  planets,  pritMiyand 
fetT«n<bry,  and  the  toiaet*.    See  5k'  iTi<  14. 
S  i>,/  ^  It'tar.    Sec  Y»;Aa. 

".^KjiAD,  10  I'hyfict,  a  budy  whofe  minute  partt are 
connected  together,  loa:>iiot  to  give  way,  orilip  itutA 
each  otiier,  on  the  liualielt  imjpreUioai  Tlie  word  ia 
ufcd  iu  this  fcnfc,  in  cuntiadiftlndion  to  fluid. 

i>OLio,  in  Gcumetiy,  i«  a  magnitude  extended  in 
every  puffiblr  dire^ion,  quite  around.  Though  it  la 
commonly  faid  lolte  endued  with  tbreedunenhow  aa« 
ly,  length,  breadth,  and  depth  or  tUckneia. 

Ucacc,  aa  all  hodiea  ht«c  tbefe  three  dimettTioni, 
•ndnothiag  bitt  bodiea,  Solid  and  body  arc  olten  ufed 
iodifciimiaately. 

The  estremes  of  SoKdi  arc  furfaccs.  That  i»,  Sijli,l» 
sir  tr  r:i'.lnalcd  either  '.jy  u-.x  l.iria^i  ,  j:.  .1  [J.jhc,  m  by- 
lcvcr4i!,  either  plane  or  curved.  And  trom  the  circvoi'- 
iianc;.'iof  tht^c^  tMida  are  diiUnguilbed  intot^ubt 
and  irregular.  , 

He^ufar  Solid*,  arc  tbofe  that  are  terminated  by  re- 
gular and  equal  planca.    Theft  arc  the 


tctrnetiron. 


lieXiiedron,  or  tube,  o{\aedron,  dodecaedroD,  and  icu. 
faedrfin  ;  nor  can  there  poflibly  be  inore  than  ihefeiive 
regiii.ii  ^)jl;d»  or  bodtck,  unleia  pcrliap*  liie  fpliercut 
globe  be  coofidered  as  one  of  an  tnliaitc  number  uf.  fioca* 
St:e  thcfe  aiticka  lenrallyi  alio  tha  aniek  R^Ur 

UoDY. 

Iri  fguhr  Sotloa,  aicaliruGbaa  dunMcomc  uodcr 
the  detir.itiou  ot  rcguhrsnca:  (iidi a* cyliiider»  tone, 

prifni,  pyramid,  &c. 

Siinibr  Sulids  are  to  one  ai:i>;hcr  '.n  iriplKate  ra- 
tio of  their  like  lidca,  or  a^  tubia  -y.  lamc  Aad 
allu  pymiuidj,  an  lu  <jiic  another 
in  tht         "^'|'>'  i.vuutii  itieir  bali'tai.daUitucic(. 

SoLiu  IS  that  foioveJ  Ly  three  or  more  plane 

anglc»  mccliiig  lu  a  point ;  hkc  an  angle  ui  a  die^  or 
the  point  of  a  diaauii.d  well  cut. 

The  fum  of  all  the  ptjue  aiiglci  fii::ning  a  Solid aa« 
gjc,  i»  alwaya  Ids  than  3t>&"  i  otlnn  Uc  tbcy  WOuU. 
couflitute  the  plane  of  a  cti  clc^  aadoota  iiolid* 

AtautJ^rt  »f  Solids.    Sec  ATit«ii>ii4u* 

Souin  MqfiM,  att  Bastiom. 

Cdstmff  8oi,ii>9,  See  CitMtu«B  uA  Sou- 

MTT* 
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SnUP  FmI,   See  Foot. 
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«iuk!plkati(Hl  ol  •  plane  nuinbrr,  bv  aaj  other  Dumber 
whatever.  Thot,  rS  ii  a  Solid  nvmbcr,  producol  from 
the  plane  nu:nl>fr  6  am!  J,  or  f|iaiA9UMJ* 

Sou  ID /"/j.-'.  SccL-jCUs. 

Solid  PrUJtrt,  IS  one  wli  cK  c.i:<not  be  coiifl-uftcd 
geomctriciilly  i  but  by  thi.-  intcik-iftiaa  ol  a  cirde  and 
a  coaic  fc^ion,  ur  by  the  interletiioa  of  turo  conic  fcc- 
tioni.  Thut,  to  defcribe  an  ifol'cclet  triangle  on  a 
giveo  bafe,  fo  that  either  aogle  at  the  bafe  IhalTbc  triple 
of  that  at  the  vertex,  ii  a  Suliil  nroblem,  rcColved  bj 
the  iiitirfedioD  of  a  parabola  attd  circle,  and  it  IcrfCt 
to  ioiicribc  a  icgular  bcptaaog  ia  a  iptcQ  cinck* 

lo  ttke  oanntT,  to  deTcnbe  an  tmiedt*  triangle  ha«« 
log  it*  angle*  at  the  bafe  each  equal  to  4  tioMt  that  at 
the\-crtcx,  ii  a  Sulid  problem,  cffcded  by  the  lotcrfec* 
(ii.iiof  an  liypi  rbola  and  a  parabola,  and  f<:r*ca  to  jo* 
Iciibc  i  icguUr  aona((oa  in  a  giveu  circle. 

And  fuch  aptubi(.m  thiii  lus  fi;iir  foliuioii:-',  and 
no  more  ;  bccaufc  two  conic  fcdioo«  cin  iiitertcCt  but 
-  in  4  point*. 

Hour  all  fuch  problems  nrc  couftruAcd,  it  Amwu  bj 
Dr.Halky,  in  the  l*hilof.  Tranf.  num.  1V8, 
SoLiO     Ltufi  Rt^amt.  Sec  RiiisTAHet. 
9iufatt»  ^  iietiM.  See  AaitA  and  SwrtftVi- 

CIM. 

SoLit>  TUtnm,  SeeTatOKiM. 

SDLIDITY,  in  Phyiicii,  a  property  t->r  matter  or 
b«.><iy,  by  which  it  cxcludit  every  other  body  )iom  that 
place  wliieh  !s  (loircilctl  by  itlrlf. 

Solidity  in  thiiletilu  is  a  [in.pcrly  cnmmcn  to  all  bo- 
die«,  whi'ihcr  folid  or  fluui.    It  i>  ulu.illy  r  illcd 
uctrabUitj  1  but  Solidity  cxprcflct  it  bc^ttcr,  as  carrytug 
«rith  it  Ibmcwhat  more  of  pofithc  thas  the  oucr, 
wfaicli  ii  a  negative  idea. 

The  idea  of  Solidity,  Mr.  Locke  ohfcrvei,  aiifct 
team  the  icfiftaocc  «c  find  00c  body  makes  to  the  en* 
trance  of  another  tmo  it*  own  place.  Solidity,  he  ad^h^ 
feems  the  " 


exteofivc  prapcrtT  <  f  bwly,  a*  beiog 

that  by  which  we  GoneeiiM?  tt  to  fill  fpace  ;  it  iidiftia* 

^•iiiiV.id  tr>.Mi  nicTc  fiJiLc,  by  this  ]att«r  net  being  ca^> 
Utti  itijUaiicc  or  iiujuuu. 

It  h  dilltnguithrd  fri>iii  h^rd^cfit  which  it  only  a 
firm  cohrlion  ol  the  fohd  pirls. 

I'hr  dilficiiliy  of  changing  fituatiuti  gins  tiu  more 
Solidity  to  tlic  hardell  \yJcy  than  tu  thefoftcit  ;  nor  it 
the  hardcil  diamund  properly  a  jut  mure  foUd  than  wa- 
Irr.  By  tills  we  diiliiiguilh  the  idea  of  the  (  xirnfion 
«f  bod),  from  that  of  ihc  (Meiilion  of  fuaoe  :  ih.it  of 
bodjr  is  iltc  continuity  or  cobcfioa  of  tnlid,  fc|iai»ble« 
Moveable  part» )  that  of  fpaee  the  contiaility  of  unfo- 
td,  infcparaUc,  imnioffcable  parts. 

The  Cartrfians  hnwrvcr  will,  by  all  mcanr,  deduce 
Sobtiiiy,  iu  tbiy  L.ill  :t  im  p<  i^et  rjbilit  y,  (itiiu  the 
Ifaturc  ol  cMeiiHi):i  ;  rb' y  n-nuiitl,  l!v{.t  tin-  i;lf.i  oi 
li.':  torn.er  1*  ei'i>;.iiii'.n  wi  tliat  of  the  latlt  r  ;  h:r.cc 
thvy  aigue  a^ainii  a  vM;u«iin.  I'hua,  (ay  titey,  one 
cubic  foot  ol  extviifion  cannot  be  nddeU  to  another 
without  having  two  cubic  feet  of  cxiciiiton  }  for  each 
lias  in  itfcif  all  that  is  re>juir«d  to  coiiilitiltC  that  Diag- 
uiiiide.  And  hence  they  coockidc,  that  c«c»y  ^  of 
^fMx  i«  fiiKd,  or  aaipcactiahlc,  «  of  itaows  oattm  i| 


excludes  all  others.    But  the  coodufion  is  falfe,  aad. 
Uie  iiMance  they  give  foUom  fraai  ihiH  that  the  paita 
of  fpaccare  iamiosahh*  ■fltfion  their  being  impenc. 
tishle  or  folid.  8ec  Matte  a. 

SoLiBiTT  is  dHb  uled  for  hardncf*,  or  firmncfn ;  at 
eppofcd  to  fluidity  ;  viz,  when  body  i«  eonfidcred  ci« 
thira*  fluid  or  Adid,  Drhard  or  firm. 

Soi.u>iTY,  in  lieomiiry,  litnoits  the  cju.^ntlty  of 
fpace  cont.niirii  in  a  it.lid  bjjy,  or  occupied  by  it  t 
called  alfu  t]ic  f  .:iJ  cuntmt,  or  the  (vbietU  toiUtiU  {  for 
all  folids  arc  roealured  by  cu}>e«,  whnfe  fides  arc  inches, 
or  feet,  or  yards,  &c  ;  and  hence  the  Solidity  of  a 
body  is  faid  to  be  fo  loany  cubic  inches^  frtt*  yafdi» 
dec,  as  will  fill  its  caiMcity  or  fpooe,  or  Mother  of  an 
equal  magnitodc. 

The  Solidity  of  a  ctibe,  paraDelopipedoB,  cylinder, 
or  Mf  othcrjinfmatic  body,  i.  e.  one  « luii^  parallel 
are  all  equal  and  ilmilar  thmiii>bout,  it  found 
by  in!iltip!ying  the  b,  '  ,  "he  height  or  pcrpeodi- 
ctil.ir  altitude-  And  o;  .n.)  tiAic  01  otli?r  prramid, 
the  Solidity  tj  (.ijjsl  to  oue  third  p;irt  of  tbc  Litre 
prifm,  becaufc  any  j>yr;nnid  i«  iijual  t.i  the  3(1  part  of 
its  ctrcnrnftrihint'  p:il  n.  A\\r.,  htc^iii'e  a  fpbere  or 
globe  may  be  ctinitilcrcd  as  made  up  of  .-in  inAaite 
number  of  pyranidi,  vihofe  bafes  funn  the  lurfiKC  of 
the  globe,  and  their  vertices  all  meet  in  the  centre,  or 
having  their  common  altitude  equal  to  the  radius  oftbc 
|tebe  i  therefore  the  iiriid  conteotof  it  ia  ei|tialto  0M> 
niM  ftft  of  the  .pnidtift  of  its  ndhw  anl  fiitfiKOw 
For  the  MiiK^ of  other igniMk  ftecadiigiNt  fipa- 

ratcly. 

I  he  foregoing  rule"'  arc  Au  h  as  are  derived  from 
coinmun  geometry,  ihit  there  are  in  nature  numbcr- 
Icfs  other  forran,  wliiih  requiti*  tbC  lid  Of  atbcraW' 
thods  and  principles,  as  follows. 

0/ the  So  tioiTY  0/ Btihet farmed hj  a  Plant  rtvel^iig 
about  amy  A.x'ti,  tilber  nithm  or  wlhtml  tbt  £9<fy,-^ 
Concerning  fuch  bodies,  there  is  a  remarkabk  proper 
tjr  or  relation  between  tb<.ir  Solidity  and  the  path  or 
hoedeicribed  b}-  the  centre  of  gravity  of  the  revolriag 
plane  t  ^  the  Sotidtty  of  the  body  generated,  whe> 
ther  by  a  «ha)e  revetiitioii,  or  only  a  part  of  one,  is 
.tlwsys  eqnal  to  the  prodiiA  ariCng  from  the  generat- 
ing pisnc  drawn  into  the  path  or  line  deicribed  by  its 
e.':ii;e  l  i  ;^r.i.'lty,  <!iirirg  iis  motion  mi  deleriiiiii;;  the 
b'xiv  And  tbis  nile  bolii<  true  for  fij^iire"  griinated 
bv  (orti  lit  mutuin  «  liuiever,  »  hel  her  rt  tat^ny,  or  di- 
ica  or  parallclf  or  irrcgulatly  zig/ag.  Sec,  provided  the 
grnciating  plane  vary  not,  but  continue  the  fame 
ttitnujrhniit.  An<\  the  fame  law  holds  true  alfo  for 
ail  (urfai-cs  auy  h<tw  generated  by  thi:  lUiitton  of  aright 
Hne.  This  is  called  the  Centroharic  method.  See 
Menfuratiuu,  fc£i.  ^,  part  4,  pa.  ^01,  zdcdit. 

CU^lAr  Sot.>i>iTv  {/  Bofiitj  ly  tb:  Mril  uil  y  Pimimui 
•— Tills tnethud  appiien  viry  advatita^eoufly  in  allcalea 
alfo  in  which  a  body  t»  conceited  to  generated  by  the 
rcToluiiuo  of  «  plnnefij^irTr  abo-jt  an  oxis,  or,  which  is 
ir.r.i-b  ibe  l.M.ic  il  v  ,  .1  •  !.e  ]:ii.:llel  motn  -ti  oi  a  eircle, 
giadjallv  e\);atti]inf;  .I'j.i  «."i,iiti atlmtr  intll.  ^'curdini; 
to  tbr  D.itiirv- nt  the  gemr  itin^  phm  .  And  tli'S  tnc- 
thod  IS  pardcuikriy  uktiil  {or  the  fotids  generated  by 
any  cur»ilinrai  pbme  figures.  Thus,  let  tlie  plane 
A£D  revolve  about  the  axis  AD )  then  it  wilTgenerate 
the  JoUd  A»¥^Q*  Bv»  aa  cvct^  oadiMte  D£.  .per. 

pcadicidar 
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I'fpdicc.lar  to  tTi'  -s^'i  AD,  4e- 
IciUv  •.  ;i  liulf  BCt.F  in  the  rc- 
v.N-  f!.,ri,  ihm  tt  rt  the  faino  Co- 
].•]  [k  I'lHi  ncd  3S  gcntratcd 
by  ,1  circle  BCEF,  gradually  ex- 
panding itfdf  larger  and  Urg«r, 
and  moving  |>crf  rndiciilirlv  along 
Uie  ax  i  <  A 1).  Con  Ci  (jucnily  tJib 
area  of  that  cird«  beiag  dtawn 
idtb  the  flatton  of  the  ms,  wHl 
p! i>iluce  the  flv.ivlun  of  the  foJId  . 
fl  jtnt,  wlicn  t.'ikm,  will  give  the  Soliiiity  ofthatbo* 

That  is  AD  X  circle  nC  F,  (vvhcreradliikisDE, 
oi-  (liartH'tt  r  15E)  t«  the  fluxion  nf  the  Soliilu) . 

Ilcnee  thin,put(itij;ADrr  -v,  Dl".  ^  f,  c  =  yi4t6; 
Utcjule  i»  iqual  to  the  aua  of  li  e  eirv-le  IILF; 
tlKTcforc  gf'.v  the  fiuxiim  of  the  folid.  C<.iiifcmicnt- 
ly  if  ihc  valiK  of  citbcr  jr*  or  ir  be  fbuud  in  tiroia  of 
each  olber,  from  the  given  equation  cxpriflli  g  the  na> 
lu:.  i>!  the  clin-r,  3rd  that  value  be  fubditutcd  for  >t  in 
til.  il  .xiuiialtrijreinuu  lyi,  the  fluent  of  the  refuhittg 
cjuai.tiiv,  being  taJtcn,  will  be  iLe  rcqiiiml  SoUdiij 

t.t  the  Im  ly. 

I'o;  Lx.  Suppofe  the  figure  of  a  parabolic  coimid, 
j;t  111  rated  by  the  rotation  of  the  common  patabola 
ADL  iiliuut  ii»  axit  AD.  In  th!»  cafe,  the  ci{uatlun 
of  the  cuivc  of  the  parabola  is  fx  where/  tl«iiote» 
the  parameter  of  the  axil.  SiiSrtituting  thneiorc  /v  in- 
fleud  of  j^,  in  the  fluxion  cj'x,  it  beeoinet  e/ax  ;  and 
the  fluent  t/f  tliis  is  i  /i'  =  i  ■■y'  for  the  Solidity  (  that 
ia,  half  the  pradtid  itf  the  bijc  of  thelbiid  diawatnto 
It* altitude  t  for^f^iitheareaoftheCTcnlarba&BCF, 
and  jr  it  the  altitiide.  And  fo  on  for  other  fuchfi^tet. 
See  the  content  of  each  folid  under  itt  proper  article. 

for  //v  Solidity  r.f  Irrr;i,;,ir  Jid'/,  or  fiuli  as  cm- 
cot  be  eonfidcred  at  generated  by  tome  regular  mo- 
tioa  or  dcfeription  ;  they  mull  either  be  confidercd  aa 
cut  or  divided  ittto  fevcral  paits  of  known  foimi),  as 
pitfm*«  or  pyramids,  or  wedget,  k«,  and  the  cnntenti 
of  ihe&  parta  found  ficparately.  Or^  in  the  a(x  of  the 
fiiialkrb(Mie«»  of  ioiiBB  fo  irrqplar  »•  not  to  be  eaJUy 
dmikd  In  that  w«yi  put  them  into  fomc  hollow  rej^u- 
lar  veffel,  aa  ahnlloir  cylittdcror  panillclopipi.don,  &e  ; 
then  pour  in  fntcv  or  bod  fo  it  may  fill  the  veifcl 
jufi  up  to  ihetop  of  the  inclofed  irrc^idrtr  body,  noting 
the  height  it  rifci  to  ;  tia  -.  t.rncin.l  t'n  luKiv,  .uu!  note 
tiie  lu  ij;ht  thr  fluid  again  it.siiii'*  at  ;  i  i  .  I'.iri.  h  ikc  of 
thcU  twij  I. "i;;!. IS  is  to  be  confiilcrtda-  the  .lUiiiidcofa 
pritm  of  the  ia^tc  tufe  arui  form  as  itkc  lioUovr  vcffcl ; 
and  eoufcquently  the  product  of  that  altitujr  and  bale 
will  be  the  aecui ate  Solidity  01  the  iinmcrgcd  body,  be 
it  ever  fu  irrej;ular. 

SOtiSl!lC£t  in  Aftroaomy,  is  the  time  when  the 
fno  ta  in  one  of  the  follUtial  points,  that  ii,  vrhen  he 
Ii  at  the  }!^eatell  dillance  from  the  rqiialor,  which  i« 
now  nearly  1 1°  a8'  on  either  llde  of  it.  It  it  lo  called, 
fno.iiilc  the  lujc  linn  f<ci;i,  tu  ll.ini  llill,  .ind  not  tO 
til  l his  pl^ci ,  ;i'  to  di.cln.  jlnjii,  <.uhLr  way. 

i'l.i re  are  two  •'■>oiUicc%  in  rskh  year,  whi  ji  the  fun 
i$  at.t'nc  grtated  ditbncc  on  the  north  and  fouih  iidea  of 
the  ecliptic  i  viz,  the  ffihtt'or  Jkmmirfiffiat  ind  die 
ijemal  or  tuinier  foift'ue. 

ThtfiMMMT  StiflUt  it  whcii  AefiM  ii  {d  (betnpk  of 
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Cincert  trhidi  ta  iImmii  fbr  2tft  «f  June,  tAm'lK 

*    makes  the  lon^eft  d.iy.  Awl 

the  firft  degree 


of  Capricorn;  which  i>  ni-jt  thr  j:i  day  «f  DeceiOp' 
bcr,  when  he  make*  tin.  Ihortell  il.;y. 

Thia  is  to  be  underilood,  a<  in  our  northern  hem{> 
fphere  ;  for  in  the  foutbem,  thr  I'in'i  entrance  into 
Capricorn  niakr<.  tlnir  fummer  S^iliLec,  and  that  into 
Cancer  the  winter  one.  So  that  it  is  more  precifc  and 
determinj'e,  to  fav  the  northern  and  f  mthern  Solftice. 

SOLSTITIAL  /'aMf/,  are  thole  pi>iiu«  of  the  cdtp- 
tic  the  ftio  i»  in  at  the  time*  of  th-,- 1«  o  S<;lftice»,  hein^ 
thr  firft  points  of  Canetr  and  Capticeio,  which'  are 
diametrically  oppofiu  to  each  other. 

Solstitial  Colurtt  ta  tihat  which  paflei  thvovgh 
the  Sol1litt.1l  points. 

SOLUTION,  in  Mathematics,  anfwering  or 

refolvinjr  of  a  qtirllion  or  problem  tiiai.  it  propoied. 
See  Ri  ^OLU-rlOl«,  and  Ridi  ctioh  "f  Eqxiati.nt. 

Sott'  riON,  in  V'hyfics  is  the  rcdufl-on  of  a  foltdor 
firm  body,  intj  a  flnid  ftjte,  by  ni-Tini  of  fome  menllru- 
um. —  Solution  rs  often  tttnfcmndcd  with  what  it  called 
diflolution,  though  tlit-Tc  isa  drlfcreuce.  ' 

SOSIGENI'.S,  was  an  Egyptian  mat}irn'4itic>an« 
whofe  principal  lludii  >  were  chronology  and  the  mathe* 
matica  in  gencralt  and  who  AouriAied  in  the  time  of 
Julius  Gwntr.  He  iareprefented  aa  well  verled  in  the 
inatheinatics  and  allronomy  nf  the  Ancients;  p.-irticu* 
larly  of  thofe  celebrated  maiIiem«tieJiiT>«,  Thales,  Ar- 
chimedes, Hlpj'jii-ir  .  C.ilipiJj,  an  J  iiiafiy  trthers^ 
who  had  wndt-n:ikt;ii  tj  <^  ic-tn.ric  ijitann'ty  of  the 
f  l.ir)i.-i  ;  wlrcli    ihcy  .iliLrLnicJ  iiiULh  nrarft 

the  truth  than  one  can  well  imagine  they  fbould,  with  in« 
flnnnenta  fo  very  inipcrfcdt ;  aa  naj  nppeaf  bf  refft* 
eiKC  to  i'lulomy'a  Almn^ll. 

It  Ceems  Softgcncs  made  great  improvementt,  and 
gave  proofs  of  bia  being  able  to  demonllnte  thfe'  cei^ 
lainty  of  hit  difcotrcriea  ;  by  which  nMinl  he  heotaie 
popular*  and  obtained  tvpitc  with  thttfe  wii6  Nd  a  Mb 
ntu*  to  undetfland  a.-id  reirlh  foch  ciiquiriet.  Hcneelie 
was  ftnt  for  by  Julius  Cxfar,  who  being  convint(  J  off  s 
c.ipat  ity,  employed  him  in  reforming  the  calct  t'.ir  ;  nnJ 
it  waA  he  whofoitT>«d  the  Jidiin  year  whu  li  b;  l  ins  45 
veart  before  the  birth  of  Chiilh  Hjs  otKir  w  uiksar* 
loll  liner  that  perio<l. 

SOUND,  in  Geography,  denote*  a  ftrait  or  inkt 
of  the  liM,  between  two  capes  or  head-lands. 

"TTv  .Sot'ND  is  iiled,  by  way  of  em-nrrcc,  for  that 
ccli-'bcatvii  tli.iil  wh.th  e«inntA»  the  (>;ii'.;.ui  fta  to  the 
Baltic.  It  ia  fituated  between  the  tflaod  of  Zealand 
and  the  eoaft  of  Sehoiten.  It  ia  about  i61cagnca  is 
length,  and  ingcncral  about  j  in  bi^ndth,  except  near 
the  caillc  of  Croncaberg,  wheteiiia  but  one;  fo  that 
if.  r.  i  :  < ;  alTage  ftir  vefC^  hut  under  the  cannon  of 

the  luitrtls. 

S<ivsD,  in  Pliyfic*,  a  perception  of  the  mind,  com* 
muniestcit  by  me. ins  of  1  lit  i*r;  bei;:;^  an  effeft  of  the 
colliik.n  of  bodi<  •.  und  tluir   cinii'tquent  tremuioin 
motion,  cnmmlml^rl^t(l  to  the  r.tnbient  fluid,  arrf 
prtipnga't  f!  thrtni^h  it  to  the  oTgans  of  hearing. 

To  illullrate  t  lecaufr  of  Sound,  it  i»  to  be'obferved, 
ill,  That  a  motioi  i*  neccilary  in  the  fonoroua  body 
for  the  produ&ion  of  (bund.  :  adly»  That  thia  nartioik 
csilla  firll  in  the  finiD  and  ialiMfibk  fwti  oTthe  fiwornya 

bodiea 
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Md  k  taduA  im  tbcn  bf  Adr  mMaH  «olli. 
fim  ngHuftMcb  other,  which  praduee*  the  treoMiloa* 
■totion'b  oblervabic  ia  bodici  that  have  a  clear  fotinJ, 
a«  bcUii  oiultcil  chords,  &c.  5^'l''>  Tlir>t  tij's  inutti'ii 
18  romiuuuicated  to,or  pru  i  ict  ,  lil.c  moUuH  ia  Uic  air, 
or  fuch  par.tji  ot  ic  arc  nt  to  receive  and  piopa^te 
it.  L;k(Uy,  Tiui  tItU  roution  tiiull  be  couunuaicatcil 
to  tliofe  i>4irts  that  ai«  the  proper  *ai  imucdUtc  inftni- 
mcHti  pf  licuritijj. 

Now  (Qotioit  uf  a  ronoroim  bodjt  which  is  the 
imtncdiaic  caiifc  of  Sound,  may  be  owing  to  two  difTe- 
rcat  caufct ;  eithfr  the  pcrcuITion  bctwcea  it  and  vi.H'.r 
hard  bodies,  ai  iu  drums,  bell^  chunky  te(  or  the 
bmtfii)^  and  dadiing  of  ibc  (bnoraut  body  and  the  air 
in<.medi«tclj  againll  each  other,  ai  m  duteat  Uma^ 
pct«.  Ice. 

Bjt  :n  ho'Ji  I'liu-  cjft--,  llu'  raolion,  wliich  *s  l!iC 
CO<itct|ueiitc  oi  llic  i;iutual  arti.iii,  ru.  u-i  jl  ,i*  tlic  tiasuc- 
diatc  caufc  of  the  fotio/ous  mot!  ui  uUidi  tUc  air  con- 
vcyttoihe  cat,  :  fuppokd  to  t>c  an  invifiblc,  trcniuloui 
or  u:)diilating  nioiiuti,  in  the  iVnall  and  infrntiblc  pares 
uf  the  body.  Ftirrault  adds,  that  the  vilil^lc  m»tion 
of  the  groflcr  parts  contiibutec  no  otbcrwlfe  to  Sound, 
than  u»  it  caufc*  the  iuvird>l<:  motion  of  the  fmallcr 

iisrt^,  which  lic  cat!)  panicles,  to  diflinguiOl  thertl 
ram  the  fcnfible  once,  which  he  callt  pani,  and  inna 
the  fnuQeft  of  aU,  which  are  caUed  coipidclea. 

The  roiiorou»  body  I  aving  made  il»imprcflitin  on  tlie 
contiguous  atr,  that  imprcflion  it  propagated  from 
ur,(  pattide  to  anotheri  accovdiag  to  the  bweof  pncn- 

A  frvv  psrtiLlts  Rir  "  iLincc,  driven  from  the  fur- 
face  of  the  body,  pufh  or  prcft  their  adjaccbC  partidci 
into  a  Icfi  fpacc  ;  and  the  tnedium,  as  it  is  thus  rarefied 
in  one  place,  becomes  condenfed  in  the  other  ;  but  the 
air  that  comprefTtd  in  the  fccond  place,  is,  by  itsclalli- 
citj.  Kturoed  back  again,  both  i<>  its  former  place  and 
itt  Ibnacr  ftatc  i  and  the  air  contiguous  to  that  isoon»> 
prefftd  ;  and  the  like  obOUDi  whcn  the  air  left  eaai> 
preflcd,  expanding  ftfidf,  a  new  comprrflklB  H  gene* 
rated.  Tliercfore  from  each  agitation  of  the  air  there 
arifct  a  motion  in  it,  analogous  to  the  motion  of  a 
.>•!  the  liiif.i.  c  <>r  tliewateiii  whi^  ia  called  a 

%i>ai>i  Kit  ui:''i.'.,:ipri  ut  air. 

Inrach  w.ivi,  tl.c  particles  ^oand  return h-i.!<  ^f^.un, 
ihroutjh  *try  (liorl  equal  fpaces ;  the  motio:i  i>i  t  ncli 
particle  bciu);  aiulo^^ous  to  the  motion  of  a  n.I>i;i'.i:i^' 
petidttlura  while  it  performs  two  ofdiiaiiom ;  and  taoH 
of  the  hws  of  tlic  pcndulu  n,  with  vcfy  litde  alten* 
tion,  being  applicable  to  the  former. 

Sounds  are  as  varioua  aaare  the  means  that  concur  in 
producing  them.  The  chief  varieties  refuk  from  the 
figure,  cooilitatioo,  qujt.tity,  See,  of  the  fonoroua 
body  ;  the  manner  of  {icicuflion,  with  the  velocity  &c, 
of  the  confcquent  vihraiious  ;  the  (tate  and  cnnlHtution 
iti  (he  rr-fdium;  the  difpoikiuii,  ililLif.LO,  ic,  i  f  tJic 
or^dn  ;  the  obtlaclcs  between  tliC  urg.m  an('.  tl.;'  iuuo- 
toi.s  cilijLCt  ;u.:l  '111- adjacent  bodies.  Tin  mo'l . table 
diliin^titMi  ot  Soiintis,  arifnijj  from  the  various  degrees 
and  rombinations  of  tl'.t  conditions  above  mcnliontil, 
are  into  UiiiJ  and  Uw  (or  ftiong  and  weal;)  ;  into 
gra^te  and  acute  (or  (haip  and  fiat,  or  bigll  and  lou  )  ; 
and  into  /w^  and Jiort,  The  imnuigcnteNt  «C  which  i* 
the  uftoe  at  avfic. 


Evier  H  of  eptoioD.  that  ao  Sotnd  mihing  fewte 

vibrations  than  30  In  a  fccond,  or  more  th.in  f^rc.  it 
diiiinguilhiible  by  the  human  ear.  Accoiditig  to  tiiis 
doiiritic,  the  limit  of  our  litar  nj;,  as  tn  acute  and 
^ravc,  itan  interval  of  8  oAavet.  l\:iiim.  Nov.  Theor. 
Mul,  cj;  .  I,  ftdk.  13. 

The  velocity  of  .Sound  h  the  fame  wuh  that  of  the 
aenal  wavct,  and  doei  not  vary  much,  whether  it  g9 
with  the  wind  or  againfi  it.  By  the  wind  indeed  a  «er> 
tain  quantity  of  air  is  carried  Imm  one  place  to  •OOlhcri 
and  the  Sound  is  accelerated  uhik  ita  tmvea  lBO|« 
tnruiich  tlijt  part  of  the  air,  if  their  difcAiM 
be  the  baic  i*  thu  of  die  wind.  But  a*  &M«d  no«c« 
vaftlv  fwifter  than  the  wind,  ih  aficdetatton  tt  will 
liewhy  Mceiee  i»  hot  incofifklerabk  ,  id  ih.  clileJ' ef- 
fetk  we  can  pereehre  from  the  wir.cl  .s.  tl  .,t  it  iticr»;ilej 
and  dimintlhcs  the  fpa  -  <  :*  •  "ic  waves,  ;  Int  hy  help 
of  it  the  Sound  may  be  kia!  J  to  a  gicaiti  ;  I'lance  than 
othcrwife  it  ux>uld. 

That  tlic  air  is  the  ufiial  medium  of  Sound,  appe.irt 
from  varlnijs  expeiiments  in  rancfic  1  .in  '  1  onj^nxd  .nir. 
In  a1  unexhaiided  receiver,  a  fniall  WW  11.  •>  bi  hcaid 
to  fonic  ditlance  ;  but  when  exhaufttil,  it  cati  fcarcehe 
heard  at  the  fiualleii  ditlance.  \\  hm  the  air  is  cun> 
dciifed,  the  S.>u:id  is  louder  in  proportioo  to  the  con* 
denf;:tion,  or  quantity  of  air  cmvNled  in  {  of  which 
there  are  many  inftanccs  in  Hatiklhce't  experisMnla,  m 
Dr.  PriclUey'ii,  and  others. 

Bclidci,  founding  bodies  communicate  tremors  to 
diftant  bodies  ;  f  jr  t  xaint  l  ■,  ihc  vibratinjj  motion  of  a 
rouGcal  firing  pnts  otlies-s  in  motinii,  whole  tenfieu]  ajid 
quantity  of  matter  difpofc  their  vib;  .itio  i  i  to  keep  titue 
with  the  piilfi-»  of  air,  propagated  froui  the  liring  that 
was<lr>:ck.  Galileo  explains  this  phciiumouon  by  ob> 
ferving,  liiai  a  heavy  pendulum  may  he-  put  in  motion 
by  the  Icalt  breath  of  the  mouth,  provided  the  biails  be 
often  repeated,  and  keep  tioK  exactly  with  the  «ibn» 
tions  of  the  pendulnm  f  aad  aUb  the  Gke  art  in 
rtifinf  a  Uige  bclL 

It  IB  not  ntr  done  tbaC  m  capable  of  the  imptrfiioa* 
of  Sound,  hut  water  aJfot  s«i«  man  i  fed  by  Ariking  a 
bell  nndcr  water,  the  Souad  of  which  may  plainly 
enough  be  hc»rt',  oiiK  imt  fj  I  uil,  .md  alfo  a  fourth 
deeper,  according  to  guod  juJgt»  ia  rru(ical  notes. 
Am!  Met  U  iini  fays,  a  Soiuid  made  under  water  is  of  the 
lanic  tijiu-  m  nuic,  as  if  tirade  in  air,  and  heard  under 
the  water. 

Tiic  velocity  of  Sound,  orlhe  fpacc  through  which' 
it  is  propajjatrd  in  a  qiveii  titnc,  hat  bcra  Tcry  difle* 
rcntly  elli.iiateet  hy  aiitho  s  who  hare  Written  co.icam* 
ing  this  fubjed.     R  >bctval  lUtet  it  at  the  rate  of  {60- 

ieet  in  a  iecood  (  Gaifcndu*  at  t^7  a ;  Merfcime  at 
14^4 1  Ddhamel,  in  the  HilliKy  ot  the  Academv  of 
Sciencea  at  Pkri%  tt  t3|l{  Kcwtan  .at  968;  lX>r- 
ham,  in  whofe  meafure  Tnamfteed  and  HaHcy  acqut* 

eil-',  At  1141. 

'i'Uc  reafim  of  t!irs  variety  '»  afitilieJ  by  Derham,. 
partly  to  (time  of  thou  L'rinlin.tu  uli-.i^  Ihirijrs  and 
plrnimets  inllead  of  re^ul..r  [k  n Jiili.ms  ;  iiiid  parlly  to 
t!iet  K>  fniall  tlillajicc  Lctu-i.tii  the  uumiouj  1kj:I\- and 
the  pliice  i:f  eibfervation  ;  and  partly  to  uo  rcjjard  being 
had  to  the  wind*. 

But  b^  the  accounts  fiace  pubUflied  by  M.  Caffinido 
Tfaurjr,  in  the  Memwirtof  the  Royal  Acad.  «f  8cScb» 
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eft  «t  Pan«,  1739,  where  CMUioa  were  firal  nt  ««notit 

ot  K'c1l  nb  i^nat  (iiftancea,  unJcr  many  rarirtici  of 
■wratlirr.  V  ird,  »m!  ol'lCi  circuiuft.-r.c--,  zrA  v.-t.jrv'  itie 
mc.-iliircH  ni  liif  di'.lfrfiir  placet  liad  bfcn  fettled  with 
tlic  ut;i)0!l  t\,i*tn!lv,  it  fotntrl  »K»t  SfHin<1  w:!-t  ]»ro- 
y -I (J,  on  a  iiitd.iiin,  :'.t  l.'.v  r:i^t:  !  0  v"  !  h  "lTT 
in  •  frcund  of  time,  iiul  ihc  FrerH'ii  fool  i»  tn  pn^por- 
tioi)  to  the  En;;li(h  «»  1  {  to  16  ;  and  confcqiicntly  ir:jR 
French  fptt  are  cquil  to  1 107  Englifli  fict.  Thi  rt-fnc 
<lie  diffrirnctr  of  tht  racafurts  of  I)rrh»m  and  Cnffn  i 
h  ){  Ei^iidi  fcctt  or  S3  Frmcli  Cect»  in  a  fccood. 
The  medium  wkiciiy  of  Soatid  tbercfofv  n  nnrlf  «t 
thr  rite  of  a  mHc,  it  jjHo  feet,  in  4}  fccondc,  vt  a. 
league  ill  14  fecMiidt, ur  1  5  miUi  in  a  minittr.    Bnt  Tea 

-  to      ;  iiiii-!  llu-riTsu  L' 


»^  Iccoinii  licaily,  or 


inik's  arc  *ii  l.iiid  mile*  ikh 
bound  tno*ei  over  a  fc«  m  !>. 
fca  leajrue  in  16  (i  c.  iiii>. 

Farther,  it  i»  a  cammon  oliferration,  that  perfons  in 
^ood  hmllh  have  abunt  ii  jllatiotij,  or  bcji'  of  tlic 
arteiy  at  the  wrift,  in  a  muiutr  ;  confequently  10  '  5  pul- 
filtMMs,  Sound  Alct  about  13  land  niSet,  or  tt|  fea 
nulta,  which  is  about  1  land  mile  in  6  ptiKi.-;>,  or 
4WC  fea  mile  in  7  piilfrt,  tor  a  league  in  JO  pnlfci. 

And  hcuce  tite  diAancc  of  objcfta  Bar  be  found, 
lyjr  knowing  the  time  empluyed  Smmd  hi  noripg 
worn  thofe  «b}e£to  to  an  obfcrvrr.  Pur  Ex.  On  fceiog 
the  flalh  of  •  f^m  at  fea,  if  54  beats  of  the  pvlfr  at  the 

wiin  were  t  <  tinted  before  !ht  nport  w'.ii  ncnrii  ;  the 
diUaiicc  of  the  ^un  will  tifily  he  found  by  divuiing 
54  by  20,  whii  !i  ^<iv(s  1*7  hragtR»,  or  about  8  miles. 

Up<vn  the  natvir.-,  prf)f^trti^M^  and  propstrat'on  (i 
Sound,  fc^-  till-  art  cic  Pnovirs  ant!  Echo;  a!fi)  tlic 
Mrntoirs  of  iJir  Atitd.  aiul  the  Phdof.  Tranf.  in  many 
blacea ;  Newton,  Principia  ;  Kirdirr,  Mcfurj;ia  Uoiveiw 
wlit}  Mcifennc  ;  Borelh',  Del  Stiono  j  Priiftlcy,  Fxpcr. 
•Ii4  OUrrv.  vol.  5  ;  Hdea,  Sonorum  tXiArina  rationa- 
iiiet  MpeitncntaKc;  410  1778.  See  aUb  an  ingcni- 
««a  Iteatife  pulilithtd  1790,  hjr  Mr.  Geo.  Sawiden^  oa 
Tlu  rtirc^  ;  {dwhkh  lic  relate*  many  cxp^mean  iMdc 
hy  Iti'iiftli,  OR  the  natufe  and  propagation  of  Sound. 
Ill  this  work,  he  fhewa  the  Rreat  cfleft  of  w^tcr,  and 
fome  other  bodies,  in  ■.•ond'ittiiig  of  Sound,  pn'bab'.y 
by  rendering  the  air  r.orc  .ieufe  near  them.  Some 
ol  his  concluilosis  and  ol.lci  i.i'ums  arc  as  follow: 

Earth  may  Ki-  'ii;i[ni1rd  to  a  ;^^ofv)ld  property 

wt>h  rrfprft  vj  S 'Liu'.  Bfiiij;  very  porous,  it  iibfurbs 
J~<  HIT  d,  wliich  is  c<»iiiiti:ra(ftcd  bv  its  property  of  con- 
ducting Soimd,  and  occafium  i(  to  pafs  tin  a  plane^  iu 
an  equal  proportion  to  rta  pragida  in  air,  oncncumber* 
cd  by  any  body. 

Ma  Sound  be  fuSdcutly  intcAic  to  imprcf*  the 
earth  in  iti  tremulous  <)uality,  it  will  be  carried  to  a 
confnlenible  didrnee,  at  when  the  CMth  h  llniek  with 
any  thing  hatd»  uhj  the  motion  of  «  carH^gCs  horfea 

fctt,  &c. 

Plafter  is  UToportioDally  beiicr  than  Joofc  caftll 

conduiftinp  Sound,  a*  it  Is  morr  compaft. 

Clothes  oferi  '  v    kiin!,  p.ii  t  ir.il;i!  ly  «  nnlltn  clotlit, 

arc  very  prejudicial  to  Sound  1  their  abforptton  of 
.<><mnd,  tnay  be  conpared  to  dnt  of  «atery  whid)  they 
greedily  imbibe. 

A  number  of  pn.ple  feaied  beftjre  others,  «» {*  the 
pit  or  gaUery  of  a  theatre,  do  eonfiderablT  prncnt 
(he  ivioe  reieluni  thofe  btliindt  ■nd  hence  tt  that 


«e  hear  fenodk  belter  in  the  rnntof      giflenra,  or 

of  airy  fituation,  than  behind  others,  thoitrh  we  may  He 
nrarer  to  the  fpoiker.  Our  feats,  rifing  (o  littie  above 
each  orhir,  occasion  this  deftdt,  wtiicii  woulii  Wc  rcmc. 
died,  r  iuld  we  lijve  llie  foats  to  iti\-  their  whole  hrij^lit 
nil  .'■n  cull  (itli:T,      Ml  the  ancient  theatre*. 

i'liRi  iias  eenerally  been  thought  uafavourmbic  to 
.Soimd,  frum  It*  bein^  fo  to  AttficH  iaSrWMMIk  Krhofe 
cfft  £1*  it  quite  deti  roy  t. 

Molieai  inftromcott  moAly  depcttd  on  the  vibnn!  c 
or  trcmulnvs  |iroperey  of  the  materialt  tahich  a  body 
of  oofaivr  liardeiml  inoil  mnft  veiy  imieh  aher  }  hot  we 
Ihould  diB^ptift  ttwt  thii  regiwda  the  fciMlnn  of 
Sound,  wliic^  maj  not  alti^ber  be  the  cafe  h  the 
progiifs  «jf  it. 

Watei  Ims  been  little  noticed,  with  rrfpecl  to  its  con- 
dii^in  r  .Sound  ;  but  it  will  Ik-  toitnri  to  I  c  nf  the  ^'C  .t- 
cil  corifc<]'icrce.  I  uid  ori.  ii  nriiiivrd  in  i-.r wly-iiiiil)i« 
cd  iioufr?,  llj.il  'ill  Ir  thi-y  wire  yet  i!  (iiip,  they  pro- 
duced echoes ;  but  that  the  echoing  abated  a«  they 
dried. 

Exp.  When  I  made  the  following  expenmenl  there 
was  a  |i;enilc  vinnd  ;  cunfeqiicully  the  water  was  propor* 
tiooatty  agitated.  1  choic  a  quiet  part  of  the  nnr 
Tliamei,  near  CheUen  HofpitaU  ana  urilk  tnv  hoita 
tried  the  diAanee  the  voice  wonM  reach.  On  the  «Htcr 
we  could  dtdinAIr  hear  a  ptfon  read  at  the  dillanee 
I'f  140  feet,  on  InnJ  Kt  that  of  ',6.  It  fhoiitj  be  oh- 
ftrved,  that  on  hml  no  iioife  intervened;  but  mi  thr 
rivcrl'oir.c  tin.K-  w.i .  occidmiK-d  K^  llit-  fl.  mij  of  tlie 
Wittr  ag#uiil  t!ic  hi>,;t^  ;  ui  ihiil  tlic  dillciL  on  biij 
and  on  water  tnift  I  r  miich  moir, 

Watcnneo  «jbier*e,  iliat  when  the  water  is  flitt,  and 
the  wf.iiher  qnitt  calm,  if  no  noife  inienene,  a  whtf> 
per  may  Ik'  beard  acrofs  the  riw}  and  that  with  the 
current  it  will  be  carried  to  •  imicll  gRItcr  diftaiKCs 

and  rice  verfa  aeatnft  thecunent. 
Mariaen  weilkaoar  the  diScrence  of  8ou»d  on  Tea 


When  a  «anat  of  water  wat  laM  under  the  pit  floor 
of  the  tlieatie  of  Arjjcutino,  at  Rome,  .1  r,:ii)i:!tng 
d iff eix-nce  Wits  obferved  ;  the  voice  has  fince  bt  cii  iiiard 
at  the  en<!  very  dilliniSlv,  wherr  it  was  before  fcarce 
diniHfjii.fliublt.  It  is  oUlcrv-ibIc  that,  in  this  part,  the 
r  ti.d  i-i  cuered  with  :,  lii  '  K  arcli,  over  wlo'ch  there 
is  3  (I'Kiir.ity  of  earth,  .nid  tlic  timber  flour  over  all. 

'I'tic  villa  Simouetta  near  Milan,  fo  nrmaHUMe  fiir 
its  echoes  is  entirely  over  ai  cades  of  water. 

Another  vtUa  near  Roncn,  rcmarkahfe  for  kt  cdio^ 
h  built  over  fobtctrrancoua  cavities  of  water. 

Anfervoir  of  water  domed  over,  near  Stannwre, 
has  a  ilrongecfao, 

1  do  not  remember  ever  bcinp  under  the  orchcs 
of  n  fli'm-  brid|rc  tlijt  dhl  not  echo;  winch  is  not 
alw.iAs  tlif  calc  with  litiiiliir  itrii^inres  on  lind. 

A  h-mk  ill  Lanibftli  Mail!,,  iii!..ililti.d  hv  Mr. 
Tuiil.-,  i»  very  damp  durinc  winter,  when  ii  yiclda 


at  the  ho«fe 


dbry  in 


an  n  ho  which 

fummcr. 

Kircher  oUerves,  that  echoes  repeat  morebjr  night 
than  during  the  day  :  he  uiakts  the  diflcrence  to  be 

dcnibk. 

Dr.  Piatt  fays,  tltc  echo  in  WiKidflock  park  relat- 
ed I J  tioiGtby  da}-,  aud     by  iii^ii;.   And  Addifmt'a 

eitperi' 
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«i|icniiMiit  at  the  Vilb  SnoMtla  «u  ih  a  Sag,  «1mm 
h  produced  ;b  repetiliont. 

After  all  thefe  inftancet,  I  think  little  Joubt  can  re- 
main of  the  influence  water  hat  on  bound ;  and  I  con- 
<Iudc  t  hat  it  coodod*  Somi  nofc  tluD  uqr  other  body 
whatever. 

After  writer,  ftone  may  be  reckoned  die  btll  ton- 
■duftor  of  8<>und,  To  what  caufc  it  niriv  be  attti- 
butcd,  I  leave  tu  t;:tinc  rnquincs  :  J  h.ive  con- 
lined   myfelf  to  fpcak  of  facn  oni/  at  they  ap- 

Stone  t«  fonorous,  but  gives  a  harih  difagrceibk 
tone,  (infuvourablc  to  mufic. 

Brick,  in  refpe£l  to  Sound,  ha«  nmilx  the  fame 
properties  a»  (lone.  Part  of  the  garden  wall  of  the 
■late  W.  Pitt,  EXof  of  Kiiwfton  is  Badctddr^  coaftye 
a  wbifper  to  the  onbinee  of  a«w  too  feet. 

Wood  is  fooorous,  vondudive,  and  vibrative ;  of  all 
materiels  it  produces  a  tone  the  moil  agreeable  and 
iriciixliuus;  and  it  is  tluTc;"iri:  ;br  tr.tiil  fur  i.iufical 
Iiillnimeots,  and  fur  litiai^  of  rooint,  and  theatres. 

Tlic  ciitiiiiian  notion  inat  whifperin^  at  one  end  of 
71  long  piece  of  timber  would  be  heard  at  thr  other 
ciici,  I  found  by  cxpciiitie:;t  to  be  erroneous.  A  Hick 
of  timber  65  feet  long  being  flijjhtly  Aiuck  at  one  end, 
a  found  was  hcnrd  at  the  other,  and  the  tremor  very 
JKrceptiblc ;  which  is  tafily  accuuatcil  for,  when  we 
coafiderthe  number  or  length  of  the  fibre*  that  com- 
pofe  it,  each  of  which  may  be  compared  to  a  firing  of 

C3tKUt. 

Ftr  lit  JRdb&mi,  Refraaiau^  dfe,  of  SouitB;  foe 
Echo,  andPiioifics. 

jMitttbuJRovtsih  See  A«TtriM.Ari!. 

80VVP,  in  Mttficy  denotes  a  c]uaiity  is  tbe  ieverat 
agitations  of  the  air,  fe  »•  to  euke  mtilic  or  bai^- 
uiorj-. 

Sound  is  the  objnl  of  mtific  ;  which  imtli'  1  ;  but 
the  art  of  apptyinjj  Sounds,  under  fuch  tiiiua.aancta 
-of  to;:c  and  time,  3i>  to  raifc  ajncesblc  fci  l.ttions. 
The  principal  afrcftlon  of  Sound,  by  wliich  it  b«'comcs 
fitted  to  have  ifils  tnd,  is  that  by  wliich  it  i;  lildin- 
.guifhed  into  acute  ard  Rtavc.  This  dilTeftncc  <le- 
pcnds  on  the  nature  of  the  fonoroiia  bndy  ;  the  j  arti- 
cular figtire  and  quantity  of  it;  and  even  in  fomc 
taki,  on  the  part  of  tt.c  body  whete  it  is  (Iruck  : 
and  itislhiithat  conflitutea  what  are  caOcd  tUfertni 

The  cflufe  of  this  difTerencc  appears  to  be  na  other 
than  the  diflerent  velodtiet  of  the  nbratbas  of  the 
founding  bodf.  Indeed  the  tone  of  n  Soand  »  fiMiod, 
1)7  numerous  eaperlanents,  to  depend  on  the  nature 
of  tlioJe  vibrations,  whofc  differences  we  can  conceive 
no  oiUcnvHe  than  as  having  different  velocities :  and 
fincc  it  :5  ;>ri  .cdthat  the  fmnll  vihrationa  of  the  fomc 
chard  ii:t,  4II  performed  in  equal  times,  and  that  the  tone 
of  a  Sound,  which  contimic*  for  fomc  time  aflei  the 
fltokc,  is  the  fame  from  firfl  to  !:?(!,  it  follows,  that 
l!.t'  l"--<:  ii  rrL'Li:Tnr;ly  civryccttJ  v.itti  a  ccrrnri  qnin- 
tity  of  time  in  making  each  vibration,  or  tacli  wave  ; 
»r  that  a  certain  number  of  vibrations  or  waveii,  made 
in  a  given  tin^c,  conflitute  a  certain  and  determinate 
tone.  From  this  proieiple  ait  all  the  phcnoncfl*  of 
tune  deduced. 

If  the  TtbntMmi'be  ilsdiiOBpii^  or  peribmcd  ib  tke 
Vofc.II, 


^  finne  ttmcw  the  Sound  it  called  nuiiea],  and  is  faid  to 
'  oontuine  at  ili^  (ami  pitch  ;  and  it  is  alfo  accounted 
acutcr,  (harper,  or  higher  than  nny  other  Stiiind, 
whofc  vibrations  are  flower,  and  iherclore  graver,  flit- 
ter, or  lower,  than  any  Other  aduife  tibnliooa  aw 
q;:ii-ker.  S«eUKl<ON. 

From  tin-  r.!nic  pi  ii:ci;.'Ic  anlL-  vv!ii,t  arc  calltd  .■5.v5rt/i, 
&i:  ;  w!.icli  rdiik  (lum  ibc  frequent  unions  an«i  coinci- 
dctii:<  >  uf  the  vibrations  of  two  fonorous  bodies,  and 
conkqncniiy  of  thepulfcs  or  the  wave:  of  the  airocva> 
fioned  by  them. 

^  On  the  contimtj,  the  rtfult  of  lefs  finnjoent  coin* 
cidencca  of  thofe  vibsatioiH,  is  what  is  called 

(orJ. 

Another  confiderable  diAiofkion  of  amfical  Soundly 
is  ^that  by  wbteb  tlicy  w«  called  Am  and  fitrt, 
owittgto  the  oonlioaatton  of  the  tmpallc  of  tbe  cfll- 
cient  csuleon  tbefenoraus  both^  for  a  loo^  or  Ihortcr 
time,  as  io  the  notes  of  a  rioMti  &c,  which  are  made 
longer  or  ftiorterb}'  I'.rdkcs  of  i!itT..  rcnt  Icn^ih  or  i^nick- 

nefs.  Thi<  contiiiuit  V  Is  pr  ipLrly  :i  I  iit  L-elii on  (>t  feve- 
t^l  Soii]>d>,  or  ihu  cttiCt  of  ic\cral  diiliin't  llnikes,  or 
rcjie;ittii  ini;)i;ili:b,  uii  tiic  loutiri  iu-  1  i;dv,  Io  quick, 
;li:ii  vm:  juJrc  it  one  continued  So.nd,  tfpccially 
where  it  is  continued  in  the  fame  degree  of  firengtii  ; 
and  hence  arifcs  the  duclrinc  of  meafurc  and  I'mtt^ 

MuCcal  Sounds  are  alfo  divided  into  Jimpit  and  rsai* 
pcwntl ;  and  that  in  two  diffcient  ways.  In  the  £rll,  a 
Sound  is  laid  to  becompouad,  when  a  number  of  fite* 
cvffivc  vibrations  of  the  fonon>u:i  body,  and  the  air, 
come  fo  fail  upon  the  ear»  that  we  Judge  then  tbe 
ftme  continued  Sound  |  likeai  iu  the  phenooenon  of 
the  cnrde  of  tiit*  eanCed  bjjnntine  the  Hmi  end  of  a 
lliek  In  a  quick  eircidar  motion ;  sAere  fupnofmg  the 
end  of  the  didt  in  anf  point  of  the  circle,  the  idea  we 
receive  of  it  there  continues  till  tbe  imprefiion  ii  renew- 
cd  by  a  fuudeu  tctuin. 

A  Simf>/t  Sovvri  then,  with  rcjarJ  to  this  compo- 
f'liot;,  (i;n;ilJ  I.j  il  -:  f'.icit  of  n  fi;.;;lr  vibr.ttion,  or  of 
as  many  viftulioi<^  arc  J.ccLil^ry  to  raife  in  os  the  idea 
of  Sound. 

In  the  fecond  fcnfc  of  compoCtion,  a  fimptc 
Si  111  d  i.  the  pmdudl  of  one  mce»  or  ooe  inAfVi- 
mcnt,  &c. 

A  6Vn/«»Rf/ SouKD  coNfifls  of  the  Sounds  of  feve» 
ral  dillin^i  voices  or  inilrumcnts  all  united  in  the  fame 
individual  tine*  and  mcaCi  ic  of  dnration,  that  it,  all 
ftriking  the  ear  lof[ether»  whatever  their  other  di^ 
ftrenccs  may  be.  But  hi  tbs  licnfe  again,  there  it 
^1  twofiold  compOiStion )  a  natural  ana  an  artilietal 
one. 

The  natural  compofition  is  that  praceediag  from 
the  manifold  ti  fleaions  of  the  firft  Sound  f'-om  adja- 

ctn!  L...i(iii.-:,|  .tI.cvc  r!i:-  rellcctions  arc  no',  fo  f:Lf:':-ii 
Io  ocLMrmii  LciiL'L.',  bi:t  are  all  tu  the  l.uue  tunc  with 
the     ;'.  null . 

'Mk-  nrtiiicuil  r  impouiiun,  wliich  alone  comes  under 
tlic  i:iiiiic:.L;"!.  [lovinec,  is  that  mixture  of  feveral 
Sounds,  wiiicb  being  m.ndc  by  ait,  tin;  ingredient 
Sounds  are  fcpanible,  and  diftlntjuifh.sbic  from  one  ano. 
iher.  In  thi»  (rnf<  the  dillintf  Sound*  of  feveial 
voices  or  iulhimunis,  or  fc\r»al  notes  of  the  fimc  !a> 
Jlnimeot«  arc  called  ftmplc  Sounds^  in  contradiilindian 
to  the  cntDfOttad  one%  in  wbidv  to  anfwnr  tbe  end 
$f  oT 


Digilized  by  Google 


4 


sou 


t  474  1 


sro  u 


f.f  miiric,  t)ie  f-mjilf»  muft  have  fuch  an  ■^rcfmcnt  in 
fill  ri.hui>i)»,  cbicflj  M  ta  acutcnef*  mhI  gi»my, 
M  tbit  the  cir  nuqr  rccdw  tbe  muttme  with  pka- 

fjirr. 

Anotlier  ilif>iii(^:on  nf  Soiinrfs,  with  ren^rJ  to  mu- 
ff, is  tl  at  bv  -A!,lirli  t!  i  '  ire  fiLid  to  /'•lov/^'  or  (•Tr/i, 
iind  rr.u  ■'■  or  /  -r  '/  ,  u'llu  <^f-.;r  aiid  I  'M-f  :  ttic  caiiic  <il 
witicil  difFmncc  dfjiiuds  on  ih«  di(p(>ittioii  ittid  (Ijifof 
the  forioTous  bodv,  or  the  circtimfUitCM  of  the  pl.u  c  j 
but  the  idea*  of  the  difficmioet  wiiA  he  Ibaght  from 
ohrrrrittoif.  « 

."i  a'tJ  A'!r;^A  Soiirds  di-peiit!  chi«fl)r  on  the 
rn;('):li!iir  tx^ly  ;  of  »li;cS  »'c  have  a  notible  ioibmce in 
Ihi'i;^^  ih:3t  ;irc  k.ncviL'ii,  aiu!  not of  the  faotc diatenlwn 
i.iiii  junililui ion  throiijjhi^ut. 

As  to  f 'f  .r  .md  /-til/"-  Soj  ' ;,  if  y  J«p*ntl  on  cir- 
rumlaiHC'  timt  ar,-  ncciiU'nini  to  the  fonoroii?  body, 
'riitis,  .1  V  vi'c  or  iiiflnini<*nt  will  he  liollow  ai;.l 
hoa'f;  if  iuinid;d  widiin  a-i  fmpty  lin^lheai!,  tli:(t 
yet  is  ili  jr  and  brif^it  out  of  it  :  liic  tfftit  i»  owing 
to  the  mixtarc  of  different  So  jiuU,  raifcd  by  rcfltv- 
tionit  which  corrupt  and  cbnngc  the  fpccict  of  the  pri- 
mitive Sound. 

For  Soundi  to  be  (it  tn  obtain  tbe  end  of  mnrio. 
tbcy ought  to  be  fmoot'i  ii  !  ^  !■  i  ,  i  ''pecially  tlic  fn  iV  ; 
fincff  witho'.it  this,  th<-y  iauuiit  have  one  cerl:klii  and 
difcerniblc  tone,  capahU'  nf  beinp;  rompnrtd  to  ollifis, 
in  a  certain  relation  of  actHmi-is,  «hn.h  tbe  ear  may 
jiidj^e  of.  So  tbnt,  with  Malcohn,  vc  call  that  ini 
harmuoic  or  mu(i<-al  Sound  which,  bcin;^  char  ai;d 
even,  is  agreeable  to  the  ear,  and  ^ivis  a  tcrlain  »iid 
difceruible  tune  (htncc  called  tunable  Sound),  which 
is  the  fubjeft  of  tbe  whole  theory  of  harmony. 

Wood  h«»  a  fnuttculiir  vibr«ting  qua]it)r»  ewinj;  to 
Its  elallicity ;  atid  all  mnficd  mftrumenta  made  of  tbta 
miitttr,  are  of  a  t^'  proportioned  to  the  foperw 

ficies  of  the  wooJ,  aui  ihc  tone  they  are  to  pro- 
d'.jce. 

Metaliare  fonnroiis  and  vlbi^tive,  producing  a  hjrfb 
tone,  vtry  firviccablc  to  fomc  part*  of  mulic.  Mod 
wind  i.illruments  are  rnadc  of  metal,  which  is  adted 
upo:i  ill  it  .  dalllr  ard  Ireiniilons  qnalitv,  being  capa'jie 
of  being  rei'.jced  viry  thin  f.>r  tliat  piirfiofe.  Inftni- 
Hieiilt  of  this  kind  nrc  fuch  as  horn?^,  tnimpeti',  &c. 
Sonic  iailruacQts  however  depend  more  on  the  form 
than  the  muMrfll  \  m  <itttc»«  tvr  intt«BCCt  which,  if 
their  length*  and  Iwre  be  the  fame,  have  verjr  Ittth  di^ 
Icrence  la  tbetr  Sound*,  whatever  the  matter  of  them 
may  he.    See  Harmon ICAI,. 

jiOUND-BoARP,  the  principal  part  of  an  oistan, 
and  that  which  irmkcs  the  whok  machine  play.  'I'hij 
Sound-board,  or  fiimnicr,  is  a  refcivoir  iiito  which  the 
wind,  drawn  in  bv  the  bellows,  is  rondiidted  by  a  port- 
vent,  and  thence  dillrihuted  into  the  pipes  phured  over 
« the  hole*  of  ill  uppcv  part.  This  wind  enter*  them  by 
valvesi  which  open  by  preflinff  upon  the  ftop^  or  kevB, 
ailer  drawing  the  rcgifters,  wnich  prevent  the  air  from 
going  into  aaj  of  tbe  other  pipe*  befide  thofe  it  ia  re- 
quired in. 

SouHD-ifo^/ZdeRotcs  -.'.tl  .1  tli'ii  I  r  lal  bourd  pWed 
over  tbe  head  of  a  public  ijj;:u,lvi.r,  la  tularge  and  ex- 
tend  or  ftrengthcn  his  voice. 

Sound-board%  in  theaties,  are  found  bjf  experience 
to  be  of  BO  fcrriee  i  their  diftmoe  fteok  lb«  fpcuker 


being  too  great,  to  he  iaipreffci}  tvitb  fufllc'tnt  force. 
Bnt  Kountl-boatdi  innvtdiatcK  ovir  a  puipit  l^arc  ufteo 
a  good  clfotr,  ulcn  the  cule  ii.  ntadc  >;f  a  juil  tbtckldst' 
aud  iu:cord:iig  to  certain  piiiitiplt  s. 

SofNP-/'i5/.',  is  8  po'l  iiiijCtd  v.ith  iifi  ie  of  a  violin, 
&c,  as  a  prop  between  the  b«ck  and  tlic  b«ily  of  the  iu- 
Arument,  and  ncariy  under  the  bri4gc* 

-SOUNDING,  in  Navigation,  the  aft  of  trying  the 
d' ;  th  of  the  water,  and  the  qoatity  of  ibebotton.,  by 
a  lii'.e  and  phimincc,  or  oti  cr  a:tit".cr. 

At  L-.',  ihj'tirctW"  p!;.rr.ni.ts  ufid  for  tlil^  piiquj'e, 
b  j'.U  fhspcd  like  the  fruit. :in  of  a  co;  e  or  pyniiniJ. 
Di  e  of  tliLic  is  c.illcd  the  iiaild-le.id,  wtt,;hiiig  about 
8  or  plh ;  and  ilu'  <.iht:r  the  deep  fta  le.id,  weighing 
from  25  to  i,c\h.  'i'lit  fiinrirli  u.'ed  in  fhallow  waters* 
ami  the  1  liter  ft  n  '^tl  '.  ci.^  11  ce  frorn  tlie  fhoro.  The 
line  of  tbe  hani^-le.id,  i?  about  3J  Jathonis  in  lengthy 
anil  marked  at  every  2  <  r  ;  fatboma,  in  this  manner, 
vi/,  at  2  and  1,  f.it!u';-is  from  iheUnd  thete  are  marks 
of  bhi-|;  l.;.th'  r  ;  at  ?  fathoms  a  wiitte  raj;,  at  7  a  ltd 
r-iz,  at  to  a:\<\  at  tj  black  leather,  at  I5  a  white  ragi 
a::d  at  1 "  a  red  (inc. 

SonnJ;n^'  wiili  ll;c  haad-!c3u,  ulilch  the  f"aine-i  call 
lii-aving  thcleud,  is  Bencr.dly  ]n.if«>rnKd  by  a  mm  w!ia 
Hands  in  the  niain^ain^  to  winr'ward.  Having  the 
lie  all  ready  to  ron  out,  wttkoitt  interniption,  he  holda 
it  IK  arly  at  the  diAance  of  a  falliom  from  the  plummet* 
and  having  fwung  the  latter  backwards  and  fiiiwaida 
three  or  four  iime«,  in  order  to  acquire  f  he  greater  ve- 
loiity,  he  fwinj^^s  it  round  hi<  head,  and  tlicnc"  ;is  far 
fotv/ard  as  is  nLcvI'".iry  ;  fo  that,  by  the  leid's  I'lpking 
vvhilll  the  (hip  advatit-es,  ihc  line  inay  be  a!nu>!l  pjvpcn- 
tiici.il.ir  when  it  rtJiLlie>  t!ic  l;oltoTii.  The  potion  Amnd- 
then  priKlai::-)*  the  tl^ptl)  of  thj  vvati  i  in  a  L:rid  of 
foDg  rtU  ii.Ming  ihtcriis  of  hju  Jeers  in  a  city  {  thus,  iF 
the  mark  of  s  he  clofe  to  the  fuifaceof  the  water,  he 
calls,  '  {)y  t!ic  mark  and  a.<  there  is  HO  otark  at  4, 
6,  &0,  he  cllimaten  thofe  luinibexs,  and  calls,  •  bv 
thedlpfuur,  &c.'  irhejudgesittobeaquait(r<  ra  half 
more  than  a-.y  particular  number,  he  caTI),  *  andd(|Li;rier 
5,'  '  and  a  half 4'  kc.  ffheconceiK-i  the  depth  to  be 
tlirce  qti;:rti'r«  more  than  a  particular  r4UislHT,  he  calls 
it  a  qu  irter  lefs  than  the  nevt :  tlus,  at  4fathom  ||  he 
calls,  *  a  quarter  Icfs       and  fo  on. 

The  dcep-fea-lead  line  is  marked  with  2  knots  at  20 
£itham,  3  at  30,  4  at  4c,  £cc  to  the  end.  It  is  alfa 
marked  with  a  rin);1e  knot  at  thcir^iddle  of  each  interval* 

a«  at  tit  35»  4$  fathoou^  &C.  To  ufe  this  lead  more 
tfkBaoBif  at  fea,  or  in  deep  water  ofi  the  (ea-co«ll,  h 

is  ufual  previoufly  to  bring-to  the  fhip,  in  order  to  re- 
tard her  courfe  :  the  lead  is  then  thrown  na  far  a&  pofllbic 
from  the  fliji  on  li.ie  of  her  Ii  i;,  f.i  that,  as  it  finks, 
the  (hip  drives  more  ptrpcndiciiiaily  over  it.  The  pilot 
feeling  the  lead  (Irikc  the  bottom,  rcadilv  difcoversthe 
^lepthof  the  water  by  the  mark  on  the  line  ncjreil  its 
iurface.  The  bottom  of  the  lead,  which  is  a  little 
boUotvcd  th  rc  f'f  tbe  pHrpofe,  being  alfo  well  rubbed 
owrtridi  1. 1  ou,  reUinathedilUnguilbing  mirks  of  the 
bottom*  as  ibcUs,  OOM*  gravel,  &cs  which  natuiaUy 
adhere  to  it. 

Till'  (kpth  of  the  water,  and  the  nain.-o  of  the  grounj, 
which  arc  called  the  Souudiogs,  are  carefully  m.irl.cd 

in  the  log>haokt  as  wdl  to  deieniuae  the  duftance  of 

the 
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tbe  place  from  the  ft-.orc,  as  to  corref^  the  obrcrrattou* 
of  lormcr  pikxs.    Falc<  >tit  r. 

For  «  maclunc  tomcafure  unfaihomable  depths  of  the 
fe«i  fee  AltitvpEi 

SovnoMotiefiimf,  at  k»,  U  done  hy  letting  M 
>ith  fiime  weight  at  the  cwif  domi  into 


S  P  E- 

See  the  writings  of  the  late 


fpeak,  is  a  mere  chimera, 
biihop  Berkley. 

Space  aod  timCf  sccorih'ng  to  Dr.  Clarke,  nrc  .nttii- 
biite<  of  theDeityt  and  the  imptjITibih'ty  of  annihilatJiic; 
, .  ,  .      _         tbcfe»  even  in  tdea*  ia  the  fame  wiik  that  of  the  occe^ 

a  finall  ISnci  with  fiime  weight  at  the  cwi,'d<iini  into    Arr  ckiftencc  of  the  Dcitjr. 

the  pump,  to  know  what  depth  of  water  there  ia  m  it.        BtACt,  in  Oeomctrjr,  dcontea  the  am  of  my  Egwe; 
SOUTH,  one  of  the  mar  cardinal  pointi  of  tlie    or  that  which  filla  the  iuternal  or  diflance  betu'een  the 


wind*  or  compnf^  being  that  which  is  dtrcSljf  o^ofiM 
to  the  ikortti. 

South  D  rr.T  Di  li.    ScepRiMt  Ffrlicth. 


thoft 


e  in  the 
of 


drih-Tcnce 
'  in  railing  to  the  fouthward. 
room,  place,  diilance,  capacity, 


SOUTHERN  . ///-nj/^i^rr, 
fotith  lidc  of  llif  equator. 

SOUTHING,  in  Navigavioii,  the 
latili:Je  made!  V  a  fiii 

SPACE,  dciKto 
cxtcnfion,  duration,  5(c 

When  Space  is  confiilered  baiely  In  ler^th  between 
anv  two  bodies,  it  gives  the  fame  idea  as  that  of  dirtance. 
When  It  is  corifiJcred  in  length,  breadth,  and  thick- 
nefs,  it  is  properly  called  capacity.  And  when  coii- 
ficlered  between  the  extremitiea  of  matter,  which  fiUj 
the  capacity  of  Span  with  Ibmething  (olid,  tangible, 
and  moveaUei  tt  isthcncrikd  cxtcnilon. 

So  that  ezteufion  tt  an  idea  bchMi^ina;  to  body  only; 
but  iSjjacc  may  be  conllderi.d  vvith<jut  it.  Thcrcfoie 
Space,  in  the  general  ligiiifitalicn,  is  the  fame  thing 

witli  diiijficc  coniidcred  eicTf  way*  whether  there  be 

any  inaltc-r  in  it  or  not. 

y^/ace  isnfiially  divided  into  nhfoluu  and  r("'.;  /; ', 
AL'';tulc  SpAtt  is  that  which  is  cunric!cri.d  in  ita  own 

n.lture,  withont  repaid  to  any  lliiuj^  external,  which 

always  remains  the  lime,  and  is  inl'itiitc  and  ixtimovic- 

Bblo. 

A'.Ai/.'f/ .Si* ACE  is  th.nt  moveable  dimennon,  or  mea- 
furc  ot  the  former,  which  onr  frnfes  dt-lire  by  its  pofi- 
tioBs  to  bodies  wilbia  itj  and  thi«  the  vulgar  ufc  for 
unmoTcable  Space. 

Relative  Spaoc,  in  misnitnde  and  fignrt^  is  alvaT* 
the  faow  with  abfolnte  i  but  it  ia  not  aeceflkrv  tt  AouM 
be  fo  Buawricallr.  Thua,  when  a  Aip  \n  perfedly  at 
reft,  then  the  place*  of  all  things  within  ner  are  the 
famj  Ijijt  ;i  i'.M'/luicIy  and  rt  l.iti'.  l!',  ,  -nii  l  \v  •'  1: 'i',;  ^  ;  s 
ilii  phitt  :  but,  on  the  ctnitia.'),  n  livti  li.t  ll.  p  ii  ui.Jc:' 
fail,  or  in  motion,  flic  contintially  paiTes  through  new 
parts  of  abfuhitc  Si  ?cc  ;  though  i.ll  tliiisjrs  on  board, 
confidered  rrlatlvrly,  in  niptet  to  the  (hip,  may  yet 
be  in  the  fame  p!::tts,  or  have  the  fame  fituatscn  and 
polltiiin,  iu  regard  to  one  a:iol!ii  r. 

The  Carr.lians,  who  make  extenfion  •?  '  i 
matter,  alfcn,  thnt  tlic  Space  a.ny  bot'y  tjl. 
the  fame  thing  with  the  b  ody  ittclfs  aud  that  there  t» 
no  lucbthin;:,'  ia  I'lc  un'veriV  na  mere  Space,  roid  of 
-all  matter ;  tlms  making  £>pecc  or extcnfion  a  fubRancc. 
See  this  difpruved  under  Vacvvm. 

Among  thole  top  who  admit  a  racniun,  and  con- 
feqticiitly  an  cfleotial  diRcrcncc  between  Space  and 
inatter,.  there  arc  fome  vlio  afTert  tli.it  S;.ace  i.i  a  fub- 
.  rtancr.    Among  t'.icfe  we  tiud  Gravi  lan<le,  Introd.  ad 
.  J'bih-f.  fed.  ly 

OtI'.eis  iijj.iiti 

8S  time  and  number  ;  thuj  making  it  to  be  no  'mlc 
than  a  notion  of  the  minU>  So  that  acct  riJiiig  ta  ihefe 
aatbon,  abfolute  Spocet  of  which  tbe  14ewtontana 


ncc  of 
up,  is 


put  Space  ii^tn  the  f;i:r.e         of  bcinjyt 


lines  that  terminate  or  bound  it.  Tluis, 

The  Parabolic  Space  is  that  includei!  in  the  whole 
parabola.  The  conchoidal  Space,  or  the  ciiTjiiial 
Space,  is  what  is  included  within  the  cavity  uf  tl^e  con- 
choid or  ciiTin'.  And  the  afymptolic  Space,  is  wii.it 
is  included  t  tisvLcii  an  hyperbolic  curve  aud  its  afymp- 
tote.  By  ilic  iiL  v,  cnethods  now  introduced,  of  apply- 
ing algebra  to  geometr)-,  it  is  demonltrated  that  the 
conchoidal  and  cid'oidal  Spaces,  though  infinitely  ex- 
tended in  length,  arc  yet  only  huice  magiiit "di-s  or 
Spaces. 

Spaci,  in  Mechanics^  is  tbcliu a tnovcablc  bodji 
conhdeted  St  a  point,  t*  onacalvad  to  defcribe  by  us 
motioB. 

SPANDREL,  with  BniMcra, 
is  the  fpaee  iadnded  between  i 
curve  of  an  arch  and  the  Aia^bt 
or  right  lines  which  incloic 
as  the  fpace  a,  or  I. 

SPl.AK.INi;    Tn.np  l.     S.v  "VijJr'nj  TmjMPtT. 

SPi.Cii^i.,  ill  Ali;tli:i,  .  rc  the  telteis,  fymboli, 
inarkfi,  or  <.i>a!a(:U;s  wl.iwi  rCprcfcBt  ihc  qiUint&iica 
in  any  operation  or  equation. 

This  lliort  and  advantageous  way  of  notation  was 


e  it;    It.  ,1,1 


chiefly  introduced  by  Vieta,  about  the 
and  by  means  of  which  be  made  i 
algcbi.i,  not  before  taken  notice  of. 


diKorencB  la 


The  rcafon-wby  V'icta  gave  this  name  of  Species  tl> 
the  letters  of  the  alphabet  ufed  in  atgcbm,  andbenqp 
called  Arithmetica  Speciofa,  fcems  to  have  been  ia 
imitation  of  the  Civiliana,  who  call  cafet  in  hnr  that 
ate  put  abflradedlvt  between  John  a  Nokci  and  Tom 
a  Stiki,  between  A  attd  B  ;  fuppofing  thole  letters  to 
(!and  for  any  pcrfons  tridefinitely.    Such  enffs  they  enll 
hycc'w-.:  \v!-c;iLf,  iis  the  lettem  of  t'lf  .iI:i!i:'!j:  t  \:.\\ 
I.ll',  a!  well  rLprcfijut  quantities  as  ptiUji.-,  a;id  tlul 
aifo  iiidefiiiitely,  oi  c  immi,!  ity  .is  wdl  asflnurhL-r,  ihty 
nie  properly  cnoir/!,  lalljvl  Species;  that  jjciienil 
fyinbols,  maiks,  <,i   chji-aittrs.     From  v.li.:ui.-  the 
literal  aljyebra  bath  hnee  been  often  called  iSpecious 
/lr:th;)Ktic,  or  Alj^cbra  in  Species. 

S!>>  cirs,  in  Optica,  tlie  image  psiotcd  on  the  rttiua 
by  the-  ravii  of  light  refledied  front  the  feveral  points  uf 
the  fkirface  of  an  objed,  received  in  by  the  pupil,  and 
Collected  in  their  paf  nge  through  the  cryllaJJint,  4c. 

Philolirahcrs  have  liecn  in  j^ieat  doubt,  whether  the 
.Speeieaot  objcds,  which  give  the  foul  an  occafion  of 
fceiiig,  ore  an  cfFnfioo  of  the  fubftance  of  tlie  body ; 
or  a  mere  imprrlGon  which  they  make  on  all  ambient 
bodie?,  and  wlilch  thefe  all  reftcft,  when  in  a  projKr 
cHlpofititm  Bttd  diftancr  ;  or  laflly,  whether  tlicy  arc  uot 
fi>nx  fitbrr  more  fuSiile  biKly,  as  lir  !.*,  which  rcctivcJ 
f\\  tbefe  impriflions  from  bodies,  uiiii  is  continually 
fti>t  ant'  11  Mnil  >g  from  one  to  anotiie.-,  with  the  dil'- 
ferent  imprcllioni  and  fibres  it  bat  taken.  But  the 
moriernt  M«C  dvldad  thupOlHt  hy.jljicir  invention  of 
3  P  a  artiticial 
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trtificlal  eytt,  towhicTi  the  Specio  of  objcfii  arc  re- 
«cittd  on  i  paper,  in  the  fiunc  ouMr  M  ibey  IR  n> 

•ti7t-(i  in  ibc  iiului^tevc. 

SPECIFIC,  io  Philufophy,  ili.t  vl.ich  i«  proper 
and  peculiar  to  any  tiling  ;  or  that  oharac^enfp*  it,  and 
ditttnguin>e>  it  fruin  I'tcry  other  tlrii^.  Thut,  the  at- 
trafling  »f  iron  i»  Spet  ii-c  toilic  loaJltuiie,  or  is  a  Spe- 
cific pioprrty  of  it. 

A  juli  definition  Aiould  contnin  the  Specific  sottoa 
ef  the  tfaiBf[  defined,  or  that  which  ^^ccifin  and  dif* 
tingttilhes  it  from  every  thing  dfe. 

orECiFic  Grai'iij,  in  Hydroftatia,  it  the  reUtive 
proportion  of  the  w<  ight  of  bodiw  of  the  fiuttc  bulk* 
See  Specific  Gravity. 

Spec  I  lie  Gravily  o/l-fin^  m*jf.  Mr.  John  Robcrt- 
fon,  late  librarian  to  the  Koyal  Society,  in  order  10 
ilctrtmine  the  Sprcific  gravity  of  men,  prepared  a  ciilera 
'8  inches  long,  30  incliei  wide,  3c  inihei  d(.ep  ;  and 
baring  procured  10  men  fur  hit  purpofc,  the  height  of 
each  wus  taken  and  his  weight  ;  aad  attrrwaroi  (hey 
plunged  fucceflirely  into  the  ciilera.  A  nder  i  r  frale, 
graduated  to  i»chc»  aad  decimal  pam,  wa*  6xcd<to 
mat  end  of  the  dAcni*  and  the  height  of  the  water 
ftowB  hf  It  wM  noted  befe«  each  mas  went  is*  and 
to  wtwtDe^t  it  nSe  when  he  imncrCid  hiadctf  under 
its  furface.  The  fulluv\  iig  taUe  Contain  the  feteral 
icrulti  of  hit  experimeiils  : 


No. 

Height. 

Wcisht. 

Wattr 

Stiliility. 

\Vt.  of 

Specific 

of 

m  -  a. 

Ft.  In. 

11>S. 

i  Lf, 

(W.U.  ■) 

I 

6  s 

161 

t  •vjO 

2-57J 

Ifto--. 

r;iOl 

2 

5 

•47 

1  91 

i6i-6 

o-yo  1 

3 

5  9'i 

156 

1 85 

4 

5  <'i 

140 

2*04 

1-2-6 

0-Soi 

5 

5  Si 

158 

2 -08 

-817 

i;6-o 

C  '  900 

6 

5  Si 

153 

2-J7 

0-S.J9 

7 

5  4i 

140 

2-722 

r70-i 

0  823 

B 

$  4! 

12  1 

1-79 

!  4.24 

i?i<i 

c  -800 

9 

5  ..i 

146 

i'73 

2*343 

146-4 

10 

5  3: 

i-ej 

2-5CJ 

1  $6-6 

0-843 

ur  III. 

5  ('\ 

146 

'•93.3 

2 -6  IB 

165-6 

0  81/ 1 

One  of  tJie  reafont,  Mr.  Robertfon  fay»,  that  Tnj.jced 
tSat  to  make  tlicTe  experinatnto,  wa»  a  dt-Crc  of  knowing 
what  Goantity  of  tioibcr  wouki  be  fnfficieat  to  keep  u 
ann  afloat  in  wafer*  thinking  that  owft  ancn  wtn  fpe- 
cificitlly  licavier  than  rlw  or  common  frcfh  water  ;  hut 
the  contrary  appear*  from  the  trials  above  recited;  for, 
ejr  tilc  firll,  everv  n  .in  u.is  1  liter  lliau  an  equal 
buik  oi  iicfli  water,  anj -aiULi.  ii.uic  («  th.in  that  of  fca- 
watcr.  So  that,  if  perfons  who  fall  into  water  had 
prcftnce  of  tnind  enough  to  avoid  the  frifhi  ufi:al  on 
liich  occafions,  many  might  be  prciir.. d  iri>m  diowa- 
ing  J  and  a  piece  of  wood  not  larger  than  an  oar,  would 
bttuy  a  man  partly  aboTc  water  at  k>ng  as  he  luvl  flreogtli 
«r  ^rita  to  keep  iiia  holiL  f  liiiui.  Tranf.  vol.  $0^ 

From  (he  lift  lire  of  the  table  appears  the  mcJIum  of 
all  the  circamtlaiKc*  ofbcigUt,  weight,  2(C}  poriicu- 


hrly  the  mean  Specific  Gravity,  0*8911  which  I4  .iLout 

^  Icfs  than  crmin  n  vvatcr. 

SPECTACLLS,  an  optical  iMchine,  confiAiog  of 
two  Iciifi  s  fct  in  a  frame,  and  .tpplied  on  tl)e  sofc*  ta 
allilk  in  dirfecls  of  tlic  organ  ol  fight. 

Old  pooj^e,  nud  all  piclhytx,  ufc  Spcft.iclt!  of  ton* 
vex  iciifc»,  to  make  amend*  for  (he  fi>itnel3  of  the  eye* 
\^ hich  doe*  not  make  the  rayaconecrgc  eJiough  to  haws 
them  meet  in  the  ictina. 

Short-tij^hted  people,  or  myo^t«  tife  concare  Icnlca, 
to  I  revent  the  ny t  fratu  owfcrgmg  lb  faS,  on  ai-eounc 
of  the  greater  rewidiiefe  of  the  tytt  or  fmalbicfi  of  the 
fpUvrc,  which  h  fi!ch  aa  to  make  t}icm  meet  before 
they  reach  the  reii:;a. 

t.  Ch'.riib  II,  a  t  i(  jchln,  dtfcilhcs  a  kind  of  iipcc- 
tatlo  tcJiUu^..,  fur  iitwing  ri-trioU- ol  "I'lili  wi-.li  !i,»tli 
eyes;  and  hence  cal'iJ  I'inr.iu!:.  Tlujiigh  I".  Rr.^ita 
had  mentioned  lite  fame  ttfore  him,  in  his  Oci  lu* 
Enoch  et  Eli*.  Ste  Bi.nocle.  The  fame  autl  or 
invented  a  kind  of  Spectacle*,  with  three  or  four  ghiilif, 
vhich  performed  very  well. 

The  invention  of  iSpcdacict  hat  been  miKb  difpnted. 
They  were  certainly  not  known  t«  the  ancienta.  Fran* 
eifco  Redi,  in  a  learned  tnatilieoA  l^hedadett  cooteoda 
that  they  were  iirft  invented  betweeti  th«  r<«rii  nfto 
and  1311.  probably  abmic  U  r  :  1  u  A",  -  - 

anderde  Spin3,  a  m<..\\)^  of  jl.e  u-iJ^s  ti  rri-uie-i..;.,  i^f 
St.  Catharine,  at  Plfn,  fuft  commimic-aled  the  feciet, 
whieh  was  cf  hi;  own  invention,  lip'.n  lenriiing  that 
another  pcrion  bid  it  at  well  £s  hiaiftlf. 

'I  lie  aiicltor  lellg  ui,  that  in  an  oid  mani/ciipt  fiiil 
preferved  in  hl»  librmrv,  oonpofed  in  1299,  Spcclaclea 
are  mentioned  a*  a  thin;^  invented  abt-ut  tliut  time: 
and  that  a  celebrated  Jainbin,  one  joiiritun  de  Rivalto* 
in  a  trcatife  compofcd  in  i}05i  bya  latprcftly,  that  it 
wat  not  yet  20  year*  lince  the  Inventmn  of  SprAaclca. 
Helikewifc  quoteaBemard  Gordon  in  hit  Lihum  iMe> 
dicinx,  written  the  fame  year,  where  he  fpeaks  of  a 
coUyi  ii:in,  good  to  enable  an  old  man  to  read  without 

Spcc\aclil. 

MufTehrnbroek  obfirve?,  (IiittrM'.  x-ol.  2,  pa.  786) 
that  it  is  infcribe'd  on  the  tiMltb  of  i^alvinus  Armaliu,  a 
oublcmin  of  Florence,  whodicdin  ijiy,  that  hc  wa» 
the  inventor  of  SjHClaclc.i. 

Du  Can^^e,  however,  carriev  ([,■■;  ;t;-.cntio[i  of  Spec, 
tacka  farther  haek  ;  alTuriiij.- 11s  tint  there  i^i  a  Greek 

Soemiu  Huiuufcript  in  tlic  French  kinij'*  library,  which 
lewa  that  Spetiaeles  were  in  dc  in  the  year  ii^o.^ 
however  the  diAionary  of  the  Andrny  Delia  Crufca,. 
under  the  word  otcbiak,  inclines  to  Redi'»  fide  }  and 
quote:}  a  pallage  from  Jouiilon's  (oTnons,  which  fays 
.  i.n  1<  :■  1  <i  II  it  been  m  vc:i;ii  in  life;  and  Sal- 
vail  has  obksieti  that  thofe  icrinuns  were  compofed 
between  theye.irs         .ind  i  ^56. 

It  is  prob:iblc  that  t!ie  firlt  uintof  the  coaflrudion 
and  life  of  Sptftacles,  was  derired  from  the  writings 
cillici  of  AUiazen,  who  bved  in  the  12th  antary,  or 
of  our  own  eountryniBB  Rogier  Etacon,  who  waa  bom 
ui  ul^t  and  died  in  or  1294.   The  ^i  lbwing 

remarkable  P>fl>ge  occora  la  Bae<m*«  Opua  Mii'u*  by 
Jebbk  p*9{<<  « mo  homo  idpiciat  litc-raaet  aiiatTen 
tninntsi  per  medtum  cryftalli,  rtl  vini,  vcl  atterfut 

j  ttlp:i,iii  fuppoCli  litcii;!,  CI   ;,t  J T  J  r.  in. .;  l|(herT, 

cujus  convcikUt  £t  vcrfuA  uculum  ct  uculu^  m  la  acre. 
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Et  idcu  iiuc  inllrumentuna  utili  fciiib'.ii  ct  habLr;  ita* 
(xiiio»  dcbiltk :  nam  liietdiu  ^\iaouimcunque  pai  v^m 


it  •litre  in  fufftcicnti  nu^r'iitiidinc. 


cncc,  mid 


iioiu  oliicr  |)fi(lli;jr«  in  liis  writtnj;!!,  rriac}i  to  the  i«imc 
p'.!i(>iiff,  Mai;.  uLuy,  riiitt,  nnJ  ol!:rrs,  hare  attributed 
to  him  ibe  iliveuiiun  of  n:adtn^;-(;1afris.  Dr.  Smith 
indeed*  obfcrvrng  that  there  arc  tome  rr.inakrs  in  his 
reafonin^  on  thii  fubjed,  hai  difpuicd  fan  claim.  Sc« 
^3ol,ntux'»  Dioptr.  p.  256.  Smitli't  puticts  Rem. 
86— 8a. 

Sl*£CtrLATlV£  Ghmetrf,  MabnutUi,  Mufic^ 


.1... 


Src  the  SuHtTAMTirss. 


SPECULUM,  or  Aiiirar,  in  Otiticf,  any  pottfted 
b.^:.,  ;!ii;'Ctvi(«ii» tot?.c       -     hV!it  :  fuJi      {  Ji-V J 
,  -11  j  I'liiFcs  !iiicj  wilii  qiiicKlUvi-r,  ur  iiiiy  gllicr 
i;Mkc  mittcr,  pup'il.iily  callcii  I<ookii:^^-glaflc< )  or 
even  the  furfiice  ci  n--.tt  ufy  or  oT  wntcr,  &c. 

Kor  the  fcvtral  kimU  an  J  foitniof  Specula,  plane, 
coTicavet  and  coavcx.  with  their  theory  and  phenonicnar 
fr  Mttiox.  And  for  tht-ir  l3w<  and  cffcQi»  fee 
KftrLfcCTJON  and  BuiniMO-Ci^. 

for  ttic  SiiecuU  of  reflcAin^  tclcTcopei,  it  tnty 
heic  U  obfafcd,  that  the  pcrfc&ion  of  tfie  metal  4tf 
which  (hej  ftiotild  be  nude,  confiftt  fn  !ta  hardncfs, 
wliitciiti  ,  and  tompaciiicfi  J  fur  upon  thcfc  piopertiei 
the  refliciivc  powers  and  durability  uf  the  SjKcula  de- 
pend. 'l"b<.ie  are  various  compolitions  recommended 
lur  tlufr  H;)t.L;;i!a,  in  Sinitli's  Optics,  book  3,  ch.  2, 
fctt.  787  ;  alio  by  Mr.  Mudgc  in  the  Pliil<jf.  Tranf. 
Vul.  67;  and  in  variety  other  pin  e-,  ai  by  Mr.  Ed- 
vardf,  iiiilie  Naut.  Ainu  (or  i;"^",  ■.^  'lofe  metal  is  the 
whitell  and  heft  of  any  that  I  ha»c  Iccn.— For  the  me- 
thod of  j,T-indinp,  lee  Grisdisg. 

Mr.  Hcame'a  method  of  deaotag  « tamifhrd  u- 
Itim  was  th!i:  Get  a  little  «f  the  ftrongell  iu.i;>  ky 
from  the  fsap-inakeTf,  and  having  laid  the  Speculum 
«(u  a  table  with  Iti  face  upwarda,  put  on  as  aiue?i  of 
ibc  k%  ..1  i;  r.iid  let  it  rcrtir.iii  jbLdit  lii  !iour  : 

then  nib  «l  itiily  v.  illi  a  jilk  or  muiluj,  !  II  tliu  Ii:;,  is  all 
^nnc  ;  then  put  on  fomc  fpirit  of  wine,  ai  d  rub  it  dry 
vidi  another  pait  of  the  fdk  or  mullin.  IfiUt  i>p*tu- 
luin  w.ll  not  ptrfotm  well  aftir  il  li,  ii  ii.ull  be  new 
priliilttd.  A  lew  faint  (puts  of  tartilfli  may  be  rubbed  . 
mJ  u  ich  fbirit  of  wine  only,  without  tbeley.  SaiA'a 
Opticat  Rvm.p.  017. 

SPHERE.  ID  Ucomctrf,  «  SeiHA  body  contained 
under  one  finvie  uaiforro  fur6ice,  every  ^iot  of  which 
it  equally  diUant  from  «  certain  point  in  the  middle 

called  it$  cet -  r  . 

The  Sphtrt  iii^xy  be  fiippofcd 
to  be  gctaratcd  by  tbi  il  .oI  j- 
tiontifn  I'tniicircle  ABU  about 
itsdi  m;rter  AB,  which  i«  alfo 
called  the  ttxh  of  the  Sphere^ 
and  the  cxttcine  points  of  the 
axis»  A  and  B,  tbc/a/r/  of  the 
Sphere  i  aUb  tlie  nuddlc  of  the 
.iiitCiitlMMi^,  and  half  the  axiii  AC,  tber«fi«r. 

Jhtfir^  tflht  Br  Hta>,  are  aa  foOow. 

1.  A  Sphere  may  be  cf^tiiidtrcJ  as  made  up  of  s^i 
iahoue  number  of  fyT<unid9«  wbofe  common  altitude 


ia  cqiitl  (0  the  ndfoi  of  the  Sphere,  and  all  their  bafet 

form  the  furfiice  of  the  Spbtrt.  And  thtrtfore  the 
folid  content  of  tiie  Sphere  i»  equal  to  tiiat  of  a  PV'I- 
tnid  whi)f(:  iltituJc  i»  the  r,;dlt:s,  and  its  bar<-  is  equal 
to  the  turface  ot  the  Sphere,  that  is,  the  (obd  con-> 
lent  IB  equal  to  }  of  ihe  pmdiiA  «f  ita  ladiiii  lod 
furfa-e. 

: .  A  Sphere  it  equal  to  \  of  ict  circumfcribing  Cy<- 
liodcr,  or  of  the  cylinder  of  the  iamehcichtaad  dwme- 
CcTt  md  thenfiMe  equal  to  the  cube  of  the  diameter 
midtiplied  by  '^t^t  «r  }  of  78541  0*  «qnt  t»  dou- 
ble «  oooe  of  thie  kmc  bafe  and  height.  Hence  aUb  dif- 
fcrent  Sphcm  aicto  one  another  as  the  cubes  of  their 
diaiBeten.  And  their  furface*  a>  the  fquarcs  of  the 
fame  diametcri. 

3.  The  furface  or  liir'  1  i".  &f.tny  SplKriT,  is  e^ual 
to  4  times  tVie  ana  t  t  \:=  }  \  i'.  circle,  ur  of  ft  cirdc  of 
the  fame  dtaraeter  as  the  6piicre.  Or 

4.  The  furface  of  the  whole  .Sphere  i»  eqoal  to  the 
area  of  a  circle  whofe  radius  eqiiai  to  tbe  diameter  of 
the  Sphere.  And,  in  like  manaery  the  curve  furftce 
of  any  fegtiietit  EDF,  whctlicr  greater  orle£i  Umw  ft 
hemifphere,  i«  equal  to  a  circle  whole  radiBB  ia  the 
chord  liae  !)£,  diawn^fton  the  vertex  D  of  the  leg- 
ment  to  the  cimmfcraicc  of  its  hi^,  or  the  chord  of 
half  its  arc. 

c.  The  curve  furface  of  any  feg^cnt  or  zone  uf  a 

Sptu-rc,  ;t-  -.(a 
the  J.i;rie 

diameter  ii  c  6j  mc.    Aifii  the  furface  of  the 

whole  Sphere,  or  of  ao  hrri'.iiphere,  it  equal  to  the 
cune  furface  of  its  circutnfcr.biiijj  cylinder.  Ai)d  the 
curve  furfaccs  of  their  coriefpondiug  parts  areequa^ 
that  arc  contained  between  any  two  places  parallel  t» 
the  bafe.  And  con(vqucntly_  the  furface  of  asy  lev« 
mcnt  or  lonc  of  •  Sj»faiere»  ia  at  Ita  height  or  a)u« 
tude. 

Moft  of  ihefe  propertiea  are  contained  !a  Archimedcs*a 

trcutife  on  the  Sphere  and  C)liiidrr.  Aud  ina:. ,  >  tl  .r 
rules  for  the  iurlaccs  and  ii.lidit.cs  of  Spliercs,  tlicir 

fL^mLrits,    /out. s,   lri:Hiir:iS,  &c,  mnv  be  (eeo 


tiir  cLvc  lurldLzc  of  a  cylinder  of 
il...t  jKr'.K  iij  and  of  the  fame 

ii-tC. 


piirt 


l'  .:t.  I,  prob.  10,  &C. 


IB  my 


Meniurdticn , 

Heucc,  it  ,.*'  dLD  jtc  tii<-  d;  TTif.cr  i»r  axis  of  a  Sphere, 
/  its  curse  lurtace,  c  iu  iolid  cuutcnt,  and  a  =  /^J4 
ilie  arcii  of  a  circle  wbofe  diam,  is  1  ;  then  we  fhaU^ 
linum  ibc  foregoing  propcrtio^  have  thefe  (bUowiBg 
genctal  valaea  «r  equations 

a 


t        4a    ^  a« 


3' 


Ddfirhu  of  the  SpHtxL.    Sec  SniEKicr. 

Prtt'ftSim  of  thi  .Sphlke.    See  Pkmj  f  ltioh, 

SpHhii  of  ^1d:vity,  otaiiy  body,  1^  ibut  dt-tcnninalc 
{pace  or  cktcni  ail  ;iruurd  it,  tu  w  b;ch,  and  no  farther^ 
the  effluvia  or  the  viaiie  oi  ttut  body  reaches,  and  ia 
which  it  operates  acoording  to  the  nature  of  the  body. 
See  AcTiTiTY. 

SfBtftS,  in  Afironomy,  that 

wJtii^  iavdla  our  g^be,  ami  in  vhidt  the  hc^ 
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Tfniy  boJief,  tlteftlll,  IMWt  dwi,  planet*,  anJ  comfts 
uproar  u,  Itc  fixed  at  tn  equal  dittaoce  from  O'c  cy^-. 
'I  f, ,  1^  ilfo  c.J!«a  the  Spl.'  i  c  of  th«  KMWiU  j  and  it  >»  the 
l<jbjcct  of  fphcrical  iftro-.ioniy. 

Thi»  Sp!i«rc,  as  it  iiirtn<ici  thr  fixetl  lljirs.  from 
whence  it  is  fomtlimeii  cjltnl  lla-  A/Z/rf  ifiht  fx.H 
ftari,  is  immtnfely  ^'rtat.  .S  )  tnuch  lo,  that  tlie  di;imc- 
ttr  of  the  cartli'»  orhit  i«  »3lt!y  iniiiU  in  rtlpcCl  i)f  it  ; 
and  coiiiVciiieiitly  the  tciUrc  of  tin  S(ihcrci4  not  fcnfiLly 
changed  hy  any  ;iUi;Mtii>ii  ofll--  liKdljtor't  place  iii  the 
fc»eriil  pJit*  of  the  oiliit  :  lul  iUll  in  mU  p<  liits  i;l  tlie 
Mttb't  flttface,  ami  at  all  times,  lla-  inhabitants  have 
the  feme  appcanncc  of  the  Sphere  i  that  is,  the  fix..  J 
fliW*  feem  to  poffeft  the  fatiK  p  . inn  in  the  furtacc  i.f 
the  Sphere.  For,  oir  wiy  ot  ju-^girg  of  the  places 
of  the  «ata,  i»  to  coMcire  right  line* 'drawn  from 
I  Ik-  eye,  or  from  live  centre  of  the  earth,  throuj^h  the 
unti  e. .  I  t  .ellais,  and  thence  cortiBued  tiU  they  cut 
the  iS^ili^ii  ;  anil  the  point*  where  thefe  Hum  fo  meet 
the  Sphere,  are  tlic  appstent  pliccs  of  thofe  ftars. 
'  The  l^ttii  to  <ktcrt!>lnc  the  pltr«  of  the  luavenly 
fiodies  in  the  Sphvu-,  lcs-er»l  ci-cKs  are  conctivrd  to 
Ik  drJiHT.  in  the  fiirdce  of  i^,  jvliich  arc  called  citclu 
of  the  Splirrc. 

SrMtaE,  ia  CeoprapUy,  &c,  denotes  a  certain  dii- 
pofition  of  the  circlet  on  the  furfcco  of  the  earth,  wiih 
tcg>nl  to  out  another,  which  *«riet  io  the  different 
pant  of  h. 

"I  hc  cia  les  originally  conotivctl  on  the  furfaceof  the 
Sphtu  of  the  woilJ,  arc:iI;r.oll  all  irMiferred ,  by  aM- 
lo;;),  to  the  forfaie  of  th.-  cavtli,  where  they  are  con- 
ccTvcd  lo  bo  draw  n  dirrilly  mikicrntath  thofc  of  the 
Sphere,  or  in  the  f;im<-  pi,fi;ions  wilh  ilieni ;  fo  that, 
if  thepbr-cs  of  th.  fe  of  ilic  earth  wire  rontinucd  to 
the  Sphere  of  the  U:ii  s  tiuy  would  coincide  with  the 
Kfpedive  circltt  on  it,  ,  Thus,  we  h:.vc  an  horizon, 
'itMTidian,  equHor,  &c,  on  ilsc  ea  ih.  And  as  the 
cquinofiial,  or  equator,  in  ibc  bcavtns,  divides  itie 
Sphere'  Into  two  equal  parts,  the  one  north  and  the  • 
«hcr  fottth,  fo  doea  ilw  equator  on  the  furface  of  the 
earth  divide  its  globe  in  the  Jane  macnur.  And  w  the 
mcridianc  in  the  heamn  pab  thw^i  the  poks  of  the 
equInofiisJ,  fo  do  thofe  on  the  earth,  &c.  With  rcgai  .1 
t'ncn  to  the  pofilion  uffomi;  of  tlicfe  circles  in  refiKi  i  <il 
o;hi,r=,  wt  hnve  a  tidily  an  obliptcy  and  a  jiaraHJ 
Sphere. 

A  Kigil  er  )Vr-ff  Si-'trtr,  (fifr.  4,  pkte  2(1), 
thatwhidlhv  M  c  [i 'v-  •  f  ili.  world  PS  in  its  hori/on, 
i»nd  tiiC  tqi;:.tf>r  I-Xj,  in  the  zenith  and  nadir.  Tl'.e 
jnhiihltpnt!,  of  this  Sphere  live  cxadly  at  the  eqnator 
of  the  earth,  or  under  the  line.  They  have  therefore 
nolalitudi-.  nor  no  elevation  of  the  pole.  They  c.nn 
fee  both  pole*  of  the  world}  U  the  liars  do  rife,  cui- 
ninatc,  and  fet  to  then ;  and  the  fun  always  rjfes  at 
rlgbt-anjiles  to  their  horiion,  making  their  daja  and 
-nichts  alw^y*  of  eqiisl  Im^h,  becattfe  the  hOriaon 
biiefts  'he  cirtlc  of  (hi.  diuinal  revolution. 

An  niHqni  SiitFKr,  ffijj.  plate  ifi).  is  that  in 
»h!ch  the  rrpmtnr  TQ^  !>*  alfn  the  axis  PS,  f  ut«  the 
bori/.on  Ht^  <ibliq«cl».  In  thin  Sphere,  oii<*  pole  P  i» 
ahove  the  hoil/on,  and  the  other  belt :^v  It  ;  .tci  J  there- 
fore tbe  itihabiiants  of  it  fee  alwoyt  titc  fuicncr  pole, 
but  oner  the  latter;  the  fnit  and  wm  ftc  all  rife  and 
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fct  obliquely  ;  and  the  day*  at<d  nights  arc  ala-ay«  rarj-- 
inir,  and  growing  alternately  longer  and  fhorter. 

A  Parallil  SrHEaE,  (fig.  6,  plate  26),  isihst  whirh 
haa  iHc  equator  in  or  parallel  to  the  hori/.  n,  .  j^  >  I 
at  an  ll»e  fun'a  paiallelt  of  declination.  iU  i.cc,  ti;e  pol.  s 
are  in  the  aemih  and  nadir ;  the  f-.-n  ;ind  ilar*  move 
aiwaya  quite  around  paralkl  to  the  hon/oi^,  the  in- 
hahitann,  if  any,  beitiff  j'lft  at  the  t«.,  poles,  havi.ig 
6  1:  o  ittn  continual  day,  and  6  roonthn  night,  in  each 
vear  ;  and  the  i;icatea  height  to  which  the  fun  nw« 
io  them,  it  23"       orcqu«l  to  hit  greattft  decUea< 

"""/imiiV.rrjr  or  y1ii:Jlclal  SrH::ii^,  w  an alrononical 
InllruinenT,  repicfaititiif  thefcveral  circlet  of  the  Sphere 

in  their  natural  order  ;  ferviu,;  i  .  ci.,-  an  idea  of  the 
odicc  and  pofifion  (.f  each  of  tijt.ii,  and  lo  refolve  va- 
rious problems  relatir.g  to  them. 

It  lA  thus  called,  as  confiftinfi;  of  .t  number  of  tiiigi 
of  biaff,  or  other  m.itter,  called  by  the  Latins  ttrntilU, 
from  their  icfcmbling  of  br.ieeWts  or  rings  for  the 
arm. 

Uy  (hit,  it  ii  diAiueuifiied  from  the  globe,  which, 
thouxh  it  hat  all  the  cirSet  of  the  Sphere  on  its  ftii  face ; 
yet  it  not  cut  into  armillr  or  ringa,  to  reprtfent  the 
circlet  fimply  and  aloDe ;  but  exluMtt  aUb  the  intcit' 
mediate  fpacts  between  the  ciidea.        _     •  , 

Armilbiy  .Spheret  are  of  diflcitnt  Itinda,  with 
card  to  the  pofiiion  of  the  earth  in  them  \  whcacethejr 
become  diillnguilhcd  into  I'toloinaic  and  CopemScaa 
Sj!.  lis:  in  the  fiirt  of  which,  the  earth  i«  in  the 
centre,  and  in  the  latter  near  the  circumference,  ac- 
cording to  the  pofitiom  whidi  that  fbnet  obtain*  ia 
thofe  fyllenis. 

7ht  PioLmiitc  .SpHttE,  it  that  cotnmonly  in  ufe, 
and  is  rcprefented  in  fig.  6,  plate  2,  voh  1,  with  the 
names  of  the  fewal  circlet,  lines,  &e  of  the  .Sp.ure 
infcribcd  upon  it.  In  the  midt^ir,  upon  the  axis  i>f  the 
Sphere,  it  a  ball  T,  reptt  l  i  t  n-  the  earth,  on  the  fur- 
face  of 'Which  are  the  cirdct  4sc  of  the  earth.  "ITje 
Sphere  h  made  to  refolre  about  ths  faid  axu,  which 
remains  at  reft  ;  by  whkb  mean*  the  fun's  diurnal  .-r.d 
aniuul  courfcs  about  the  earth  are  reprcfcntrd  aceordin^r 
to  the  Ptolomaic  hypothefis :  and  even  by  nransot 
this,  all  problems  relatin<j  to  the  phenomena  Of  the 
fun  auJe.T;l^  ar^o  i  is  up.jn  the  celeKal ^obe, 
andiifter  the  iam«.  nwnuu  ;  whic^  fee  defcrjbed  under 
Oi.i>Ei;.  . 

Cf-rni^iift  Spmim  ,  fip.  F'latc  2f-,  it  very  dillerent 
fiotn  the  i'toloinii'e,  liolh  in  its  cctnltitution  and  ufe  ; 
ar.d  is  more  iiitricjic  in  both.  Indeed  the  inftmmcm 
is  in  the  hands  of  fo  few  people,  and  its  ufe  fo  meon- 
fiderablt,  except  whut  wc  have  in  the  other  inorecot:i- 
moninaiumem*,  particularly  the  globe  and  the  Plolo- 
maic  Sphere,  th:;l  any  farther  a^icount  of  it  is  uii- 

neteffarv.  r    1  /•  c 

Dr.  Lone  had  an  Armillary  Si  here  of  j^.afs,  of  a 
very  larjrc  li/.e,  which  it  defcrlbvd  and  tilTcl'inted  m 
his  Artronomv.  And  Mr.  Fw^uton  conftrufted  a 
fiinilar  one  of  brafs,  which  it  exhibited  in  hit  Leonret, 

^'  Sr'aLRI^  AL,  fomcthing  relating  to  the  fphetc. 
As 

SfHsatcAL  ii  the  angle  formed  on  the  "fur. 

fiKC  of  a  Sphere  or  ghtbe  by  the  circuraferencet  of 

two 
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tw«  pwat  eirelej.  This  angle, 
farmed  by  ihc  circumference*, 
is  equal  to  tliat  formed  by  ihe 
plan  s  of  tlic  fdiTie  circles,  or 
equal  to ;  l.c  inclinntlun  of  ihofc 
two  planes  ;  or  equni  tO  tht 
angle  irudc  by  iheir  tangenti 
Bt  tiic  an^rular  p<iini.  Tbut^ 
tbt  inclmatum  of  the 

plufi  CAF,  CEF»  fonm  the^f heridl  Angle  ACE, 

vat  "  -  -     .  — 

# 

of  a  y,r-^-M  c;:  :  !  -  AE,  (!cf.i  f::itu  (licv.Ht  .  c,  .-is 
from  a  pule,  <ii.i  i;ili.fK.<.pt«U  Ijtl^ctu  llu-  kg*  C'A  and 

CE. 

HL"ncf,  rft,  S:ncc  the  inrlination  of  the  plane  CEF 
to  iho  plane  CAF,  is  every  where  thf  fame,  the  anglci 
in  the  oppofite  iiilirftf tions,  C  aJid  K,  iirc  cqii.i!.— jcl, 
Hence  the  mcafute  ci  a  Sjilaiieal  Angle  ACF,  ii  an 
arc  rfefciiUtl  at  the  iiitcival  <  f  a  fi^ir-H  -it  CA  «ir 

CE,  fiom  the  vertex  C  bet^.',  M  i' t  I,fiC\,  C  !•  

3d,  Ifa  circle  of  the  fpliere  CEI'Gcut  snoilirr  AHHG, 
the  adjacent  rogtes  A  LC  and  hV.C  are  togctlicr  rqii.il 
Co  two  right  angle*  i  and  the  Tcr[!c:tl  nit^'les  AKC, 
BEF  arc  equal  to  one  another.  Alfo  .ill  tlie  angica 
formed  at  Ihe  fatne  point,  00  the  fame  fide  uf  a  ciiclet 
•re  equal  to  two  right  angles,  and  allthofe  quite  around 
any  point  equal  10  four  right  .m^lcs. 
•  SrHERiCAi.  Triargfi-,  is  a  triangL  formed  upon  the 
fujface  of  ,1  r^iln--;,  hy  i:.<  KiU!i'£ti]ig  arc*  of  three  great 
circles;  as  llii  ti.iiiiak  ACE. 

Spherical  Triangles  are  either  righl-tinglrti,  ch'ique, 
rqy'tUitral,  ift/cris,  or  fialent,  in  the  fame  manner  at 
plane  triangles.  They  aie  alfo  f.;  d  to  be  quadranial., 
when  they  have  one  fide  a  qnadraiit.  Two  fides  or  two 
angles  arefaid  to  be  of  \W Jamc  ajfiditiiy  when  thcv  ai-c 
at  the  l^me  lime  either  both  i^reaier,  or  Ixith  lefii  than  a 
quadtant  or  a  rightangle  or  go* ;  and  oi(l:ff.:rfnt  I'fftBitiu, 
wlien  one  U  greater  and  the  other  i.fj  ll..ni  Qodqrrm. 

Pnpntitt  tf  SrHsaiCAi.  Triaa^ltt. 

t.  S^licricRlTriaiig^lnwtnairrprQpertM*  in  com- 
inon  wtth  platte  onei !  Sneh  a>.  That,  In  a  triangle, 

rqiul  fi'!c>  fulitend  eqii.il  in^Xcs,  and  eifiial  anglei  are 
lubundeii  by  equal  Cdc» ;  That  iLe  greater  an^jlci  arc 
fubtended  by  the  greater  fidca»  and  uie  left  mglcabf 

the  lefs  fidcu. 

2,  ill  o  r.'  Spherical  Triangle,  each  fide  is  lefsthan 
a  fcmiciitlt  :  any  two  fides  taken  toj;cther  arc  greater 
thi*  the  third  lulc  :  and  all  the  three  fides  taken  toge- 
ther are  Itfs  than  the  whule  circun-.fercncc  of  a  circle. 

3.  In  every  Sphcilcal  Triangle,  any  ang!e  is  Icfs  ih.m 
3  right  angles}  and  the  fiun  of  all  the  three  anglo 
taken  tpgetber,  if  greater  than  2,  bat  Icb  than  6,  tight 
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t.  "  A  Splierioal  Triangle  is  equilatemi,  ifofcelar,  or 
fcjifene,  according  a«  it  lia»  its  three  angles  all  equal, 
or  two  of  them  equali  or  all  three  unequal ;  and  vice 
vtrfa. 

6.  The  greateft  fide  i-"  nl  v^th  oMioGte  the  greatell 
angle,  and  the  fmaldl  fide  uppotite  tlw  AnaUeft  aaglc*. 

7.  Any  two  fide*  taken  tageiba  are  greater  tbaR 

the  thiid. 

8.  'If  the  three  angles  arc  all  acute,  or  »\\  rx^AiU 
or  all  obtufe  ;  the  three  Ode»  will  be,  accordingly,  all 
lefs  tlnn  90^,  or  equal  to  9c*/ or  greater  thm  90^  i 
and  vice  vcrfa. 

o.  IF  from  the  three  angle*  A«  9>  C|  aT  a  triangle 
ABC,  as  poles,  there  be  deferibed,  upon  the  furface 
of  the  fpherr,  three  aretiea  of  a  great  cirde  DE,  DP, 
FK,  forming  by  their  interfe^lions  a  new  Spherical 
Triangle  DEF;  each  fide  of  the  new  triangle  will  be 
the  i'lipplcii'  it  dF-I.l  :'e  ;  ;  i;  pok  ;  a.-rt  e.ich  anijle 
of  the  f<inie  tri.iiigie,  will  lie  tiie  Uipplcmciil  of  the  Uii« 
oppofite  to  it  in  the  trianghr  ABC, 


■Dglca 

4,  In  an  oblique  Sphetical  Triangle,  if  the  .inglcj 
at  dw  bnfe  be  of  the  ume  aflTefkion*  the  perpendicular 
iroDi  the  other  angle  fatb  within  tlie  triancle  j  but  if 
they  be  of  JilTerent  afTeAioiii^  the  perpendicidar  falls 

vitliout  the  triangle. 

r>r  .  M.iik-,j;  i  c'h /ematk?  on  the  propertics-of  Sphe» 
ricai  Uriangics,  are  as  follow,  ^iict  iLc  Iultod.lom7 
liogi,  pa.  160,  ad  edition.) 


10.  In  any  triangle  GUI  or  CLl,  right  angled  it 
O,  I  ft,  llie  andci  at  the  hTpotenufe  are  alwayi  of  the 
lame  kindaa  then- oppofite  fides  i  adij.  The  hypatenofe 
is  lela  or  greater  than  a^quadront,  according  at  the 
fidet  indnding  the  right' angle,  arc  of  the  fame  or 
different  kinda;  that  ia  to  fay,  aocerding  ai  ibefe  lame 
fides  are  either  both  acute,  or  both  obtuTe,  or  as  one  is 
acote  and  the  other  obtufc.  And,  viceverfa,  id.  The 
fides  including  the  right  angle,  arc  al»v.ivs  of  the  fame' 
kind  as  their  oppofite  ai^glest  zdly,  The  lides  including 
the  right  angle  will  be  of  the  fame  or  diflcrent  kind>, 
according  a*  tiie  hj-poU'iu-le  u  1  J.-' r  ii:"-o  thr.n  <)0'^\ 
but  of.e  at  leaft  of  tliem  wiil  bt  uUj^",  it  llia  hypultnurt? 

is  fo." 

OftbtArtaofa  SpHrmcAi.  TriangU.  TTie  men- 
faiation  of  Spherical  Triangle*  and  polygons  was  firft 
found  out  by  Albert  Giratd,  about  the  year  jf  co,  and 
is  given  at  large  in  bia  /ntlMfWn  NouvM'  tn  P /il^elre^ 
pa.  JO,  &c  ;  410,  Ainft.  l6*9-  In  ""y  Spherical  Tri- 
angle, the  area,  or  furfac«  inebfcd  by  its  three  fides 
upon  the  flit  face  of  tb*  Rlobe»  wiU  be  fbvnd  by  th» 
proportion  : 

As  8  right  angles  or  7  JO°, 

Is  to  the  whole  furface  of  the  fpherc  » 

Or,  aa  z  right  angles  or  ifio". 

To  one  CT-  at  circle  of  the  fphere  ;  • 

SoUthe  fxcef»of  the  s  angle*  above  a  ngbt 

T<i  the  area  of  the  Spherical  Triattgk, 

llciice,  if  a  denote  -7854, 

i  =:  diam.  of  the  globe,  and 
t  s  fumoftbc  3 angles  of  thctrianglet 
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-180 


Hence  alfo,  if  r  denote  ilie  mdiui  of  the  fphefCit 

and  ,  it>  t:l; ciimfercnec  ; 
Hx<n  the  urea  of  ihc  triangle  uill  thus  be  varioufly  cx- 
(nftd;  Am 

arbudy      r  X  #-'lSci'>»  ia  fqwve  dcgrN«« 
when  the  radius  r  i«  cRimated  in  degicC*;  fortbea  the 
circumference  <  is  =  ^(XjP. 
Firtlwrp  bccitalie  die  ndiiu     of  my  dnile«  wlteo 

dliRMtedindmrrs, i»,=  r  —  ss  57**9)779S» 

3-14159  Sec. 


ll«c  laft  role  r  X  /  —  180,  for  exprcClng  the  »rca  A 
of  the  Spfacricil  TriiDflct  in  l!qnut  dcgicei,  win  be 
bwrdy 

jt  =  57'«9)779J  '-»ojtS'«4  = 

Hence  may  be  fuund  the  fumn  of  the  three  angles 
in  any  Spherical  Triangle,  liavlng  its  am  if  knoWHI 
for  the  laft  etjuAtlon  give*  the  fum 

180=-:^^ +  .80  =  1^ +.80. 

*•  J7*t9&c.  9683 

So  tbat,  for  ^  Tnangle  on  the  furlace  of  the  earth, 
whofe  three  fide*  are  known ;  if  it  be  but  fmaD,  a«  of 

a  few  miles  e\tent,  its  area  may  le  found  from  the 
known  Ungtlis  of  iii  fidts,  roiiiiderinpj  it  as  a  pUne 
Ttianijlc,  wliicli  gives  tlie  value  of  the  qumilily  A; 
and  t\w»  the  hi\  rule  above  v.-iil  jjive  the  value  of  «, 
the  fum  of  the  thret  anj^It*  ;  which  will  fei  '.L  to  [  ,o-.c 
whether  thofc  anglei  are  neatly  cxaft,  that  have  licen 
taken  with  a  very  nice  indnmH-nt,  as  in  lart'c  and 
cxtenfivc  mcafuTcnients  on  the  furfiKe  of  the  earth. 

R^f'Autlsn  ^/'SFKeaicAL  Trimtgta.  SeeTitiAXGtE, 
and  Trigonomi  TKY. 

Ss'iiEKKAi.  PiJ\x'-n,  i*  1  iigure  uf  more  llian  three 
iidcs,  formed  on  ihc  furf»ce  uf  ■  globe  by  the  intcf^ 
feeling  arcs  of  {;ri:;il  clicks. 

The  area  of  any  S^^hcrical  Pol jgoit  w31  bc  fbond  fay 
the  following  proportion  ;  viz, 

AlH  right  angles  or  720", 
-   Toihe  whole  furface  of  l!u  fpl  t  rr  ; 

Orf  ai  a  right  angles  or  i  ;•'  , 

To  a  great  circle  of  the  fphtrc  j 

So  is  the  rxccfs  uf  all  the  ^njrU-s  above  tlie  prtNluA 
of  i8d  and  2  Icfii  than  (he  number  of  an^Cf» 

To  the  area  oLthe  fpbcricai  polygon. 
That  it,  puttinff  11  as  the  number  of  anglea. 


/  =  fum  of  all  ill 


Thei  A=«^  X 


d  =z  diam.  of  the  fphete, 
«as78f|9«rci 


sthe  »n«f  the 


Hence  Other  rules  might  be  found,  fiaikr  to  tjioft 
fin  the  area  of  the  Sphoical  Tnangle. 
Hence  aUo»  the  fum  *  of  aOtbe  angletof  any  Sphe^ 

rical  Polygon,  is  always  UTs  than  iSom,  but  greater 
than  180  f^n — that  is  left  than  n  times  2  right 
anjrles,  but  j;rcat;.'r  tK.m  n  —  j  t^ml.■^  :  i-i^;lit  i;ii;;t vs. 

SfHERiCAi,  ^?rowny,  that  part  of  allronomy  which 
coniidtrs  the  itnimCefuchuitappcaiatotheeje.  See 

AsTROSOIXkV. 

Under  Spherical  Aflronomy,  then,  come  all  the 
phenomena  and  appearances  of  tike  heavens  and  hcavin- 
ly  bodies,  fuch  as  we  perceive  thcHli  without  any  cn- 
quirj  into  the  rc^ibn,  the  theory,  or  tnitli  of  them. 
Bt  whidi  it  if  difiiogulihcd  from  theorical  ailronomy* 
wbieh  coolider*  the  Mai  ikruAw«  of  the  oaiTcrlii:,  and 
the  canfc*  of  thofe  phenomena. 

In  the  Spherical  AArunomy,  the  world  ts  conceived  to 
be  a  concave  SphericHl  furface,  in  whofe  centre  is  the 
earth,  or  rather  the  eye,  about  whit h  (he  vjLbli-  fr-ine 
rcvolvs-?,  with  ilars  and  pUucts  fixed  in  tile  circunift- 
rcr.i-r  of  it.  Aud  uii  this  fig|p|iofi|ioB  aUtheolhcvphe* 
norocna  arc  (ktci  mincJ, 

The  theorical  aflronomy  teaches  us,  from  the  laws 
of  npticSt  &<■',  to  corref\  litis  S<:hefl»e  and  reduce  the 
whole  to  »  jufter  fy  Aem. 

SmtKiCAi.  C«mf^ct.    See  Compaisis. 

SrHBftiCAb  Gtmrtry,  the  dodriitc  of  the  fpbere  i 
partictdafly  of  the  circleaddcribed  on-ila  furiacei  with 
the  method  of  prqjefiing  the  fame  on  1  plane ;  and 
nirafuriu^  their  arches  and  angles  when  projcClcd. 

SntLniCAl.  Numkrt.    See  CiacuLAfc  Numbtrt, 

SnitRiCAi.  Tr^gmmalrjm  Sec  ^^litriea/ Tniaoiro* 

"  sYuERICITY,  the  quality  of  a  f; !  ;  or  that 
by  uhii-h  a  iliing  becnnus  fpheiicul  or  rocfKl. 

SPHLRICS,  tilt  Doi'titiiL-  I'f  ihc  fpiicri,  u. 
larly  of  the  fcvcial  circlci.defcribed  on  its  fuifturei 
with  tbtfmethod  i>f  p>W6tingthelaraeaoap1an£  See 
FaujECTiuN  of  i^r  Splere. 

yt  (ircU  of  t  '.i  f/iieffh  that  which  (t  made  by  a  pltme 
cutting  it.  If  the  plane  jpefs  throngh  the  ceatrci  it  is 
a  grrai  cireTe  :  !f  not,  it  »s  a  Bfilt  rirric 

Thc/v.'-  a  i  "ill  ,  if  i  point  i)u  the  fuiTicc  of  the 
fphcre  ciiui»i.d.iiil  ijutsi  t»iiy  jn  iut  of  tiifCiK  •imfrrcru'C 
cf  thecirclt.  Htcce  cvci y  ciiclc  l-m  two  jj  . lis,  wh'cU 
arc  diamctriially   uppufilc  tu  cfcii  other ;  and  all 

circlet  that  are  pandtKl  to  each  other  have  the  fiiOM; 

potes. 

r$  opcrl'tcs  {,/  (If  C'trdet  9J  tbt  SpLtre. 

t.  If  a  fphcre  be  mt  in  anr  manner  by  a  phne*  the 
fedion  win  be  a  circle.  And'  n  \trv»t  cirrte  when  the 
fcctiun  paOes  through  thcce,>!ic.  o'. hc< wife  u  !»  a /i/ri^ 
circle.  Hence,  aU  great  circ'r?  p  r  cr-ial  t»»  ei.  H  n"  : 
and  ihe  lint  of  h  Clii  n  of  uvo  great  cirtlr.i  of  tlicT  iicrc, 
i.1  a  Uiameler  tif  the  Ipl  ere  :  ;itid  th.L  ire  iv  ieal 
ciixles  inteife^t  eaeh  olhr  r  in  points  tlianulri  -liy  op- 
polite  ;  and  iiM.'^e  equ-il  aii';ks  at  ihok-  t^'  !it«  ;  and 
divide  each  i;'lirr  into  t«o  etj  i-:t  parts;  alfo  any 
great  circle  dividii>  lIic  whuk  fphcre  ii.to  two  eijuu 
pirta. 

2.  If  a  great  circle  le  perpendicular  lo  anj  other 
drdc,  it  paOcs  through  its  polea.  Aad  if  a  gre«t  circle 
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pab  thraagh  the  pole  of  any  otiwr  dide^  It  call  it  at 

tiglit  angle*,  and  into  two  equal  pait^  ^ 

3.  The  diftancc  hctwecn  the  polc«  of  tWO  Cirdca,  ii 
equal  to  tlie  anjjic  of  their  ii  •  hnition. 

4.  T*o  prcat  ciiclss  pafii-  g  tliroitgli  the  pole*  of 
anoihrr  ^tiat  ciivlr,  cut  aU  !iie  parallel*  to  this  laittr 
into  fimiljr  arcs.  Hence,  an  angle  made  by  two  ,^rp;it 
cilde*  of  the  fphcre,  is  equal  to  the  aiiijlc  ni 

tton  of  the  plant*  of  ihefe  }»rcat  circle*.  And  liencc 
alfo  the  length*  of  thofc  parallek  are  to  ooe  another  as 
the  fijict  of  tbcirdittaiMC*  from  their  common  pole,  or 
■1  the  oofinc*  of  their  diflsnce*  from  their  parallel 
grcit  circle.  ConlequentlT,  U  fadiw  M  to  the  OoOdc 
of  the  latitude  of  any  pomt  M  the  ^ohtt  f»  ii  the 
kncth  of  n  di-'^rrc  at  the  eqMtOTf  tO  the  Imglh  ef  * 
dcgicc  in  that  latitude, 

5.  If  »glt»t  circle  pa  fa  through  the  pole*  of  ano- 
ther ;  thw  latter  aUo  patFca  through  the  pole*  of 
the  fernKri  ttd  the  two  cut  Mch  other  pcfpeadi^ 
cuhtly. 

6.  If  two  or  more  frrcat  cildc*  inteifcct  tach 
other  in  the  pole*  of  another  griot  circle  {  thi* 
latter  wUI  pafi  throngrh  the  pole*  of  all  the  former. 

7.  AD  cirdc*  of  the  fphere  that  are  equally  dif- 
tant  from  the  centre,  are  equal ;  and>the  tethw  they 
Ore  difl  iiit  ftom  the  centre,  the  Icf*  theyare> 

fi.  'Hk-  (lioricil  dilUnce  on  the  farface  of  a  fphere, 
hclweti:  :!ny  two  points  on  that  furface,  it  the  arc  of  a 
grt:it  ciitlc  palling  ihroisph  thofc  point*.  And  the 
fmallcr  ttit-  circU-  is  that  jvdlVs  ihrungli  ilie  Time  poinlf, 
the  lonfrer  it  thcarc  of  diilancc  t)etwccn  thfm.  Hence 
the  pioper  mesHirr,  ordilUnce,  of  two  pl.icts  on  the 
furface  of  the  globe,  it  aa  arc  of  a  great  circle  int«- 
cc|Ked  hctween  the  fane.  See  Theodolua  and  other 
"writer*  on  Spheric*. 

SrH!-R01D,  a  folid  Wy  approichln^  to  the 
fii^'.^c  .1  I'ph.-rL',  tlioi;,;!)  not  ixacllj'  ronnd,  but 
having  one  of  its  dinmcttr >  lon^^er  t!i:i:i  the  other. 

Thia  folid  it  lifiully  cotifiaircd  as  j:tiirr.!tul  by  the 
rotation  of  an  o*-al  plane  iigure  about  one  of  it*  axes. 
.If  that  be  the  longer  or  tranfvcrfe  axis,  the  folid  fo 
gcoetated  called  an  cHong  Spheroid,  and  fomeiimea 
fn/a/e,  whidi  Ricaiblc*  an  egg,  or  a  lenion  ;  but  if 
the  oval  revolve  aboat  iu  Iborter  axit»  the  folid  twill  he 
sn  (/Ai/c  Spheroid,  whidi  rcfemhlea  an  wanffe*  aod  hi 
this  (h  T,)c  alfo  is 
ttthcr  planets. 


d,  whidircfemhleaaawange,  md  h 
( the  %tM«  of  the  earth,  aid  the 


The  a^is  about  which  the  oval  rcTolvc*.  is  railed 

the  ^-  --Z  axis,  as  AB  ;  and  the  oilier  CD  is  ti  c  r,-- 
V'>h:iij  axis  :  whichivir  of  them  happcni  to  be  liie 
Jon;;er. 

When  the  revolving  oval  it  a  perfcd  cUipfci  the  lb* 
Vot.  II. 


jid  E^enerated  b^  the  re'olution  ii  properly  called  an 
tl&^mit  aa  diAiBcuilhcd  froa  the  oplieroid,  irliich  i« 
generated  finom  Uie  ittalotio*  of  aay  oval  whatever, 
whetlieri'tbeanc&ipteoriMt.  But  gencnOjr  fpcak* 
in;;,  in  common  acceptation,  the  term  Spheroid  ia  tiled 
for  an  cUfpfoid  ;  and  ihrrrfore,  in  whit  filllllirat  thef 
art  tonfidercd  as  one  and  the  f;«mc  thing. 

Any  ftction  of  a  S|,hcroid,  by  a  plane,  is  an  cllipfe 
(cxicpt  the  ftCtion*  pcrp<nJiciilir  to  thi:  fixed  ax<V 
uhich  are  rirclcs)  ;  and  all  p;rallil  fectioi.';  are  fintihr 
eliipfcs,  or  having  tlicir  tiarJvtric:  and  conjugate  asetio 
the  I'arne  conilant  ratio  ;  and  the  fediooi  parallel  to 
the  fixed  axe  are  fimibr  to  the  cliiplit  from  which  the 
folid  wa»  geacfited.  See  oiy  tArofaratioa  pi.  t^  ftc, 
2dcdit.  . 

Ar  At  Surfjct  »/  a  SphtnUt  wheAer  it  be  oUoof 
or  obbte.  Let /  denote  the  fixed  axe, 
r  the  rcTohring  axe, 

_  ,         ff'v.  rr         ,  • 

then  wil!  the  farfaee  «  be  espreflcd  by  the  fiiQoiriw 

ferte*,  ufing  the  upper  (igfli  for  the  oblong  fphcroid,  aoa 

the  under  ft^s  for  the  oblate  one  ;  viz, 


4 


r/X  ^1 


2-3 


arc 


•4-5  ■    ■  2-4-f'.7 
where  the  frgns  of  the  terms,    after  the  lirft, 
all  negative  for  the  oblong  Spliei  -M,  but 
politive  and  negative  for  the  oblate  one. 

Hence,  becanfe  the  fador  it  e«|aal  to  4  timo 
the  area  of  the  gcaerating  dhplc,  it  appeanthat 
the  fiir&oe  of  the  oblong  Spheroid  ia  leu  than  4 
timet  the  geoeiatitig  cHiple,  hot  the  finfaoe  of 
the  eUate  Spheroid  it  gioter  thn  4  tinea  the  &niet 
while  the  liirface  of  the  fphere  61b  m  between 
the  two,  being  juft  equal  to  4  ttmei  ita  generating 
circle. 

Huygens,  in  hi*  Morolog.  Oft  iliat.  prop.  cj.  lir.s  given 
two  ekj^uiit  ronlliiK'tions  for  dtlcribing  a  clri It-  cqu.il 
to  the  i'uperficics  of  an  oblong  and  aa  (^latc  Spheroid, 
which  he  fay*  he  found  out  toward*  the  latter  end  of  the 

{car  l6j7*  At  he  gave  no  demonfiration*  of  thcfe, 
htve  dcflHwIlrated  then,  and  alio  rendered  them 
more  genual,  by  extending  and  adapting  them  to  the 
finftae  of  any  fegment  or  none  of  toe  flpheraid^  See 
ny  Mcnfuration,  pa.  toB  ftc,  ad  cd.  where  alfo  me 
leveral  other  nilea  and  cooltniAiam  for  the  finfocca 
of  Spheroid*,  befidea  thofo  of  their  fifgncBti^  and 
frullum*. 

Of  the  Sortiftij  of  a  SfbereiJ.  Every  Spheroid,  whe- 
ther oblong  or  oblate,  is,  like  a  fphere,  cxadly  equal 
to  two-third*  of  its  circumfcn'bing  cylinder.  So  that, 
if  /  denote  the  fixed  axe,  r  the  revolving  axe,  and 
o  SB  *78s4 1  then  |  afi*  denote*  the  folid  content  of 
cither  Sph«oid.  Or,  which  coaea  to  the  fane  thing, 
denote  the  tnmfverfe,  and  edieconjngiteaae  of  t& 
generating;  clUprc  ; 

then  UfH  it  the  content  of  the  oblong  Spheroid, 
nod  |4K<*  ia  the<eoiitent  of  the  oblate  Spheroid. 
Confequently,  the  proportion  of  the  fomcr  folid  to  - 
the  latter,  it  at  e  to  /,  or  at  the  Ml  azia'to  the 

greater. 

Farther,  if  about  the  two  axct  of  an  elh'pfe  be  ge* 
3  <^  Berated 
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BCtaitl  two  fpliem  and  tiro  t^karoti$,  tht  Ibtir  (olid* 

WJII  he  CentilKMid  proponlMld^  mi  the  ommna  ratio 
win  betlwt  of  ifie  tvo  axes  of  the  ellipfc ;  liitit  i^,  at 
the  gtvarcr  fpKcic,  or  the  fphcrc  ujxin  the  pvtater  HXf, 

is  10  the  otljtc  SphcroM,  lo  i;  (he  oMa'.f  iSphcroM  to 
llic  uh!c".r  Sj.,l'vToiJ,  rij  fo  ii  ih- <i'j';»ri7,  Sphcioid  to 
t!u-  Icf?.  rpiuTf,  nr«1  (o  Is  thf  ! :  jiil'.i  rfi- axh  to  U.r  <".!i- 
juipt-.'i    Sti'iny  Mi'nrin.-.;!;-)';, 7  cd.  v.-lu>f 

iray  Ik  fctrt  ni.i:;y  t'liiti  lulci  inr  ifit  loiiU  contents  of 
S;:hi.ruir!»,  t!>cir  v.iiioiis  parti.  See  »Ifo  Afclix* 
incuts  on  S|)l)c;>"'i<?3  nnd  Cniioli?. 

I'jr  ]i:i';i.y  has  dcmonftrated,  th:';  in  a  fphcrr,  Mt- 
caior's  naLitii;il  m«-ri'c!iun  IiT:c  Ii;  a  fc.ilc  of  Ir  •_':)! Irhmic 
tmgCDM  of  the  h  't  romp]'.  ilicr,»s  of  thi-  ln!;tii'!i.<. 
But  as  it  has  hern  f'  n  tajt  :hp  lhape  of  the  t«ri!t  is 
fphtroid:il,  th's  Hgurc  v.-iU  rrp.ke  fomc attention  in  the 

iiufflbm  tefuking  fn.in  Dr.  HaUer's  tltcorew*  Mac- 
kurin  haa  tberrrore  ginn  a  rule,  bf  wliieli  the  mert- 
dioaal  part*  to  mj  Sphcnid  may  be  firand  with  the 
fame  eaaAncf*  at  in  a  Ipherr.   There  h  ctfo  ;in  in^rr. 

rious  tra<5l  by  Mr.  Mur<3och  rn  the  f  in-  '  .'  ..;t. 
See  Philof.  Traiif,  Nu.  219.  Mr.  Cuict  ha»  alio  de- 
inanltratrd  the  fame  propofition,    Ham*  McaC  pa» 

20,   21.      SCL-  Mf  RIDIONAL  /'ar//. 

Univrrjal  Spheroid,  a  name  jjivcn  to  tlic  folid  ge- 
nerated by  the  rotation  of  an  ellipie  about  foine  other 
diameter,  which  it  neither  the  tranfvcrfc  nor  cutija- 
gate  axis.  Tbi»  producei  a  figure  reCcnibliog  a  beatt. 
See  my  Mcnfuration,  pa.  353,  id  ed. 

SPlNDLEj  in  Geometry,  a  folid  faodjr  geneiated 
by  the  revolution  of  ibmc  eurft  line  about  jta  baGs  w 
double  ordinate  AB  ;  in  oj^ 
poGtion  to  a  conoid,  which  m 
eenentcd  by  the  rotation  of 
the  curve  about  ita  «xi«  or  ab-, 
l!eif%  pctpendiciiUr  to  in  or- 
dioate. 

Tile  Spindle  \*  ikti mirir.tctl  tirciJar,  elliptic,  hyper- 
bolic, or  parabulic,  &c,  according  to  .the  figure 
of  its  gcncnting  curve.  See  nj  McDfur.  in  Jimial 

places. 

SnsDLE,  in  McchaniL-^,  fiimLtimcs  denotes  the  axis 
.  of  a  wheel,  or  toller,  &c  ;  and  its  cods  are  the  pivots. 
Sec  alfo  DonLle  CoNE. 

bi'IR  AL,  itt  GeonietiT,  a  curve  line  of  the  cir* 
cnlar  kiuJ,  whicli,  in  ]ti  progrefs,  recede*  almja 
mnrc  and  mote  frua  a  point  within,  called  it*  centre  | 
as  in  winding  frooi  libe  veitcz  of  a  cone  domi  to  ha 
bob. 

TIm  lirft  iteatifif  on  a  Spiral  b  by  Ardiimcdes, 
1|^o  thui  defcribet  it  i  Divide  the  drcumferencc  of  a 
circle  A//  &c  into  any  ntimber  of  equal  parts,  by  a 

ci'n'.inual  bik-AI'Mi  .it  tliC  points  pp  .S        Diviti'.:  ii!f<j 

llic  rddiui  AC  into  tlic  fjmc  OUmb<r  of  c<^.iii 

anti  in  iku  C'7,    CfV,  Cm,  C!|iial  lo  I,  2,  j,  &C 

of  thele  eqttail  p<irt^  ;  then  a  line  drawn,  wiUiaficady 
hand,  drawn  thi  .^ugh  all  the  pointa  in»iB(  W>  ftCt  wjU 
trace  uut  the  Spiral. 

This  I3  more  pucicuLirly  called  the  Jirfl  SpInJ,  when 
it  lias  made  one  complete  revolution  to  the  point  Aj 
and  the  fp^ce  included  Ix-tuvccn  the  SpulJ  and  the  ra- 
dius CA,  is  the  Spiral /pace. 

The  firfl  Spiral  may  be  continued  to  a  ftcond,  by  de- 
ii^ribing  amtiicr  drcK  with  donble  the  nditta  of  tbe 


lirft  i  and  theCreondnniy  be  cpntiaued  td  a  lUtd,  by  a 
third  cirdc }  and  lb«n. 


I  lencc  it  follows,  that  the  parts  of  the  circunifcimcc 
t\p  Ric  ai  ihr  parts  of  tiir  raJii  Cat;  or  '* 
whole  circumfrrcncct  aa  Cm  at  to  the  whole  ladiai; 
Confe^nently,  if  r  denote  the  circamfcrenee,  r  the  n* 

rfii «,  1  =  Cm,  and  ;i  ss  A/;  \\k\\  there  ariCet  thia 
piii;jiji!to«  r;rt:jr;y,  which  j^ivi-s  ry  =  ex  for 
the  equation  of  this  Spiial;  and  t\h;.:h  ;l,ir  f.  '.\  h^i 
in  common  with  the  quadratrix  of  iJiiioUratLs,  auil 
that    of  T;"  hitiil: 'iifcn  :    (n  tliit 


will 


fervc  for  iu,.iiiti;  .'ij>.i\  !v  (['■•dratriccs.  See  QuA- 
DR  ATRH. 

The  Spiral  may  alfij  be  conceived  to  be  thus  gene- 
rated, bv  a  cor.tuiii'.d  unifortn  motion.  If  a  right  line, 
as  A!'  {lajl fy,  aiviv)  havinjr  one  end  novesblc about  a 
fixed  point  at  B,  be  imiformly  turned  roui<d,  fo  as  the 
other  end  A  may  dcfcnbe  the  circumference  of  a 
circle;  an<l  at  the  fame  time  a  roiiit  be  conceived  tO 
move  iinifoinily  forward  from  B  towards  A,  in  the 
right  line  or  radiu*  AB,  fo  that  the  point  nnaydclcTibe 
that  line,  while  the  line  genetatea  the  ctrde  t  thca 
will  the  point,  with  ita  two  motiooa,  deferibs  the 
curre  D,  i»  x*  3,  4,  5,  fte,  of  the  &ne  Spind  at 
bdofr. 

A^-?.iii,  if  tl'e  point  B  be  conceived  to  move  twice 
at  floA  li  e  iin.  AB,  fo  that  it  fti:dl  get  but  half 
way  along  BA,  w  !i<ii  that  line  (ImII  have  formed  the 
circle  5  and  if  iIrh  yot:  ima^^inr  a  new  revolution  tube 
made  <j(  tlic  bne  e.ii  v\lti;;  llic  ;  t.-Int,  fo  ihnt  they  fliall 
end  their  motion  at  iait  toj^cther,  there  will  he  fonned 
a  <louhU  Spiral  line,  as  in  the  laH  fgurc.  I'Vom  the 
mauner  of  this  defctipttun  may  eafily  be  drawn  lhc(ie 
CDTollaries : 

1.  That  the  lines  Bia,  Bli>  Bio,  &c,  making 
equal  angles  with  the  6rft  and  fecond  Spiral  (a* 
alfo  Bis,  Bio,  B8),-  ftc,  are  in  arithmetical  pro* 
greffion. 

2.  The  Knea  B7,  Bio,  &c,  drawn  any  liow  to  the 

fiffl  Spiral,  arc  to  one  another  as  the  arcs  of  the  circle 
iiiif: ;  .  ):tc-d  1  .'tu  n  n  \l  .\  n  I:  il  tin .  U'  Tiiif  1  ;  h  l  L'lii  1 what- 
ever p^rts  oi  the  eijcumtcrence  the  point  A  defcriber, 
as  fuppofe  7,  the  point  B  will  alio  have  nm  over  7 
parts  of  the  line  AB. 

3.  Any  lines  drawn  from  B  to  the  fecond  Spiral,  at 
BiK,  B22,  &c,  arc  to  each  other  as  the  aforcrciid 
arcs,  to^^ethc"  with  the  whole  circumference  adivd  0:1 
both  fidr^  :  for  at  the  fame  time  that  the  point  A  nins 
Ofcr  1 2,  or  the  whole  ctrcumfcrcnM^  or  pcrbapt  7  pattt 
more,  lhall  the  point  B  have  run  over  la,  and  7  paita 
of  the  line  AB,  whidl  »  vow  fl^pofcd  to  be  dindcd 
into  S4  Mod  pane. 

4.  Tbe 
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ference  of  ilic  ririletrrlei  Tot  tbe^radiiof  t&e  fct^ort, 
and  confcqiKDtly  of  the  «rc»,  m  iB  a  fimple  arith- 

Wclic  |j»-.i|;rtjlj  .rt,  v.  KiL'  tJitf  (:'■  Miiiif  r,  ;.LC  t,!  t!ic 
circk*  <.au£j.ii)i  «is  many  arcs  equal  [o  iht  grcaltit  j 

tiicicforc  th«  clrcuinteniice  i*  >D  prapottioB  to  lU tbofe 

Spiial  arc«,  as  z  to  i . 

^.  The  tiift  Spiml  fpacc  is  Wjual  to  {  of  the  fiill  or 
circumfcribiiijj  circle  That  is,  the  arci  CAliDE  of 
the  Spiral,  is  ctjual  to  ^  part  of  the  circle  ticfctibeU 
With  ihcradiiuCK*  In  like  manner,  tlic  whole  8jpU 
ral  arra,  geacraied  bj  tbe  ray  dtawn  from  the  pomt 
€  t»tbe  cam.  «b«i  k  aMdw»t«»  nefoliiUoai^  ia  |  ol 
4hie  dickddcnfacd  with  the  ladiaa  sCE. 


And,  gcncrall)-,  tlii  wli. Jo  r.rca  gciieiated  by  tlic 
Tay  from  iLit  bt- the  motion,  till  aliir  any 
Diiii  ' n  r  rj  of  r(.\>iluin)iii,  is  cq'.;al  to  j  of  the  cmlc 
whole  r«tl>tu  ii  n  X  C£,  that  i*  «<iiwl  to  the  31I  pad 
of  the  fj>ace  which  is  the  fame  multiple  of  the  circle 
'defcribt'd  with  the  grcatxft  ray,  u  tbe  ouinbcr  of  rCTO» 
lutioni  ■>  of  unity. 

la  like  puaacr  aUs*  ai»  tcdoi  or  portiM  of  tbe  area 
«f  the  Spiral*  leniiiiatiiM  by  the  curve  Cm  A  and  tkc 
right  line  CA,  ia  equal  to  j  of  dw  eiicubu'  IcAor 
C  AG  terminated  by  the  right  tinea  CA  and  CG,  tbif 
latter  being  the  fitiiation  of  tlic  revolving'  lay  when  tbe 
point  that  dcfcribct  the  curve  kU  out  from  C«  See 
Maclaiirin't  Mux.  Introd.  pa.  jo,  31.  Sc  aUb  QVA» 
t>RATUKEt>f  the  Spiral  of  ArcbiiMidca> 

Si  I  km.,  /.  j'Jk,  or  L^trilhmkm  SeelrMiatic 
and  (^ADaATt;K.E. 

Si-iaAL  if  P^fiUt  a  Spiral  farnned  on  the  futface 
of  a  fpherc,  by  a  motion  ilinSar  to  thai  by  which  tiie 
%>iral  of  ArchimedcH  it  defcribed  on  a  plane.  Thi« 
Spieal  ta  fo  called  iitMn  it^  ioventor  i'iipptM*  Colkd. 
llatlieat.  lib.  4  pn  p.  ^c.  Thu»,  if  C  be  the  ccatrc 
of  the  fpbcrr,  ARBA  a  great  cii  Jc,  I'  it«  pole  ;  and 
while  the  qiiadiant  PMA  rcro'vi  s  i.ljuiit  the  pole  P 
with  an  tinifurm  ir.ctiiJii,  it  .-v  poit.t  |)n>cccdiiig  from 
P  move  with  a  given  veiociijr  aioug  the  qnadiant,  it 
will  trace  upon  the  fphencal  Jhrfaee  the  Sphil 
PZFd. 

Now  if  we  fiippofe  the  quadrant  PMA  to  onke  a 
rnmplcte  revolution  in  the  fame  time  that  the  point, 
which  trace*  the  Spiral  on  the  furface  of  the  fphere, 
dcliErftei  the  quadraoli  which  ia  the  cafe  ooafidared  bf 
r^ppui  t  then  the  portion  of  the  fpbcrieal  furiiKe  ter* 
aiinatcd  by  the  ivhole  Spiral,  and  the  cicclc  ARBA, 
and  the  quadr.-tnt  PMA,  will  be  equal  to  the  fquare 
lit   tlic  Juniuttv    AB.     Ill  any  olljtr  Lale,  ihe  area 

I'iMAtf  1-ZP  i$to  the  fquare  ot  Uiat  diameter  AB,  aa 


the  dia- 

cii  k.'i.rli';rL-ncr,  or  t% 
u^irjii'b  i'ljxiLjii^,  III. 
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the  an:  Af  ia  to  the  whole  ciitamfeiaKe  AK8A> 

And  this  area  i«  always  to  the  fphcnca!  triangle  PAa,  aa 
a  fquare  is  to  il»  circumicribing  circle,  or  as 

HIi  Ll-1    (jf   n  i-ir>"!ij  I  .  lo  liilf  it 

2  li  tu  3*141  $y  i^c.    ^(.c  AL 
trod.  pa.  31— 33. 

The  p>rtion  of  the  fphcricul  furfjcc,  terminated 
by  the  quadrant  I'MA,  with  the  :irel«-s  AR,  FR, 
and  the  Ipiral  PZl*.  admit*  of  a  pirfecl  q'lidrjture, 
when  the  Tltio  of  the  arch  A<i  to  the  whole  cir- 
cumfereace  can  be  afiagocd.  ^  Macfauma«  ibid* 
P*-  33' 

/WuMirSnaaL.    See  Hemcoid. 
PrefM«w«u)/SpiKAL,  is  generated  by  fuppoling  the 
radiu*  tC'  r.niUc  uniformly,  ii  t!  a  tron  t)u-  l.i- 

cumfcrence  to  moVe  toward*  the  centre  with  a  mo- 
t  ion  decreifiHig  ■  w  geoaMlricBl  pdOgiefBoa.    Sc«.  XiO* 

RIJTIC. 

From  the  nature  of  a  decreaiing  geometrical  progrcf* 
fion,  it  i*  eafy  to  conceive  that  the  radiua  CA  may  be 
continually  divided  ;  and  although  each  fiicecffiw  dt«i> 
fion  become*  Ihorter  than  the  next  preceding  onei  yet 
there  mud  bean  infinite  number  of  divilioni  or  tetma 
i{dbic  tbe  kft  of  them  beoosM  ti  no  fiiute  ou^ 
utude.  WfaiEiioeitfbaowi^lhattbUSpitat«nidicoB> 
tinually  round  the  centre,  v%*ii!iOut  ever  fidliog  iitio  it 
is  any  fiaiteaumbcr  of  revolution*. 


It  it  alio  evident  that  any  Proportional  Spiral  cut* 
the  intercepted  radii  at  equal  angle*  :  for  it  the  divi- 
fiona  A^,  dt,  */>  fZt  of  tl»e  circumference  be 
my  fipull»  the  iefetal  radii  will  be  fo  dufe  to 
one  Mothers  th«t  iatereepted  parti  AD.  DE.  EF» 
FGr  kSt  of  the  Spiral  may  be  taken  as  right  linea{ 
and  the  triangle*  CAD,  CDE,  CEF,  &c,  wiB  be 
nmilar,  linving  Lijujl  at  tlu-  [jji-jI  C,  auo  the 

iidei  about  thole  angles  propotiiaiul ;  therefore  the 
angles  at  A,  D,  E,  F,  &c,  arc  equal,  that  is,  the  fpi- 
ral  cut*  the  radii  at  equal  angle*.  Robtrtfon's  Elcra. 
of  Navig.  book  1,  pa.  ^7. 

Proportional  Sjjiral*  arc  fuch  Spiral  linci  n»  the 
thumb  line*  on  the  icrraquous  globe }  v^icb,  btcaufc 
thCT  atake  equal  angles  nitli  every  meridiaAf  muft  alfo 
make  equal  angles  with  the  r.acridians  la  the  ftereopm- 
ph'c  pvoief.ion  on  the  plane  of  the  dilator,  and  there' 
fore  will  be,  at  Dr.  Halley  obfcrv  .,,  1'.- oportional  Spi- 
rals about  the  polar  point.  l  i  01-1  vvhtKce  he  demon* 
firatcH  that  the  mcridiaa  line  m  a  Icalc  01  log,  tangent* 
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pf  the  h»!f  corr.[.Irfnfntt  of  iIm"  ht!(t:dn.  Sw  RhOMB, 
IdOXoiJKOMY,  Slid  MtRiniosAi.  I'ljrti.  , 

brixAi.,  ii>  Aifl  iticlijK  ;i  ;  )  SculptiiTc,  dcnolr«  t 
cnrve  tliac  *l<zien<ii,  wimlin^j  abgut  a  cuur,  or  fpirc, 
fv  that  all  the  poinii  «f  it  cmttiituiillf  •pproach  the 

By  this  il  is  dirtii^iiif^icd  from  the  HctiXf  wVlcb 
win«l«^n  the  fomc  manntr  about  a  CTlfiHler. 

SPORADES,  in  Aftrommr,  a  imihc  by  which 
the  ancidits  dHlineiRflwd  fnch  ll«r$  a*  wnc  not  in- 
cludtd  In  any  (xinfr«l)ation.    'lliefe  the  modern*  more 

Vfually  c;ili  mfi  mrtl,  01  ff!rj'ti>jl<-llciry  ((an*. 

Manv  of  thf  Sp:iiadir»  ot  Uie  anc-untr.  l»#vc  l.-^-t  n 
fuice  foroiiil  into  nciV  coiiltcllmioin  :  thus  "f  tlu^lc 
brlwocii  Urfa  M^inr  Bid  I.ti-,  Hevcliiis  has  loiiiiWl 
a  conSJt-ll.»tinn  n.ii'.Hil  l.ro  Minor  ;  and  ot  lhi>fc  itv- 
twren  L'lfii  N)in.(r  and  Auriga,  \\t  ail'o  furmeti  the 
Lynx  ;  ai-d  of  ihnic  under  the  tail  of  Urfk  Mimtr, 
•IKit Iter  called  C?nii>  Vrnjticus;  &a 

SPOT^?,  in  Artronoiiiy,  arc  dark  phcTs  4.!ikivrd 
«n  the  diika  or  face*- of  the  fiin,  moan,  and  piancta. 

The  Spots  on  thefnn  aitfeldom  if  em  nliblc,  cueept 
•  thtD.ijjh  J  tilifcopc.  I  have  ?ndeeti  met  with  jitifona 
whofe  ryes  wtre  lb  go<»d  that  they  have  declared  ihey 
coidd  dillin;;uilh  the  fol n  Spjts  ;  ,1  r)  it  n  nrntionfi! 
iu  Jofcpliin  a  Code's  Naturitl  ..n»l  Moral  Hiltitr)'  ot 
the  Wtil  Iridic*,  bonk  I,  ch;  1,  hciore  the  ufe  of  te- 
kfcopfs,  that  ill  I'cui  there  are  Sprts  to  be  feen  in  the 
fun,  which  are  not  lo  be  fccii  in  Eur  ipc.  See  a  me- 
moir by  Dr.  Ziich,  in  the  AlUonomical  Ephemcris  of 
the  Acad,  of  Dulin  for  I'fi^,  relating  to  the  difeo- 
veriet  aisd  unpubhlhcd  papcri  of  Tliomas  Harriot  the 
cekbraied  ilgchftuft.  In  that  memoir  tl  is  (hewn,  for 
the  iirft  daw,  that  Harriot  wac  aJfo  an  cxccUcnt  nAm- 
nomer,  both  theorttkal  and  pi«die*l  %  that  he  made 
idniif.ui^ble  obfctwions  with  teltfcopes  from  the  year 
j6)o,  and,  amongft  them,  199  obfcmitiun*  of  the  lolar 
Sp«ls,  with  their  drawings,  calculation;),  and  the  dr- 
termiiiations  of  the  fun's  revolution  round  his  axis. 
TiiL-ic  Spots  were  alio  difcovered  near  about  the  fame 
lime  by  Galileo  and  Schciiier.  Sec  Joh.  I'abriciua 
fhryfius  Maculis  in  Sole  obTcrvati*  &  apparente 
eomiBctun  foir  cunvcHlone  namtKi,  1611 1  alio  Gali- 
Ico't  lAoria  c  Dcnionftraxiom  'mamt  «Uc  M«dilc  So- 
late  e  loro  Madcati*  *6l** 

Some  diftingniA  the  Sp«tt  tnto  Maenbe,  or  dark 
8pota(  and  Faculir«  or  bright  Spot* ;  but  there  feemi 
but  little  foundation  for  any  fuch  diriHon.  They  ire 
very chatlgeablr  as  l;>  r'.umljtr,  form,  5:c:  ;  and  nic  fiimc- 
ttnicit  in  a  multitude,  sud  suaieumcaiioni;  at  all.  Some 
ima^'ine  they  may  become  fo  mimerout,  a«  to  hide  the 
whole  face  of  the  Sun,  or  at  leaft  the  greater  part  of 
it ;  and  to  this  they  afcribc  what  Plutarch  mentions, 
viz,  that  in  the  fiift  year  of  the  reign  of  Augullun,  the 
fun's  light  was  fo  faint  and  obfcure,  that  one  mi^jht 
look  ftcadily  at  it  with  the  naked  eye.  To  which 
Kepler  addt,  that  in  IC471  the  Sun  appeared  reddifh, 
n  when  viewed  thronnt  a  thick  nifti  and  bcnce  he 
conjeAures  that  the  9pot«  in  the  fun  are  a  kiod  of 
dai  k  fmoke,  or  clouds,  floating  on  hi»  fur  fai  r. 

Some  again  will  have  them  itaii,  or  ( l.Tntis,  pafllng 
over  tli!j  h'.n\)  ;:(  thcfun:  but  utl.!'n>,  with  inon-  ]k<i- 
bability,  think  they  are  opakc  b«die«)  in  manner 


of  cnift»,  formed  like  the  fcums  on  the  fuiLce  of 
li<]uoni. 

Dr.  Dril  nni,  from  a  Variety  of  paTticiilari,  which 
»fic  ikm'mI,  fiiritrrning  the  fol.u  ^iiut■^,  and  their 
owgroily  to  what  we  obferve  in  our  own  glube,  infers, 
that  they  ate  caufed  by  ti)e  eruption  of  fomc  ntw  volca> 
no  in  ihcfuu,  which  pouring  out  at  liHt  a  prnOtgiout 
*  annmityor  fmoke  and  other  opake  matter,  catifcth  the 
ppoti :  and  a«  that  fiiliginoot  matter  decaya  and  fpentte 
itielf,  and  the  ftdc^no  at  kft  bceowet  more  ton^d  and 
flaoing,  fothe  Simla  decay  and  hecotne  )kmbl^t,  and  at 
bA  facuto :  which  (iMnilse  he  fuppsfes  to  be  no  other 
than  more  fl.imicig  hV:''t'.i  |>:vTt,  ilmii  any  mdtr  ;).irti  hf 
the  fi".n.  I'hilol.  'i'ldol.  vul.  ij,  p.  1,04,  ot  Ai>r. 
vol.  4,  p  23,-. 

iJr.  I'ranklin  (in  hi*  Fitpcr,  and  Ohferv.  p.  j66.) 
fuggtfls  a  c<injrftHu,  th.ii  the  paits  of  the  Sun's  ful- 
phur  feparattd  by  tirt-,  rile  into  the  atniufpliere,  and 
there  btin^  freed  Irom  the  immidiale  a£l:un  of  thefires 
they  collrei  into  cknidy  irall'ia,  and  gradually  liecom* 
ing  too  heavy  to  he  Jofi^r  fupportcd,  they  defcend  to 
the  fun,  and  are  btiTQt  wfCr  a^in.  Hence*  he  liiysi 
the  SpoL.  appearing  oM  hif  faoc,  whick  are  ohCrrted  la 
diminilh  da  ly  in  lise»  their  eoafuniBf  edgea  hcja](  of 
particular  bngUtnefa. 

l  or  ;i;.-lhcr  folution  f  t  tln  fe  pliii  ooirna,  fee  Ma« 
ci'L*.  Vari<Hi:>  othir  atcaians  .unj  hvpolhcfcs  of 
thefe  Spots  may  be  leen  in  tiiany  ot  thu  otiur  vi>lumca 
of  the  Philof.  Tranf.  In  one  of  tlitk,  vii,  vol. 
pa.  ^98,  Dr.  Horiley  atttmjits  t.i  determine  the  height 
of  the  fua'a  atniofphcrc  frutn  the  height  of  the  folar 
Spots  above  his  furfacc. 

By  mean*  of  the  obtervatiooa  of  tbcfe  Spoia,  h«a 
been  dcterinitied  the  period  of  the  fun's  rotation 
afaoitt  bis  axisi  via,  by  cbferring  ikdr  penodical  re> 


The  lunar  Spots  are  (bred:  and  .iHii  ii  mcis  ri'ckon 
about  48  of  them  on  the  moon's  face ;  to  each  of 
v')i:eii  ilu-v  I-3VC  ;.rivrii  names.  The  cailod  J/eia^ 
i<i  one      tliL-  inott  conlidcrable* 

C.rck:,ir  Scots,  in  Ekftlicity.  SoB  ClKCOlAlt 
Spolii  and  COLOVRS* 

LueiJ  SroTtf  imtbtifti:-fni,  are feveral  little  wbilfRb 
Spots,  that  appear  magnified,  and  more  luminous 
when  fccn  through  telclcnpes;  and  yet  without  any 
•ttars  in  them.  One  ttf  tbelie  is  in  Aadromcda's  girdle* 
and  was  firll  obfemd  ra  1612,  by  Siaaoo  Mariua:  it 
has  Ibnic  w  hitiih  rap  near  iu  Biddlei  ia  liable  to  fcvc- 
ral  change*,  and  is  fomctiroes  invifible.  Another  is 
near  the  ecliptic,  be  twee  n  thf  hi  jid  and  bow  of  .S.-r.;;t.- 
taiiiis;  it  is  {m.iA,  hut  vt  ry  lunninous.  A  Uiiid  i«  in 
th'-  Ijji  k  (  t  the  Ltntaur,  «li-i  h  ia  too  far  fouth  to  be 
feen  in  llritain.  A  iuurth,  of  a  (mailer  dzc,  is  before 
Aotinous's  right  foot,  haviog  a  itar  in  it,  which  makes 
it  appear  more  bright.  A  tilth  i»  in  the  rnnflcllatioa 
Hercules,  betwecti  the  flars  C  and  «,  which  is  vifible 
to  the  naked  eye,  though  it  is  but  bnall,  when  the  Iky 
ia  dear  and  the  moon  abfent.  It  ia  probable  that  with 
iMre  poweifui  telcfconrs  thefe  load  Spota  «ill  he 
found  to  be  oongerics  of  very  minute  fixed  fiar*. 

Plaarijry'SfoTt,  are  t!i  ifo  of  the  planets.  Ailro- 
nomers  find  that  tbcpUncts  art-  not  without  their  Iputs. 
Jiijjitcr,  Miirii,  ami  VL-niis,  vvdcn  viewed  [iiroiij.'ti  a  tc- 

iclcope,  Ihcw  icvcrai  very  rcnurkabtc  ones :  and  it  is 
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V  tlieme^'of  thefe  Spot*,  (hat  tlie  rotation  of  the 

planrti  abuiit  their  axck  is  conHudtiU  tn  the  fame 
tnaniurr  ai  ttiat  of  the  fun  ifi  deduced  fium  the  appatent 

mutii  u  of  hit  ijiacsilx.  « 

S]'<.)irr,  or  H'ulfr  irovT,  t  )itrii.rJi»aiy  me- 
teor, or  appearance,  corliUing  a  mov.'iig  cohunn  or 
}iil><r  lit  water ;  caiicd  by  the  l^otint  lyfbo,  and 
Jif'ljj  \  and  by  the  I'reDch  irr-'  i',  fru;ii  ii»  (bape, 
whicji  rcletnblci  a  fpeaking  trumpet,  tlic  uiJctl  end 

its  hili  ;ippeanDCe  is  in  form  of  a  deep  cloud, 
thetippc'r  part  ttf  which  is  white,  and  the  hiwcr  b!ack. 
Fixim  the  lower  part  of  thij  cloud  tiiere  ttspny 
or  rather  Ui5»  down,  what  is  properly  cjllcd  the 
Spout,  io  timmicr  of  a  oDical  f^bc,  brgcU  at  top. 
Vndcr  thn  tube  il  aluays  a  ^at  boiling  and  Hyiii^  up 
af  the  water  of  the  fee*  m  w  •  Jet  d'tdn.  ITor  lome 
yaid*  above  the  furface  of  the  iea,  the  water  ftandB 
as  a  column,  or  piliar  ;  from  "the  extremity  of  which 
it  fpreads,  aud  goes  off,  be  in  a  kind  of  fmnke,  Frc- 
q'.ciul\  till.  Lom- ilck\-ii  i'i  lu  lo'.s-  ;i  i  to  inicidlL'  of 

tills  i;<ihiu~ii,  coiutniii  j  fr<r  lomc  t;.!)e  f i;mij;ii::iii.s 
ti<  u  ,  tlioiij'li  iDr.-.ftiints  it  uiiiv  puiiitt  to  it  :it  tunic 
dili.iiiL'c,  cilliir  III  il  ptrrcu<iii.uiar,  or  in  au  obli(|tie 
line. 

Fne«jv!cntlf  it  can  fcarcc  I'c-  (!iiVnj,uiihcd,  whether 
the  cone  or  the  column  appear  iLc:  lult,  both  appearing 
ItU  of  a  fudtlen  a>riiiiin  eacli  other.  But  fomctimci  the 
wSerboib  np  trom  the  fca  to  a  great  height,  without 
any  appcmnce  of  a  Spout  pointing  to  it,  cither  per> 
pecdicuiafly  or  ohltqiiclf*  Indeed,  gtnetaUx,  the  boil> 
jng  or  dying  up  of  the  wMer  haa  the  ptriotity,  this 
dwaja  preecding  ita  hctng  fonncd  iato  ■  ooliiiDn.  For 
tlie  mot  tMit  tlw  ooDc  doe*  sot  appear  hoUow  tPI  to- 
wards  the  end,  when  the  Tea  water  la  violently  throws 
up  aloni;  its  middle,  as  Imokc  up  a  chimney  :  foon  af- 
ter this,  tlic  iipout  or  canal  brtalcs  and  difappcars  ;  the 
boiling;  up  <;!  t 'ir  \s  ati-r,  dUc:  even  tlit  [nlhii ,  coiillr.Uii'j* 
tt^ktbe  Ult,  iiiiii  lur  tuinc  umt;  ■mcrw.isUw  i  lo^^Kttiiu  s  till 
iht  ^ipi/tst  form  itftlf  a^jain,  aud  appear  amw,  uhicli 
itv.  iil  iji)  fcn'ral  tirnpK  ill  a  quarter  »»!  an  h<nir.  .Slc  u 
dclcnjiUiin  ol  kn  \Vj,tri -Sp(j;it5  by  Mr.  (  iorjo;;,  .ind 
by  Dr.  btuart,  in  I'ad,  i'raui,  Abr.  vol.  iv,  pa.  103 
Itc. 

M.  de  la  Pryme*  from  a  near  obfcrvation  of  two  or 
three  Spouts  in  YorkAire,  dcfcnbed  in  the  I'hilofophi- 
cal  Ttanfa^iona,  num,  28  r,  or  Abr.  toL  iv,  pa.  106, 
concludcf,  that  the  Water  Spout  is  nothing  but  a  gyra- 
tion of  douda  by  contrary  wladameetiiig  in  a  point,  or 
centre  1  ud  there,  wher^  the  greatcft  condenmic*  and 
rnnmiaitiiMiii,  bUiiw  down  into  a  pipe,  or  great  tube, 
lonewhat  like  Arcbfmcdea'a  fp!nd  fcrew ;  and,  in  ita 
wnrktng  and  whirling  motion,  ahforhing  and  railing 
the  water,  in  the  fame  manner  as  the  fpiral  fcrewdoess 
ami  t:iii  1  i!i':';o\i;:^';  It  ips  Scf. 

Tliu»,  June  flic  Aiii,  he  obL-rvcd  the  eluuui  mighti- 
ly agitated  above,  arvd  driven  lugether;' upon  which 
they  became  very  black,  aiui  were  h^irried  round } 
whence  piociedcd  a  moll  audible  whiilin;j;  nuifc  hke 
that  ufuaily  heard  in  a  mill.  Soon  alter  tiiere  iffiied 
s  long  tube,  or  Spout,  from  the  centre  of  the  congre- 

8ated  clouds,  in  u  Inch  he  obferved  a  fpiral  motion,  like 
lat  of  a  fcrcw,  by  which  the  water  was  raifed  up. 
.   Agwn^  A«f  nil  1  j«  16871  the  wind  blowii^  at  the 


iame  tune  t)tlt  oftbe  fcveral  quartern,  etratcd  a  gr(x* 

vortex  and  whirling  among  the  douilii,  ibe  centre  of 
which  every  now  and  tlun  dropt  down,  in  (ha(<r  of  a 
long  thin  black  pip<-i  "i  i.' nicK  he  co  iM  c  i.tii  rilv 
behold  a  niplton  lisc  that  of  a  fcrew,  couliiuialiy  draw- 
ing upwardly  aiMi f«rewiiqr tip,  (ait were,  wherever  ft 

touched. 

Ill  It  1  prii.ncfi  i'  moved  flowly  over  a  grove  of  tret?, 
which  bent  under  it  like  wandr,  in  a  cirvi:!;ii'  mmioii. 
Proceeding,  it  tore  off  the  lliaich  from  a  bam,  bint  a 
huge  oak  tree,  broke  one  of  it»gre;«tcll  l.nib«, 'and  threw 
it  to  a  threat  diltance.  He  aildii,  tiiat  whereas  it  ta 
ComnuMily  faid.  tiie  water  works  and  nfvtm  a  column, 
bciuretlie  tube  con>c«  to  touch  it,  this  is  doubtlefs  a 
miflake,  owing  to  the  hocnels  and  tranfpanncy  of  the 
lubea,  which  ca  noft  certainly  totich  the  furfacc  jof 
the  fckt  bcfaieaiiy  amfidcfaUe  motion  can  be  raifed  in 
it  t  bnt  wbick  da  m»  becoM  opakc  and  vihble,  till 
after  tlwy  h«f«  ii]ibi,bed  a  oonGdetaLle  ^tiantity  of  wa* 
ter. 

Tlic  iliiTwiiition  (if  W'atcr  Sp'Jijtj  Iir  aretibcs  to  the 
grcv  <jn;i(i;icy  ut  w.iicr  liny  have  ^lulled  :  which,  by 
its  weight,  impri^iiir,  tlii'ir  motion,  upon  which  their 
force,  and  evrn  cviUL-nce  dcpciitJn,  they  break,  and  let 
gr>  -.licir  cuutent^  i  which  luic  to  pfovc  £ital  to  wiiat- 
ever  IS  tourid  underneath. 

A  notable  inliancc  of  this  may  It-  fecn  in  the  Philo- 
fopbical  Trantadious  (num.  ^6j,  or  Abr.  vol  iv.  p«  • 
\<it.]  rcUtcd  by  Dr.  Richaidibn.   A  Spout,  in  1718, 
breaking  on  Lmmotmoort  nigh  Coin,  ia  Lancafhire, 
the  country  was  immediately  o«viBow«»l  i  a  brook,  in  a 
few  minutes,  rafe  fix  feet  perpcndicilbrljr  high  {  anti  the 
ground  upon  trfaidi  the  Spout  fieli,  winch  wms  66  feet, 
over,  waatom  np  to  the  very  rock,  wbidi  wa«  m» 
leff  than  7  feet  deep ;  and  a  deep  gulf  «m  made  for 
above  half  a  mile,  the  earth  being  raifed  in  valt  hciipa 
on  each  fide.  See  a  deicriprion  ajtd  figure  of  a  Water* - 
Spoiii,  \Mih  an  attempt  toaccoiuit  lorit  in  Frankiin'a 
ir.\p.  and  tHil.  pa.  &C. 

Siirnur  Bieturia  lias  t.^kcn  pains  to  (how  (liat  Wa- 
ter-Spout  f  have  an  eitdriail  origin.  To  make  lltii 
nuiVL  evident,  he  firft  dcfcribcs  the  ciremr.llanccs  at> 
tending  their  appearance,  which  are  the  tuliowiiig. 

They  generally  appear  in  calm  weather.  The  fta 
fcems  to  bail,  and  to  fend  up  a  fmokc  under  thero, 
rifing  in  a  hill  toivards  the  Spout.  At  the  fame  time, 
peribnt  who  hare  been  near  tfacm  have  heard  a  ru>nbling 
noiiie.  The  Ibna  of  a  Water-Spout  ii  that  of  a  fpcak- 
Mg  immpet,  the  wider  eod  being  in  the  cloudt,  and 
tkc  mvower  end  towarda  the  fea. 

The  fice  it  wmoa,  eves  io  t^e  fame  Spout,  The 
colour  il  foatctinm  indining  to  whhe,  and  femetimea 
to  black.  Their  poGtion  ia  Ibincttniea  perpendicukr  to 
the  lea,  fumelimet  obliqtie  ;  and  fcfmctimcr  the  Spout 
u!<.li  ij  in  till-  fonn  of  a  cuivc.  Tiitir  cont'niiiiiiief  ii 
vti)  vatioasr  lt-.tr.e  dil.ippt  jruig  iis  (ixm  aj,  fornui';,  nuj 
fomc  continuing  n  toni.dvrdlilc  tinu  .  Our  ih.it  he  had 
heardof  fontiniici:  a  wliulc  houf.  ilaltbey  ntivti  v^inilh, 
and  pfLki.iiy  uppci.r  ;.^ain  in  the  fame  piate.  The 
very  lame  things  that  Water  Spouts  arr  at  lea,  arc  lome 
kilKis  of  whirlwinds  and  hurricanes  by  l..iid.  They 
have  been  kuown  to  tear  up  trees,  to  throw  down 
buildings,  and  make  caverns  in  titc  earth ;  and  in  all 
tbefccMctf  teJcattcr  caitbi  briciu,Aone**  ttBber«  &c» 
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to  a  greM diflance  in  every  diredian<  GrratqitautitHrt  which  followed  it.  Upon  this,  the  negative  rloudi 
of  water  l»v«  been  Mi,  or  mifed  fay  tbcm,  fo  as  to  .fprcad  Tery  miicb»  and  difiblvcd  in  i«in,  and  the  air 


make  a  kind  of  deluge;  an^I  tlicy  bavealwayi  been  at 
tended  by  a  prodtgtoMrtimLlii)^'  noifc. 

That  ihctc  phtnamcna  depend  upon  elcclr'tltj"  «an» 
rot  h'jt  apjxir  vciv  pniliubk'  from  llic  riii'uie  of 
fivumi  iif  ilieiij ;  l<  :t  the  coiiji  am c  is  ti'.ii!c  nmn  pto- 
hih'.c  from  the  t^Dimiiig  atlditiuiKil  circiirnUanci;.  I  hty 
g-.ncij!Iy  apjrji  in  months  pcculiaily  fLi  j  Ct  to  t!ui:>- 
dir-it  ir;>-.5,  iinil  Lie  tiatrsvjiily  picccJcd,  i;om;).>i:i<.c!, 
or  fj'loivcd  hv  lif^htiil.i.;',  rain,  O'  h:'il,  llic  prLvi<iin 
ft.itc  of  the  air  IkId^;  li;aihr.  Wii^iiih  or  \tl!i>vvi(h 
fioflie*  of  I  j;ht  have  foinitimca  been  feea  ini;vin'^  u  ith 
prodigiotH  fu  i:ttK:'«  nbout  iheni.  And  lallly,  the  man- 
ner in  which  they  teriniiiate  exactly  rift  ir-b^s  what 
mi^ht  be  expcdcd  front  the  pt(<l  rt};atiuni.t  0110  <)i  tli'j 
ttnifurm  protiiheraneea  of  ciciftiitied  cbtid*>  mentioned 
before,  towardt  tbe  fea )  tbe  water  and  the  cloud  ma- 
lually  BttraAing  one  mother  :  for  they  fnddcnly  coo. 
traft  themfclvcai  and  diljpctlealmoll  at  once  1  the  cloud 
rifingt  afld  the  water  of  tbe  Tea  under  it  falling  to  itt 
level.  But  tbe  moll  rtmarkable  cireutr.ftarxr,  :inJ  the 
II  oil  favonrabli  fj  the  lupjiofition  of  thcl  <i<j)cudirijr 
on  eliclr  citv,  is.  that  they  hare  been  dilpcrkd  by  pre- 
fiBtit.fj  to  thtin  iharp  poiiital  hiiivti  orfwuroj.  This, 
at  Icill,  iii  tliv  tontlant  jiradticc  of  niarintts,  in  many 
parts <jf  tlir  wnid,  whtre  thcfe  Water-SpoutS  abound, 
and  !:c  Wd%  al'iiriiJ  by  fcvtralof  them,  tlial  llic  nietliud 
hat<'ll(n  1  cL-n  iKidoubtcdly  effettu;!!. 

Ibc  aoalogT  brtu-cen  the  pKcnomcoa  of  Water 
Spoutaand  elmncity,  he  fay«,  may  be  njde  iSEUk,  by 
hanging  a  d:op  qf  water  to  a  vire  communicating 
with  liic  puiiic  conchictor,  and  placing  a  vcffclof  water 
under  it.  In  tlicve  circ«ni&ancc«t  the  drop  aflamca  all 
the  various  aj^pcaraooca  of  ■  Water  Spout,  both  in  its 
rifrf  fiirm»  and  naanerof  dilappeatin^.  Nuthin;;  !« 
wanting  but  the  fmoke,'  whidt  may  require  a  great 
fercc  ot  cledriclty  to  bccoon' vilible. 

Mr.  Wikke  a!fo  conlider»  the  Water-Spout  as  a 
kind  of  y^rcn'.  i'  .ii  iL.il  cone,  railL-  i  Ik uvci n  t Ue  cloud 
tircm^Iy  c!ccli  •i.J,  ^nd  (he  fea  or  euiih,  and  he 
■relates  a  very  rimarlcablc  appearance  wliich  occurred  to 
himiiU,  and  which  llron^^iy  confiitni  hia  fuppofition. 
On  the  jctii  of  July  17, H,  at  tiiree  o'clock  in  the  af- 
ternoon, he  obitrvcd  a  great  q'liantity  of  dull  riftng 
fium  the  gruiini],  and  covciii:^'  a  field,  and  part  of  tbe 
towsio  nhich  lie  thtn  wu^  There  waanowiod,  Itld 
tlic  dott  tnovtd  gir-tly  toward*  the  eal^  where ap|Mared 
»  KTCRt  bLick  cloud,  which,  when  it  waa  near  ita  ze- 
niih*  elcAiificdhi*  appuratuj  pofitively,  and  to  asgrrat 
.«  degree  aacvcr  be  had  obferved  it  to  be  done  by  natural 
dedricttj.  Tbia  dotid  palFed  hti  lentth,  and  went 
gradnallir  towartlathe  weft,  the  dull  tiien  following  it, 
and  continuitig  to  rife  higturuid  higher  tit*  it  rom]ioftd 
a  I'.rtli  pdlar,  in  the  fo^  ,n  .fa  fitgar-lnaf,  andatUngth 
ic'.iud  tit  be  in  contart  iht;  cloud.  At  fowc  dif- 
tai.i  c  tram  thir,  tin  t;  i  .  :rif,  1  inic  p.i<h,  anothtr 

}:  ^-li  c'.o  jJ,  togciUtr  v»iiii  u  ioug  itream  oi  imal't-r 
tliiuiifi,  inoving  la!kr  titan  the  precedinjj.  Thcfe  clou  U 
ri.ctr'lic.iliit  apparalu*  iiegiitivcly,  and  when  they  came 
tu;!r  ti'.e  pofitive  cloud,  a  flafti  of  lightning  wa*  fecn 
to  dart  throagh  the  cloud  of  dull,  the  pofitivc  cloud, 
the  lai;;c  negative  cloud,  and,  as  far  as  the  eye  could 

<liAinguith,  the  whole  traia  of  laiaUer  ttcgatifc  douda 


waa  prcfently  dt«r  of  dl  the  duft.  The  whde  « 

S««  Fr' 


s  amcai* 
itSky'a 


ancv  lafted  not  nhave  half  an  hoar* 
Eteclr.  vol.  i,  pa.  458,  &c. 

This  ilic'ory  of  Water-Spouta  has  been  farther  con- 
firmed by  the  3iCi)ttiit  ■wtiirh  Mr.  FmiIct  ^ives  of  one 
u!  I'ln:  ,  11  I,  <■  >  ;  ■_;■,  R(jMni!  the  \\'orlii,  vol.  i, 
pa.  1  ,1,  .^.t.  Uii  llic  coalt  of  N;:w  Zc.iland  he  iiad 
ai!  oppoiliinlty  <)(  ietiiig  levcral,  w\c  of  uliich  he  has 
particularly  dcfcnbul.  The  water,  he  ism,  in  a  fpacc 
of  hity  or  lixty  Uihonns,  moved  lowar.'s  the  centre, 
and  there  rifing  into  vafjour,  by  tin- force  of  the  whirU 
inj;  iriittion,  alcenJed  rn  a  fpiral  form  toward*  the 
cJ  ;  !s.  Dirtiiiy  over  the  u  liirlpuol,  or  a;;itated  fpot 
in  ih:  fe.T,  a  cluiid  gradually  tapered  into  a  long  flen- 
dcr  tube,  which  fecmcd  to  dckcnd  to  meet  the  rifiojC  * 
fpiral,  and  foun  united  with  it  into  a  ftraight  column  vt 
a  cylindrical  form.  The  water  waa  whirled  upwarda 
wiliithe  Ercatelt  nioioKe  ia  a  Jpinl»  and  appeared  to 
leave  a  holiaw  fpace  in  the  Oeatre  i  fo  that  the  water 
fecmed  to  torn  a  hollow  tube,  iofltad  b(  a  foKd  column  ( 
and  thst  thii  was  the  ci»ft,  was  rendered  more  pro- 
liible  by  liie  colour,  which  wa*  exactly  like  iKat  o)  a 
hoiUjw  glafs  tube.  .Alter  :>Mr,r  ti:iu-,  this  latl  Ci  ''.,;mri 
was  incurvatcd,  and  broke  litve  the  others;  ilu: 
appearance  of  .i  tUtli  ..'t'  li;;lii:.lng  which  attcri.U-d 
hi  di.-.junciion,  at  wcii  as  tiac  Imil  llooes  which  fell  at 
the  lime,  feemed  plainly  10  i.id'cate,  that  Water- 
Spouts  eitlker  owe  their  fuimation  to  the  electric  mattery 
or,  ai  leal),  that  (hey  have  fome  connexion  with  it. 

In  Phny'siimc,  the  feamennfed  to  pour  vinegar  in- 
to  the  fea,  to  aAltgC  and  liy  the  Spout  when  il  ap. 
pnmched  them  :  onr  modem  Icamcn  think  to  keep  it 
off,  by  making  a  ootfewith  filing  and  IcnUhbg  vb« 
lently  oathe£ck|  orbydifehatginggmtgiutto  dif* 
perfc  it. 

See  the  figure  of  a  Water-Spout,  fig.  i,  ;ilatc  27. 

SPRING,  in  Natural  Hilloiy,  a  fouiUain  or  i'oyrcc 
of  water,  rilni^'  ucit  of  tht.  ^^rMiiiiil. 

The  nu  !l  ;;<-iiei  .1 1  and  ptoJwble  (ipinlon  among  phi-  ' 
lofitpiiers,  i>ii  ;he  iormation  of  ■'^f : i«,  that  they 
are  owing  to  ram.  'I'he  rain-water  penetrate*  the  eaith 
till  fuch  time  as  it  meets  a  clayey  lull,  or  flratum  } 
which  proving  a  bottom  fufhcicndy  fohd  to  fultaia  arul 
Hop  its  defcent,  it  glides  a  ong  it  that  way  to  which 
the  earth  dechncs,  till,  meeting  with  a  place  or  aperture 
on  liic  turfacv,  through  whtch  it  may  cfcape,  it  forms 
a  Spring,  aud  perhaps  tbe  bead  of  a  llrcam  or  brook. 

Now,  that  the  rain  ia  fdfieient  tor  tbia  eflcA,  ap- 
pcaniToahcno^  that  upon  calculating  the  quaMiCy  of 
rtinnnd  fnow  which  fiilla  yearly  on  tbe  trad  of  grovnd 
that  ia  to  familh,  tor  tnftance,  the  water  of  the  Ht^nt, 
it  is  found  that  tbia  riTcr  does  not  take  up  above  one- 
fivth  part  of  it. 

Spring*  cemimonly  rife  at  the  bottom  of  mountains ; 
llie  n  .Jon  i>,  that  mcnntnins  col Ic^^  ti  e  n  ntt  »,i;!  i  s, 
;iiu'.  iMve  thcni  the  jxrcateil  defcent  (he  lauieway.  Aii<\ 
i(  uc  luiiieciinr  '-  lee  ."-piutgs on  high  grounds,  and  even 
on  the  top*  o'  n.oimt.t  iip,  they  mull  come  from  other 
remoter  places,  t  uninierribly  higher^  along  beds  of  clay, 
or  clayey  ground,  as  in  their  natural  channels.  So  that 
if  there  happen  to  be  a  Talley  between  a  mountain  on 

tahote  lop  it  a  Sfnpgs      the  Bountaiji  which  ia  to 

innulh 
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furnifll  Jt  witlj  water,  ihe  Sprinj»  muft  b«  confiJfrtJ  as 
water  conduftcJ  fro:ii  a  refcrvoii-  of  a,  certain  hfi-lit, 
thioii){1i  a  r  :':itcn"Mu-uu$  cliAiiiidf  to  inikc  I  jet  of  M 

As  t<»  the  iT;;iniKT  in  whith  Mt  wafer  is collciftcj .  fo 
.I:!  to  form  r>  fii  vt'irs  for  the  <l"ffi.-ri  lit  kirtJs  of  k'l'i'iiijjit, 
it  f  to  l)c  tliii  :  t)ic  lops  of  niDunlaiiis  ufually 
abound  with  C3viiic6aiid  fuhurraiivous  cas  erns,  fDi  mcil 
t>y  ihittlre  to  ftrve  as  rtTi-ivoirs  ;  ivd  thtir  pOMited 
fumtnita,  whicb  fccm  to  p'ercc  the  cloiMlsy  ttop  ihok 
vapours  sshich  float  in  tlK*  atmofphcre ;  wbku  bring 
thus  cunc!«.Dfcd,  they  put:p!t;itc  til  water,  aitd-Iiy 
th^ir  ];iavit)-  ard  fluidity  ca(i!y  pcitctrate  through  beOf 
uf  rino  and  the  lijjhter  earth,  till  thn  bconme  ftoppcd  in 
tlwir  dcfcent  by  the  dcnter  &iua,  uidi  ubedtof  day. 
Hone,  &c,  whiTc  their  (amm  tofim  or  otmn.  -.uid 
workSiu;  a  p;ifl»i;e  horiaobtalljr,  or  a  little  declining, 
thry  iffue  out  at  the  fiilcs  of  the  mountains.  Many  of 
thclc  Spring*  dilciiuijjc  water,  uhicli  niiiriitijf  down  be- 
tween the  ridge:;  unitcthtir  iltc.ini»,  and  form 
rivulets  or  brixiki,  and  many  of  ihcfe  unaing  a^aia  cn 
theplatn,  become  a  river. 

The  piipctuiiy  of  divet*  Sprinjf*.  always  yielding; 
the  fame  qujniity  of  watir,  equally  whtn  the  Icail  rjin 
or  vapour  ij  affuidedas  when  thty  arc  ihegreati  ll,  fui- 
niibi  in  the  opinion  of  feme,  confidcrabic  objicliuus  to 
the  ur.ivcrfality  or  fufTiciency  of  the  theory  ;>bovc.  Dt. 
Derhani  mentiunt  a  Spring  in  hit  uiv  u  parifli  of  Upmin- 
fler,  w  hich  he  could  never  peiceire  by  hit  eye  waa  di» 
Bini/hed  in  the  grotcft  dnMigbti»  even  wbeD  all  the 
ponda  in  the  coutitry»  m  well  aa  an  adjoiniag  bnioki 
had  been  dr^  for  feveral  montha  together ;  itor  e*er  to 
beincreafeJ  in  the  moll  rainy  fcafona,  eiceptinp  perhaps 
for  a  few  hours,  or  at  moil  for  a  day,  from  fuJden  and 


riolt  I 


I       thi8  Spring,  hethou^ 


■  ts 

origui  ;iuin  ram  tir  vspnurs,  there  would  In  toiiiul  an  -.w- 
creafe  and  decreufe  of  its  water  orrclpoiiji],);  tu  tii"lf  (  t 
it«  caufcs;  as  wc  a^tu^llyiind  :ii  lin.litt  tr.piiraiy  dpriiigs, 
as  have  undoublcdU  tLt  i-  iifr  tmin  t.tiii  mi  l  vapour. 

Some  nuturali(l»  therefore  have  rccouric  to  the  fea,  and 
derive  the  oncin  of  Springs  immediately  frutn  tlieoce. 
But  how  the  (ea-n-ater  Ihould  be  raifed  up  10  the  fur« 


ta'nln;;anil  fixing  the  vapours,  anf!  converting  thcra  Into 
Wiiter.  Farihvr,  it  i«  ur^j-d  hf  fonie,  t;iat  thcrf  is  a 
more  natural  n  ul  c;ify  wav  i:xh!l-'i:lii(^  tliL-  ri:  .:  of 
tl-.e  fir.-'.vat>-r  Up  into  m-)Untai;ic  3;c,  viz,  hy  putii;>g  a 
lillh-  '  tap  »fftt;>'J,  or  afhrs,  or  tile  Kl.e,  into  a  b.-irviii^ 
of  w.itc-r;  in  which  cifi- the  f.iud  Sic  wiU  rrjircftut  tliu 
dry  !und,  or  an  itland  ;  and  the  li.ifon  i>f  wa'cr,  the 
fca  about  it.  Hire,  fay  'hey,  the  water  in  t'l.- b.-('Vin 
wIH  life  to  the  lop  >.f  till-  he3p,  or  neariy  fo,  in  the 
fa-Te  mannrri  and  fiom  the  f^aie  prinriple,  fi  the  vv,i- 
tevH  of  the  (ct,  lakes,  iSic,  rifeiiitlu  liills.  Tii  •  pri.i- 
cipleof  afceni  in  bulb  i«  accordingly  fuppufcd  tu  !k  t!ic 
fame  whh  that  of  the  alcent  of  liquid*  in  cspll!:nr 
tubcff  or  between  conticuaua  planes,  or  in  a  lubi; 
filled  with  aibet  ?  all  which  art  notr  generally  accounted 
fi>rliy  the  doftritieof  altraAinn. 

Aicainll  tliis  l.^ll  theory-,  Pttra.ilt  a:id  others  have 
»irgi-d  frvrrrj  uninfwer.'t'le  objections.  It  fun;ir)fcs  a 
variety  of  fjbteii;ijican  j).ifrjgc»  and  e.ivema,  mniiii-.i- 
rlc3tii\ij  with  the  fca,  and  a  campticst^d  ipp^'  tiis  of 
alcmbicf,  with  hc;it  and  cold,  flij,  of  tftc  c:.ii)-.nce  of 
all  whicli  we  have  no  fori  of  proof.  Ticfidcs,  li.e  iva- 
tek  that  is  fiippnixl  to  afcend  frotn  the  deptlis  uf  tbe 
fea,  or  fram  fubtcrraticnii  rjunla  proceed inj;  fn  r.j  it, 
tIi>ouj;h  llv-  porous  parts  of  the  c-.trth,  a-s  it  i  f.*  in  ca- 
pilhi.y  tribes,  ufceiids  to  no^rcat  height,  ai^d  in  mucb 
too  fmall  .1  quantity  to  furnifh  fprin^s  with  water*  «■ 
Perrault  has  fulHctcntlv  Ihewa.  And  though  the  fattd 
and  earth  tliruu^b  which  the  water  a&euds  mayacqutte 
fome  faline  particles  from  it«  they  are  ncvcnhdcfs  inca- 
pable of  rendering  it  fo  ftcAi  ai  the  water  of  our  fbnn* 
taina  it  gencratly  found  to  be  Not  to  add,  that  in 
procefi  of  time  the  faline  patticlrsuf  which  the  %vater  is 
deprived,  either  by  f'^btvrmnean  dill  illation  or  filtration, 
mull  ell  iiiii  >.l  I'l  1: rl  ihofe  canals  and  alcrnhicH,  by 
which  it  !;  i'.ij)|nixd  to  be  Coiiveyed  to  our  Sprilt^i, 

.m  i  f  c  11  1  imi.i  likewilie  gndaally  lofe  a  conCdcnbte 

([■jam^ty  of  iu  fait. 

J)  ffrenl/arit  of  Srsisc  3.  Spr'ngs  are  either  fuch 
as  run  continually,  called  peredtitxl  ;  or  fuch 


as  run 

only  for  a  time,  and  at  cert-iin  feafons  of  the  year,  and 
tberefiorc  called  umpvr»ry  Springs.    Otltcre  again  arc 
face  of  the  earth,  and  even  to  the  tops  of  the  mountains*    caOcdiitftrai^n;  Springs,  becaule  they  flo«r  and  then 
is  a  difficulty,  in  the  (blution  of  which  they  cannot    flop,  aud  flow  and  ttop  ami 


agree.  Soitvc  fancy  a  kind  of  hallow  fubterranean 
rocka  to  receive  the  watery  vapoura  raifed  from  cihaa» 
ndi  commtMHcating  with  the  (ea,  by  meaoa  of  an 
internal  lite,  and  to  aA  the  part  of  alenbicst  in  freeing 
tbem  from  their  bline  paiticles,  aswdl  as  condenllng 
ar.d  converting  them  into  water.  This  kind  of  fubter- 
raneaf)  laboratory,  fervlnij  for  the  diilillilion  of  fca- 
w:itet,  vva?  t!.i'  ii.'.L-i.ilu::  uf  C.Ktci  :  Ilc  his  Pri'> 

tip.  pan4,  j  64.  Oll  vi',  Hi  Dl- !a  Hire  Ac  (Men;,  tic 
r.Atud.  i;o_j)  ftt  afidf  I'lc  r.l^n^'jics,  ;iiid  iliii-i-,  it 
enough  that  there  be  large  luiuerianeiin  tclttvoiis  of 
water  at  the  height  of  the  fea,  from  whence  the 
warmth  of  the  bottom  of  the  earth,  &c,  may  raife  va- 
pours ;  which  pervade  not  only  the  intervals  and  filTures 
of  tl>c  (Iraia,  but  the  bodies  of  the  llrata  thcnifclvcs, 
and  at  length  arrive  near  the  furfacc  ;  where,  hein 
oondcofed  by  the  cold,  they  glide  ak>ng  on  the  ta\ 


ain ;  Mdrttt/rveati^g  Sprinnt 
whofe  wataa  rife  and  iail»  or  flow  aiMlcfab»  by  rcgiiir 
inlennda. 

In  Older  to  iccnuAt  for  tbefe  difereneca  in  Sprin;rs» 
let  ABCDE  (fi^.  8«  pi*  17)  rrprelient  the  declivity  of 
a  hill,  along  which  the  rain  defcends :  pafliii"  ifirough 
the  lilTiires  or  chauricls  BK.  CG,  DH,  and  LK.  intu 
the  cavity  or  rcfeivoir  TGHKMI;  from  this  csvity 
let  there  be  a  narrow  drain  or  du<rk  KK,  whicli  dil- 
cliatges  the  water  at  E.  As  the  cap.icity  of  tl;c  it- 
fcrvtur  it  fii:j|i.  ■  .1  tu  1  ;  l.jrge  in  proportion  to  that  of 
the  dnitn,  it  v-iil  lurnith  a  C'jnitant  lufiply  <  f  water  to 
tin  iprlng  at  E.  But  if  the  refervoir  FGH  KMI  be 
fmall,  and  the  drain  large,  the  water  contained  in  the 
former,  unlcfs  it  is  fit]>plied  by  rain,  will  \k  wholly 
dirch.-irgcd  hy  t::c  latter,  nnd  the  Sprinjj  wtllhA.T  "me 
dry  :  aud  fo  it  will  continue,  even  thouj/K  it  uii.?,  till 
the  wstet  has  hjd  time  to  penetrate  through  the  earlb* 


bed  of  day  they  meet  witb,  tiUthcy  iflue  forth  bf  liime  ■  ortopCt  through  the  channels  into  the  reCertcir  {  nnd 
apertnre  m  tbie  lowmid.  De  la  Hire  adib,  that  the   the  ume  ncccflary  for  funiflting  a  new  fupply  ti»  t]i« 
fiiitt  nf  ftonei  aaa  quaoali  may  cootiibute  to  the  .do*   drain  KE.wiU  depend  «n  tbe  lize  of  the  fiiTun:!,  the  na* 
•  .  tttre 
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taisr  of  the  foil,  ^ni  the  depth  <if  the  cavity  with  which  it 
cemmuaicWc*.  Hdice  it  may  linppen,  th»t  the  Spring  at 
£iii«r  Tcmain  dry  fur  a  conlidcrable  tiinc,and  even  while 
h  ra!n» ;  but  when  the  n-arcT      found  it!  way  into  the 
«a*itv  ciir  the  biUt  the  Spring  will  begin  to  ma.  $pritij{» 
of  thit  kind,  it  M  evident,  may  be  dry  in  wrt  wcaihcTi 
efpeciatlj  if  the  duA  KE  be  ncit  cxa&ty  level  with  the 
bottom  of  the  ravny  itr  tlie  hill,  and  difchnrgc  water 
In  dry  weaiher  ;  and  (In-  i' .1;  rmiirums  of  the  Spnir.; 
n\»\-  continue  fevoriil  daj*.    Hat  if  wc  fujjpofc  XOl*  io 
r  ;  t  f  r>i  another  cavity,  fiipj)l:e»l  with  wu!<-r  by  the 
vh.,iiiKl  NO,  a%  well  as  by  fifTurts  and  cli't's  in  (he 
rpclc,  and  by  the  ilriiininp  of  thi:  adjacent  eartii ;  and 
siiothcr  chiUinel  S'l'V,  commmiicjtinjj  with  the  bot- 
tom of  it  at  8,  afcending  to  T,  and  tcfminalinj,'  on 
the  furfacc  at  V,  in  di?  fonti  of  a  fi;  In  vi ;  this  difpoli. 
^  tSoQ  of  the  intciiiiil  tiiviUci  of  iht  t.iTrli,  ^vhii-h  we  rray 
>  ItaCunahly  fiippofe  that  Mtttre  ha    f  rn  i  i  in  a  vniirtv 
pf  places,  wrin  fcrve  to  explain  ti.c  p ri'  iple  of  iccf- 
pttjcatir;;  Springs;  for  it  IS  plain,  that  the- cavity  XOP 
mull  be  dippliedwilh  water  to  the  height  (^I'T,  before 
i(  r»n  pafs  ovtr  tlx  bend  of  thech*rr  t!  .1  T.  .wA  it  fi.  it 
will  llo.v  through  the  lonjfcr  leg  of  the  finh.iu  TX'.  ai-d 
be  ilifcli.irj^cd  at  (lie  end  V,  which  is  lower  tli.;ti  S. 
Now  if  tlic  tbannel  STV  be  confidcrahly  brgjr  than 
NO,  by  which  the  water  in  principally  conveyed  iif.o 
the  rcfcri-oir  XOl',  the  rcfcrvoir  will  be  emptied  of  iti 
water  bv  the  fiphon  ;  nod  when  the  \v2ter  dcfcend*  be- 
low if  i  orifice  S,  the  air  will  drive  the  remaining  water 
out  of  the  channel  STV,  and  the  Spring  w  ill  ctnfe  to 
flow.   But  in  time  the  water  iu  the  icfentoir  will  again 
rife  to  the  height  QPT,  and  be  difeharged  at  V  h  be- 
fore.   It  irrafy  to  conceive,  that  the  diameters  of  the 
channels  NO  and  STV  may  be  fo  projiortioncd  toone 
an(  thcr,  a";  to  .iffurd  an  intcriiiinioi)  ar«j  r-  ;  i    .dot  the 
Spring  V  at  rejjular  intervals.    Tint*,  if  NO  commii- 
iiicitcs  with  a  well  fiipplied  by  the  tide,  diirin<»  the  time 
of  flow,  t!ie  (juantity  of  water  conveyed  by  it  into  the 
cavity  XOP  may  be  fufficient  to  fill  it  up  to  Ql'T  ; 
and  6TV  may  be  of  fuch  a  fize  as  to  empty  it,  rluring 
the  time  of  ebb.    It  i<  cafy  to  apply  this  rrafoning  to 
more  coirplicated  cafes,  where  feveral  rrfcrvoirs  and 
fiphoDB  coromunicatiiig  with  each  other,  may  fup^ly 
4>]irin|tB  with  circuiriftancca  of  greater  nWetjr.  bee 
l<^iiir3ietibroek*s  Introd.  ad  PhiL  N«^  torn.  ti.  pa.  loio. 
Defagii.  Exp  Phil.  vol.  ii,  na.  173,  &c. 

We  (h.dl  here  obftrvf,  tliat  Dcfapuller*  calls  thofc 
rtciptCKoiliH^  Springs  whiili  "  l  i  tl;':ill',  ,  but  with  a 
nreair:  fnbieC^  tu  increafc  and  decieate;  and  thus  he  dif- 
tiivu /  tlxm  from  MMfMUMiJijf  Sjmiigi,  which  flow 
*)rni<p  alternately. 

It  is  laid  that  in  the  dioccfc  of  Paderborn,  in  Weft. 

jihalia,  there  is  a  Sprinjj  w  hich  difappeara  after  twenty- 
tnir  hoDTSi  and  always  rrf.ini»  at  the  end  of  lijihoMt 
wilh  a  ^reat  aoife,  and  with  fo  much  force,  as  to  turn 
three  miUh  not  hir  from  its  fonrce.  It  is  called  the 
n.,l(!ttWflt  orboiAerouaSpimig.  Fbil.  Ttanf.  mm.  7, 

^a.  1:7. 

Tl'.ftc  arc  many  Springs  of  an  exlrao'rd:n:'ry  iiatiiro 
in  our  own  country,  which  it  i*  nrcdlel's  to  recite,  as 
tilt  y  are  explicable  by  the  gcnnal  princijdca  afamdy  il- 

lufl  rated. 

KpRiNC,  I  'try  in  .'\lltonomy  r.nd  Cofmr>;-raphy,  tle- 
siotetoite  uf  the  fcafuus  of  the  jcar  j  coi&Qieaciii|^  io 


the  nortltern  parts  of  ilie  eartl',  on  the  day  the  fun  rm» 
ter»  the  fiHl  <lr;;!ce  of  AriL-?,  which  is  about  the 
stft  day  of  March,  and  ending  when  the  fttn  enteiv 
Cancer,  at  'he  fimrrer  folflice,  about  the  Slflof  June; 
Spring  ending  wbco  the  fiimmer  begint. 

Or»  more  llrifkij  and  generally,  for  any  part  of  the  , 
cesth,  or  on  either  fide  of  the  cauatort  the  Spring 
(rafon  h#pin»  when  the  mefidiao  altitude  of  the  fnt>, 
bcir^fin  tVic  i-K-rr  ife,  is  at  a  medium  between  tK  ' ^r-c;x{. 
ell  aiiJ  U;iil  ;  .i^J  end*  when  the  meridian  akit^Je  is 
at  the  gre.itcll.  Or  the  Spring  is  tht  fenfon,  or  time, 
from  the  innnK-nt  of  flic  l>in'»  crofGng  the  equator  till 
he  rife  totla'  -rrjtci'  !. eight  above  it, 

i^Vd^^T  Spring,  in  PhyUcs,  denotes  a  natural  lacut* 
ty,  or  endeavour,  of  certain  iMidies,  to  retura  to  their 
firll  (late,  after  having  been  Wolently  put  out  of  the 
fame  by  cotnpreflinp,  or  bending  them,  or  the  like. 

Thi;  faculty  is  iifuaUjcaUed  Dy  piulobphcn, 
forrf,  or  fl  i/ikftr, 

S  r  R  i.s     in  Mechanics,  is  ufed  to  flgmfj-  •  body  of 
any  (hape,  pcrfefUy  elafttc  ' 

Ehjfi..-ily  of  a  Spfiko.    See  El ast i c i  t v  . 
Leitjith  of  a  Suing,  may,  from  it5  etymnlci^^v,  fi^T-. 
nify  the  Ic-  ,'h  of  ,.ov  elallie  IkkK  ;  Iju;  It  is  p.iriicu- 
lailyuled  by  i)f.  Jiirin  to fignify  the  greeted  length  to 
which  a  Spring  can  be  forced  inwards,  or  drawn  out- 
wards, without  prejudice  to  its  elafticiiy.  HeobfcrveSi 
this  would  be  the  whole  length,  were  the  Spring  c»nli-< 
dered  as  a  mathematical  line  ;  but  in  a  matcnal  $prinet 
it  is  the  difference  between  the  wholektwdir  when  the 
Spring  is  in  itanitttnl  fituation,  or  tbe  witatton  it  w9l 
reft  in  when  not  dllturbcd  by  any  exterttal  fbitc,  and 
the  length  or  fpace  it  takes  up  whcB  wfaolj  COmprcftd  • 
and  clofi-d,  or  when  drawn  out. 

Slr;?.^!''  -.r  l'':r:r  -f  a  SrSING,  is  offd  f  T  tlie  force 
or  Wt  l^-iit  «hic  (i,  \vI',(Ti  the  Spring  is  vvlii.llv  cDrrpreiTed 
orcfjlod,  willjult  prevent  it  frtnn  niibcinriii;  iiitlf. 
Alfo  liie  Foicc  ol  a  Sprint' partly  bent  or  clofed,  is  the 
force  or  weight  which  i«  juft  fufficient  to  keep  the  Spring 
iu  that  ftate,  by  prevent  n;^  it  from  unbending  itfeff 
any  farther. 

The  theory  of  SoriiigB  ia  fciumled  on  thia  priociple« 
Mt  intrnfin,  jic  vii  f  tnit  ii»  the  inienfity  i*  as  the  com- 
prrflini^ force  {  or  if  a  Spria|(  be  anjr  way  forced  or  put 
out  of  its  natural  fituation,  its  relillance  ts  proportional 
to  the  fpace  by  which  it  is  removed  ftom  tli  it  fituation. 
This  principle  has  been  vetifled  by  the  cxperlnunts  of 
Dr.  HiHik,  rtnd  fince  him  by  thofe  of  oilnrs,  i;avti(u- 
hily  by  the  aceiinife  hand  of  Mr.  George  Graham. 
LeduresfJePsiimtia  Reftitutiva,  1678. 

For  elucidating  this  piinciple,  on  which  the  whole 
theory  of  Springs  depends^  fnppofc  a  Spring  CL,  reft- 
ing  at  L  againft  any  immoveable  fupport,  but  other- 
wife  lying  m  its  natural  fituation,  and  at  full  liberf y. 
Then  if  thiaSpring  beprcfled  Inwnrdisbynnj  tomef, 
or  from  C  towards  L,  through  ilr  fjiacvof  one  in  en, 
•nd  can  be  tlictc  detained  by  that  force  the  refin- 
ance of  the  Spring,  and  the  force  /,  exactly  counter- 
I  ril.ir.cliig  e.icli  oilier  ;  then  will  the  double. force  ifi 
btiii!  ti  c  linj^  throuL'hthe  fpace  of  1  iiiclus,  and  the 
triple  )ou\-  ifi  ihrou^li  j  inches,  iiiii!  i^ii:uji  uple 
force  4^  through  4  inches,  and  fo  on.  Tlu  fpiee  C  L 
through  which  the  Spring  is  bent,  or  tiy  wl.ieli  its 

cad  C  is  removed  iron  it*  Mtural  fituation,  Uiug  al. 

wajl 
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wayi  prajMrtloaal  lodi«  breewliMi  wifl  head  h  To  far, 

•nd  will  jdR  drtain  !t  when  fo  bent.  On  the  other  hind, 
if  the  end  C  be  drawn  outward*  to  nny  place  x,  and 

bf  tlicre  di;Iainc-d  from  rctiirniir^  b.ii  V  I  >  my  foxce  f, 
tlic  rj):i<r;  Cx,  tliruu;;li  which  It  is  io  ilrairii  oatnardt^ 

v'iU  he  alfo  pmpnrtiona]  to  the  hneft  vhi^itjuftaUe 
tu  retain  it  id  that  Giuatioo.    •  ,■ 


It  may  here  be  obfL-rvcJ,  llut  the  Spiipp  of  the  air, 
or  ka  eladic  force,  is  a  po.vcr  ot  a  (.JiiTcnnt  n.iturc, 
am!  wo«'tTnr!)  hv  liifll  ri-nt  ]iw^,  Irom  r!iat  ot  a  palpa- 
ble rL_vd  Spriiii;.  For  li;ppoiHirj  d.c  Lm-  LL"  to  rc- 
prefent  a  cylindrical  volume  ol  air,  which  by  cnm- 
prcflion  is  reduced  to  U,  or  by  dilatation  it  extended 
to  I.x,  its  cUtftic  force  wiU  be  reciprociUjr  at  Li  or  Lkf 
whereas  the  fiwce  or  tcGAineeiif  *  Spnng  it  dfnAIr  w 
C/orCx. 

^Inx  principle  being  pTCmifed,  Dr.  Jurin  la^s  donro 
«  |tiu:nd  tbeomea  cMcennn};  the  a^'oa  of  >  bodj 
ArwiiwoB  one  end  of  a  Spring,  while  the  Other  eadit 
fuppolM  to  reft  ajtaind  an  immoveable  feppoit. 

ThtM,  if  a  Spring  of  the 

flrength  P,  ^nd  the  length  CL, 

lying  at  full  lil>crty  upon  an  ho- 

t17-i:i[       ]il,r;t',  n  il  u'ltli  iiiie  end 

L  aj;iimii  an  imiTirtvi-ahIc  lup- 

poit  i  and  a  body  of  the  »  eli;lit 

M,  moving  with  the  TcEoclty  V, 

in  ih^^direflion  of  the  axis  of  the 

Spring,  lliike  dirc'lly  on  the 

other  end  C,  and  fo  force  the 

Spring  iaward*,  or  bend  it 

through  any  fpace  CB  t  aadifa  mam  prapoftioaal  CG 

M  * 
ba  taken  between  -p-  x  CL  aad  ta,  where  «  dc> 

note*  the  height  to  which  a  boily  wo'lIJ  afccnd  in  vacuo 
with  the  velocity  V  {  and  brihcr,  if  upon  the  radtu 
R  =  COhedcMiibcd  the  quadEantof  a  orde  GFA: 
then, 

I.  When  the  Spring  is  bent  tblWlgb  the  right  fine 
'CB  of  any  arc  CF*  the  velocitj  «  M  the  body  M  uto 
the  orwiml  f  clocilf  V,  m  the  cofine  DF  It  to  the  nk> 

BF 

diwCG; that ia«<V:tBFtCG,or vat      X  V. 

a.  The  time  /  of  bending  the*^  Spring  through  the 
fame  fine  CB^  it  to  T,  the  time  of  a  heair  bodT*! 
«fcending  in  vacno  with  the  vebci^  V(  ta  the  cem> 

VouIL 


olthit  (faeo* 


fpondiog  arc  la  to  24  I  that  ii  / ;  T  : :  GF  :  »*,  or 

t  =  —  X  T,  , 
ta 

'  The  do^oT  gntt 

ten»  anddedaceaagivati  ,  

it.  tliefe  hedlndetintothKecldhlk  TheRril con- 
tains fuch  comlhwict  at  are  of  moreparticidar  ttb  when 

the  Spring  I'l  whoBy  doled  before  the  motion  of  the 

body  ceafcs:  the  fecond  comprehends  thofe  relating  lo 
the  cafe,  when  the  motion  of  the  body  ccafes  befon.  the 
SpriDgi;  v\!i oUy  clofed  :  and  the  third  whrn  the  niution 
of  the  hm\y  ceaieii  at  the  inf^ant  tlidl  tlic  Spring  is 
whoU)  clufed. 

W'c  (hall  here  inentlon  fomc  of  tlic  h.1  clafs,  as 
bciiii;  ttic  moif  fimplc  ;  having  firil  prcmifcd,  (liat  P  ris 
the  lVen«h  of  the  Spring,  L  its  length,  V  =  the 
ii.iiizil  velocity  of  the  body  clofingthc  Spnng,  M  =  iu 
mafs,  /  =  time  fpent  by  the  body  in  doling  the  Spring, 
A  ==  height  from  which  a  heavy  bodjr  wll  fall  in  va- 
cua in  a  feoond  of  time,  a  :e  the  height  to  wbich  a 
body  would  afcend  in  vacuo  with  the  velocity  V>  C  S 
the  velocity  gained  b^  the  faH,  m  &  the  circumference 
of  a  circle,  whofc  diameter  is  t.  Then,  the  motion 
of  the  flrikinff  bodf  ccsiog  when  the  ^ing  it  whoQf 
clofcd,  it wiUhck 

V  rrcV 


2MA 


C.     Vi  s 


aKX 


X  I' 


3,  MVaC^^thefitftM 

4.  If  a  quantitjr  of  motion  MV  bend  a  Spring 
through  iu  whole  lengthy  aad  fx  dcftroy ed  by  it  t  an 
ntber  quantity  «f  ouitioa  cqnd  to  the  fonneri  aa 
V 

lAf  X  1^  will  dofe  the  fimw  ^tng,  and  he  wholy 

deftroyc.l  hy  it, 

titti  a  quaittity  of  motion,  gieater  'Or  lefs  than 
MV,  in  any  given  ratio,  may  clofe  the  fame  Spring, 
and  be  wholly  deflroyed  in  clofing  it }  and  the  tine 
Ipent  in  clofing  the  Spring  will  be  rcTpeditdf  gmtCr 
or  left,  in  the  fame  given  ratio. 


6.  Tlie  initial  vis  viva,  or  MV»  it  = 


C*PL 
aA 


t  and 


2aM  —  PL ;  alfo  the  initial  fit  viva  it  at  the  redaa- 
g  I  e  u  nder  the  length  and  ftrcqfth  «f  the  Spring,  that  1^ 

MV  is  as  PL. 

7.  If  the  vtivtva  MV*  bend  a  Spring  ihrmigh  ita 
whole  length,  and  be  deflroyed  iu  clohng  it ;  apy 

.     .  V* 
other  Tis  viva,  equal  to  the  former,  a*  n'Sl  x  — r* 

«• 

win  clofe  the  &me  Spiiiig,  and  be  drftroyed  by  it. 

8.  Bat  the  tine  df  doling  the  Spiing  by  the  «<  vita 

V* 

n*M  X  '-7,  win  he  to  the  time  of  dofiag  it  by  the 

n 

vis  viva  MV-,  as  n  to  I . 

g.  If  the  *ii  viva  MV'be  wbollvconfnnied  in  doling 
nSipriog,  ofthekaftb  I4  nod  iicugtb  P|  then  the 

sR  «il 
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mirSva  n'MV*  ivIllJc  fufllcicTit  to  rlofr,  id,  Eitlicr  a 

Spring  of  (Ik-  liaj,'(]i  I.  iiid  llrciit,tli  fl'P.  jJ,  Of  a 
fiprin^  <.t  tlit  li  ii^tii  h1.  ami  itniigth  til*,  jd.  Or  of 
llic  liii-ih  ii'l.  a:iJ  lliingili  r.  4tii,  Or,  if  k  be  a 
wtiok  number^  the  number  «*  of  Spiings,  cacli  uf  tlie 
Itmgrh  L  and  llrength  P.<— It  mtj  be  added,  that  it 
sppii^is  from  1a;xe.  tint  llic  number  of  fiinilar  vnd 
tiical  Sjjilii;;*  n  |,;lvcn  body  in  motiOT  wn  wholly  clofci 
in  \  j)i(i[)onii)ii:il  to  llic  fijuarfs  of  the  velocity  <if 
that  b'>iiy.  Ami  it  is  fi<im  this  principle  llint  llic  cliu  f 
Ki^unu-r.t,  Id  prove  lliit  tlic  fcircc  of  a  boily  in  moiiou 
is  :is   ihc  fj'iRic    of  iti>  vclucil)',  is  deduced.  Stc 

Tlic  theorem  )civrn  abOTc,  aiul  its  coniUariti,  will 
fr,ually  Ivild  ^ood,  Jf  tlie  Sprinfr  be  filppofcd  to  ha»C 
bu;ri  al  ilrll  t!)iijiii;h  a  ecitaiil  fpjcc,  and  by  PH- 
b«i»diiig  itfclf  to  pttfs  ii|>r)n  :»  liixly  at  red,  and  th'ti 
to  drive  lii;  t  horjy  lKf<iri  it,  ihirii;'^  the  lime  of  its  cxpan- 
fior.  :  oiilv  V,  inllcad  ejf  bfiiipthe  i:ii(i,il  velixity  with 
vliicli  the  body  Uriuk  the  Sprinc^.  will  now  he  the  fi- 
nal velocity  w:;!i  w  hich  llu-  bady  parts  tro;:i  ll.c  Spring 
when  lot.illy  cxpar,J«<!. 

It  maj'  ally  be  obiVtvtfdi  that  llu-  theorem,  ■Jvr,  will 
Cqnally  hoM  good,  if  the  Sprin;;,  inllcad  of  b-,ii)g 
DR^dinwardi  b« drawn  oatwanl  by  the  ndion  of  the 
body*  The  like  nay  be  faid,  if  the  Spring  be  fup- 
pofed  to  haw  been  nroAf^  dcawn  outward  to  a  certain 
ren{(th,  and  in  reftorlng  ilfrlf  invf  the  fodr  after  ir. 
And  IdiUy,  the  theorem  cxtcrids  t  )  :i  '  of  any 
form  whatever,  provided  I,  be  the  -rcuufL  Icnx^ii  it 
canli<:  i.  m  lult  d  to  ir  tii  tr-  natural  fititatton,  aiiJ  Pthe 
force  vvliich  will  contiac  it  to  that  length.  See  Phllot. 
Tranf.  num.  472,  feft.  10,  or  vol,  43,  art.  10. 

SrRiNO  it  more  particnlarly  ufcd,  in  the  ^ft:cIlanic 
Altai  for  a  piece  of  ten|iei«a  ilrcl,  put  into  various 
nachinra  to  give  them  wotim,  by  uie  cndcaTour  it 
makes  to  unbend  itfelf. 

In  '.■..itclic-,  I'  11  »  fine  piece  of  utll  tv.itcii  f!cc!, 
tuikU  up  111  a  cjlindriciil  cafe,  ui  fr:«mi  ;  which  by 
Jlretchinj;  itfelf  forth,  giteimoti  ii  t.,  tla-  utneh, &c. 

SmiNG  j1rl',r,  in  a  Watch,  iiitlut  part  in  the  mid- 
dle of  titi    .'-|iriii;j;-lM-v,    al  it  which  the   Spring  it 

wound  or  tiiriK.>!,  .i:al  to  \>  Kii.]i  it  is  Looked  at  owe 
end. 

SraiHO  Boot,  in  a  Watch,  is  the  qrlindrical  cafe, 
or  frame,  containing  within  it  the  Spridf  of  tbc 

watch. 

STRisc-Compa^a.    Sec  CoMPAssts* 
Spr  ISO  (yf  the  ifir»  or  ita  elaftic  fijpcet   See  Atn, 
and  £>-AsriciTY. 

^vxxW'TiiL-s,  are  the  higher  ttdet,  about  the  times 
of  the  new  and  full  moon.  SeeTlHE. 

Srmwr.Y,  or  Eu^flU  Ii;i!v.    See  Elastic  Do/fr. 

SQl'ARK,  in  Clcomctrr,  a  qnadrilaterj!  figure, 
whcff  are  ri){ht,  and  lidea  cquaL    Or  it  is  an 

equilateral  rcflangle.  Or  an  equilateral  refiangular 
parallelogram. 

A  Square,  and  indeed  any  other  parallcIoi;ran<,  h 
bifc^cdby  ita  ^agonal.  And  the  fide  of  a  Squiuc  \i 
incommeminUe  t»  itt  di.igona1,  beirg  in  the  mtit*  of 
s  10 


Te jiiJ  tic  ylr,,i  tif  a  S<^AftE.  Multiply  the  fide 
by  itielf,  aiKl  iliL  pioduct  is  the  area.  So,  it  the  fide 
be  10,  the  area  i»  too;  and  if  the  fide  be  12,  tiie 
area  ii  144. 

S<n>A«ft  Font,  ii  a  Square  each  itdc  of  which  i*  equak 
to  a  root,  or  1 1  inches  ;  and  the  area.  Or  Square  roofr 

iscqual  to  14,^  fipurc  iiiehei:. 

Gf'jmfirLJ  S.u'AR5,  a  catnpartnicnt  often  added  oq 
the  f^ice  of  a  qoadnintt  Called  aUo  LiHe^SHAtMV*, 
and  (^r AOS  A XT.        '  ' 

Giiiiiirr'j  S.il'AKK.  SiC  Ql'AnRAHT. 

J^LvJ:  Sci^UASI;.  See  Mat.ic  S'/Uitrr. 

.Siji  AT,  fc  Mafuiti,  the  Suuares  of  the  lineal  mea- 
furee;  as  in  the  foDowiog  Table  of  Square.  Klck- 
furc* : 


Ls-t«1cchrl. 

>^              ^  f,  Th«.. 

>.C»«  A<tt: 

MtHs. 

'  i 

■■-■u      -■■ ' 

1 

1  6 

Nann.il  SiiUAiiE,  ii  an  indnimeiit,  made  of  wood  ' 
or  flwtal*  fcrving  to  dclciibe  and  meafuce  right  angles  $ 


fnch  is  ABC,  It  coniifts  of  two  rulers  or  branches 
faltenfil  together  perpeudicularly.  When  the  two  legs 
arc  ni  i.t  .iljl:'  on  a  joint,  it  iicalled  a  hevil. 

To  examine  whether  the  Square  is  exaft  or  not. 
Defcribc  a  fi-micitcle  DBK,  with  any  radius  at  pK-a- 
flirc;  in  ihecireumfcvenee  of  which  apply  the  ang.c  of 
the  Square  to  any  point  as  H,  ar.d  the  eJ^'c  of  one  It^ 
to  one  end  of  the  diameter  as  D,  then  if  the  other  leg 
pafi>j  jl\  by  the  other  extremity  at  £,  the  Square  is 
true  {  othcrwife  not. 

Sqi'ark  Numhrr,  is  the  prodnfl  aiifiiig,  /rnm  n 
ouniUr  niultijdied  by  iifclf.   Thvs»  4ia  the  Squarc  of 

and  tO  the  Sijuare  of  4. 

I'he  fcries  of  Square  integers,  is  1,  4,9,  t6, 15,  ^,ttc\ 
whicli  arc  itu  S  jiiirci  of  •  -  I,  2,1,  4,  5,  6,SfC 
Or  llic  Square  ti.iciion$  .  .J,  ^./c  i^jJi.ii.&e* 
which  arc  the  Squares  of  -  -  it  f>  |>  f»  |i  ^^K^ 
A  Square  annber  is  fu  called,  either  hecanfe  it  de> 
notdtbcttcSof  nitquarc,  whofefideisexprcflcd  by  the 
f«gt  of  the  Sq,«arc  niinberi  aa  in  tbe-tonexed  i>q  <  Mt  ^ . 
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_f  


Mrt%u:h  conjiftsof  9^!itUe  fquarr*,  tli«  Ikic  being  equal  to 
i>r  cU:,  ttliich  i>  much  the  fiune  tbu^»  bccwiic  ibe 
pctMo  in  the  nuOilKT  may  be  ninjrcd         •     •  ■ 
in  t'.v!  lOTm  of  a  i>quarc,  hy  tatklr.g 
the  root,  or  (s&w,  the  fide  of  the       *    *  * 
Square. 

:tic  piopfrtic*  of  Sqmrca  ire  an       *  * 

ft^iluA' :    1 .  0/  the 


r   49?    3  .      S  Q.U  , 

And  tliil  OMdiod  of  conlliiiAiaff  ibclahk  of  SqMn 
number*  E  find  fir  A  noticed  hfj  PHetariH%  in  Ut  Algn* 

bra. 

5.  Another  chi^his  pro|oriy,  :iiri  notcJ  Ly  tli: 
Uitii.  <iuthoi,  it,  thai  till'  It'll)  tA  xu\  iuitiibt.r  ut  -(lie 
cubes  (if  l!ic  n4iural  fc;u  »  i,  3,  Sec,  tak<n  from 
tlic  bcginiiii)^,  always  m.ikc«  .t  6ijuarc  number;  mad 
tliat  ifit  ftrits  of  SijiLircs,  fo  formed,  have  for  thclt 
rooti  the  number*  1,  b,  to,  ij,  si,  tec, 
the  difla.  of  which  arc  r,  2*  |,  4>  5,  6,  ftc« 
via,  i»  =  i», 

l»  +  I'  =  3% 


tbtural  rerrn  of  Sqtaret, 
which  arc  cqdat  to 


i\  :\  3'.  f .  «cc. 
»  .'4  I  9  »  10,  &c| 


Thr  rre.in  proportional  m»  between  any  two  of  thcfe 

Stji^nrc?  ami  rj',  i«  cqii.i!  to  thf  Icfs  f«j"nre  a/w  )!» 
r<K;'      ■  It'-il;.-  !        liir  duLrtnc;:  ot  tt.f  •v.H>ts  ;  m  .ilui 

equtl  to  the  j^KJUf  iijuart  miaut  iti  root  multiplied  by 
the  bii  diffrrrncc  of  the  roota.    That  tr, 

iffir  s  m*  •f  ^  =  n*  —  i/ii  / 
where    ^  a  11  —  at  i*  the  dilfercnoe  of  their  rpota. 

3i  An  nrithmctical  mean  between  whj  lira  Square* 
«*  andn*,  exeeedithctrgeumetricatnean,  hy  halftlie 
Squarv  of  the  diifertnce  of  tlicir  root$. 

That  is  Im*  +  in-  =        +  ^tl*. 

5.  O;  ll.rc;'  I'.j'iiililhi-.i;  ^  [.Ml!_■>ul  ihf  fit  rii_s,  t?iL- 
geoincirical  mcju  belwtcn  llit  ixtrwincs,  i»  icll  th.iii  tftc 
middle  Si]uarc  liy  the  Sqiuirc  »>f  tl)tir  common  liilfam  c 
in  the  Series,  or  of  the  comiuon  diifertnce  of  tlicir  roou. 

Ttuikt  mf  ss  n* d*i 
■wbcit  HTi  n,  p,  are  in  arithaeticnl  progceflion,  the  coai« 
mon  diiTercnce  being  ^. 

4.  The  ditTtiTiicc  litwicii  i!,c  two  a^Mtnt 
Square*  *»*,  and  «*,  i»  =  am  +  i } 

in  like  manner,  ^  —  a*  as  an  4>  1,  the  differ* 
encc  between  the  next  two  adjacent  Sqoarcs  »*  and  ; 
and  It)  on,  for  the  next  following  Square*.  Hence  the 
ditfcrcnce  of  ihele  diflcitocci,  ortM  Iccond  difference 

of  tht  Square*,  is  2«  —  sm  n  2  x  n  —  m  ss  sonlf, 
I  ccaufc  «  at  =s  I  i  that  it,  the  fecond  difference*  of 
the  Square*  art -each  the  fame  conftaot  nnmber 
therefore  the  firft  difference*  will  be  found  by  the  conti- 
nual ad^tioaof  the  nnmber  3 ;  and  then  the  Squares 
themfetve*  wiO  "be  foiind  hf  llw  continual  addition  of 
iht;  tt:  I  dilTiietict*  ;  and  tlius  the  \>  !:■  It  ftr-:  1,  >if  SquarCt 
ii  roiiliruftid  by  nddilion  (iiily,  si»  here  below  : 


!  lii  DHL 

1 

3 

7 

9 

1 1 

'3 

&c. 

1  iiquans. 

1 

T 

1,9 

7^ 

49 

&c. 

1'  + 
l»  + 


.  =.6'. 
+      +  4*  =  10' »  ""J  general 


i»  +  :»  4-  3>  +i»»=(i  +  2  +  3+*)'  =  {n.«+is 
where  n  is  the  niin'.hcr  of  the  terms  or  cm1>.  •.. 

Sq^ari  Roci,  a  number  conGdcred  as  the  root  of  a 
(eoond  power  or  Squaie  number :  or  a  number  which 
imihiplicd  I17  itfelf,  produoea  the  giten  mrndkcr.  See 
Extraction  tf  Itettit  and  allb  the  artide  Koor, 
w  here  tables  of  Squares  and  roots  are  iufcrtrd. 

T.  S;;^'A»t,  or  7'ef  Sn^'AtLi ,  an  infttumtut  ufed  in 
drawir^,  fu  caBed  from  tt(  rcfemWnnce  tv  the  capital 
Utter  T. 

This  iiiflrument  confifiscf 
two  flmi^ht  rulers  and 
CD,  fixed  at  n;;ht  ani;Ieito 
each  other.  To  which  is 
fomctimci  added  a  thitd  EF, 
anoreable  about  the  pin  C,  to 
fet  it  to  make  any  an-jle  with 
CD. — It  is  ttry  ufcfjl  for 
drawinj;  parallel  and  pcrjjctt- 
(?'cular  lines,  on  the  face  of 
.1  fmooth  dtawiii^-bo.ird. 

SQ^r.A  l<  tD  ./y«,.>r^, 

I'oWFR. 

SQIJARING.  SeeQcA. 

DRATURr. 

S<;i'ARlNG  lie  Cir:le,  is 
the  making  or  findingaSqtiare 
w{iofe  area  fluU  be  equal  to  the  am  of  •  given  circle^ 

The  bell  mnthemntieiafl*  ht«c  not  yet  been  able  to 
refolfc  thia  praUem  nceuratdy,  and  pcrh«p'«  never  will. 
Bnt  they  can  cafity  come  to  anr  propofed  degree  of  ap> 
pi-oximation  wlialtv-.  r;  for  i:il]auce,  (o  near  ai  not  to 
err  fo  much  in  the  area,  m  a  grain  of  l;ind  would  co- 
ver, in  a  circle  whole  diameter  is  equal  to  that  of  the 
orbit  of  Saturn,  llic  following  prcjiortion  is  near 
enough  the  truth  for  any  il^iI  life,  vi^,  at  t  is  to 
•8862;6y:,  fo  is  the  diameter  of  any  circle,  to  the 
fide  of  the  fquareof  an  equal  area.  Tfitn  fotc,  if  the 
diameter  of  the  cirdc  be  called  and  the  lide  of  the 
cqiul  Iqtiare  tt 

then  ia  /  B  •886s>^z</ nearly,' 

8eeCiRCl.a,  DiAMBTEtf  Md  Qp  ad*  ,7  v  .: . 
jRa  *      .  6TADIUM, 


Ed 
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STADIUM,  sn  •nctcotGreck  long  rocarurt,  con- 
taining 1:5  groiiictrical  pacn,  Or  61;  Koimil  fect  ^ 

coircfpondinj;  tooili  furloiijj. 

R.xht  Stad'j  mikc  a  gtometrical  or  Rotiiin  r-.'.\i-  ; 


hilt 


snU  JO,  accorHini;  to  Djticr,  a  French  Icj^ 
accordinj»  to(  1  i  ■,  S-io  Sudia  make  41]  It.ngiit's. 

Guillcticre  oiiiui  vti,  ihai  tht*  Sf^'limn  wa$  aiilr  600 
,  AtlicniaH  fee'.,  wliic'i  ;ii  ■mnt   Si  fij;  it  .  o:  ^'"'6 

Vrencli,  or  604  t-.^!;  it  tcct  :  to  tlial  tJic  ttladltim 
fhoulil  have  bccM  oi:\y  I  r 3  geometrical  paces.  It  ru<ilt 
}jc  nhl'ervtd  howvvcr,  tknt  the  Sindium  ivas  iliOVrcnt 
at  clifTcrkiU  timcB  and  pLcts. 

ST  A  I  F,  J  mueanldr's,  j-taxvral,  Bttck^  Crcft,  Fort, 
0J>-\  iJt.    Sec  thfftf  fever.-.!  articUh 
'  &  FARj  STtiLAi  in  Allronomy,  a  geneial  name 
Jor  ail  the  bonentjr  bodin. 

l*he  Sun  are  4!rftiiigttillKd»  from  the  pheaomcna, 
tec,  IntOjCWind  rmtiittK  vwndtrag. 

Erratic  ai  f!" in.^  r'mg  SrAR«,  arf  iliofc  which  an? 
continually  ciiu:.^uig  tlicir  places  and  ditlanfi-s,  with 


It  arc  pr.iperly 
cl.if;.  may  h'kcwife 


rtfjird  ti)  racli  iithcr.  Thrf<:  arc 
callrd  fiaiuti.  Though  to  the  fat;: 
be  ri-riri  cii  contcH  or  bli/in;^'  .St;:i  -i 

l^Lxed  iiTA»s,  callcfl  jlio  baitiv  ,Vr.;r.-,  by  way  of 
fniinenctf,  arc  tiiolc  wliiv.li  have  uhinlly  l:L-tii  obfcrvcd 
to  keep  the  fame  dilUncc,  with  regard  to  each  other. 

The  chief  circnmftances  obrcrvablc  in  the  fixed 
Start,  are  their  dtjtance,  magnitude,  number,  nature,  and 
Mtlioit.    Of  each  of  which  in  their  ortter. 

Dijlatur  of  the  Fixed  StARS.  The  iscd  Star*  are  fo 
extremely  remote  from  ui^  diat  veluNVHD  dtftaiice*  in 
the  pianetary  fyftem  to  compare  to  them.  Their 


Thcfe  awtluMli  of  Huygenii,  Gregory,  and  CafTin!^ 
'are  ConicAiira)  and  pienriouii ;  both  bccaufe  the  iuu 
and  S'riui  are  fuppOiVd  of  t-qiial  magnitude,  and  alia 
hi.i '  I';!'  it  i^  riipiKifvil  the  diameter  of  Siriw  ia  dctti^ 
fi".  ;      with  lu.iiviciit  cxaoinefj. 

Mt.  Mi^'hell  h*%  piopolcJ  an  mquii  v  ihc  probi- 
b!c  parallax  and  m.i;rnitudc  of  xhc  fiitcu  iitai*,  fnim  the 
q'u:;.ity  ■>!  ligtit  whi'  li  they  afford  iri,  and  the  peculiar 
circnriiiUnces  uf  their  liiiutuun.  With  thi«  view  he 
fuppofcs,  that  thc%'  are,  on  a  mcdintn,  equal  in  mag- 
nitude and  natural  brifrhtneft  to  the  fun  }  and  thca 
proceeds  to  iiiqniiv,  tvuat  would  be  the  panlha  4f  tbc 
fun,  if  he  were  to  be  removed  fo  far  from  us,  a«  to 
make  tlie  quantfiy  of  th«  ligliti  wbi^h  we  (hi<uJd  therr 
receive  Irom  him,  no  atiore  than  equal  to  that  of  the 
lixedStara.  Accordingly,  he  afliimtt  Saturn  ip  oopo* 
felon,  u  ciratt,  or  nearty  equal  in  Imht.  to  tJk  bmncft 
fixei  8ur.  A*  the  nean  dinance  of  batim  from  toe  tm 
It  eoual  to  about  3082  of  the  fun's  femidiamcterk,  the 
dennty  of  the  fun'sli^ht  at  ^aturn  will  oontcuuently  be 
U'fi  tlian  ar  his  »u  n  lurfacc,  in  the  ratio  of  tue  fquare 
of  J  8:  or  4  ^14724:0  I  :  If  Sjtuin  therefore  rcfleft- 
c-.i  ..II  thf  h^.'it  tint  tails  upon  him,  Ik-  wouKl  be  lets  lu» 
niinuuitin  thbi  lame  puipuition.  Auii  bilidcx,  liitap- 
parent  diameter,  in  the  o^puUtion,  bein^  but  about 
the  105th  part  of  tliat  uf  tfic  fun,  the  quantity  of  light 


which  we  receive  from  li;:n  nn.,1  !>■  iin.^ti  dimimfhctTia 
the  ratio  of  the  fquare  oi  105  or  I102{  to  I.  Confe* 
queiitly,  by  multiplying  thefe  two  number*  together, 
we  lhaU  have  the  whole  of  the  light  of  the  fun  to  that 
of  Satara,  at  the  fqinie  nearly  of  zzoiiOOO  or 
48.4oo,ooo,oooto  t.  Hence,  lemovingthcfna  totWOfiOa 
immealedittance appears  from  hence,  that  ttiey  have  no  timea  his  prefent  diftance,  he  WOllld  lllll  appear  at 
fcnfihtepnttaxt  tWii,  that  the  diameter  oCtheearth'a  l^ft  aa  bright  a«  Saturn,  and  hit  whole  paiallaa  upon 
anotial  oibit,  which  k  nearly  1 90  mitliona  of  the  diwwter  of  tlie  eaith*a  oriut  would  be  kfi  thao  a 

bears  no  fenfible  pro  port  KUi  to  their  diftance.  fcconda  i  and  thta  muft  be  aflumed  lor  the  parallax  of 

Mr.  Huygcns  (Coflnothenr.  hit.  4)  attempts  to  de>    the  brightril  of  the  fixed  Stan,  upon  the  fuppoCtion 


•trmiiii:  ttic  dillance  of  the  Star»,  by  making  theapcr- 
luti- lit  aielefcopefo  fmall.  as  thit  the  fun  through  it 
appears  no  larger  than  Sirius  ;  u  hiuh  he  found  to  he 
onlv  as  I  to  ;  :  6^4  of  his  diarnc'Lt-r,  when  fetn  with  the 
naku!  <:)<.  S'j  that,  were  the  fun's  dilhinte  .'76(14 
times  us  nvu  h  .is  it  i^,  it  wo  .lti  then  be  fi  cn  of  thi- 
fame  diameter  \v  ith  Sirius.  And  hence,  fuppolinjr  8i- 
riu*  to  be  a  fun  of  the  fame  magnitude  with  our  fun, 
the  diftanoe  of  Sirius  will  be  found  to  be  27664  timea 
thtdiAancc  of  the  fun,  or  34$  milUoo  times  the  earth's 
diameter 

ance  of  Si- 
itude  with  the 
d;-<nien  r  with  Jupiter 
ifecft  at  i^i^e  111  hiaAlliono' 

ny,  jib.  3,  pn^47/ 

Cafllni  (Mem.  Acad,  t'ly),  by  comparing  Jupi- 
ter and  .'ill  ins.  wilt  n  viewed  through  the  fame  tele- 
fcopc,  iut'errtd,  that  th?  diameter  of  that  planet  was  10 
times  as  great  as  that  of  the  .Sta"-  ;  •.■.m!  ".he  diameter  of 
Jupiter  being  50",  he  conchuled  the  diameter  of 
tiiriirs  wasaHout  5"  ;  fnppo'inj^  then  that  the  real  mag- 
nitude of  Siriiu  IS  ei;  jl  t  j  tiiat  of  the  fur,  at>d  the 
diilancc  of  'he-  itn  hurii  Uj  12000  dunuleis  eif  the' 
earth,  and  the  apparent  diameter  of  Siriut  being  lo 
that  of  the  fun  aii  1  to  I'^x,  the  diftance  of  Sititia  bc* 
cOmea  c<|aal  to  4608C00  diameter*  of  the  earth. 


IMIliittt*  ■ 

Or.  David  Gregory  inveftfg^tcd  the  di(hn 
.tu*i  by  fuppDlin^  it  of  the  laitte  magnitude 
ftin^ndat  the  fame  mar 
in  oppofitioa :  as  tnay  M  ft 


th.it  their  light  does  not  exceed  that  of  Saturn. 

By  a  like  computation  it  may  be  found,  that  the 
(iillancr,  at  wliicti  the  fu.;  u  nelil  .iffoid  U*  as  much  light 
as  we  rceeive  fiuiii  Jiipitcr,  is  not  lcf«  than  46,000 
tinK<  his  prefcnt  didance,  ami  liib  whole  pntalUx  iu 
th.it  cafe,  upon  the  diasTirter  of  iiic  c,lTt^l  a  urhit,  would 
not  he  n-.nie  than  9  fceoncls  ;  (lie  hgtit  ot  Jupiter  and 
tiaturn,  as  ieeu  from  the  earth,  being  in  the  ratio  of 
about  22  to  I,  when  they  are  both  in  oppoliUun,  and 
fuppofingthem  to  refle'Wqually  in  proportion  to  the 
whole  of  the  light  that  falls  upon  ihem.  But  if  Juiiitcr 
and  Saturn,  inllead  uf  reflcding  the  whole  of  ttie  light 
that  falls  upon  them,  (bnuld  really  reflect  only  a  part  of 
it,  at  a  4th,  or  a  6th,  which  oay  he  the  cafe,  the  above  ' 
diftancea  mull  be  iuenalcd  in  the  ntio  of  a  or  if  to 
I,  to  make  the  fan*bU)^ft  no  moie  than  equal  to  thciis} 
and  his  paialiax  would  he  ids  in  tlie  fame  proportion. 
Siippofingthcn  that  thi.  lixcd  Stars  are  of  the  fame  mag. 
iiitude  and  briRhtiiifs  with  the  fun,  it  is  no  wonder 
that  their  p  uiill. IX  HhmIiI  liitliLilo  hav;-  elc.ipcil  i4)l'cr. 
vation  ;  finte  in  tlus  cile  it  c*Jiilii  haiJly  ;ime».iiil  Ui  2 
feronds,  and  pnibahly  not  more  than  one  in  iiii  iushim* 
ff!f,  though  he  hid  Keen  plaeeJ  in  the  jiole  of  the 
eclip'ii  ;  and  in  thufe  that  appear  much  leU  luminous, 
at  y  Draconis,  which  it  only  of  the  jd  magnitude,  it 
could  hardly  beexpe^ed  to  be  fenfible  with  luch  inftru* 
neota  aih<tve  hitherto  bcco  ufcd,  Jtiowcfcr,  Mr.  Mi- 

dielt 


Digitized 


ST  A 


r  493  1 


S  T.JT 


cihdl  fug^^ns,  tliat  it  it  not  I'mpraAicabk  to  conftroA 
{nftrurtufnt*  capable  of  diftitij^iiL'hing  cwir  to  the  20th 
part  of  a  fecond  vidn'  tlic  air  will  adinit  of  that 
dcjjiTC  of  exa^tnef*.  Th'<i  ini'cniims  writer  apprehends 
tliut  the  quantity  of  hght  which  we  rtttive  from  Si- 
rips,  doe*  not  i  icf'-cd  the  lighi  we  itccive  frorrtthc  Icall 
{\yiA  Siarof  ihc  6ih  msgnit'idc,  in  a  frrcatci'  ratio  th  in 
that  of  (OOO  to  I,  ror  le'*  ihaii  'liiit  of  4C0  to  I ;  and 
the  fmalUrr  Star?  >)f 'hi  7d  iMajTninuJc  fceui  to  be  aL  mt 
a  IT -an  proportional  between  thi- oiKlt  tv  o.  HcnvX 
tie  .  haie  p  iraibx  of  the  ieaft  lixed  Siars  of  the  6lh 
Rta^nitiidc,  lui  poling  them  vf  the  fame  lize  and  uatire 
bii^htnef<i  with  I  he  fun,  flioul,'!  be  fmni  ab'iut  2"' to 
)"',  and  their  diftance  from  aboiti  8  to  la  miltion  timei 
that  of  the  fan  t  and  the  ptraQM  of  the  tmiUkf  Stars  of 
life  id  masfnittidc^  ttpoR  the  fume  fiqipofitiom  AouU  be 
ibont  i2''\  and  their '^fiance  about  t  muUioQ  ttaMa 
fbat  '>f  tlie  fun. 

This  author  farther  fuggclh,  that,  from  the  appa- 
rent fituation  of  tht  S'are  in  the  lit^vtna,  tScn-  i>  the 
greatr"-  proJ>abili*y  that  lheS;:ir<  .11 1'  co-.L-ilcii  i<),;Lthk;r 
in  clmUTS  in  fomr  pl;;i-.,  «hcrtti.i.y  tu:m;ikl:itl  of 
fTftrm?;,  wliilil  111  ottii'is  ihfic  urc  e;thci'  tciv  or  in/nc  of 
them  ;  \i'lif(ficr  iK-*  dilii.ilitlon  be  oh  iiil;  ti.  tl:i  Ir  mu- 
tual ■.rr.iv'tia  ion,  or  III  iijtric  tjihiT  hiiv  i)t  .ijtpointinent 
of  thv-  Crt-.i'.or.     Hciicc  it  may  be  iniL-rmi,  that  fuch 


Dr.  Bradle}'  aflurej  ut  (PhiloHTfinf  tmm,  4061  or 
Abr.  voL  6,  pa.  i6i),  that  bad  the  parallax  ^inrtiinted 
to  a  (io^lc  tec  ml,  nr  tw  :  at  moil,  he  ft  ,)iild  iiu  ,  .  pcr- 
coired  it  in  llic  jircal  L;ainL,:ri){  oiilL-lvalioi.s  which 
be  made,  tr|t.\uily  1  ptin  y  Drd^  Of,'*  ;  a- d  th;i:  it 
fcemcd  to  him  vtry  ft  An.^lt,  i!iat  tlu  a-.inii.il  p  1  Vax 
of  this  Star  d' en  in  t  amoiinl  to  a  iin^r],^  ficond,  ^nd 
coiifetiuotb  tb.ii  ii  x  above  400  tb'xiiauti  timc8  laiiiicr 
fruiti  us  ;  iian  the  (un. 

But  Dr.  Hti'fci  ct,  to  whofc  induflry  nod  ingenuity, 
in  exploring  th(.  heavens,  aftrononiy  i>  already  niuclt 
indebted,  rcmatkt,  that  the  inilruntcni  ufed  on  thia 
Occalion,  beinu  the  lame  with  the  prefent  KCnith  Gw* 
tora,  can  iiardly  be  allowed  capable  of  flt^-wiug  an  an* 
gle  of  one  ot  e«cB  two  fcoondii  with  accuracy :  and  be- 
ndc»,  tlic  Star  on  which  the  obfenratimu  were  «Aade>  ia- 
ouly  a  bright  Star  of  tiie  3d«a^itudc,  orafmaUStar 
of  tlie  2(i ;  and  that  thereKwe  tia  {MursiBax  ia  jMvbablf 
much  Icfs  th  -n  that  of  a  Stsr  of  the  firft  magnitude.  So- 
tliat  ive  arc  rut  warrautcd  in  iiifr-i ;  ii  that  tbr  paral- 
lax of  lh<:  Star*  in  general  iloeu  nut  cy.cev ]  1  ',  tthere-- 
thnfc-  i  ;  i  e  firll  ma^^uillld':  m  '  ..ivf,  j.nt^ith- 
ll.itic!iii)j  tl)t  icfult  of  Di'.  l>.-aJlcy'B  wbicivaUous,  a 
p-i,ili^<.  i  f  Icviial  Ifcono  . 

As  to  the  ir.iLtliod  al  Z'-Dllh  ciiftanrcj,  it  to 
COiili  Ji'niliJt  crrurs,  oil  actouut  of  ri-lr rid;  ion,  t ' .t  chrj?/c 
double  Stan,  Uc,  a»  appear  to  coafili  of  two  or  mure  ,  of  polition  of  the  r  irtb'a  axii^  aiiling  from  uutatiun^ 


Star*  placed  very  near  together,  do  realty  confift  of 
Stars  placed  near  together,  and  under  tiic  influcnix  of 
fooie  general  law :  and  be  proceeds  to  in(]uire  whether* 
if  the  Stars  be  colteflcd  into  fyftema,  tliedm  doe*  not 
Uiiewife  make  one  of  fomc  fyftcm»  and  whidi  "fixed 
Stara  tbole  are  dut  bdbng  to  the  lame  fjllem  with 


preccirii>n  of  the  cqniuioxcis  or  other  caufeit  aad  the 

aberration  of  light. 

Dr.  Hcrli  liini^)  pro]iofed  another  method,  by  mean* 
of  double  Siar*»  which  i*  free  Irom  thele  errarii  ao4- 
of  fttcfi  a  mtOTCi  that  the  aanwd  paraQu,  cwa  if  it 
fltouU  not  exeteil  the  toth  pan  of  a  fecond*  naj  lliU 
become  vilible,  and  be  afccnained  at  leaft  mneh  nearer 
than  heretofore.  Thia  method,  which  was  firft  pm- 
pofed  in  an  imperfcd  manner  by  Galileo,  and  has  been 
alfo  mentioned  by  other  autburs,  i;  capable  ct  every 
improvement  which  the  telefcopt  iutd  nicdianifm  or  mi- 
ci^nu-tcrs  csn  iurniili.  To  give  a  cenctal  idca  of  it*, 
kl  Q  and  1:.  be  t»u  uppufile  points  of 
the  annii.il  uibi-,  taken  in  the  r.in\e 
plane  with  two  flars  A,  D,  of  unequal 
magftitiides.    Let  the  an^le  AOa  be 


Tbofe  Stan,  he  appreiiends,  which  are  found  in 
ctuftert,  andfturoundcd  by  many  others  at  a  fmall  dif- 

t.incc  tioni  ihcjn,  Ixhiri;;  probubly  to  other  lyilema, 
and  not  10  (  Ur*.  Aud  ilioft  Stsrr,  whicli  aie  fur- 
rounded  u'lth  iiiliiil.',  2if  prol>ab!y  (<i.!v  '^ciy  large 
Stars  which  on  Liconnit.  oi  their  lupc)  lor  magnitude, 
art  III';;!/  viiiblf,  "hill- the  others,  which  compol'e  the 
reinaiuiiig  partnut  ttie  fame  fydem,  arc  fo  fmall  as  to 
efcape  our  nght.  A-:d  thofe  ncbtilz  in  which  we  can  dif* 
'cover  cither  none  or  <iiily  a  few  Stars,  even  with  the 
afTillance  of  the  bt't  tihicupc*,  arc  pmbjUy  fyftems 
that  are  Aill  more  diitaot  than  the  rcll.  Fur  otiier  par- 
ticubn  of  thia  tnqoiry;  fix  JPhibt  Trailf.  T0I.5T1  pa. 

234  &w 

Asilu  d  Dance  of  thertxeJSraraia  beftdetcrmitied 
by  their  paiaUas,  variow  mcthoda  liaw;  boea  porfued*  two  Ktari  ought  to  be  aa  near  ai  nof. 
thott/b  hitherto  wi'honl  fnecefa,  Ibr  inveftigating  it  i  fiUe  to  each  other,  and  aMb  todiiEsr 
'  the  iiiult  of  the  moll  aocn  tc  obfervations  having  given 
ns  !'*.tle  more  than  a  diflt.nt  approximation  ;  fn>m  which 
bo'.a-ver  '■•■•c  ii'ay  concluilo,  that  ilie  neaici'  vt'  ti  t  fixed 
blara  cjimat  be  left  than  40  thoufaiid  tiiaiucteis  of 
-the  whole  annual  orbit  of  tlie  eaitb  dilkaat  from 
mu 

Tbu  i^etbod  pointed  out  by  Cilileo,  and  attempted 
by  .  looit,  l-iamtletd,  Molyneux,  and  ISradlcy,  of 
tuking  the  dillaiv  es  of  fuch  Stars  from  the  /cnith  as 
paU  very  near  ^t,  has  given  us  a  much  jiilter  idea  of  the 
immenic  dilLucc  of  the  Stats,  and  furuilhrdaii  approxi- 
mation to  ilieir  'paraUas*  much  nearer  the  tnitb«  than 
an  J  we  bad  be6»e> 


oblerv-td  when  the  earth  is  at  O,  and 
be  obfeived  when  the  earth  is  at 
£.  Trum  the  difference  of  theic  an- 
gles, when  there  iiai^t'be  parallax  of 
the  Sara  may  be  oiaqMitca*  accord* 
iog  to  the  theory  fubjoincd.  Tbefe 


ai  mneh  ja  magnitude  a»  lec  can  fiad 

them. 

This  theory  of  t'<c  anniial  par.,l!;ix  of  double  Start, 
with  the  nii-tlirxi  ol  luat^utiug  tiom  thence  wliat  i» 
Ul'ually  c»l!rd  the  parallax  of  the  tixeil  ^t  irs,  or  of  fin- 
gl<  St.ais  of  the  tit  11  majjnitlide,  fiu  ii  as  arenc;irelf  to 
us,  fiippofcs  III,  ih'it  (he  Stars i:ri  ^.1  .i'.,n;u  ihrdzcof 
the  fun  ;  and  idly,  thai  the  difference  initieir  apparent^ 
magnilndea,  i  .  oiv  nj;  to  their  diflerent  diftances,  Jb  U 
thai  a  Star  of  the  ad,  3d,  01  4th  magnitude,  ts  2,  j,. 
or  4  times  as  far  cifT  as  one  of  tlie  firll.  Tiiefe  piinct> 
plea,  which  Dr.  Hcrfdiel  prcmiiiea  as  poflnlata,  luve  i'o 
great  a  probability  b  dSeir  fii«mtr»  tbat  they  will 
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fcarcely  be  oliivdcJ  to  liylhofo  w'no  ara-in  tV.t-lcift  2>'- 

?Matntcd  willi  ilie  ditftriin!  of  chnisi-ta.  Sec  Mr.  Mic'^tH'i 
nqn'xxy,  &c.alicaJy  citnl.  And  inillol.  Tr^m.  vol.  ,7, 
AUo  Dr.  H..lKy,  ."t  the  Nimh- 


iqiiiry. 


:  4c. 


bir,  (JrrItT,  nnii  I. 
lof.  'I'taiit.  viil.  y., 
HwrefoK,  let 


t;llt  (if  tlic 
K1-  A  ill  .  V< 

£0  be 


fi'<<.-t 
the 


i>uri,  in  tlw  i'lii- 


wh<ik  (Namctcr  of  the  eartlt's  an- 
nnd  oiliit  t  and  A,  B,  C  be  three 
Stan  fiiaatei)tn.il)«  cclipiic,  !ii  fuch 

a  m:in<iL-r,  tlial  thfT  may  apiH"--" 
iill  in  OIK  lino  OAnC  wlitn  tin- 
earth  is  at  O.  Now  if  OA, 
Ail,  DC  In-  cqutl  to  C.U  li  oti.t-r, 
A  will  lif  a  -Star  of  tlic  tiill  iiu^tii- 
tuilc,  Ii  01  the  itc«<i>d,  ami  C  ot 
ihc  third.  I,tt  lis  lU  Nt  I'u;.;  o.c 
the  ai)j;lc  OAl'  ,  i>t  pj'ull.ix  (A  ihc 
vIidK-  01  bit  <)t  lh«^  iLiitli,  to  he  1  ' 
d"  a  drfjrtc;  tin n,  bocaiifc  very 
fin.iH  un  rlis,  l.avlni;  the  Izmt:  fuh» 
ttu('.  EO,  n\»y  be  t..l.t.  t  to  he  id 
tlie  inwrfc  ratio  of  tin-  lim  s  OA, 
OU.  OC,  9iCp  we  fliali  have 
EBO  SB  and  ECO  s 
■No  becitife  £A  =  AB  ucarK', 
theanf^le  AE8  =  ABE  2r  }  : 
aud  bccaulc  bC  =  i  lit)  -  1  15 
nearly,  iIk-  anp-lo  BLC  —  1  IjCE  =  y\  and  bcncc 
AKC  =.  [  j-  I  \  firom  all  which  it  feUom  that, 
when  the  ciinli  i«  at  £, 

the  Sinn  A  .ind  !>  appear  at  i'MillantfraBIl  oocailOthcf'i 
tlie  St»rs  A  and  C  iii  diilaiit,  aitd 
thfijtars  D  and  C  only  dil'lant.  In  lilic  irianiu-r 
may  be  dvdi:ced  a  ptncial  cxprcliinn  for  the  par.illi* 
that  will  Ik'cohic  vil'iblc  in  the  tfiangc  uf  dii!«ncv  l)e- 
twctn  til':  two  .S(ir«,  by  tlic  removal  uf  the  earth  from 
one  extreme  of  her  oibit  totlicothcr.  Let  /■*  denote  the 
total  paralUk  of  a  iiscd  Star  of  the  magnit«ide  of  tbe 
JIf  oraer,  and  m^hc  number  of  titc  order  of  «  foialler 
Star.  /  denoting  the  (wrtial  juralbi  to  b«  obfctaed  by 
tlx  clMiige  in  IM  "~ 


t!;ty  flimilJ  appear  in  one  line,  when  tbe  earth  U  rn 
fomc  other  juiil  of  her  or'uit  between  E  and  O  thc-t 
will  the  pjrsilas/htf  llill  cxpreiRd  by  the  fame  algebraic 
forn  ulii,  uvj  or.e  ff  the  maxima  will  IHII  lie  at  E, 
the  other  a;  O  )  but  the  «liok:  efied  will  be  dtviJej 
into  twu.part*,  which  will  be  in  proportion  to  each 
other,  a>  radiua  line  to  radtoa  4  iioe  of  (he 
Star**  diftance  from  the  ncareft  coiymdion  or  oppo^ 

fil:^Jll. 

V.'ixn  tl  "  .SlTirs  are  nny  where  out  of  the  ecl;n?:j, 
(ir..:itei'.  f.i  t.>  rippe  ir  in  tin^  line  OAHC  prrpe^v  leu- 
Ijr  til  ll  ;  r.'.ixiniuni  of  p.v.dlax  will  lliil  be  cx- 


,      .  m~  AT  ^ 

then  i»  ^  =  P, 


diAance  01  a  double  Star  ; 

or  7» 


—  ir7,  which  jjives 
•  —  ill 


Py  when  p  ii  found  by  obferwtlon. 

Fur  r.x.  Snjtpofe  a  Star  of  the  ill  mn<jiiitude  fliould 
have  a  loiall  St.ir  of  the  isth  magnitude  oear  it ;  then 
win  the  partial  parallaa  we  are  to  cupoA  to  fee  be 

l^—P  =  il  P^  or     of  the  total  naralbx  of  the 

larijcr  Star;  and  if  we  fli  .  ilr.        -bfervition,  findthe 
pnrtip.l  pur:ilh\  Ixtwtcn  two  i'leh  St:ir->  to  anKunit  to 
1",  then  will  l!)t^  total  parallai  /'  =.  ',';/'    -  ' 
Again)  if  the  Stars  be  ol  the  3d  a:td  z^ih  magnitude, 

the  tola!  parallax  wiU  be    =  '^ZT^f  =  »t/  ~  V/i 

fo  that  if  by  cbftrvstion  /  be  found  to  be  tv  of  a 
recwad,  tlie  whole  p:iraUaK  P  will  come  put  a 


Pi 


pre.TeJ 


mM 


-  P  ;  but  there  will  .nrifc  another  aj- 


dittov.nl  p.Ttal'.^x  in  'lie  eonjtincli'.r  Btul  opp<>htion,whitli 
will  lie  10  llint  u  hx-lus  found  b.:[iire  o;'  atui  the  flin, 
as  the  l;r,c  [s)  of  thi  l,ilitii<ii.-  of  tlir  .^i'.ara  fccn  dt  O,  ii 
to  rjjiua  (■  )  ;  nrA  the  effect  ol  this  parallax  will  be 
divided  into  Ivvc  ji  if.s  ;  hai!  <it  it  lyi  1;^  on  oik  I.Je  of 
the  large  Mjr,  tin-  I  'liir  h.^lf  on  the  <>tl;-,f  lute  of  it» 
This  latter  pwaliaK  will  rflfo  be  compouodcd  with  the 
Jbrmcr,  fo  that  the  dilbnire  of  tbe  Stan  in  tlie  con* 
juiw^ion  and  ttppoliiitm  u'il  then  bt  reprclienudbjr  tbe 
diagonal  of  a  panttlelotr<  i>i>,  v.  hole  fide*  are  thc'twi* 
fem^ralbxc^ ;  a  gtri'.:  dt '.x[<Tt:i;(  J     r  v.'liteh  win  be 

When  t!,e 
be  =  1,  uiij 
•7071/. 

Again,  let  the  Stars  be  at  fnme  difl.  ncr,  .15  5",  from 
each  other,  and  let  them  be  both  i:-  llie  ecliptic.  TIh* 
cafe  i*rclbivable  into  the  tirll;  for  inu  i^inc  the  Star  A 
to  lland  at  I ;  thea  the  angle  Altl  m.^y  be  acconnled 
c<ptal  to  AO! ;   and  a*  the  fotegoing  formula, 

f  =  — giwa  u*  the  anglca  AEB,  AEG, 


111  ate  ill  the  pole  oi"  the  «cliptic,  t  will 
the  lall  ictmuU  i>ceoiries  — 


arthcr,  iLc  Sua  being  lltU  iu  the  ecliptic,  fupp ufe 


wc  arc  to  add  5"  to  AEB,  which  will  g',\K 

lED.     In  jjevierai,  kt  I k«.  liulanti-  of  the  Stats  be  (/, 
and  la  (he  obfervcd  diftance  at  K  be  D ;  then  w^il 
£s  .i  -f  /)  <i>)d  therefore  the  wliole  parallax  of  ti^c 

annual  orbtt  will  be  csprcilcd  by  ~~-sf      ~  P' 

Stippofe  now  the  Star^  to  dift*  r  only  in  Ijtlti;ue,  one 
beinj^  m  the  ecliptic,  th?  otlur  a!  fo.Tie  diibiote  ;u 
lu;'  ill,  -.vhcn  iecn  it  O.  1  !iii  cufc  mjy  alio  be  vt- 
fobid  li.  ;lic  former;  Ti  inn),'iiie  t'.;e  .Stati  li  irid  C  to 
be  I  '.n  itivl  .it  light  a::i;ii.<  .ibove  the  pl,i::e  of  the  tl^ure, 
fo  that  AOB,  or  AOC.  .nav  ni-ikc  an  an^le  of  ^"  -.'X 
O;  iheninllead  of  the  line«  OABC,  EA,  liB,  EC, 
imagine  them  all  to  be  plants  at  ri;;ht  angles  to  the 
fijriire  ;  and  it  will  appt.ir  liwt  the  jia:\illaK  of  the  St^r, 
in  lon;ritude,  mull  be  the  fame  it  the  fniall  Star  had 
been  without  lulitod;.-.  And  iiiu-e  the  St.irs  B,  C,  by 
tlie  notion  of  the  earth  from  O  to  £,  will  not  change 
their  latitude,  we  ftall  have  the  foUowingconllrnAion 
for  findiag  the  diftance  of  the  Stars  AB  mid  AC  at 
9bA  inn  thence  the  parallax  />. 

Let 
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the  tii-inele  /ilS  repreTetit  the 

tioii  nf  t.kf  Star*;  a!'  h  che 


Let  the  tii.ins 

fltUUti' 

fulji':iifc  of  5 '',  tlic  augic  iirulcr 
tvhich  thtj  are  fuppofed  to  be  (ecu 
»t  O.  The  quantity  A3  by  the  for- 
mer theorem  i*  foDRll  S  ■"■"V'A 
«/»? 

which  is  the  p<3rtial  p3r.ill.1x,  if^.it  " 
uuiild  have  Ik:c:i  Iccii  by  is.i:  c.sab'j  iriDvini^  r-ont 
O  to  E,  if  both  St;»is  hj-i  hfcn  in  ihc  tcli])t;»' ;  hut, 
on  acciiiini  of  tiifTcrciirc  in  l.itituJi',  it  will  no*- 
be  reprcfi :ii<  I  1  y  a^?,  the  hypottnufi-  uf  the  tiianplc 
flAS :  thtrchin:  ui  gcncial,  putting  ai  =      «^  =:  D, 

we  have  — -—f 7^  P.    Hoiicc,  J)  hdns 

fnui>d  by  (ihferntioij,  auJ  t!jt  tlacc  if,  m,  3f  ;<iT<.n, 
the  tiital  parallax  i(  dbtaintd. 

When  the  Slar»  Jiffcr  in  fi>ii(;ittidc  a«  well  :i&  Ltitutle, 
thi«  ciifff  muy  be  rffolvfi!  in  the  followii)g  manner. 
Let  thf  triangle  rcprifnit 
the   iitiiatioii   of    ihc  M:ir», 

if  being  their  did.incc  f   '} 

fccii  at  O,  t!$  =  D  tlicir 
ditlance  fti-n  at  E.  'JTiat 
the  change  /0,  which  W  |JrO» 
duccd  by  the  earth's  mottoot 
will  be  tnily  cxprcl&d  by 

—     />,  any  be  proved  w 

btfiiii',  by  fuppofiiifj  thi  Star  a  i 
to    liavc    btii"    phi.cd  at  a. 

Nov.-  Icl  the  an^lc  (jfpiditioii  /'i<-<  be  taken  by  a  mlcriw 
mctii,  or  by  ;it;y  other  itieTluKi  i'ufficieutly  cx.ift  ;  tt^iii, 
by  rcli>lvitnr  t!ie  Iriaii^ic  ,j/a.  We  obtain  tlic  !jnginidi- 
nal  and  laiiii^iiul  diffcrcncca  am  and  t»  of  the  two 
ftan.  Ptat  M  s  X,  'to  a  J*  wd  it  will  be  jr  +  <^ 
ss  ay,  whence 

If  neither  of  the  Stan  Ihould  be  im  the  ediptic,  nor 
have  the  fame  lonftitiule  or  latitude,  the  left  theorem 

will  fill!  fervt  to  calculate  the  total  parallax,  whofe  maxi- 
mum will  lie  iu  E.  There  will  alfo  arife  ajujther  pa- 
rallax,  wl  -  ilc  r  .r.;iviiir:i  will  be  in  the  Ci.u;  iiti:"li<iii  n:;\t 
oppoliuiiii,  wliicli  Will  be  diNl^ed,  and  lie  on  liitKrciU 
(tiiv*  of  the  larj;c  Star  ;  biu  Us  the  whole  parallax  in  ex- 
tremely fniiili.  It  Is  not  ncc-.njry  to  iiivcfllgate  every 
p:irticiibir  csfe  of  tlii*  kind  j  for  by  rciifon  of  the  diNi- 
fioii  of  the  pniallax,  whii  h  rcudcis  obfcivations  taken 
.It  any  i.tlicr  i-uk-,  except  wl.cre  It  i*  jrrc.Ucll,  very  Hit* 
favouiaiilL-,  the  formuLe  would  be  of  lil'l,  11 T  . 

Dr.  IIirlLltelcbfce hii  account  of  it.i  -  '. Iki't  ■,  wj  ii 
ageoeral  obferra'.ion  on  the  tinie  and  place  where  the 
naxinia  of  paraltu.x  will  happen.  Thus,  when  twu  un. 
equal  Stare  are  both  in  the  ecliptic,  or»  not  being  in 
the  ediptic,  have  e^nal  latt(Me%  north  or  fouth, 
and  the  larger  Sttrhaainoft  loapti^p  the  maximum 
of  the  apparent  diAauce  will  be  when  the  fun't  lon^> 
tuUc  ii  i)C.*  nwTc  that)  the  Star'*,  or  when  obfervcd  ;u  tiic 
ninrviti^;  and  the  iniiiimnm,  when  the  longitude  of  the 
fi.n  H  yo"  Icfb  than  that  gf  the  Star,  or  Avhcn  obfcrved 
ia.  the  cvcuiiig.   Hut  wUen  tlic  fmaU  i>ur  k<u  molt 


l  jr^;.'t  -Jc,  ti  e  maximum  and  mlniir.ut^:,  .-is  well  at  the 
tunc  of  obfcnution,  will  b<r  the  reverJe  of  the  former. 
And  wlicu  the  Stats  dtlTer  in  latitude,  thitmakctno 
glter-ition  in  thephccof  the  maximum  or  minimum,  nor 
in  the  time  of  obterratioii  ;  that  i»,  it  ii  immaterial 
which  of  the  two  Stars  but  the  greater  latitude.  Xliiiul. 
Tr,ii»G  vnL  72,  art.  1 1. 

Thedillance  of  tlvc  Star  y  Draconia  anpnn»  by 
Bradlej'i  obrervatiooa,  ailitndy  recited,  to  Vc  aft  kale 
400,000  tinea  that  of,  the  fiMi  and  tbe  ditance  of  the 
nearert  fixed  Star,  not  lef*  than  40,000  diametenoPihe 
c.a  :!i*d  aunua]  orbit  :  tliat  is,  the  diilance  from  the  earth, 

of  the  former  at  leaLl  j8,Cpoo,ooo/)00|OoO' milca, 
and  tbe  hitter  not  Icfs  than  7,6oo,ooo,ooo,oo*  mile*. 

As  tlitfe  d'fl.iiK'Ci  r.re  immcr.lV'y  grcflt,  it  may  both  be 
air,u(<n^-,  aud  help  to  a  clcaret  atitl  more  familiar  idea, 
to  coniparc  tlietii  witli  the  vclo-ily  of  foHM  moving 
bodv,  by  V  hi.  li  they  may  be  ir.eaiurtd. 

The  fwiiull  motion  we  kr;r>-.v  of,  ib  tV.jt  of  Ujfhf, 
vhich  p:  IiVi  Irom  the  fun  to  tiie  esuth  in  about  8  mi> 
l  ut^ii;  ar  d^it  tlilj  wouM  bc  above  6  year*  travei fing 
the  f.  I  i\  fpace,  aod  near  a  year  sikI  a  quarter  in  paifiujr 
fn  m  t  Ik  iiearcll  fixed  Star  to  tlie  earth.  But  a  cannon 
biill,  moving  cm  n  medinm  at  the  latc  uf  about  10 
milei  in  a  minute,  wooM  be  3  miUion  S  hirodrcd  thou* 
fanil  years  in  pafllng  fi  om  y  Draconia  to  the  earth,  and 
•;''>■:  thuufand  yc.'irs  jj^rm^  from  the  nearcft  fixed  Stnr. 
S.,'111 1,  «hicb  moves  r.t  the  rJlc  of  about  13  milts  in  a 
n',i:ii;te,  woulJ  be  5  m-llicn  fioo  tLoufaud  years 
vciinv^  toe  former  diihitice,  ai.J  I  niUioU  ItS  lbou< 
f.ii;d,  in  pi^iriiig  tliroi:gh  the  latter. 

Tin-  cihbra'.ed  Hnvfjen*  piirfned  f|K:c\ilativ>iis  of  this 
kil  l!  fo  f;ir,  ii»  to  Ldicve  it  not  inipofTible,  tliut  tiu-ic 
mjy  be  Stats  at  (uch  inconcciiublc  diii.nKc?.,  tji  .t  tlitir 
li^t  lia»  not  yet  reached  the  earth  lince  its crcatl.'n. 

Si.  Halley  ha.,  alfo  advanced,  what  he  lays  fiema  to 
be  a  nietaj,hj  fical  paradox  (I'liiluf.  'iVanf.  number  <64« 
or  Abr.  vol.  G,  p3.  14H),  vi/,  tb.it  the  number  of  nxed 
Stari  mull  be  more  tliaii  finite,  and  fcrreuf  them  Oiore 
than  at  a  linite  diltance  trom  others:  and  .-^ddifan  haa 
jullly  obfci^-adt  that  this  ihotight  ia  far  firom  bcins  eic 
iravajrn:^!,  when  we  coufider  that  the  univerie  11  the 
work,  of  infinite  .power,  prompted  by  infinite  good- 
i!tfs,  and  having  ati  tnhnitc  fpacr  to  cttrt  itfelf 

ill  ;  Iu  ;l;rit  u-.,r  .iii.!j.-ii-,.it;oii  tan  .'it  ii'>  !jm1iii,!s  to  it. 

M.:^i4ls,J^  I./  It.c  ji:-iJ  A^'i.  'i'lie  magnitudes  of 
the  Stars  ap|>c.ir  to  be  veiy  di/Teicnt  from  one  ano- 
ther ;  which  difFcrciice  may  ^jvubuMy  aiife,  jMttly  irom 
a  divcrfity  in  their  real  inagmhide,  hut  principally  froni 
their  diilances,  which  are  dilfi  rent.  ' 

To  the  bare  eye,  the  Stari  appear  of  fome  fc;ifSble 
majjuitude,  owiii;'  to  tlic  ^l.ut"  ot  H^lit  iitifm^j  from 
llie  numlKtlefs  retii;Cti<mi  fioMi  the  ain'.d  partielts  &c 
about  the  eye  :  thii>  makes  w  imagine  the  Stars  to  be 
m'.i.  !i  larger  than  they  would  apj>f  ir,  if  we  faw  ihena 
only  by  Uie  few  raya  which  comu  dire^lly  from  themt 
fo  a>  to  enter  our  cyca  wiibottt  being  imermixed  with 
others. 

Any  prrfon  may  be  lenfibte  of  this,  by  look- 
irj;  at  a  St.ir  of  the  fitft  ma;;n?".ii:!i.  tK).,u^;h  .1  loui; 
narrow  tube;  which,  though  it  taice*  io  as  much  cf 
the  tky  as  would  hold  a  tboufandfuch  1Uta»  fcnioe  itn- 
dcra  that  oae  viAbk. 

The 


Digitized  by  Google 


ST  A  [4$ 

The  Stwti  oa  MnHmt  «r  tbcir  apparently  vanout 
■taeett  hett  heea  diftributed  into  frtenl  «lafo»  oDcd 
magnihidit.  The  ift  daft,  ar  Stin  of  tlic  firft  iment' 

tuJe,  arc  tliofe  that  appear  largcft,  anil  may  prohaUy 
be  nesreft  to  u;.  NVxt  to  thtfc,  ait  thoft  oT  the  2d 
ria  jiii!i:de  ;  and  fo  on  to  i!.;'  Oili,  "i  .-ir.- n-i  lu  r .!  i 
the  Staisvifiblc  to  the  naked  cyi'.   All  li -vu.-.il 

thtfc,  that  can  be  pcrcciTtcI  by  tlif  help  of  'ili.  r.  oji  'ii, 
are  cix\\r^t!ef,cf>ic  flars.  N'ut  th.il  all  the  Star*  of  each 
cbt  atipeni  julHy  of  the  fame  magnitude  ;  there  btiii^ 
great  latitude  ic  thrs  rcfpect  ;  ar.d  thofc  of  the  firll 
KUgDitniJe  apptarim;  alirioll  »!1  cJifferent  in  Inftn-  antl 
^fifze.  There  «re  slfo  ©thcr  Siars,  of  intermediate  mair- 
IMtude*!  which  sIlnMIOiners  c»nnct  refer  tu  oae  clafs 
nther  than  another,  und  ihcrcfure  they  place  them  be- 
tween the  two.  I'rof-jon,  fi)r  inlUncc,  which"  I'tolo- 
tBT  makes  uf  the  CrQ  magiiiiudc,  and  Tycbu  of  the 
SO,  Flamttetfd  Uy«  down  at  between  the  id  arui  xi, 
So  thatf  wificad  of  6  magnhudeif  we  my  fiiv  there 
are  alraoft  u  many  orders  of  Sum,  at  there  are  Start ; 
fo  ;;reat  vart.ilions  bemg  (Afervabk  ia  the  niguitlldc» 
colour,  and  brij;htiuD  of  them. 

Tliir-  1  jcn.b  !>i  be  littlf  chance  of  difcoverin^r  with 
tt:rt»i::ily  Uic  rci\  fif.e  of  any  of  the  fixed  Stars;  we 
muft  therrforc  be  content  with  rui  .ip,-in\iiii.!; i.m,  de- 
«1iicrd  from  tlieir  pursDax,  if  this  IhoulJ  cvi.r  be  fo'.md; 
and  the  quantity  of  h'^'hl  they  afford  <ii,  compared  with 
that  of  thefi.-n.  And  to  thit  poipofc,  Dr.  Ilerfchel  in- 
/onr.»  lis,  that  with  a  ma^^ntfylnf^  power  of  6450,  and 
by  means  of  his  new  micrometer,  he  found  the  appa- 
rent diameter  of  «  Lyn:  to  be  o"'y^^. 

The  St4r$  are  alfo  diilinguiHird,  with  reeard  to  their 
fitualion,  afirrifiKi,  or  ccnJirlljliBns ;  which  arc  iiO» 
thing  but  aflcmblages  of  f^v.-ral  neighbouring  Stars, 
•Goafiaered  m  ci>nftit«:in£  f<>mc  dt-tc  rminatc  Ggurtt  as 
of  an  atumd^  ftv,  from  which  it  it  tlterebn;  denomi* 
mtedi  »  dMfiob^M  andcut  at  the  hook  of  in 
which  aentioD  »  nude  of  Oijoa»  the  Fwtadei^ 

Titfiilis  it. I-  St.Ti  ?  •.Iu:i  i'M!n;'ni{hed  Into  magnitudci 
auii  cidillcllalmr.;,  ihi-fc  aic  others  not  reduced  to 
eillier,  'I'hufe  t;  it  reduced  into  conlUlI.itionH,  arc 
caUed  iitfiiTiiutf  or  urfor.an!  friars;  of  which  kind 
^Tcial,  fu  left  at  1  ir^L  by  the  :?ucirtits.  have  t'lnce 
been  formed  inui  ii~w  c  .■,iHell3ti"n«  by  the  modern 
aftrniumcrs,  and  cfpcclallv  b.'  Hcvcl'us. 

Thufe  aut  r.diie>'t  lo  'iitTe*  or  ma£^^!Iu*^ef,  are 
-called  nebidov^  Stni»i  bi.it  fich  a«  only  appear  f lintly 
in  cUitten,  in  form  of  liifk  lucid  fp;:!?,  nchiiUcj  or 
clouds. 

Etolocny  fets  down  five  of  fuch  r.r'ml  e,  vis,  one  at 
tlti  eatmnitr  of  the  rj^t  hand  of  l'i.rfeii»,  which  ap- 
peanthnKien  the  teleloppe,  thick  fctu-ith  8:nrs;  one 
ta  the  middle  of  the  en^  called  Pr^yp:,  or  the 
Manger,  in  which  Galileo  cottnted  ahovx  40  Stars) 
one  unfonned  nair  \\v  Hi'njr  i,f  the  .Scfirpion  ; 
nriolhir  in  the  eye  <  !:  i  i'  .,  1:1  which  two 
Star*  muy  be  fcen  in  i  cl  si-  it.y  w  th  the  naked 
eye,  and  ftvcr-il  more  with  the  telefcopc  }  an'l  llie 
fifth  in  the  bead  of  Urion,  in  which  Gableu  counted  .1 
Stari. 

Flani'letd  obferx'ed  a  elom!y  Star  before  the  bow  of 
S.lgitl.iriiij,  which  eonfiAs  of  a  ^irat  niimher  ol  fmalt 
Slait}  and  the  Star  d  abofp  the  right  thoulder  of  tbia 
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coaftelUtion  ■«  cocompaflcd  with  fcreiat  motVk  VhM< 
Oced  and  Caflioi  alb  difeoveted  one  bitwecn  the  great 
and  little  -dog,  wfaiclww  fcrj  full  of  Scari,  that  are  vl> 

fjbic  only  hx  ^tdeTcape* 
But  the  moftmnarkaDleofaSthedoudv  Stan,  it  that 

ill  t;  t  inddle  of  Orion's  fwatd,  in  whiih  Huygent  and 
Ui-  LtjKjj  obffrvfd  12  Siars,  7  of  «Lii.h  {},  of  liiem, 
now  known  id  Ik  4,  iKur^  very  ch»lt  u>,;>  Itici  *  :  to 
fliinc  lhr<jv;;!i  ,i  iJoutJ,  icry  lucid  ln  .:i  llic  n  ioillc,  I.  i1 
r.iii'.  Mid  ;ll  dr'attd  8b"Hl  the  r  l^y^s.  Biil  llie  .;r.-r!'r-L',. 
(•  I'liov tries  ut'  II 'hu'.c  and  eliillcn  ot  aiii,  we  owe  tj» 
liic  powtiful  [.  kf.viiJfH  of  Ur.  Herfcbel,  who  hat  given 
accuunit  of  lome  tr.>ii;f8i.d'  af  fuch  ncbuLz,  in  msny 
of  which  tlic  Stars  fcem  to  be  innumerable,  l.i  <  i;^''  n* 
of  fand.  See  Fhibi'.  Tranl.  t-,^^,  178$,  ij^b,  t?-^^. 
See  Gaiasvi  oad  MAOstbAMic  ilmit^  and  btad 
SroTs. 

Cafiini  is  of  opinion,  that  the  brightnefs  of  thcfc 

tracecdt  from  Stan  b  minute,  as  not  to  be  diillaguidicd 
y  the  bell  gblTcat  aad  this  opinion  i$  fully  ooafirowd 
faythe  obfermttoiit  of  Dr.  Herkfad*  wboTe  powerfii 
telefeoftet  ibew  ihofe  laetd  fpecJu  to  be  compofed  en- 
lir-'r  of  maffes  of  fmall  Stars,  like  heaps  of  Tin  J. 

'i'hcrc  are  alfo  many  Stars  which,  thouph  ih<  y  ap- 
pear lin^le  to  the  ii.ik:j(!  r\  1 ,  arc  ya  by  the 
tekfcope  t  )  !>!.■  djuble.  tiijiU,  Jie.  Oi  liielc,  fc»eral 
have  been  til-ii  rv:'.!  by  C;iiTii\i,  Hooke,  Lo>>g.  N'aflcc- 
lyne,  Horrubv,  Pigott,  iNLytr,  &c  ;  bttt  Dr.  Hcif- 
chel  hai  bc^n  niiicli  the  nmll  lucertblul  in  obicrrilwnt 
of  this  kind;  and  hit  fucceh  lus  Ijecn  eiiietly  owin<(  to  ^ 
the  vciy  extraordinary  mij;[nifying  powers  of  the  New- 
tonian 1  feet  reflcdor  which  he  hai  ukJ,  ;!nd  the  ad- 
vantage of  an  eiecOent  micrometer  his  n  contrac- 
tion. The  powers  which  he  has  uftd,  have  been  146, 
ij'/,  J78,  460,  7,4,  932,  IH9,  J5j6,  2010.316s* 
aad  evc:i  64^0.  He  bat  already  formed  a  caialugoe, 
containing^  169  doable  Surf,  227  of  whidi,  aabr  aa 
he  koowt,  have  not  been  mtticcd  bf  anr  other  perfon. 
Amon^  thefe  there  are  alfo  fomc  Shirt  that  ase*«reUe, 
double-double,  quadruple,  duuhlj  treble,  and  multiple. 
His  catah>^iic  comprehends  the  ii  irics  of  the  Stars,  and 
the  number  in  Flanillerd's  catalog' i^-,  nr  ln.  'i  a  lit  ler.'p. 
tion  of  tiiofe  that  arc  not  cuntaiiiL-ii  in  it,  at  wiil  be 
found  fuflieient  to  d'ftiugu^ih  rheiu  ;  ulio  the  compara- 
tive fi7.e  of  the  Stars  ;  their  colours  as  they  ap(>eared 
i  >  h  s  »icw  ;  their  dillancfs  determined  in  fertr.ii  Jlfft- 
reot  way*  ;  their  anj;le  of  pofition  with  regard  to  the 
parallel  of  declination  ;  and  the  dates  when  he  firtl 
perceived  the  Star*  to  be  double,  treUe,  ftc  Hit  ob* 
fervaf'oii!!  .ip|tear  to  commence  with  theycar  1776,  but 
almoit  all  of  tlicm  were  made  in  the  years  1779,  IjSO^  . 

Or.  Herfcbel  has  diftributed  the  double  Stan  coo* 
tained  in  hit  catalogitc,  into  6  different  daflin,  In  the 
firfthe  haa  placrd  all  ibofe  which  reunite  «  wrf  &pe> 
Tior  telefcope,  with  the  tnmoft  e!eame&  of  air,  and 

every  other  fa»ourable  circumflance,  to  be  fcen  at  all, 
or  Will  enough  to  judge  of  them  t  and  there  are  24  of 
thefe.  'I'o  the  J  j  belong  all  thufe  do'.jM:Snr-» 
thiit  are  proper  !ur  ellnnationa  by  thceye,  and  vi;iy  de- 
licate mcafurcB  by  the  micromctci  ;  the  number  being 
J*?.  The  3d  clafs  comprehends  all  thofe  duuble  Stars, 
1)1  It  art.  between       ;iiid  1  ;  '  aft'nder ;  the  mimSer  of 

Uicm  being  46.   The  4tb,  jtb,  and  6th  dailca  cunuia 

double 
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double  Stars  tlut  aic  fujin  15'  ' tc  30",  anJ  from  30" 
to  1',  and  from  1'  lo  1'  or  more  afuiider ;  of  which 
there  are  44  in  the  4'h  clnfi,  51  in  the  jth  clsfs,  and 
-66  in  tlu'  'J'.h  :  tliL-  Ijil  of  this  clafii  is  a,  Ta;iri, 
ttiimber  87  of  Flamtieed,  whofc  apparent  diamcier, 
■upon  the  meridian  meafurcd  with  a  power  of  460 
lit  >  mean  of  two  obfcrvatioas  i"  ^()"\  and  with  a 
power  of  932  at  a  mean  of  two  obfeivation«  i"  iz"\ 
See  the  lilt  at  large,  Philofoph.  Tranf.  vol.  77, 
art.  12. 

The  SiflTs  ire  alio  diHin^juilbcd,  in  each  conrtillaiion, 
hy  nurohm,  or  by  the  kticrs  of  tlu-  .iljthabtt.  Thii 
Hart  of  diflindion  was  introdiiccd  by  Johu  Bayers  iu  hia 
Ufanometri)),  if>s^%  where  he  dcnotea  the  Sfttni  n 
each  conftcllatiun.  by  the  Icttcrg  of  thc  Grtek  alpha* 
bet,  «,  /S,  y,  I,  \c,  vi/.,  the  moll  remarkable 
Star  of  each  by  a,  thc  2d  by  p,  the  3d  by  y,  &c ; 
and  ivlien  there  arc  more  Stars  in  a  cunltcllallon  than 
the  cli.inittc; ..  ir-,  ih-:  (iii.^-';.  .tI  '.i,  iK'iinti  >  thc 
-reft,  iu  tlitir  uriitf,  by  lUc  Riiiu.  ii  li-tti:!  1  A,  h,  t,  d, 
&c.  liut  ais  thc  number  of  thc  Si.irs  tliL.t  1.  r  e  been 
obfervcd  andregiftcted  in  iatali>i;ii  -,  Tmcc  Bayer's  time, 
is  greatly  inctr.ikd,  as  l  y  l  l  uu  lccd  and  others,  thc 
adciitioaal  ones  huvc  been  niurkcd  by  t!ie  ordinal  aum- 
bcrs  I,  I,  3.  4,  tic. 

'Hic  A'am^iT  «/■  Star?:.  The  number  of  tlie  Stars 
appears  to  be  immcnfcly  gieat,  almolt  infinite;  yet 
have  aflronciii);rH  long  fince  afcertained  the  number  of 
futh  as  arc  viiible  to  thc  eye,  which  are  rotich  fewer 
than  at  firll  fight  could  be  imagined.  Sec  Catai.ooQC 
of  tl>t  Siarim 

Of  the  3POO  contained  !n  Flamflecd'a  ottaiogar, 
there  are  vm»f  that  are  only  vifibie  tbroDfih  a  teb> 
fi»pe  I  and  a  good  eye  fcarce  eter  feca  Bwre  than  a 
thoufanc!  at  the  fame  time  m  the  cttarell  hearen  ;  the 

oppfuraiice  of  innumerable  more,  (liat  are  fretjiient  in 
clcjr  wiuler  nights,  arifinj;  from  our  fight's  bcmg  de- 
ceived by  their  twi  il.lji-,  i^nm  (uir  viewing  ilum 
confufcdly,  and  not  rcituciuj^  Uizm  to  any  order,  iiut 
ricvcrthelcfs  wc  cannot  but  think  tlie  Stars  are  almoll, 
if  not  altogether,  intinfte.  flee  liullcy,  on  the  number, 
cr  k  i,  mid  light  of  ilie  fixed  St.irs,  FhAir.  Traof. nun- 
bcr  364,  or  Abr.  vol.  6,  pa.  148. 

Kiccioli,  in  hi*  Niw  Alr.iagtll,  alTirms  tbat  a  man 
who  fliall  fay  there  are  above  to  tboufand  times  :o 
thoufaadt  would  fay  not  liing  improbable.  For  a  good 
telefcope,  directed  indifTcitnlly  to  ahaoft  any  point  of 
the  heavens,  difcovcrs  multitudes  that  are  loll  to  thc 
iwkcdefci  particuUtly  in  the  milky  waji  which  fome 
lake  to  he  an  afliemblage  of  Stan,  ton  venote  to  be 
feen  fingljFt  bat  lb  cbleljr  difpoled  at  to  give  a  famrfiioiia 
itppearance  to  that  part  of  toe  hcavcna  where  they  are. 
Atid  thia  fa£t  Im  been  confirmed  by  Herfehel'c  ohfet'- 
vations':  though  it  iajifputcd  by  othert,  who  contend 
that  the  milky  way  mttft  be  owiDg  to  feme  other 

caufe. 

In  thc  ll  .  't:  t  111  II  it'dii  af  the  Plci.nde«,  intleid  of 
6,  7,  or  S  isi.ivii  Itcu  b)  lilt  btll  eye  ;  Dr.  Himk,  with 
a  teitfcope  12  feet  lonj,  told  78,  and  with  lar^'er 
rliifll-s  many  more,  ot  different  m.ignitudcs.  And 
V.  de  Rhcila  alliriii^,  that  he  has  obltrvcd  above  :coo 
Sfani  in  the  fiiijjlc  coiiiUnatiun  of  Orion.  1  he  fame 
author  fuiiud  above  188  in  thc  I'leiadei.    And  Huy- 

ccM.  lookiug  at  thc  6t«r  in  thc  widtllc  of  Orion'* 
Vw.  II. 


fwar(!,  in;l[-:\d  of  one,  fouad  it  to  bc  11.  Galileo 
fo  :ri<J  ?o  i:i  tlie  fpacc  of  the  bell  of  Orion's  fwoid, 
31  ii!  the  nebulou<i  Star  of  his  bra  J,  .md  above  {00  in 
another  partof  hi  ui-,!i':i  ilic  LompjU  -jf  one  or  two 
degrees  fpace,  and  more  ihan  40  lu  the  nebulotu  Star 
Prarfcpc. 

Tit  Ch.iHges  ibat  f'tive  LrfipfufA  in  ih:  Stars  arc 
very  confidtrablc  Thc  fiiit  change  that  ii  upon 
record,  »vas  about  1:0  years  before  Clii ill  j  when  l4ip- 
parchus,  diicovcfir,;»  a  new  Star  to  appear,  was  tirit 
induced  to  make  a  cataiogtie  of  the  Surt,  that  poAis 
fitf  might  pdcciTC  any  future  cbanget  of  the  like  na» 

tUTf. 

In  the  year  ifja*  Cohidint  Gemma  and  Tyeho 

Bnihe  obfenrcd  another  new  Star  in  the  citnftcHaiion 
C.»n:o]>«ia,  which  wa>  likcwifc  thc occafiun  of  Tveho's 
making  a  new  catalogue.  At  firft  its  magnitude  and 
brightntfs  exceeded  thc  latgell  of  the  Stars,  Sirius  and 
l«yiH  ;  .11,1  even  ecju  ii.  l  t!i.- j.lanrl  Venus  wbci)  nearell 
tilt  vartii,  and  wa»Ui  n  '.n  ^,:\\-  rfay-lijjht.  It  continued 
16  months ;  towards  t)iL-  Initei  end  of  which  it  began 
to  dwindle,  and  at  kn^th,  in  Match  1574,  it  totally 
difappeam^  without  any  change  of  pbiie  to  aQ  that 
time. 

Leovicius  tclis  u^  cif  another  Star  appearing  in  thc 
fame  conllellation,  about  thc  year  9^5,  which  refembled 
that  of  1572  ;  and  he  quotes  another  ancient  nbfenra- 
tion,  by  wliiclt  it  appeai-s  thstt  a  new  Star  whs  ften 
about  tiie  faine  place  in  1 264.  Di .  Keil  thinks  thefc 
were  all  thc  fame  Star  s  and  indeed  the  periodical  in. 
tertali,  or  diftaucc  of  time  between  titefe  appeamwe*, 
were  nearly  cqnal*  being  fiwa  318  to  3<9  yetr*}  anil 
if  lo.  Its  next  appear a»ce  may  be  exp<.acd  about 
1890. 

Fabriclus,  in  151)6,  dilcorered  another  new  Star, 
called  the JifHo  mira,  or  z^n,/:r/'u/  S:j>;  in  the  iK;  k  of 
the  whale,  which  has  fifll  been  found  to  appear  aiid 
(] ,1  :i[)pe.ir  pel  1 :  liiL-.illv,  7  litres  iu  6  ycarf,  contiiruiug 
iii  Its  ^icinU  luiiti,  lui  13  days  togellier  ;  and  is  never 
quite  extitigti.(1)td.  ItJcourfc  and  motion  .tic  dcfciibcd 
by  Ijiilh":i)d,  in  a  trcalife  printed  at  P.irii  in  1667. 
Dr.  Hcrfchcl  has  lately,  viz,  in  thc  year*  1777,  1778, 
1779,  and  1780,  made  fcvvrai  obicrvatiooa  on  thia 
Star,  an  account  of  which  may  be  ben  io  the  lIuloC 
Tranf,  vol.  70,  art.  21. 

Iu  the  year  iCoo,  William  Janfrn  difcovcred  a 
changeable  Star  in  the  neck,  of  tlie  Swan,  which  gnir 
dually  deciealed  till  it  bccatiH'  fo  fmall  at  to  be  thought 
to  diliippear  cuLirel}',  till  the  ycara  1657,  i65llf  and 
l6;9»  whet)  it  regained  iu  former  hilire  and  magni. 
tqge  s  but  fuun  wcaycd  again,  and  ia  now  of  tiie 
finandl  fiae.  , 

In  the  year  160 1,  a  new  Star  waa  fven  by  Kepler, 
and  fcvrriu  of  his  friends,  near  the  heel  of  die  right 
fool  of  Serpenlarius,  which  wa<  particularly  bti,;lit  and 
fparkliiig  ;  and  it  wjn  obfcned  to  be  ever)-  moment 
changing  into  fo:nc  of  the  colours  of  the  rainbow,  ex- 
cept v.licn  it  is  near  thi  hori/jn,  at  which  ti;;'!e  it  was 

feueiatly  white.  It  furpalTcd  Jupiter  in  ni.'^:iitude, 
at  was  tafily  dillingui(hsi!  from  h;ni,  by  llic  I'uaily 
light  of  llie  jilanel.  Jl  ditappear<.d  .iboul  ll:c  e:id  of 
the  year  iCoj,  and  has  njl  been  feen  I'mjc  l!la^ 
time 

■iiroon  Mariul  dil'corcrcd  another  iu  AD(Jn>med.i*8 
)  S  Kinik,, 
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g-rdle,  in  ifili  and  1613;  though  BuIIIjU  Tay*  it  had 
bet"  Urn  before,  in  the  15th  Century. 

In  Jiilv  1670,  He»e!ius  difcovertd  a  ItconJ  chancjf- 
■hle  tilar  in  ihc  S«';sii,  wliiili  was  lo  'liry.iii  O)!.!  in 
OcIoIk  i  j<  to  he  fcarce  perctptibie.  In  Apiil  tullaw- 
ing  it  rc;.'aiiic<l  its  formcrlullre,  bi>t  wholly  difappcared 
in  A-Jj{iill.  In  March  1672  it  was  fttn  again,  but  ap- 
pctrcd  vcty  fniatl,  and  hat  not  b«cn  vifiblc  fince. 

In  l6Bb  a  third  changeable'  Scar  waa  difcovcrcd  bj 
Kirchiua  in  ihc  S«  aii,  v.'/.,  the  Star  ^  ot  thutcaa* 
Adhtioiii  which  rclurncd  pcnoJieiilly  in  about  40; 
dm, . 

In  1672  Odfini  (kw  t  Star  ip  the  nrck  of  the  Built 
^ich  lie  thdtgbt  was  not  viJibie  In  TytMt  time,  nor 
when  Bayer  made  his  figure*. 

It  is  re-tain,  frem  the  old  cataloj^ves,  that  n  :iny 
of  the  aiioicm  an-   n  t    now  viliblf.  Tliis 

lias  hcen  particulaiSy  iiwarLtJ  svith  icgard  to  the 
llrinde^.  • 

M,  N'o'i'arari,  in  h:»  letter  to  the  Ruyal  Society 
ill  I  :  -\  I  bftrvcs  that  there  arc  now  wantinp  in  the 
he.ivt-  ^  'v.'.)  Stars  of  the  2d  majjuitnde,  in  the  llcrn 
of  till-  ('•  [  A-i;'-^,  and  its  yard,  which  had  been  fcen 
liU  the  ycur  i''6-;.  Wiicn  they  fml  difappeared  is  ixt 
Icnown ;  but  he  afTiiien  us  there  was  not  the  leaft  fjh"iripfc 
of  them  in  if)'>R.  He  add»,  he  has  obferved  iiiHny 
moie  thai  gts  in  the  (ixed  Stars,  even  to  the  num- 
ber of  «  hundred.  And  many  other  cikan^et  of 
the  Stan  have  been  noticed  by  Catfini,  M.^ialdi, 
an  1  r  -^i  r  abfcneii.  See  Gregoiy'a  Aftrbo.  Jib.a> 
prui). 

But  the  KTtatcll  nmnben  of  vuriable  Start  have  been 
flbfervcil  fif  late  years  s""'  the  moft  accurate  obfirTa- 

tioiis  rr:  .1-  I  .i  ti..  i;  ,\*c,  byHcru"i(.',  (icjod- 

rJcle,  1'?::  1;,  ^'.i,  iji  ilie  Lie  volumeio!'  d.t  I'hilof. 
Tninf.  pailituiarly  in  thcvtigfur  1786,  where  the  !jfl 
of  thrfe  j.'en'lcmcn  hai  givW  a  cata!of;uc  of  all  that 
have  hern  hitiieito  obfcrved,  with  accounts  of  tbc  ob» 
fervjtion*  lli.it  have  been  midc  upon  thrir- 

Var'.iiis  hyjjtithefel  have  been  devifed  to  account  for 
fuch  changes  and  afjjKarance*  in  tlie  Stars.  It  is  not 
ptobablc  li.ey  cuiild  he  c.-mett,  as  thty  had  no  parAl* 
faXi  e»en  when  hir^;cfl  ard  brij;hteft.  It  has  been 
fuppofttd  tha'  the  perlo.lical  S;ars  have  vail  dark 
fpoi«,  cir  drfilc  fideiy  and  very  flow  rotations  ou  their 
axes,  by  nhii  h  meant  they  muft  dtfappear  when  the 
dxrker  iCdc  ia  tmned  towstdK  ua.  And  M  for  thufc 
which  brealc  not  fuddenly  irith  fneb  Inllrei  thr(e  tr.ay 
peihnps  he  funt  wWe  fHfl  it  dmofl  fpcnt,  nnd  :igain 
luppited  by  fome  of  their  comets  falling  upun  them, 
and  occaHoiiinf;  an  uncomnxjit  L1 1  :i-  ■  fplcn  li  r  tur 
Tome  time  ;  whirli  it  k  conj' ^iunivl  uuiy  Li  ci.;  ulc  of 
thf  crtittary  part  of  <iirr  fyliem. 

Mn  ipcrtii:'?,  in  his  Dilfcrtatiun  on  the  figures  of  the 
CtleMijl  Bodies  (pa,  bi — 63),  i»  of  opiolou  th  ;  li  int.- 
Stars,  hy  tlitir  ptodigimis  fwift  i(.iTa'li.jn  on  ilicir  axei', 
may  p^>t  or.'y  alTvme  tlie  fij^urts  of  oblate  fplicroids, 
but  lliat  by  the  great  crr.Uitnfr^l  forte  arilirjj  ftom  fuch 
rclrttii  ri«,  they  may  become  of  the  figures  oi  mill-Hones, 
or  He  ridiicfd  to  flat  ct^(  iilar  p!aiie«,  f  ilrn  as  to  he 
igirte  invifible  when  thvi,  edges  aie  tu;  i  fC  tt  .lards  up, 
ai  Satt»i  n's  rin^  is  in  fiich  pofiiion.  But  when  very 
eccentric  planet  I  cr  cotntts  go  rovtul  any  flat  Star  in 
«fbiu  mucb  inclined,  ta  itt  rquatur,  the  ■ttmAioa  of 
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the  phnett  or  comets  in  theirperlbelioni  mud  aJter  the 
iiivl:nntl'>n  »i  the  axis  of  that  Slur  ;  on  which  accoant 
it  w'lW  ngjpt.^r  :ij<iic  ur  lets  hrge  and  luminous,  as  its 
hh  i.iil  lu't  iv  niu  c  or  left  turtie'd  towards  us.  And  tluii 
he  in  r^in:  s  «e  may  account  for  the  ap{>arcnt  chansret 
of  nju^iii;i:i!e  and  ludre  of  tbofe  Star^  and  tUb  NT 
their  appearing  and  difapwearln;;. 

ilevelius  apprehends  tCmtA  tD^raph,  pa.  380),  that 
the  Sun  and  Stars  arc  furrounded  with  atmofpheres, 
and  that  by  whirling  round  their  axes  with  great  rapidity* 
ihey  throw  uff  great  quantities  of  matter  into  tnife  at-  ' 
mulphcres,  and  fo  caofe  great  changct  in  tbem  t  ani 
that  tluis  it  maf  come  to  paCi  tbn  n  Star,  which,  when 
itt  atmofphcre  11  dear,  flufleaoDt  with  great  lufti^,  nar 
at  another  time,  uhea  it  it  fllU  of  ckuds  and  thicK 
Tjpourf,  appear  greatly  diisiniibed  in  brightnefs  and 
ni^jjnitude,  or  even  become  (piite  invifible. 

ilj'wt  of  ihe  fiy:,d%-V \<t.%.  The  imntenfc  di '1  .inrc 
of  tilt  .'-ii:n=  '.  i.i!,  UH  greatly  ;it  a  lofs  about  thi'  nfirc 
ut  ihciii.  What  we  can  gather  fe>r  certai;.  from  their 
phenomena,  i^  as  follow  s  : 

III,  That  the  fixed  St.irs  are  greater  than  our  earth  i 
bccdtifc  if  thit  was  not  the  cafe,  'thcjT  eould  not  bt 
vifil>1ea!  fuch  ^rt  iinmenfe  dillance. 

and.  The  fixed  Stuis  are  farther  diftant  from  the 
earth  than  the  farthell  of  ibe  piaoet«.  For  we  fi'e* 
quetitly  find  the  fixed  Stars  hid  behind  the  IWy  of  the 
pUiiets  :  aril  befides,  thty  have  nofwrallw,  «^ich  the 
pbnett  liave. 

3id,  The  fixed  Stats  (bine  with  their  own  light  % 
for  thcf  arv  much  farther  firom  the  Siia  than  Saturn, 
MHI  WP^^r  much  fmaller  than  iattim  ;  but  finre,  not. 
tirilhKanding  this,  they  are  founJ  to  fhine  much  brighter 
than  thjl  plat,  .t.  It  (viitrit  '.licy  l  iiiaot  borrow  their 
light  from  th.-  i.vvv  fuiirijc  Siiuui  doe*,  viz,  the 
Sun  ;  !iut  I'r.jM,-  wc  kiiOA'  of  no  Other  luminous  body 
bell  !e  tiiu  Sun,  whuirc  they  might  derive  iheirJip'ht, 
it  fiill  j'Vi  tlia;  tl;v  V  ihl  ic  with  their  own  native  lig'  t. 

Hciide't,  it  is  kiiDivn,  that  the  more  a  telefccipe 
magnifies,  the  Ufs  :>  the  aperture  through  which  the 
Star  is  fcen ;  and  cont.qucnlly,  the  fewer  r.iys  it  ad- 
mitn  iiitii  the  eye.  Now  fnc^tUe  Stars  appear  iefs  in  a 
telefcopc  wii'ch  inagiiirits  two  hundred  times,  than  they 
do  to  the  naked  1  )r,  infooiticb  that  ihcy  fcem  to  be 
or'v  indkvilible  pointe.  it  pravwnt  «nce  that  the  Sura 
are  at  immenfe  dtllancca  from  ua,  and  that  they  flsine 
by  their  own  proM^  tight.  If  ^ey  flione  by  bonowied 
liK-ht,  they  woula  be  a*  invifible  without  telefcopea  #«. 
the  iatellitea  of  Jupiter  are;  fur  the  iateUitea  appear 
larger  when  viewed  whh  a  good  teicfoope  than  the 
lateeft  fixed  StsTtde* 

Hence, 

I.   We  dci^i.-r,  that  ihc  frrftl  Stars  are  fo  niMiy* 
funs ;  for  they  hare  all  the  characters  of  fiint. 

1.  fhat  in  nil  prabahillty  the  8un  nre  Mt  fMH&r- 
than  our  fun. 

3.  That  it  is  highly  probable  each  Star  is  the  centre 
of  a  fyUerr,  and  h.is  }  l.incts  or  earths  revolving  round  " 
it,  in  the  f]iii<-  manner  as  ro>ind  our  ftsst,  i.e.  it  I'.a*. 
op.-ike  budiet  illuminated,  warmed,  nnd  chrri'hed  by 
iti  ii^ht  and  beat.    At  we  have  in<  ornparably  n  <ir0 
light  from  the  moon  than  ftnm  all  the  Start  logctber^. 
it  ia  abfurd  to  Ima^iic  that  the  Star*  slreie  wade  ibr  no 
other  piMjiole  tbaa  to  call  a  ftint  fight  upon  the  earth  ; 

efpecisJJy 
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tl)pccial1y  fince  many  more  reqm're  die  afTiflswce  of  a 
wmd  tdelbopc  to  liud  them  out,  than «e  vi&ble  without 
tktt  iaSmmeat.  Our  fua  it  farrouoied  by  a  {ytitm  of 
pliaeli  wni  comet*,  all  wbich  would  be  ianfible  fcom 
the  iicarcft  fixed  Star  {  and  fron  what  w«  atrndy  know 
of  t!>t  Iir.rnenff  dillaoce  of  the  Stif»,  It  it  cafy  to  ptuve, 
tliat  thif  fun,  r<cn  fr<im  fuch  a  dillance,  would  appear 
IJt>  laigcr  tKiii  a  Star  of  tbe  firll  ma^'riitui'.L-. 

From  all  lllio  It  h  highly  prubublc,  (lut  L'lcli  St.-ir  is 
a  fuu  lo  a  fylK'm  iif  wuildr,  mov-ng  it,  th(Jj;:li 

unfccn  by  us  ;  cipL-ciail^'  ihc  cioctuue  al  3  piaraiicy 
of  woriils  18  ratiocial,  and  greatly  manifcllt  the  power, 
the  wifd<«m,  anA  xhr  f:;'K«liirl«  ot  the  great  creator. 

i'iuv:  in  riL'iii'  ,  i[:c;i,  1!  Li  ilic  uni.frfe  appt:ar !  In- 
-deed,  it  mull  either  beinlintie,  or  lafinitcly  near  it. 

JSjCpler,  it  it  troe,  denies  that  each  Star  can  have  its 
^Hcni  of  phnet*  m  owra  liaa ;  and  takes  them  all  to  be 
taud  in  the  laoie  fur&ee  or  fphere  |  urging,  thnt  were 
one  twice  or  thrice  us  remote  as  another,  it  would  be 
twice  or  thrift  ■a  f  naU,  fuppufing  their  real  magaitoda 
c<jual ;  whereas  thirc  is  tu>  diffiirencG  ia  their  apfareot 
magnitudi-i,  JuOly  obfervcd,  ataU<  Bat  to  tnnit  n 
opi^ifcd,  UmI  Ht»Ko«  haa  not  oaljr  flucwa,  tint  fiwa 
aad  flamca  are  viubie  at  dillaocea  where  other  bodica, 
cumprehciidid  under  cqiiiil  anklet.  drfap(Kar(  but  it 
(hould  likcwife  fcem,  tiiat  the  optic  theorem  about  the 

apparent  diaili.'ti  IS  df  u!m:.i'''h,  IkIh^  trcijjrorj'ly    II  :. 
piirlion.tl  to  ; heir  diilaiiccs  fri..'?!  t),e  »yc,  liuti.  uuly  [K:ld 
while  tlic-  ohjedl  has  fonit.  Iv  lible  rutio  to  iti  diftancc. 
A  •  !ur  pkiiodical  Stun,  Sic.  fee  CriANCts,  iifc  «f 

S'^rj,  J..]ii.T. 

A/otiem  tf  the  StaKI.  Tiie  fixed  Stars  have  two 
kindsofappaicot  motion  ;  one  c;<]Ili1  \.\\^ jirf^,  iammim, 
or  ilkrta,'  morMH,  arifing  from  the  earth's  motion  round 
iltaaaii;  bythtlthcy  feem  to  be  carried  along  with  the 
fphere  or  firmament ,  in  which  they  appear  ilxcd,  round 
the  earth,  from  eall  to  wtfl,  in  tbefpaceof  24  bouri. 

The  other,  called  the /rcond,  or  preftr  moHtm,  is  that 
hf  which  they  appear  to  go  back%vaid«  from  well  to 
«all|  jroind  die  psku  of  the  ecliptic,  with  an  exceeding 
Hinr  MgtnMi,  «a  drfcrlbing  a  degree  of  their  eirdc  unSy 
ia  ihefpace  of  714  yean,  or  $0}  fecondt  in  a  year. 
Tbb  apparent  motitHi  is  owing  to  the  rcccQlan  of  the 
equinoctial  poiiil-,  which  is  JO*  Irconch  nl  11  dig i  !u 
n  year  hackwaid,  or  cunltaty  to  the  ci  Jcr  uf  the  ligns 

of  lilt.  /iiJi:iC. 

In  CO!: t.  ij  « nee  riflli'S  ferond  molii  ::,  t!ie  longitude 
of  tlic  St.!'*  Will  hfdl.'aib  iiiLU-.'.rii.ij.     Ttun,  lur  c.t- 

ani);lc,  the  longitude  uf  Gjr  L^onis  was  found  at  dif- 
ftrcatperioda,,!!!  haaabihiwii  nr, 

.     By  Plolouiy.  in  •  -  -  138  lo  be  1" 

Hy        tVnidiu,  in  •  lllj  ...    17  30 

By  AtjjlionUf,  in  -  -  1^64  ...    20  40 

By  Prince  of  Hcffc,  in  1  ,  S6  •  -  -    24    II  ' 

By  Tycti»,  in  •  •  -  lOoi  -  -  -  a^  17 

By  FuDftMd,  ie  •  •  16^0  •  -  •  ij  31^ 

Whence  the  jpnoer  ngoiion  of  the  Star*,  aocovding  to 
the  Alder  of  the  ngnt,  in  circles  parallel  to  tlie  ediptic, 

is  esfily  inferred. 

It  wa^  Hipp3rchii5  who  fril  fufpeclcd  this  motion, 

Vfon  ec:iiip;irinu  hi<  ovm  ubU' rvacuns  wilb  thofe  of 

TunocbatM  and  AriUyUut.  i'lolooiy ,  who  lived  tiucc 
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centuries  after  Htppaichnlk  dctatmftrated  the  fame  hf 
undeniable  aivumentt. 

The  increafe  of  longitude  in  ace-itury,  as  (Isicd  by 
dilierent  aQronotnerii,  it  as  fulluwt : 

By  Tycho  Bra  he   -  -  .  .    1'  ;y'  c' 
Copcrnicui    -  .  .  .  .    i    j  j  ^o^- 

Flamlleedand  Ri(»:iuli    1   23  a  o 
Bjliia'd  ........  I 

Hevc-lius    ------    I  2^ 

Dr.  Kradley,  ice.    -  -    1         55  • 
which  i*  at  the  rate  of       fcconda  per  year. 

Fcom  thefe  data,  the  iixreafe  in  the  lorjjitude  of  a 
Star  for  any  give::  tiir.f,  •>  cafilv  had,  and  thence  its 
longitude  at  any  l  nic  :  cr..  ;;r.  the  lon^jitudc  of  Sirius, 
in  rlanilU-c'J':;  t:i:)l'-'i,  fi-r  thr  year  l6go,  bcitur  <f  A-)' 
l",  its  longitude  for  the  year  1 800,  is  found  hy  m-il- 
tiplying  the  interval  of  time,  vix,  110  years,  bv  50;, 
the  piodua  <5i7",  or  ji'  I'j*',  add^d  io  tlta 
gi«e&  loBgituae  «  *  .  .  9  ^  1 

^fea  the  longitude  -  -  11  tt  18  for  the  year  itoo. 

The  chief  phenomena  of  the  fixed  Stera,  arifingfrom 
tlMr  Common  and  pruper  motion,  bofidrs  their  1ongi» 
tude,  are  their  altitudes,  ri^ht  afceiifion;,  dc>'linationai 
OCCuHations,  culminationa,  rifingn,  and  fcttiiiE^s. 

ime  liavi- fiijvpir';:.:!  ilint  itic  I  i; ii i.i'. ■  <■■'•'  i  ln-  Stars 
nre  invafiibk.  iiut  tli--,  fnirji ili;ii..ii  i,  toi  m!vi!  two 
alTumptioni,  which  ari-  liut;!  c  ;.ti  naV-d  i.niMM;'  iflro- 

uomers.  ITieone  of  tlitlt  i*.  tlu-  ■.lir<  rbii  o.""!!]';  :atik 
continues  unalterably  in  the  t.u  u-  ji;ani-,  ni.d  t.infe- 
qucntly  that  the  ecliptic  is  invariable  ;  the  contrary  of 
which  is  now  vi-iy  f;cnerally  allowed. 

The  other  aflumption  is,  that  the  Stars  are  fo  fixed 
as  to  fci  ep  their  places  immovcably.  I'toloray,  *l"ycho, 
.ir.d  crhcrs,  coniparinfr  iheir  obiervations  with  thofe  of 
tlic  ancient  aftronomers,  have  adopted  thii  opinion. 
But  from  tbe  refult  of  the  comparifoa  of  our  bcft  mix 
dern  obCervations,  with  fuch  as  were  fbrmeily  made 
with  any  tokmbie  degree  nf  eiadnefa,  there  appean  to 
hare  been  a  red  change  in  the  pofitioa  of  fame  of  the 
fixed  Stan,  with  refpcft  to  each  other}  and  fe*eral 
Stars  of  the  firft  magnitude  have  already  been  obfcrvcd, 

!  libera  luljpeQea  to  hare  a  proper  ibotioa  of  their 

uwn. 

Eh-.  Halley  (PIi'l  if.  Tianf,  number  jj:,  or  Ah:-, 
vol.  4,  p.  21;)  has  uhkrvcd,  that  the  three  lullowinj^ 
•Stais,  the  Bull's  eye,  Sirius,  and  ArAurua,  are  noiv 
fownd  fo  be  above  half  a  degree  more  fuutherly  titan 
till-  anriLT.!>  reckoned  them  :  that  tliis  difference  can- 
not  arile  from  the  errors  of  the  tranfiiribern,  beciufe  the 
declinations  of  the  Stars,  fct  down  by  Ptolomy,  ■»  ob- 
fcrvcd by  Timocharis,  iiippaichtJS,  f>nA  hiinfelf,  fhew 
ilicir  latif  udes  tp'veu  by  hin:  .in  fm  li  .is  thofc  atiihoin 
Ittlcuded  :  and  it  i^  fcarcc  to  be  believed  that  thole  three 
obfcrrers  could  be  deceived  in  fo  plain  a  matter.  To 
tbtahcaddv  that  the  bright  Star  in  the  fliootdcr  of 
Orion  haa,  In  Ptolomyt  alaoll  a  whole  degree  more 
footherly  ktttadc  dvn  at  ptefen* :  that  an  ancient  ob- 
fcnration,  made  it  Athena  in  the  year  509,  ns  BnWald 
fuppofi^,  of  an  appulfe  of  the  mofui  to  the  Bull's  eye, 
fhiws  that  orar  to  have  had  Kf*  latitude  at  thnt  tiine 
tha.i  it  iiLiv.- '  i:  a:i  ti)  ,Sii  111-.,  It  ..(<;,K  It- b\'  Tw  hii'i 

oblervationt,  liial  Uc  tound  him  41'  more  nuitherly 
jSs  ,lhaB 
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thai  hr  Jb  at  this  time.  Alt  ibefe  obferTatlona,  com- 
pared together,  teem  to  fivaur  an  opinion,  tliit  fonic 
«f  the  Stars  hare  a  pr<';)',  r  tii.>tioM  of  ihtir  o  vn,  which 
'  chapgei their  pkcrs  lu  tlie  fpherc  of  htjvcn :  this  chmge 
of  pkce.  ai  X)r,  HaUey  ubferTcr,  m  .y  fhcw  itftif  in  fo 
Ifug  3.  i{«e_«  i<oo  yearn,  thoi»gh  it  be  entirely  im- 
pci  ( ( ptlblc  is  the  fpace  of  one  fingtc  centory  t  and  k  ii 
likely  to  be  fiMMicIl  difanenid  it»  fwh  Stan  at  thoTe 
jud  now  mealioiied )  becaufe  thej  are  all  of  the  firft 
magnitude,  and  n»y,  therefore,  pmhaUy  he  fon'.e  of 
the  neiirell  to  o«r  Cilar  Syllet«.  AioUikh,  in  part!- 
ml.it,  afli>:ils  a  lliou  ;  prwof  <if  ihii;  for  if  its  prcftnt 
<ltcli:iatit)ii  Iic  compariJ  with  iti  pl.icc,  al  tictcnnlned 
n'ditr  liy  Tytho  or  i-liimtU<: J,  tiK  Ju!cic.:c».'  will  he 
f  luml  to  l;c  nuich  f;roatcr  th.ivi  wli-tt  can  be  fulpcittJ 
to  arift  from  tin:  tmcirtatiuy  of  liit  ir  tbftrvaliont.  Sec 
AKCiVKvs,  iiiiuMi',  HoriiUiyS  i.iif|uiry  iiitu  tiie  quan- 
ti:v  ui'.i'i  iV.,\cvc,i\  III'  the  pi'D'icr  motion  of  AiAunUf 
I'li'i.  Ti-aiif.  voh  6j,  pait  1,  pa.  9lJ,  5{c. 

Tor  ;iti  accoiiiit  uf  Dr.  Biadky't  tAlervationai  fee 
the  fequcl  of  thi«  article. 

He,  HtrTehcl  baa  alio  lately  obfcrred,  that  ihi  dif- 
tance  of  the  two  Stars  forminij' the  double  Star  y 
Draconif,  it  J4''48"',  and  their  podtlon  44°  ly'  N. 
preceding.  Wheteai,  from  the  right  atimifiDO^iiddc- 
clinatioo  of  tbefe  Star*  in  Fhmttttd't  catat^gne,  their 
dillanre,  inhistiinr,  appcnrstuhavcbecn  l'lt''*4i8» 
and  their  jjofition  4}°  23'  N.  prtccdinjj.  Hcnce  he 
infers,  lli.it  :is  liic  Uifhn-uce  in  the  diltancc  of  ihrfe 
thvo  Stais  is  fo  i:oi'fHler,%hle,  we  can  hardly  account  for 
it,  otlitrvvifo  ilun  by  admitlinjj  a  proper  tnolioti  1:;  one 
or  the  otliir  of  llie  l-'las^,  or  in  our  folnr  fyHem  :  moll 
piMba[)ly  tic  fnya,  neither  of  the  three  15  at  fell.  He 
uilo  rufpctTis  a  proper  motion  in  uiic  of  ibe  double  Star*, 
til  Cauca  I.yiicis  Metlia,  and  in  0  Ceti.  Phtl<  TfBnf, 
vol.  72,  part  I,  p.  117,  143,  150, 

It  is  rcafonable  to  expert.  1I1.U  other  iiiflar>ce«  of  the 
like  kind  tnuft  alfo  occur  among  the  great  number  of 
'vifible  Start,  bccaofe  their  relative  pcCitions  may  be 
alttred  by  \'a:iou<s  nie.int.  Fi/r  if  our  own  folar  lyftem 
hecooceivcd  «<  clian^c  it!  place  witii  rcfpci^  toaMohite 
fpic^  ihi*  night,  in  proccfa  of  time,  oecafion  nn  ap. 
pasentehaiige  in  the  angular  dillaneea  of  the  fixed  Start} 
ttnd  in  fiidi  a  ode*  the  plaoet  of  the  nearcA  Start  bein^ 
moee  aifeded  ilian  of  tWe  that  are  tery  remote,  their 
rclatltw  pAfitiun  mijcht  fecm  to  alter,  though  the  Start 
themfelve!!  were  really  immoveable  ;  and  vice  Tcrfa,  we 
may  furmirt,  from  llie  oLfervtd  motion  of  the  Stars, 
tliat  cm  fun,  wiili  all  its  pUncts  and  comets,  may  have 
a  motion  towards  fome  particular  part  of  the  heavens, 
acc<'iint  of  a  {^rciter  quaniitv  of  matter  colliifted  in 
4i  niira:Kr  of  St.ns  iiud  tl.tir  fiiiniui.'liiij  pl.itir^  ilieie 
[tuu'td,  utiich  miv  pcriiaps  otculicin  a  j^r.ivitarinn  of 
our  uhulc  fiilur  hllim  toward*  it.  Ii  th"i  luriniic 
Aiouhl  have  any  feiind.ition,  as  T^r.  Heif.-lul  obf-rvef, 
nhlflipra,  p.  IC3,  it  will  (hew  iifelf  in  a  lrni.-3  of  fonic 


tars;  finct:  fioni  ilint  avo'.ioti  iKcre  u ill  aii.'c  anjtfier 
xiiiJ  of  lulIiCTto  iinkno'.vi*  pirallax  (fti^ifrft<-d  i)y  Mr. 
JMicbell,  I'liil.jf,  Traiif.  vol.  57,  p.  :-,z),  the  invcili- 
gatiun  of  >vhi>;li  may  aca  :t  for  loiiic  putt  of  riij 
motions  already  cbfcrvcd  in  funttf  uf  the  principal  Start; 
and  for  tlicpurpofe  of  determining  the  dinxiion  and 
qaantuy  of  inch  a  motion,  accuiaie  ohferratioM  of  the 
ditance  iff  Stan,  that  are  war  enough  to  be  tacafuKd 


with  a  ro!crr>meter,  and  a  very  hi^Ii  power  of  tefefcopM* 
may  be  of  conflderable  tife,  xs  td  y  will  nndoubtedly- 
gT*e  vf  the  relative  place*  of  th<^fc  St:ir»  to  s  nmchr 
mater  degree  of  aeeiiracy  than  th<  y  can  h^'  had  by  in> 
Ihtmeatt  or  led  on,  and  thereby  much  iooner  enablfr 
m  tn  difcoTcr  fey  apparent  change  in  their  ruiutioBi 
oeealloned  by  t1u» jietir  kind  of  feetilar  or  fyftemiticat 
paiallaXf  if  we  may  (a  exprefa  the  diange  arifing  hum 
the  motioo  of  the  whole  (uarfyftem. 

And,  on  the  other  hand,  if  a«r  fy  Hem  be  at  reft,  and 
any  of  the  Siara  rciHy  in  motion,  th's  mijjht  likewife 
ihcir  apparent  pofiiio;vi  i  are  1  :lif  mure  So,  the 


vaiy 

n.-'.irL'r  ijiey  are  to  us,  or  the  lA-iflcr  their  inotiiins  are  j 
or  ill."  note  proper  tlic  direction  of  the  motion  i«  to 
be  r':nJertd  perceplible  by  us.  Since  then  the  relative 
pbccs  oflliv.  Stars  may  be  charjted  from  I-kh  n  variety 
of  catifts,  confuti )  'he  amaz.in;;  diihliice  at  which  it, 
is  cert  n'n  f<jirc  of  ilicin  are  pl  iccd,  it  may  require  the 
p^jfLTvalionit  of  m  riy  ni;tsto  delermiric  the  laws  of  the 
app.nrriit  than,  t  ,  t  1,  (f  a  finglt  Starr  much  more- 
diriiciilt,  therefore,  muA  it  be  to  fettle  the  laws  relating 
to  ail  the  molt  remarkjblc  StJ'9. 

When  the  canfes  which  aftc^k  the  phicet  of  alt  the 
Stars  ill  general  arc  known  ;  fuch  at  the  pnrcclfioo^ 
.abaration,  and  nutatiuo,  it  may  be  of  fin^tilar  u(e  ttt- 
cxamiDe  nicely  the  rdativefituationa  of partHNibr Start,, 
and  cfpectjlly  of  tbofe  of  the  grcatcft  luftre,  whkh,  it 
may  be  prtfunr.id,  lie  neareil  to  u»,  and  may  iherefore 
be  lubjcil  to  moie  fenfible  changes,  either  from  their 
own  motion,  or  from  that  of  our  fvlUm.  And  if,  at 
the  r.'n.c  1111;.  till,  brii^liter  Stars  are  compared  with 
Li^Ai  c;ihci,  we  likcw'le  dctci-mine  the  rvlstive  pofitior4? 
ol  fomc  of  the  fmalled  that  appear  near  them,  whofe 
placet  can  be  afcertaincd  with  lutTicicut  e:ui6inef9,  we 
may  peih.ips  be  able  to  judj>e  to  what  caufe  the  change, 
if  jnv  be  obfeiTsble,  is  owin;^.  'l"he  imccrtainly  that 
wc  arc  at  prt:ent  under,  with  refpefl  to  the  deprec  of 
accuracy  w  ith  which  firmer  aAroDomcnt  contd  obfervc,. 
makes  iisurbble  to  determine  fctcnd  thini^'s  relating  to 
this  fiibjett  (  but  the  improvement!!,  which  liave  of 
liite  yeui^bcen  osade  in  the  met  hoJi  of  taking  iliepUcet 
the  heavenly  bodies,  arc  fo  great,  that  a  firv  yean 
may  hereafter  he  fufficient  to  little  fame  pointy  which  , 
cannot  now  be  fettled }  by  cooiparing  cten  the  cailieft 
obfenrationa  with  thofe  of  the  prc(cnt  age. 

Dr.  Hook  communicated  feveral  ohfertatioat  on  the 
apparent  motions  of  the  fined  Stan ;  and  ai  thia  was: 
a  tiiatter  of  grt;it  in^  1  ■  tSE  ce  in  af'rjnomy,  fevcial  cf 
the  learned  were  dtlirous  of  verifying  anil  contirminf; 
his  obfei  vationi.  Alt  tnftinmcnt  was.  accordingly  cor>- 
trived  by  Mr.  George  Griiltiin,  aiiJ  executed  wilit 
ftirpriGng  exaCtncfs. 

\Vilh  thistiillrtiment  the  .Star*/,  in  the  conilellation 
DiECo,  was  freijiiently  olil'crved  by  Milirs.  Molyncux, 
lirail'y,  and  G..di.im,  in  the  years  17:9,  17:6;  an<l 
thi-  obkrvations  were  aftcru'arda  repeatid  by  Dr.  Brad- 
ley with  ill;  i  if!  riiraeiit  contrived  by  the  iamc  ingenious' 
perfon,  Mr,  Gr.Jiam,  and  fo  exad,  tliat  it  nnghu  be 
depended  OQ  to  half  a  ficond.  The  rcfult  of  thefs 
iil)firvatian»  was,  that  the  Star  did  not  always  j-ppear 
in  the  bmc  place,  hut  that  its  diftance  from  the  zenith 
varied,  and  that  the  dilRnence  of  the  apparent  ptaoet 
■tnounied  to  11  or  3  z  fecoada.  Similar  obJenatiom 
anere  made  «n  other  Stars,  and  a  like  afpvcot  1 
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WM  fosnd  in  tttem.  proporttomi  t»  tlk*  Mtude  of  the 

5^1:1'".  This  notion  u»  by  no  mctnt  fuch  u  vas  to 
ha»e  bttn  cxpc*<cd,  as  tlie  cffefl  of  a  parallax,  and  it 
w.-is  fomc  time  btforc  any  way  could  be  fcurjd  •>•■  sc- 
rouining  tor  I'li*  new  {ihcnomcnon.  At  livj^tli  Ut. 
Bradley  ri-foKed  all  its  variety,  ina  fatA'"..i't  -i,  u.  .iv, 
by  the  moti'jn  of  !ii;lif  and  iKc  iTtotion  oi  ihc  caith 
cotnpoiin  it  J  !>-,-i"li  ■  ^'-e  Lioht,  and  Phil.  Tranf. 
Ho.  406,  |>.  364,  or  Abr.  vol.  vi,  p.  140,  &c. 

Our  fjccllcnt  aftroiiomer.  Dr.  Bradley,  had  no 
feonrr  diffovtred  the  caufc,  and  fettled  tb«  Uw»  of 
l^rratiuii  of  t!>«  fixed  Stan,  than  hil  Mttaliotl 
Signiii  excited  by  '  another  new  phenomeiKNI*  «IXt  Ml 
auniul  chMge  of  declination  in  fome  of  the  flxtd  8t>rl( 
wbich  appnRil  to  he  fcalibly  gmtcr  iban  a  prcceflkin 
tS  the  equnoanl  pmM*  of  m  a  year,  the  ivcaa 
qnaotlty  now  nfnllf  ftHowed  bf  afifooookn*  mniU 
have  occafioned. 

This  appurent  cliarij^e  of  declirwtion  wa«  obfcrrcd  m 
the  Stars  ni'Sritic  c<i'.iiiioftial  cohire,  and  there  apptar- 
inp  at  the  lime  time  :in  t  iTn't  .  t'a  quitecuntiaiy  nartirr, 
in  fomc  Stars  near  the  Idllli;;.;!  culure,  which  teemed 
to  alter  iheir  dtclin-ition  k  iV  thrin  .?  priccflion  of  50'' 
rcqiiind,  l>r.  B.aJley  wa»  thrnby  convinced,  that  all 
the  phen<imin.i  in  the  diflcrtnt  Stars  could  not  bt  ac- 
COUBtcd  for  n'cri-lv  by  foppoljti^  that  he  had  affiiined  a 
wnmg  <|  lantitv  tor  the  prrccflion  of  the  equinoctial 
pointB.  He  bad  alfot  after  mmy  trtala,  fufficicnt  reaf  -o 
to  conclude*  that  thdTe  fccmd  uncsj^cd  deviations  of 
the  Start  were  not  owing  to  any  impcrfcdkm  «f  bit 
iaRiAcneiiti.  At  length,  from  repeated  obfenatioM  he 
began  to  gaett  at  the  rcalauifcof  tbcfe  phcnoauaab  ^ 

It  appeared  from  the  DoAor'a  obrcnrationti  dwiiig 
hit  rcridcncr  at  Wanficdi  from  the  rear  ! 727  to  lyjs* 
that  fomc  of  the  Star»  near  the  folflitiul  colure  hud 
chan^'fd  their  di clinal iuni  (j"  cr  ic"  kla  iliuii  a  pre- 
eeffuH)  of  tr»"  \(()ulrl  I  .ivc  ]ir..'IiRi-ii  ;  atiliefarnc 
tiiiv.'.  t'.,-ir  .  .1  Ik  1 5 -icar  tK<:  f  iiillnm'tuK'iil  ju-  liuil  altered 
liiciii  aiiuut  tltc  liime  <jii.ittttiy  mure  than  a  iikt  precellluti 
wotilJ  have  occalioned  :  the  north  pole  of  the  r«|iuitor 
feeming  to  have  approached  the  S;arH,  which  come  to 
/  the  meridian  with  the  fun  about  the  vernal  equinox, 
and  the  winter  folAice  ;  and  to  have  receded  (rom  ibofe, 
wbMh  cwne  to  the  meridian  with  the  fua  aboBt  the 
autumnal  equinox  and  the  fummer  foitlice. 

From  the  conlideration  of  thefe  circumllancea,  and 
the  fituation  «f  the  afocnding  node  of  the  moon'*  orbit 
when  he  firft  be^xn  to  make  hit  obbrntionti  he  fuC- 
pcAed  that  the  i»ooii'«  aAioii  apon  the  eqoaiorial  pirtt 
•f  theeifth  mip^ht  jprodoeetheJe  efiiedt. 

For  if  the  pi-cceinon  of  the  equinox  be,  according  lo 
Sir  Ifaac  Newton *»  principles,  caiifcd  by  the  a<i)ioni  of 
the  fun  and  moon  upon  thofr  p.iit? ;  the  (Jane  of  the 
inooti'*  otbit  bein^,  at  onetime,  aiiovc  10  degrees  more 
inCiin^d  t  )  t)ie  plane  of  the  eqtutor  than  at  another, 
it  was  rtafunable  ti>  ro:ic-1iif'.-,  t'wt  the  part  of.  the 
wholrannual  procdliiu),  wiiicli  arir-.n  liti:n  (i  t  aitKWi,' 
woiildy  in  different  ye»rs,  be  varied  in  its  qiiantky ; 
itberaM  the.phiie  of  the  ecliptic,  in  which  the  (un 
■ppc.tr»,  keepinf(  al»-ays  nearly  the  fame  jnclinatioa  to 
the  equator,  that  part  of  the  preccifion,  whkdi'-ia  owiit^ 
to  the  Uin'»  a<^lion,  mav  be  the  fame  every  year  ;  and 
from  hcuce  it  would  fullow,  that  althouj^h  the  mean 

■uanal  preceflioai  pnoceediag  bom  the  jomt  adtoBt  of 


the  (m  and  anoni  weie  $0*;  yet  the  awtawnt  anavit 
preorSaii  rnigbt  AmctiaMi  cicecd^  and  naictimM  fall 

(hort  of  that  mean  quaotiry,  accordlnjv  to  the  vartoan 

litiiationt  of  the  node*  of  the  m-jcn';  orbit. 

In  the  year  I'Jj,  the  ii;<xi;i'«  .ifcrndlnjf  node  wat 

Wmt  (he  hr^  'r  Ai:  r  /  Ari'-  ^  .h.j'.  cniirf  i|UcntlT  ber  orbit 
was  St  mucti  lociiiied  to  the  (.TjU  iior  as  it  -can  at  any 
tiint  be;  and  then  the  appartt  t  ui  rr.^.il  prtce(r;oa  «a» 
found,  by  the  D<x?^ot's  firfl  year's  obkrv^lions,  to  he 
greater  than  the  mean  ;  which  proved,  that  the  Stnia^ 
uear  the  equinoctial  cvlure,  whole  declinationi  arei.tutl 
of  all  affe^'teil  by  the  prcccflion,  bad  charif^ed  theim, 
above  a  tenth  pirt  niorc  than  a  prccefiion  nf  fo"  would 
have  cauied.  The  fucceeding  ycar'i  obfcrvatitiPs  proved 
the  fame  thii]g{  and|  in  three  or  four  years'  time,  the 
dirictence  bctaoae  fo  coaftdmbk  aa  to  leave  no  mom 
to  iofped  it  waa  owing  to  any  iBpcrfedioa  either  of 
the  iaftnimcnt  or  obfervatioiu 

But  fome  of  the  Siar«,  that  were  near  the  folflli'jl 
Colore,  having  appeared  to  move,  diirin;;  the  fame  tfiiu-, 
in  a  manner  contrary  to  v  !n!  th  .  v  i .  I  'lt  to  bavedonr, 
by  an  inereafc  of  the  putLlijui!  ;  anii  the  deviation*  io 
them  being  at  remaikahle  ai  in  the  olhei-s,  it  sva«  evident 
that  fomethintr  morf  than  a  mere  1  hiti*"-  in  the  tj  in!!- 
t  iv  I)!  t!i':  prucciru)]!  v.-ir.d.l  be  n-nii  Ire  tm  foUe  thi* 
p«n  ol  the  plit iioitKnoii.  Upon  compaiiiig  the  obfer- 
vationa  of  Stars  near  the  folflitial  colure,  that  were 
almoft  oppottte  to  each  other  in  right  ufcenfion,  they 
were  found  to  be  eqtially  afFe^cd  by  thit  caufe.  For' 
whilll  y  Draconit  appeared  to  have  moved  northwardr 
the  finall  Srav,  which  is  tlie  3{th  Camelopardali  Hfrelii^ 
in  the  Britiih  CAtaloguc^  fecaed  to  have  gone  as  miMh 
towaidt  the  Ibtnh ;  which  ihewed»  that  thtt  ippareab 
notion  ia  both  thciik  Start  mis;ht  proceed  from  a  wita> 
tion  of  the  cafth"*  ax?^ ;  whereat  tne  eompnrifon  of  the 
Doctor's  obfcrva'iont  of  the  fame  Srsrt  t'ortiteilv  enabled, 
him  to  draw  ^  ditllrriit  concliilioii,  with  let'peoVto  the 
caitfe  of  the  nntu  il  al  -.  r.atiotis ariling  fr  .  .t  ;i  ;v,  :l;o\i 
of  lijjht.  For  tl.c  ajiparent  alteration  in  y  Draconi*, 
from  that  caufe,  being  at  large  again  at  in  the  othtr 
finall  Star,  provnl,  liut  that  did  not  prooccd  from  ft 
DutaUoo  of  the  earth't  axil}  ai»  oa  the  ooBtiary,  thi» 
mav. 

Upon  making'  the  like  comparifon  between  tlie  ob* 
ferviitions  of  other  Start,  that  lie  neatly  oiipofife  itt 
right  afcenfion,  whatever  their  htiiatiijiis  were  iritfo 
rcfpcd  to  the  canlioai  points  of  tlie  ^qmunr*  it  ap* 
prurrd,  that  their  change  of  dectinatioa  wai  ncarlyi 

3nal,  but'eontrary  1  and  fuch  ai «  DUatioa  or  malum 
the  earth's  asit  would  efled. 
The  m</o:;'i  arcrnditig  node  being  frot  back  toward* 
the  bc(Tr!ninsr  of  Capricnnv  in  the  year  1751,  the 
Star:;  ;;r:ir;lie  r  j  colure  a.'pe '.red  about  that 

time  to  ti.^a^t  Ji:clinaliont  no  inore  than  a  pre- 

ecffion  of  50"  required  ;  whilll  fomc  of  th.ole  nrar  th<? 
foIlliti:il  (Allure  altcjcd  fheirs  above  ;  "  in  a  yrariels  tha^^ 
fehk-y  OIK. Iit^  S^Kin  after  llic  .irmi.il  cli:ini^e  of  decliiia- 
tion  ot  the  former  \mi  pcrceiveil  to  he  diminHlietJ,  fi» 
as  to  become  left  thjn  i;o"  of  precclVion  ivotild  c^ufc;- 
and  it  coniinui'd  to  di;nini{h  till  the  year  17^'^>,  when- 
tlve  moon'a  alceudiiig  node  wat  a'- out  the  bcgtnnin.;  of 
Libi.i,  a:td  hk'r  orbit  h.;d  the  Iralt  indinati'in  to  (he 
tq'iat  )r.  Hut  by  tl.'s  tiirt,  fume  of  tlic  S-ara  near 
the  folditial  cduxc  had  alter^  their  dvcltnatioM  18" 
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^IcftlSacc  tfce  j-fur  r7?7,  than  they  onght  toliart  done 
from  s  pnxel&oB  of  5o"<  i'or  7  XmconWi  trhicli  in 
'tlmfit  9  ytm  would  have  gone  ■bout  VaHMnelbwlicrlr, 
«a>  obft-rvcdi  in  I7s6»  to  lippMi  10"  nim  amtbciqr 
thts  it  did  in  the  year  i?27. 

A»  ih't  »Y>\irii'incc  111  y  Dtaccmi^  indicated  a  dimi- 
iiiit;on  f  t"  ihc  ■.iclinatton  of  the  earth'*  axis  tutlif  plane 
of  li.c  eciifti^;,  2i;ri  as  Ifvcml  nllionoiners  liavr  hp 
pi>fc<j  thu  inclif,-i  I  >n  to  f'iminifh  rrj(ularly  ;  it  tins 
j  ii'^ijomrnon  ijc;<,iid  upon  'iich  a  caiife  and  amount' d 
ti>  tH"  i.T  9  >".ai»»  the  chliijuiiy  of  the  ecliptic  ivoiiSi!, 
at  Jiyt  rale,  niur  a  vvh.jl.;  n.inutc  in  30  yean  ;  v, ':,  i  h 
i',  n.iiih  t-^di  r  ilisn  any  obf^rrv  itioiu  bclorc  ma-ie  would 
«lk>w.  'l\\r  I),  rtnr  h4d  thu'ftore  re«fon  to  iliiiik,  that 
funir  part  1  '  t!i  s  m-i»ion  nt  Irall,  if  nut  the  whole,  wat 
owii  .,  I'l  ill'  moon's  ar.ii>^a  on  the  equatorial  pOfCtof 
ihr  earth,  wliPch  Ik  conGcifed  might  aide  a  libratoff 
motion  of  the  curtb'ttxin.  But  M  faff  WM  uitkbk  to 
jaJge,  ftom  oitlf  9  jt$a  obfcrntio*,.  iriictlicr  tlie 
•xii  would  entirety  recorer  the  ftne  pofitaon  thet  !t  had 

'  in  .(lie  year  tyzj^  he  found  it  neceiTary  to  continue  hit 
oWeiTfttlMit  thitm^h  a  whole  period  of  (he  rroon'i 
rodt*  ;  acthet  ndof  which  he  had  the  rriilif  .Aion  to 
fee,  that  the  Star*  returnei!  into  ih'-  lame  pufitions 
^aprain,  as  if  there  had  been  tm  jltct-uioii  .it  iri  tl,- 
in^iinnibn  of  the  earth's  ax;,  (  wiiit-i  tully  con^aiCtd 
hirp,  that  he  had  gucflied  tightly  as  t<i       caufc  of  the 

•  phenomenon.    Thi*  circumllaticc  prore*  likewife,  that 

*  if  thefC  be  a.^radual  diminution  of  the <ibli<{uity  of  tlie 
'         cdiptic,  it  aovs  not  arife  only  from  an  altcratiaa  in  the 

pijfition  of  the  ear;h'»a5iij,  btii  rather  from  fomc change 
in  the  plane  of  the  ich'ptic  itfi.-If  ;  bicaufc  ihe&arfc  At 
th^  :-mi  of  the  period  of  tSc  moon'*  node%  uppcired  in 
the  fame  pincct,  with  rcfpedi  to  the  cqUAtor,  m  they 
ouglit  to  have  done  tfthc  earth's  uiehad  relahtcd  the 
iuue  iaclination  to  wt  infaiuUe  flue. 

The  DoAor  btvlng  commwaicatcd  thefe  oli&mi- 
tiont,  and  hit  fofpicion'of  their  caufe,  to  the  btc  Mr. 
Machin,  that  excellent  geometrician  fooa  after  fcnt 
him  a  table,  ct>ntaii 'in;  itic  (j^untity  of  the  annual  prc- 
ceflion  in  the  varioi  n  poiniorn  of  the  moon'*  atKiti,  :.s 
nllo  the  c-ii-t'|!  ii.tlTij,  nu! Jtions  of  the  earth's  axis; 
wliicli  'A.n  c<initji:tMl  uj  itii  the  fiippofition  that  the 
,ni'-.cn  ai.ru;,il  {ir-L-elTi  Dn  u  '',  .iixi  [li.it  '.he  whole  i» 
poveriKii  by  the  pole  of  the  mooirt  otbit  only  ;  and 
thcrthjre  \\r.  M<ichin  imagir»ed,  that  the  numbcn  in 
th^'  [.I'jit  wwikl  be  too  latgre,  as,  in  fad,  they  were 
ftuind  to  be.  But  it  appeared  that  the  thanjfe*  which 
Dr.  Bradley  had  obfervcit,  both  in  the  anoi  alpreceffioB 
and  nuiaiiiin,  krpt  the  fame  law,  aa  to  incrcafingiod 
4iecK«liiag,  with  the  nomben  of  Mr.  Macbm'b  tabk. 
Thofe  nvR  calculated  en  the  fuppoliiNm,  that  the  pole 
•f  tht  e^Mtorv  dunnj;  a  period  of  the  moon'i  noden, 
iBOtrcd  lotnid  in  the  petiphcry  of  a  little  circle,  whole 

jerntie  wa*  S)*  29' ihilant  from  the  pole  <;f  the  rrlljit  V; 

havinjr  itfelf  alfo  an  an^lar  mo'tuu  uf  in  .\  year 
abr.ut  the  fame  pi)!e.  Tilt  nonh  pok  n)'  trie  fi[ijai«r 
corjteivcU  to  be  in  thnt  part  of  ttie  lin;.!!  eirele 
whieh  is  fatthcll  from  the  north  p-  le  of  the  rtliptic 
at  the  fame  time  when  the  mnost's  ^Icendiog  noUei*  in 
ti:e  \-i  ynv.u]n\.'^  of  i\ri>9;  and  )n  the  OffoUffpMHIVf 

ii,  wliui  the  iame  node  u  in  Libia. 


IftliedSMWtltairtbe  h't tie  circle,  in  w  liich  tlic  ]x>te 
of  the  equator  more*,  ba'fi^polied  equal  to  18'',  whici! 
» the  whole  quality  of  the  oMatiuWi  naeolbdcd  fioat 
Dr.  Bradley 'a  oUerwiioot  ot  the  Star  y  Dtacomiii  then 
aU  tite  phenooiena  of  the  le«eral  Srari  whtch  be  oIh 
fcrvod  will  he  Tery  nearly  folved  by  thi*  hypothrhs. 
But  for  the  particulars  uf  nil:  fi  lutii'n,  and  the  applica> 
ti(Hi  ui  >ii.-  u.iii:'.  ;  >  the  priitKrr'  .illrt>noiiiv,  we  m<t'\ 
leltr  to  the  ein.<K.  lit  .iiulu);  li's-il  'Il'j  o«r  i-Ktutioti  Le- 
iiig  only  to  f;ivc  tr  j  i.i  "liiv  .  I  tie  inrrntion. 

1  he  rorrt«'ttiiiis  n-  ilinj;  In  ,ii  the  aberration  of  iight, 
,'M-<I  trdill  tile  H:lt;i!n:ll  nf-.iie  «  aMi'.'*  ax!*,  muft  nOt  bc 

ne^le^eii  in  aiironomiLdi  obferratioat )  finee  fuch 
lc<:u  might  prodoce  eiiortof  n«ir«  loiitnleuitbc  pidar 
diflancc  ui  fotnc  Star*. 

A*  to  the  allou'uce  to  be  made  for  the  aberratton 
of  light,  Dr.  Bradley  affures  us,  that  hjT{n>;  n^ia  cs« 
BRIiaied  ibufe  of  hiH  own  ubfct  rations,  which  were  moft 
jmfer  to  dctermuK  the  tcanfveri'e  aiua  of  the  dliplii, 
which  each  Star  feenrt  to  dcfoibe,  he  fooad  it  to  bn 
tkcareft  to  40"  t  SMithii  la  the  nuariier  be  inakea  «fe«f 
in  hia  eomputuiooa  nlating  to  the  nutailoo. 

Dr.  Biadlcy  fay»,  in  general,  that  experjence  has 
taii^lit  hiir,  that  the  obfi-ivations  of  f  uh  Sr,  r.  as 

iieMiil  tiie  -/eMili,  srenetiilly  .n::ei  b'.l;  '.vit.'i  i.rc  .';iil'.1u", 
aiiii  :11c  therelxxt  iiUtll  tn  |.njv\;  the  ;r^ili  oi  «v\  hy. 
p  uiKiis.    Phil.  Tniisl.  N°,  .("I  J,  \  .1  4,-,  [1.  1,  ;^L■. 

Muiiticur  d'Alembert  has  pubiillKd  a  ttt^ltu,  t:n- 
titled,  Recherches  liir  la  Prcceluon  dcK  Equinoxes,  et  (ur 
la  Nutation  de  la  I'erre  dan*  le  Sylttme  Ncwtonien, 
4to.  Pari*,  1749.  The  calciiUtions  of  this  learned 
gentlrmaO  agree  in  (general  with  Dr.  Ilr^dle) '«  obicr* 
vationa.  But  Monlieui  d'Alembert  fimU,  that  the  pule 
of  the  equator  drfcribc*  an  ellipfit  in  the  hcarena,  the 
ntio  of  whofc  axes  i*  that  ui  ^  to  j  t  whervH^  ic* 
eording  to  Dr«  Bradley*  the  eutve  dtfcnbcd  ia  either 
a  circle  or  an  elKpfia,  the  ratio  of  whofe  axel  ia  aa  9  to  8. 

The  fevrral  Stars  in  each  confleQjtion,  a*  in  'I'aiiru*, 
Bootd,  Hcrcule*!  &c,  fee  under  the  pioper  artick  of 
e:ic)i  cooAcUatieos  TAVkVf*  Aqotm*  HsecvLsti 

&e. 

To  Ie.3i  n  to  Inowthe  lemalliifld  Stanly  die  g|obe^' 

iec  C>LO«f. 

The  parallax  and  liilanrr  of  the  filed  Set 
under  Parallax  and  Distancs. 

Cirtmmfilar  Sraxs.    Sec  CiaeOMMtAt. 
Mtming  ST*a.   See  MotNiiv, 
Place  afm  Stab.   See  Puci. 

TwdSw^fAt^TM.  See  Twiwtttvc 

UttfirtuM  Stars.   See  iNFoaHaa* 

Thcfell«wi(i(T  two  catalogiicaofStafaaietalKnlrMB 
Dr.  Zach'*  Tabulz  Motiinm  Sali*3cc,  and  are  adapted 
to  the  beginnin^of  the  year  1800.  The  former  contains 
3S  I  Stsrn,  (}u«  in  ,M  htii  ii.imr»ain!  Cover's  rturk,  their 
Oiagilitude,  i!eei>ii.it:(iii,  a:  d  kJ^I't  .ikcuflon,  both  in 
tnue  and  in  aict  or  dc^ierii  ot  a  ^icat  circle,  with  the 
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SrAVt  in  Elefincity,  denot**  the  appearance  of 
fbe  deftric  matttr  oo  a  puint  ioio  which  il  «t»wr».  B«c- 
earia  fuppofci  th  it  tlie  fyKm  it  occuiiooed  by  ibc  cli£> 
cnliy  witb  which  the  ek-iirlc  fluid  it  extricated  frum 
ihcaiff  whidiis  an  rlccliic  fiibftance.    Sec  Brush. 

Stak,  in  Fortification,  denote*  a  fmall  fort,  li.ir- 
tng  5  or  more  poinu,  or  Mniitmd  (e«itertng  .mjrlcs, 
fl.utkiag  one  another,  «ad  tlietr  faces  90  or  too  feet 
long. 

5)TAit,  in  ryrutciliiiy,  a  compofiliom  of  combufli- 
blc  nutU'is  ;  whicli  bcin^  bornt,  or  thrown  alofc  into 
llic  air,  rslii!jit!i  tl'.:  ap{H.;iraiicc  of  :i  :  —  ."itars 

arc  ihii-lly  ul'ttl  us  a;i(X"ii  Jagr3  to  rock.  .*,  ii  iMiv.'btr  u{ 
them  bciiijj  iifually  iiiolnkd  in  a  coiiicsl  taj),  or  cover, 
at  tl»c  he.i  j  of  the  rocket,  and  carriid  ii|>  with  ii  to  iu 
utnioft  htijjht,  wtierc  tht- Stan,  taking  fire,  arcfjptead 
aro>.;iid,  and  exhibit  sn  arrctablc  f|)cftacle. 

To  aiiit  Sur$. — Mrx  ^Ibj  of  fal'.pvlrc,  1 1  ounc«  of 
fiilphu:,  one  of  aiitir.iouy.  and  %  or  gunpowder  dull : 
©r,  I  i  uur.ccs  <if  fulfihui'.  6  oi'  )ahj>ctrc,  <  1  of  gua- 

iiowiler  duA,  4  of  oliUinnni,  oneuf  malHc,  camphor, 
iibltmate  of  nwr^  urv,  and  iialf  att  onucc  of  antimony 
and  oirpimcnt.  Moin«n  the  mab  witi)  MU»wattr,and 
inab;  it  into  little  ballf,  of  tb«  fK^ofa  ctHlfiiut }  which 
dry  cither  in  the  fun,  or  in  the  oven.,  Tbefe  beiBg  fe( 
on  fire  in  the  aJr,  wilt  rcprefent  Start. 

V^^      .  Jenotcs  the  right  hand  fide  of  a  (hip, 

when  a  jiirtoa  on  bo;>rd  Uand«  with  the  face  lookinsr 
forward  towards  the  head  or  fore  part  of  the  fliip.  In 
coiilradiftinCtion  from  LarhoartI,  which  denoicit  tLc 
left  hand  fide  of  the  fliip  in  the  fame  circumftance*. — 
They  fay,  Slitrbaard  ih:  belmt  or  htlm  a  SlariaarJ, 
yhfn  the  niau  at  the  hc)m  fliMdd  pUt  the  bdm  tO  tite 
ri^ht  hand  fide  of  the  (hip. 

Fuiliij;  Stah,  ot  S/jooiing  St a  luminoiit  meteor 
darting  rapidly  through  the  air,  and  rcfemblinjj  a  Star 
fiilliag. — i'Tie  explication  of  thij  phenomenon  has  puz- 
zled all  pbilofophen^  till  the  modem  difcovcrict  in 
dedricity  have  led  to  the  mull  probable  accouat  of  it* 
SSgnior  ueccaria  mahet  it  pretty  e«id«it«  that  it  u  an 
dedrical  appearance,  and  recttcf  the  foNowii>g  fiift  hi 
proof  of  it.  About  an  hour  after  fttafctt  he  and  fomc 
friindi  that  were  with  him,  obferred  a  falling  Stardi- 
tcdling  its  coutfe  towards  them,  and  appon  iitlj  giow- 
inf;  larger  and  larger,  but  it  difappearcd  ngl  I'ar  hur.j 
them  ;  when  it  left  their  faces,  hands,  and  clothes, 
with  the  earth,  and  all  the  m.ijjhbourin)^  objcfls,  fud- 
denly  illiin: iiiui,  J  u  I'i  !i  .initfnLd  r:hj  kiiiilicni  ^.u;iit,  i:i.t 
attended  with  any  nnile  at  all.  During  their  iurpri^e 
at  this  appearance,  a  fcrvant  infonncd  thctn  that  he 
had  fccn  alight  (hiue  fuddenly  in  the  garden,  andefpc- 
ciaily  upon  the  flreaotiirfiich  it  was  throwing  to  wa> 
ter  it<  All  thefeappcarancci  were  evidently  tltdrical ; 
and  Bcccaria  watconfirmt'^!  in  hit  conjc£~\urc,  that  elec- 
tricity «ai  tbecanTe  of  them,  by  the  quantity  of  elcc* 
trie  matter  which  he  had  feen  gradually  advancing  to> 
wards  hiikite,  which  had  v<r^aiiu«]itliea^>ear<nce  of 
a  fallin?  Star.  Sometimet  alfo  he  (aw  a  kind  of  >;lory 
round  the  kite,  wliich  followed  it  when  it  changed  its 
place,  but  left  fume  light,  for  a  fmail  fpacc  of  time,  lu 
the  place  it  bad  (]uilt<:d.  PiieAlej't  SkA.  vol,  I, pa* 
454,  8vo,    See  I  ON  IS  Fafuu4. 

.  STAR/sr.',  or  R.JvAt,  in FortifiotiQn*  See$TARf 


STARLINGS,  or  STtRi,iNc»,  or  Jciteet,  a  kinj 
of  cafe  made  about  a  pier  of  ttilt»,  &C|  to  fcciueiu 

See  SrrLTs. 

STATICS,  a  branch  of  matbematict  whidi  oonlW 
dcii  wei;ilii  orgnni^y,  tad  the  nmioo  of  bodiea  re* 
fulling  troroit. 

Tlioltf  whodefine  nechmKH  ilie  fcienceof  motiBn». 
make  Static*  a  part  of  it  \  viz,  that  part  which  conii* 
den  tb«  motion  of  bodied  anfing  from  gravity. 

Othcn  make  them  two  dttlindt  dochincs ;  rctlnin- 
ing  niecbantcs  to  the  doftrine  of  motion  and  weight, 
asdrpending  Ml,  or  L-imiiu  tt d  »\  irli,  r;e  p.,w  i-r  ni  nia. 
chines  ;  and  il.iuts  lu  tiic  ,ji  f..  i:Lc  nf  niuuun,  rniifi- 
djrv:d  Uic  ily  ai  ariCng  fuur.  tiiL-  Weight  of  bLklicf, 
without  any  immediate  k  IjHCi  u>  11  iciiincH.  In  this 
way,  StaticK  fhuuld  be  tlic  lU/ctMin:  or  iJiturj  of  mo- 
tion ;  and  mechanics,  tiie  application  of  it  to  ma* 
chines. 

For  tl»e  bws  of  Statio»i  fee  CaAvtTv,  Daicsur*, 

&c. 

STATION,  or  SrArioNAitY,  in  AAronomy,  tiie 
polition  or  appearance  of  a  planet  in  the  fame jHMBtof 
the  xodioc.  for  fereral- daya>  This  bappeai  iram  the 
obCerver  beinj;  fitnatrd  on  the  earth,  wbidi  it  lar  out 

of  the  centre  of  their  orbit-i,  by  which  they  fcem  to 
pracecd  irregularly  ;  being  fomctirac*  fccn  to  go  for- 
wards, or  from  weft  to  call,  u'lich  i^^  il  ur  lutur.il 
dircdioii  ;  fumetimci  to  go  luckuauls,  or  iVom  eait 
t.i  (.till,  which  is  their  rttregraJLtlim  i  and  between 
title  two  llatcs  there  muft  be  an  intermediate  one, 
where  the  planet  appears  neither  to  go  forwards  nor 
backwards,  but  to  Uatid  Dill,  and  keep  the  iame  pifce 
in  the  heaveni,  which  it  called  her  Stalkft  and  fhc 
planet  it  then  faid  to  be  Stationary. 

ApoUonius  Pergiiw  hat  (hewn  how  to  find  tlie  Sia«. 
tionary  point  of  a  planet,  according  to  the  old  thcjry 
of  the  planets,  which  fuppofet  them  to  move  in  cpi-. 
cycles  i  which  wat  followed  bjr  Ftobmy  io  hia  Almag*. 
lib.  17,  cap.  1,  and  others  tiOthe  time  of  Copeni> 
cm.  Concerning  thti,  fee  Regiomontar.ut  in  Epitome 
Almagcfti,  hb.  12,  prop.  I  ;  Copcriiicus't  Rcvolu. 
lionet  Lfltleft,  lib.  5,  cap.  J5  and  }6  ;  Kepler  in  Tabulit 
"^^      ■  ■         •  oh'sAbiag.  lib.  7,  ftil.  5, 

!an.  Beroiiiienf,  pa,  '97« 


II 


iirnuii  111 


c^{l,  2  ;  ii^rnuii  111  ■>iiici.iian.   oeruliiieni,  pa. 
Dr.  Halky,  Ml,  Fano.  Air.  De  Moivrc.  Dr.  Kc|, 
and  others  have  trtatcd  on  thit  fubjcd.    iJce  ;dfo  the 
articles  RHTROor.Ai't  .ind  .Statjoharv  in  this  Dic« 

tlllijIV. 

Station,  in  Practical  Geometry  Src,  is  a  place 
pitched  upon  to  make  ao  oUctvation,  or  take  an  an^e, 
or  fuch  hke,  as  in  furvcying,  mtafuriug  hcights-aid- 
diflances,  levelling,  ^c. 

AuaccefTibie  height  i«  taken  irom  one  Station  ;  but 
an  inaccciEblc  height  or  diliance  t«  only  to  be  taken  by 
making  two  Stationli  from  two  pbcet  whofc  diltaace 
afttDder  ii  known,  la  makinf  mapt  of  counties,  pro- 
Tiocea,  Ifc,  Station*  arc  fizeo  upon  cci'taiti  eminenaes 
Sic  of  the  country,  and  angles  ukcn  from  thence  to 
the  fevcral  tovv]  vilki;^';! -.,  o^c. —  f  1  li  :  l',  lu;:;,  the  in- 
ilrunicnt  is  to  In  □djuileJ  by  the  uectjli.,  or  otiierwife, 
lo  ar.l.str  ihj  j^ioints  of  the  horizon  at  every  Station; 
lilt  il  il  iiiL  C  J'-iJin  hence  to  the  laU  Stat  inn  is  to  he  mea* 
furcil,  .ill  J      ;iii;;le  is  to  be  takt-n  !i)  tin  m-xt  St.ijion  ; 

which  f  locefj  recreated  iadudct  the  chief,  praaicc  of 

ftmying;. 
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fifrveying.—In  levcUinjTf  the  inftranwnt  i$  redificd^  or 

5>laced  level  at  each  StaticNl»  Mid  oblmttiont  tude 
iorwiKb  and  bickward*. 

Then  t>  a  method  of  mMTiini^  dift«nCM  at  one 
Station,  it  |]u  Phibr.  IVaal.  nomb,  7,  by  meaMof  a- 
t«lcibi>|K.  X  have  keaidi  of  another*  hf  Mr.  Ramf* 
den;  and  hate  feen  athnd  in^nfaMtt  way  by  Mr. 
Gtcen  of  Deptford,  not  yet  publiflied  {  this  confin*  of 
a  pcnri.irieri;  (^?.',c  uF  dMfioi)*,  placed  at  ii'iv  [jii'nt 
whole  diltaurr  i->  rcquif.-d  ;  ti'icn  the  number  of  (ii'viljtiD* 
jfcen  tliruiij'li  t!ij  tLl;:fi.i'p._',  j'ivcs  '.he  ili.'.riiiLC  lullftht. 

St ATlou -Lint,  in  ijilrttym.-,  ai.J  /,  .'A-  </  SUttioil, 
m  PeifpeAive.    Sec  Lime. 

STATIONARY,  in  ^^  ilronomv,  tlii;  VliXc  of  a 
planet  w'.itrii,  toanobfcwron  ihc  cjrth,  it  .ippriirs  for 
fi»mc  time  to  tiaod  liill,  or  Tcmain  iramoveabic  in  the 
Jane  place  !n  die  heavens.  Fur  a«  the  pknet«,  to  TtKh 
an  (miemr,  hare  fometimes  a  pi-ogrctTivc  motion,  and 
fiHMtisMta  a  Mtrogmde  one,  there  muft  be  fome  point 
betweeo  the  two  where  they  muft- appear  Stationary. 
Now  a  planet  wiB  be  leen  Stationary,  when  the  b'ne 
that  joint  theecntwa  of  the  earth  and  planet  is  eon- 
llaatiy  diitAed  to  the  bme  point  in  theheaveniiihieb 
is  when  it  keeps  paraUd  to  itfdf.  For  ai  loMt 
drawn  from  any  point  of  the  earth'k  orlrit,  paialkl  to 
one  another,  tiu  ill  point  to  the  fame  ftar ;  the  diflancc 
aftliefe  liiioj  b<.i(ig  infcnfibic,  in  CMnparifun  of  that  of 
rte  fixc-.l  ftars. 

Tiic  planet  Ilerfchei  i»  fcen  Statbnary  at  the  dif- 
tanrc  of  from  the  fun;  Saturn  at  fomen^hat  more 
than  ffTf  ;  Jupiter  at  the  didaoce  of  5a''  i  and  Mara  at 
a  much  gmter  diUance  {  Venna  as  47*1  ud  Meienif 

at  28». 

Hcrfchcl  i>  Stationary  days,  Saturn  8,  Jupiter  4, 
Mart  2,  Venus  ti*  and  Mercury  i  a  day :  though  the 
R-veral  flatioos  are  not  abraja  e^ual ;  becaufe  the  orbits 
of  the  planets  arc  not  citdca  wfalch  have  the  fun  in  tfaoir 
centre. 

STEAM,  the  Onoke  or  wponr  arifii^  fnrn  mler, 


•r  naiy  other  liqud  or  moift  Mdy«  when  eontdenUy 
heated.  Subtcmnean  Steama  olien  alFed  the  fitifiic* 
of  the  earth  ut  a  fenmtaUe  naataer,  and  promote  or 

prevent  veg'ttation  more  than  any  thing  clfe.  It  has 
been  imagined  that  Steams  may  be  the  generative  caufc 
of  both  minerals  and  metals,  and  of  all  the  peculiarities 
of  fprings.  See  Philof.  Tranf.  vol.  5,  pa.  ii{4,  or 
Abr.  vol.  2,  pa.  833.— Of  thf  ufe  of  the  air  to  elevate 
the  Steams  of  bodies,  fee  pa.  2048  and  297  ib. — 
Concerning  the  warm  and  fertihzirig  temperature  and 
iiteams  of  the  earth*  Cee  PhU.  Ttaaf.  voL  ID,  pa.  307 
and  457.  See  alio  Dr.  HaatiltMi  ««  O*  the  Afccnt 
of  V'apottrs." 

The  Steam  raifed  from  hot  water  is  an  ehftic  flnid, 
wbicb,  like  claftic  air,  has  ks  elafticity  proportional  to 
ita  denfity  when  the  heat  is  the  fame;,  or  propprtiuual  lo 
the  hcaC  when  the  dcafitj  ia  the  lame*  The  Stcaaa 
nifed  with  die  oadiMiy  heat  d  boOtw  waiter*  ia  al* 

or  abovt  3I 


noft  5000  times  raicitthnn  water,  or  ibovt  3I  tinu* 
rarer  than  air,  and  haa  ita  dalBdCf  ahoot  equal  10 

t!  n  ,  f  the  common  air  of  the  atmofphcre.   And  by 
lieut  it  has.  been  found  that  the  Steam  may 
be  expanded  into  14000  timci  the  fpace  cf  water,  or 
may  be  made  about  5  times  ftrooKcr  tluin  the  atmo* 

^fbatm  BtttfianJiiHeMndnutw  JMicfaappcncd, 


it  appears  that  Sieam,  fuddenlr  raifcd  from  Inter,  or 
moid  IttbiUncfs,  by  the  immediate  application  of  ftron^ 
beat,  is  vattly  Aronser  than  the  atniofphere*  or  even 
than  gunpowder  itfeir,  Witncia  the  accident  that  hap. 
peaed  to  a  fbandery  of  cannon  at  Moorficlds,  when 
upon  the  hot  metal  nrft  nmnia^g  into  the  mould  I'n  the 
earth,  fome  fmall  qiuatity  of  water  in  the  liottom  of 
it  was  fuddcnly  chaiivrtd  riUo  Stea-ii,  which  by  its  <  x- 
ploiion,  blew  the  lu  .-  it- 1  i;.i  i:>  p  u^L  .  1  ii-rrin  l  i  r 
another  fiieh  aL-eideiii  a  a  tuiir.  ltr;,  ai  N'tivcjf'lc ;  the 
founder  having  ji.i:.:J,  amontj  foine  oM  biii'-,  a 
hulUm-  brafs  ball  itial  li.td  been  ufcd  f<jr  :i>aiiy  ycnr,  a»  a 
valve  in  a  pump,  withinfide  of  which  it  wom!i1  w<im 
fome  water  hai  j^t  infinuutcd  ;  and  iiaviiig  put  it  into 
hi*  frre  to  ine!t,  whi:n  it  become  vcy  hut,  it  lud- 
deidy  burft  With  a  prodigious  noife,  and  blew  the  adja> 
cent  parts  of  the  lurnacc  in  pieces. 

Steam  may  be  applied  to  many  purpofet  ufefut  in  life* 
but  one  of  its  cbit^  ufcs  is  in  the  StanpeBgtne  dic> 
fcribed  in  the  fellowiriij  article. 

Steam  Enj(inf,  asi  tiigiuc  for  raiikig  water  by  the 
force  of  Steam  produced  kxtn  boiling  wacor ;  and  of> 
ten  called  the  tire-eifgmei  on  acconnt  of  the  lire  cm* 
|rioycd  ia  boih'^gtbe  water  to  nwhioe  the  Steam.  Tliia 
none  of  the  noft  cnriona  and  tiTrfiil  tnachinct,  which 
modem  art  can  boail,  for  railing  water  from  pondi, 
wells,  or  pits*  for  draining  mines,  &c.  Were  is  not 
for  the  ufe  of  this  moll  impoilat;t  iuvcutiun,  it  ij  pro* 
bable  we  fiiould  not  uo'.v  h.ive  tlie  beuL-fit  of  coal  fires 
in  England;  as  our  forefathers  hjd,  before  the  j)refent 
century,  excavated  all  the  niimi  of  coal  as  deep  as  it 
could  be  worked,  without  the  benefit  of  thu  CngUMS  tO 
dr.nv  the  water  irom  greater  depths. 

This  engine  is  commonly  a  forcing  pump,  having 
its  rod  £scd  to  one  end  of  a  lercrg  wkck  is  worked 
by  the  weight  or  prclfure  of  the  ntaM>f|dKR:  upon  m 
pifton,  at  the  other  end,  a  temporary  vacuum  being 
made  below  it,  b^  fuddenly  condrnling  the  Steami 
that  had  been  ktmto  the  qpUiider  i«  which  thii  pilloii 
imiu»  by  n  jet  of  cold  water  llnown  Into  ft.  A  partial 
vaomni  beiqg  thus  made,  the  weight  of  the  atmofphere 
preflea  down  the  piIton»  and  ratica  the  other  end  of  the 
flraJght  lever  with  the  water  from  t!ie  well  i  c.  Then 
immediately  a  hole  is  uncovered  it!  the  butiom  of  the 
cyhiidtr,  hy  which  a  frefli  fill  of  hot  Steam  tulhes  in 
from  a  boiler  nf  water  below  ;l,  v.  liiih  proves  a  coun* 
terbalance  for  t!ic  atmi^l'pht re  above  the  piltoii,  upon 
which  the  weight  of  tlic  pttmp  rod*  at  ihc  other  end  of 
the  lever  cairie$  that  end  down,  and  raifcs  the  pidon  of 
the  Steam  cylinder.  Immediately  the  Steam  hole  is  fliut, 
and  the  cock  opened  for  injeding  the  cold  water  Into 
the  cylinder  of  Steam,  which  condcnfcs  it  to  water 
again,  and  thns  making  another  vacuum  below  the  pif- 
ton, theatmofpbere  above  it  prc&sit  dowDi  andiaifiea 
tUc  pump  rods  with  another  lift  of  water  {  and  (b  on 
oootinsaUy.  This  is  the  common  principle  t  bnt  there 
awaifo  other  modes  of  applying  the  fiwee  of  the  SteaaB* 
aa  we  Iball6ein  thefoUowiag  flnrt'hiAaty  of  this  ia> 
mention  and  ita  vnrionaLapnwemeatt. 

The  earlieft  account  to  be  met  with  of  the  inventiori 
of  this  engine,  is  in  the  niarquis  of  WorceiKr's  final! 

book  iiititled  a  Century  of  Iiivc;ilions  (hein,^'  a  defenp. 
tion  of  loo  notable  nilcoveries),  publifhcd  in  the  year 

i66^  whcR  taepcofpfed  the  niC^B  «f  grentfjiMMm 


Digitized  by  Google 


S  T  E 


S  T  E 


ef  Wkter     the  ferae  of  Steam,  raifed  from  wattr  bjr 
mcattt  of  fire  i  md  h«  mcntioiM  «n  en^ne  of  tbai  kin<l, 
'  of  bieoiTD  contnvmoet  which  cnnlil  raifc  «  coDtinml 
0rrani  like  a  feuiitaiii  40  feet  by  meaM  of  im 

cocks  which  were  attennatdy  and  fiioocnTrlf  turned  bf 
a  iTui!)  tn  r.r*m!t  the  Steam,  andto  re>li1I  the  veflclwilh 

,  '     Cold  n  aUr.  tlic  l:r;:  btiii);  Ctli'inuillly  ktpl  up. 

Ill)"  vvcr,  tlii<  invci'.llini  nrt  mccjinjj  with  t>ncou» 
r.iL^cmi  1.1 ,  |j:  -.vi     t"  the  conniW  flaic  <>f  pub- 

lic i^.i:!  al  ihiit  lime,  li  w*a*  DCi^'KV^eii,  atxl  lay  tlor- 
nmnt  ffvi-i.ii  vijis,  until  one  d  itain 'rhoman  S.iveiy, 
ha.'ir,,  vi  sd  Slic  m:irqiiisi»f  Wortcllir's  books,  ftvcral 
\tn->.-.lV  i  iva;\ls,  tticJ  many  i-xperimenuiipon  the  force 
a»o  ric"  c  i.f  S'cnm  ;  nt  Urt  hit  uprm  s  method <>f 
.■ipp'  ,  .•..(  it  to  laif  -  water.  He  then  boy  t  i  ,1  a-^.  !  f!t  - 
ftroyrd  ti!  the  i'rj'iiii!«'ii  booki>  that  could  be  cot,  and 
cldi  the  lionoiir  of  the  ir  vcr.tion  to  himfdf,  and 
obtained  t  ;,:uL  I  for  it,  prctendiu^  th.at  he  had  dl'co. 
wwU  thii.  1  ;<  1  -  I  of  nature  by  tccielent.  He  contrived 
an  engine  which*  after  many  expcriaeiiis,  he  brougl^t 
to  fnme  drgite  of  peHcAion,  fo  aa  to  raiTe  water  in 
finati  rjLuoiitirii :  b<K  he  could  not  fiiccv*««I  inr<iifiugit 
to  any  f;re;il  hiight,  01  in  Lir^e  quanlitiet,  for  tbe 
drsinin^  of  mirws  ;  toeficA  which  by  hia  method^  the 
Steam  wat  required  to  be  fo  ftrong  a*  would  haveburft 
all  his  vtfT' '  ;  tn  iImi  iLC  was  ohligi'd  tii  nnil:  himfelf  to 
raifin(T  ths,  viiivr  uiAr  to  a  finall  L«i^!>»,  or  in  fmall 
qu3nt;t:cs.  The  iarprll  eii^iiie  he  croflc*),  was  forthe 
^  '  Yurk-buildings  Compaoy  in  Londuo,  for  fupplying  the 
inlir.bit anu  in  the  Sinnd  Md  tlMt  ndgkboniiaod  with 

p»  water. 

I  — •  The  po'nciplc  of  lhi»  machine  wji  as  followa  :  H 
(fig.  3,  pi.  ;7)  reprefeiits  a  copper  baikr  placed  on  a 
furnace.  E  ii  a  ftrong  iron  Tcird,  communicating  with 
the  boiler  by  means  of  a  pipe  at  top>  and  with  the 
Main  pipe  AB  by  mean*  of  a  pipe  I  at  bottom  ;  AB 
■  the  maia  pipe  inuntTled  io  the  water  at  D }  D  and 
C  are  two  fixed  boili  opening  iipwarde,  one 

Mag  plwed  ahmc^  and  the  other  below  the  fipc  of 
csmmisiiicatian  I.  La%,  at  G  ia«  Cock  riiat  fervee 
OCca!i.;nally  to  wet  and  cool  the  «irel  E,  uy  wi'cr 
from  the  main  pipe,  and  F  ii  a  cock  in  thr  ):r<K-  of 
COmrtuiiiiiMl  'i'i  hrt.virti  the  vcRil  l''.  anj  tlic  hoilrr. 

Tlu-  L-nt-ir.i'  IS  ftt  to  wutk,  by  t.lliiij;  the  copper  in 
pntt  witfi  watt",  and  alfo  the  iipp^r  pjTt  of  ihc  main 
pip<  :ibi>ve  tlic  \:ilve  C,  the  fire  '.n  the  hinincc  heinjj 
li<;-htcil  at  the  IniTif  tiinr.  \\  iion  tlie  water  boils  rtroni;lv, 
the  luck  F  IS  opened,  the  ^>tcam  rushes  into  the  vcifcl 
E,  and  expcUthe  air  from  dience  throuj^rh  the  valve  (.'. 
Tbereird  Ethui  filled,  and  violently  heated  by  the 
Steam,  it  fuddcoly  cooled  by  the  water  which  falla 
Upon  It  by  turning  the  cock  C ;  the  cock  F  being  at 
the  fame  time  fhut,  to  prevent  any  frcfli  acceilioii  of 
Steam  from  ihcboikr.  Henc^  the  Steam  in  £  become 
iitg  Goodenfcdy  it  leawti  the  cavity  within  abioft  jn< 
tirefar  a  nemm  1  and  therefim  the  pnfliiztoftha  at* 
nolpheK  al  B  iiweca  the  water  throi^h  the  valve  D  tiN 
the  veflfel  £  i$  nearly  filled.  The  condcnfing  cock  O 
^  if  then  (hut,  and  the  Steam  cock  F  ajn»'n  opened  \ 
hen  c  ilif  Sit, I'll,  rulhini»  into  E,  expel  ttic  water 
throiigU  the  v.iUt:  C,  an  it  before  iliii  t*:e  .i-r,  '\": 
E  bteomci  npsin  fjllcd  with  hot  StiM^'i,  whieh  isaijaiti 

coded  audcunden  fed  by  the  water  from  G,  the  fupply 


operation  s  the  water  confrqucntly  rtifties  through  " 
by  iheprelTure  of  thtf  atim>fphfre  at  11,  and  E  is  again 
filled.  Thia  water  ia  forced  up  the  maia, pipe  tbraiigk 
Ci  by  opening  Fand  fliotting  «  befinv.  And 
tbot  it  ia  eafj^  to  concei«K»  that  by  thw  aJtermte  open> 
tn^  and  {hutting  the  cack%  water  w9l  be  continualty 
raifcd,  ai  long  aa  Uie  boiler  contiwira  to  fvpply  the 
Steam. 

I'or  the  fake  e  f  [.  :  I";  Icniry,  tli  ;  (!njwing  i»  diverted 
of  the  :ip;>;ir:it;is  tf4..r  l.i  vos  to  luin  the  two  cncks  at 
onee,  iind  ui  ihc  totit: ;  ■  ra  .  >  tor  tilling  the  copper  to 
tlic  proper  quantity,  bur  it.  may  he  tound  complete, 
with  a  Kill  iiceouiit  of  iti  ult ,  :iinl  i^pj/l-.cation,  in  Mr.  . 
SarrryN  hiiok  intituled  the  Mtner'i  J-'rienJ,  The  cn- 
g  nis  lit  i  in  eiiodruttion  were  iifiially  made  to  work 
wih  two  receiver*  or  Steam  veflcb,  oac  to  receive  the 
Steam,  while  the  other  waa  raifing  water  by  the  conden- 
fation.  This  engine  has  been  fincc  improved,  by  admits 
ting  the  end  of  the  condcnfing  pipe  G  into  the  veflici' 
E,  by  which  meani  the  Steam  i>  more  fiidlenhr  and  eC^ 
feduaUy  eottdeaJcd  than  by  waiernn  iheoutlide  «f  the 
veAd. 

The  ndvantages  of  tlua  engine  are,  that  it  mar  be 
tmacdioahnoKany  litiiation,  that  it  requires  b  i  Ht- 
 •  ■ 


ifc  toom,  and  it  fobjea  to  very  little  friclioii  m  it* 
parts. — lt»  difadvaiitagei  are,  tli  i!  tptat  par:  r>f  the 
Steam  IS condrnfird  and  Infcs  itafuicc  upon  comiiiij  into- 
cv  i.i  i  t  Ai;!!  the  v  ..tcr  in  the  vtfll-1  t,  and  that  the 
Ketit  ar)>i  elal'icity  of  the  Steam  ranft  b?  incrvafcd  in 
[iMiportiuri  to  the  tieii'lit  that  '.he  s'.-:itcr  ij  required  to  bc 
niikd  to.  On  both  (h<.-k  accouats  a  large  iire  n  re-' 
quired,  and  the  copper  muft  be  very  ftrong,  when  the 
height  i«  confiderabU»  otherwifc  there  is  danger  of  it* 
buriling. 

Willie  captain  Savery  wa»  employed  in  petfe^ing 
hit  engine,  ur.  Papin  of  Marburg  watcontriving  one 
on  the  bate  priDciplct,  which  he  delerihet  in  a  fmril 
book  publifltcd  in  1707,  intitled  w^/  JVbw  aiI  Ajium 
Igmt  sMmtait  tjfkmjfiiii  tlivmdtm.  dpt.  Savers  '9 
engine  however  wat  mneh  completer  than  that  propoled 
by  Dr.  Papin. 

AboQt  tht  fame  time  alfo  one  Monf.  Amonton*  of 
Piiiii  wab  eiij^aj;.  1!  1::  f.inie  puii'iiit  :  hut  :ii«  :iiethod 
of  applyin;^  the  torce  lu  .Stf.irn  vru^  (htlcr  Lnt  tram  thofc 
hi  fore -mentioned  t  for  lie  intcnrfcd  i[  to  drive  or  turn 
a  w  heel,  which  he  culled  a  firr-miH,  w  hich  was  to  srorfc 
pum-i-?  fur  nii ""atcr  ;  bi.t  he  never  hruii;;ht  it  to 
perfe  --.  n  n.  J''.,ich  of  thefc  three  gcnlkmcii cLiiined  the 
originahty  of  the  inreiitiun  ;  but  it  is  moll  probable 
they  all  took  the  hint  from  the  book  puhliflied  by  the 
marquia  of  Worcefteiv  at  beibre-meutioued. 

In  thiaimperlleiA  ftate  it  continued,  wiihoot  ftrthco 


.  tnthe'TODr  1705,  vAen  Mr.IleMco> 
men,  an  tron^nongcr,  and  Mr.  John  Cinilef,.a|^ 
nicTf  both  of  Dartmouth,  contrived  another vny  to 
mifr.  water  by  Steam,  bringing  the  engine  to  work 
vmh  a  beam  and  p«llon,  and  w£;rr  the  Sienm,  even  at 
the  greateft  depth*  of  mineti,  is  not  ref|nircd  to  he 
greater  than  tlie  prefl'ure  of  the  atn:U)rpliere :  and  this 
is  tlic  ilri.rtnrcof  the  engine  as  'i  h  i-;  f nice  been  chiefly 
ul -d.  Tiiele  ^^entlemcn  obtained  a  jjdtcnt  for  t!ie  ff>lc 
uleof  this  invfnti.  11,  f  .r  14  yi-ar».  The  lird  jiruiu  (.,1 
they  made  (or  diaining  of  aua««  by  thia  < ogioe,  was  in 
Iht  Tnr  17U  )  hut  th^  iraraTO)r  «Mlr  icccked  bf 
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mimy  pfrfuni  I'n  the  foiith  of  Fngtand,  who  did  not 
uaderlbiu!  i!k-  .mnre  of  it.    In  1 7 1 2  they  came  loan 

«rc«mcnt  u>t!i  die  uwncri  of  a  colticrjr  u  Grii[  iu 
•mickniirc,  «-hcrc  tfity  credtctl  an  enjjine  with  a 

Sjrbodtir  of  22  inches  diameter.    At  firft  they  were  un- 
er  grent  difficulties  in  many  things ;  but  by  tiu:  itliill- 
•ncc  of  {on\c  f^tiodifiorkiiien  dicy  ^ot  all  lite  cKirta  piit 

a {ether  in  fuch  a  maajier,  j»  to  snfirer  tlicir  fatenteiM 
rrablr  wed :  and  thtt  was  the  firftcngineofthe  kind 
CreOcd  m  Bi>^Mld.  There  waiat  flrll  one  man  tu  at- 
tend the  8team-cack,  and  another  to  attend  the  injec- 
tion c-K-k  ;  but  thfy  aftcrn-arJi  r'Hitri .  jil  a  mtt;.  \I  lA' 
opening  and  Ihutilrig  them  b»  fomc  ihiail  machinery 
conneAcd  with  the  working  beam.  The  next  engine 
eretled  by  thcfe  patcgtecs,  was  at  a  colliery  in  the 
ccHinty  of  Durljam,  about  the  year  1718,  where  was 
eonccrnef!.  sis  an  nt,  Mr.  Henry  Bcighton,  F.  R.  S. 
aiiJ  CijinJL.^rtijr  uf  t!ic  Ladies'  Diary  from  the  year 
J  7 14  to  the  year  1744  :  this  gentleman,  not  approving 
of  the  intricate  manner  of  opening  and  fliutting  the 
cocks  by  ftrin^^s  and  catches,  as  in  the  fimner  engine, 
fubftitntcH  the  hanging  beam  for  that  pmpole  as  at 
prefcnt  ufed,  and  likcwifc  made  iinprovenieAlt  in  the 
piped,  valvei^  Md  foBW  other  Mitt  ttftfae  engine. 

In  a  fev  wan  aftcnmnrdf,  theTe  engiaea  came  to  be 
better  undcmood  than  they  had  bees  t  <Bd  their  ad«an> 
tagcat  e^eebl^  m  dnimog  of  mtneai  became  marc 
•pparent :  and  from  the  great  number  of  them  ercdedj 
they  received  additional  itiiprovcnvjnts  from  (liltcrcut 
pefl'iii,  till  they  arrived  at  tlicir  p  rclLnt  degree  of  pcr- 
tcttiun:  ai  ippL-ar  in  trie  fcijiRl,  aftt-r  we  have  a 
little  conlidered  the  general  priociples  of  this  etiganc, 
Vhich  are  aaftllow. 

frintifkt  rfOt  Sum  Sagkk 

The  principles  o-.i  which  lhi8engi':e  afl5,  .ire  truly 
pliiluT^'piiical  ;  ,iiid  whu'n  a!!  the  parts  of  the  machiae 
lire  pit/p'jrtiijneil  to  cich  ovlit-r  aeeording  to  thefe  prin- 
ciples, ii  uever  fails  to  anfwer  the  intention  of  the 
engineer, 

1.  It  has  been  proved  in  pneumatics,  (hat  the  preflitre 
of.tbe  attnofphen  upon  a  fquare  inch  at  the  eaith'a 
furface,  is  about  144%  avoirdapcria  at  a  medtuni,  or 
I  i^lb  on  a  circular  iaek$  thdt  ia  OB  •  drde  of  an  inch 
diaaeter.  And» 

a.  If  a  vacuum  be  node  br  any  meani  in  a  c)-linder, 
vbich  has  a  moveabk  piSon  fufpended  at  (>t;c  ciui  of  a 
lever  equally  divided,  toe  air  will  endeavour  tu  niih  1:^, 
and  wiUprritdown  the  puTo:i,w;th  a  force  propoitioii- 
abte  to  tnc  area  of  the  furfucc,  and  will  raifc  an  cqxni 
weight  atlheotiier  cud  of  ilii;  L-ver. 

3.  Water  miiy  tic  raiLii.rJ  lu.if  14000  times  by  being 
r.-iliiced  irito.Sto.i:Ti,  luid  viulimly  1h,iu(1;  ilie  particles 
o:  :i  arc  fo  llroogiy  repellent,  as  to  drive  away  air  of 
the  common  denlity,  only  by  a  heat  ftifficient  to  keep 
the  water  in  a  boiling  Hate,  when  the  Steam  isalmoft 
3000  times  rarer  than  water,  or  3  i  times  rarer  than  air, 
aa  appears  by  on  cxpciiinent  at'  Mr.  Beighton's :  by 
JifCKaibgthe  heat,  the  Staaa  amy  be  rendered  much 
ftronger  ;  but  this  requires  great  ftrength  in  the  vefleb. 
This  Steam  may  be  again  condenfed  into  tta  former 
ftate.bfnjet  ot  cold  water  dirperfed  tbrongh  it;  to 
ihat  j^ooo  cnbie  tddicaof  Steam  adaitted  uio  a  cy> 


Iiader,  may  be  reduced  into  tfce  Qnce  of  one  cubic 
inch  of  w.nier  only,  by  which  means  a  partial  vjcuttOl 
it  obtained. 

4.  Though  the  prefTure  of  the  almofphere  be  about 
14  !  pounds  upon  every  fquarc  inch,  or  nf  pounde 
upon  a  circular  inch  ;  yet,  on  aceount  of  the  (riaion  of 
the  levnal  parta,  the  lefiAance  from  fome  air  which  ft 
wnawidahiy  admitted  vrith  the  jet  of  cold  wra  nn  l 
from  fame  rcfiialnder  of  Steam  m  the  cylimler,  the  va- 
cuum it  very  imperfed,  aud  the  pirtoii  does  not  dc- 
fcenJ  with  a  fijrce  cxceedinj;  8  or  9  pounds  upon  every 
fjiu,".'  Iii.'ii  III  its  iurln<-c. 

),  1  he  i^.ill lyii  of  wi-tr  of  ;R2  cubic  inches  weighs 
I0|- pounds  avoirdupois,  or  a  culiic  loot  6:f  pounds, 
or  1000  ounces.  Tiic  jMUon  being  pre  (fed  by  the  at« 
mofphcre  wirh  a  force  proportional  to  iu area m  iochco* 
multiplied  by  about  8  or  9  podiiJs  c^.tirefTcs  that  end 
of  the  lever,  and  laifcs  a  culutrn  :  t  in  the  pumps 
of  equal  weight  at  the  otf.er  end.  In  means  of  the 
pump-rods  fufpended  to  it.  When  the  Steam  is  again 
admitted,  the  pump-rods  fink  by  their  fuperior  wetghtt 
and  the  piRon  riles  i  and  wlien  that  BCeaB  it  oon« 


deofed,  the  pifton  dcfcends,  and  the  ptnm-r 

in  woru. 


and  b  on  altematclv  as  long  as  the  pifton  

It  baa  beea  obwrved  above,  that  the  pifto  n  docs 
Mtdefeendwhhft  finer  exceed ing  8  or  9  pounds  jpua 
every  fmnre  inch  of  its  fi:rfacc ;  hut  hy  reafon  of  acci- 
dental m^tiont,  and  aI:itJtio:rt  i:i  tl.c  deufity  of  the 
air,  it  will  be  lafcA,  in  c.ilculatinjj  the  po-,\'i.T  of  the 
cylinder,  to  allow  fomelliing  Itis  tli  tu  Jj  pounds  for  the 
prefliuc  of  the  atmofphcrc,  upon  every  fquarc  inch, 
VIZ  71b.  jooz.  =  j-6^ih,  orjuil  61b.  upon  every  circtl- 
lar  inch  5  and  It  being  allownl  th  n  iiit:  ^^iiiion  of  v<.-atef, 
of  282  cubic  inches,  wriif lis  io;!b,  from  thcfe  pre* 
niilcs  the  dimenfiotis  of  the  cylirsdcr,  pumps,  &c,  fiir 
any  Stcaa-cnigiae,  may  be  deduced  aa  followa;-> 
StifipUe    .  . 

e  =  the  cy1ir»dcr1i  dmmcter  in  ndiei^ 

^  =  the  pump**  ditto, 

/=  the  depth  of  the  pit  in  fuhoms, 

^  =i  gallons  drawn  hy  a  llrokc  of  6  fiet  or  a  fathom, 

i  —  the  hoglheads  drtuvn  per  hour, 

t  y~  the  number  of  krokes  per  minute. 

e  area  of  the  cylinder  in  ctreiilarinchety 

theref.      is  the  power  of  the  cylinder  in  pounds. 


And 


or  if*  is  —  g  the  gaUoiia 


cDntiii[ied  in  one  fathom  or  72incbca  of  any  pump| 
which  multiplied  by/ fathoms,  givca  -ijtyfor  the  gal- 
lons contained  in yfatliotosuf  any  puinp  whofe  diame- 
ter is 

Hence  iff  X  io|ai»  give*  »/y  ncarlr.  for  the 
weight  in  poundt  of  the  odumfi  of  snitcr  nliich  it  to 
be  canal  to  the  povier  of  the  cytmder,  which  was  be- 
fore foond  equal  to        Hence  then  we  have  the  2d 

equation, 

viz,  6e*  =  a/y,  or  3<*  =s  /y ) 
the  Srfl  eqaation  being  1^  a  g,  or/*  a 

Fran  whidi  tano  Tunatrowfj  ttj  particular  circiimftnek 

may  be  determined. 

Or  if,  :  K-n  -'  of  ^Ib,  for  the  prelTure  of  tlie  air  on 
cadi  cucuki  lucli  wl  the  cylinder,  that  force  bcju^ 
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pufed  any  numbft  m  a  ^v\wi»;  tlicn  will  tlltpomr  of 
I'.ie  cydiudcr  be  acS  and  the  2<1  cquMWB  bicqiaw 
at*  s  a/V  s  iqiSrt  by  {ubAttutiag  $f  inftcad  of  /*. 

Andfiirtlwr,  63*  =  6or>  or  :t*  =  i^j:'. 

Ti-m  a  comparifon  of  thd'e  equations,  tix  following 
-tlirtinni  i  arc  derived,  which  will  determine  the  fizc  of 
the  G)'i'  ader  and  pump*  of  aoj  Steam-engine  capable  of 
dnwing  a  certsia  qwuititj  of  water  from  any  affigned 
dcptlif  witb  theprdTuK  of  the  atmorphere  on  each  cir- 
cuW  inch  of  the  cylinder**  «rea. 

Theft  thcorcnwaiw  1MK  finiCHhrlf  adapted  to  one 
pump  in  a  pit.  But  !t  often  liappem  in  praftice,  that 
an  entiiic  lias  to  draw  fcvcial  pump*  of  diiTcruut  diame- 
ter* from  dtffercul  deptlu  }  and  in  Uiia  cafe,  Uic  fquaie 


of  the  diameter  of  each  amqimnflbe  multiplied  by  ill 
deptlif  Md  double  the  fun  qf  all  the  produces  will  b< 
the  weiffbt  of  inter  dnwn  at  each  Aroke*  which  ia  M 
be  ufed  inltead  of  2/*/  for  the  power  of  the  cylifl- 
der. 

The  following  is  a  Table,  calculated  from  the  fore* 
going  thcorcirm,  of  the  power*  of  cylinder*  from  30  to 
70  inches  diamcltr  ;  and  the  diameter  and  lenjfths  of 
puiiiptj  vv'.ivh  th6fe  cylinder*  are  capable  of  uorkin?, 
from  a  6  inch  bore  to  that  of  30  inchei,  together  witn 
the  quantity  of  water  drawn  per  ilrolte  and  per  hour, 
allowing  the  engine  to  make  1  a  toke»  of  6  feet  per  mi- 
nute,  and  the  pRtFure  of  the  ntmofphere  it  me  nite 
«f  7lb  lOM  fa  (^jtm  lac^  «r  6Ui  fcr  drcnlir 


A  Table  «f  TutollVHi  fir  tit  rtudier  tamfalii^  the 
Fvwirt  afm  SrBAM-E««tMl. 
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Table  »f  ibe  Ptxutr  and  Effeai  of  Ste  AM^ENCtsiEt,  aiUwing  iz  Siroiti^  of  6  Fttl  l*ng  tacb^ 
JktL 


The  Diametcn  of  she  Puinp»  in  Inchct. 

Foweroiihe 
(jrlindctMnd 
weight  «f 
wtwr  in 

">  1 

9  1 

9 

le 

»«  1 

n  i 

'3 

■  ;  t  16 

18  I  tq 

. — . — 

J  ' 

55 

,1 1 

•  4  1 

■  w 

• 

•    1  • 

JJ_' 

«o 

— H 

S5 

'4  [ 

JO  > 

~ 

'5  i 

10 

1 

5:66 

61 : 

47 

il 

T|0  I 

21 

,(3  1 

1 1  1 

1  2 

1  > 

•   \  ■ 

0  144 

33 

90  '  67 

i". 

1 

3_ 

-7 

r  2 

'7  ■ 

i±  i 

J I 

6t?4 

04  1 

70 

ii 

il 

18  ■ 

2  J  i 

IS 

J4_ 

jZ 

• 

• 

601 

V  J 

IT 

_57_ 

4? 

3" 

""2T' 

Ti 

-'^ 

IK 

iCO 

j6 

•  i  "y 

ii 

jy. 

■  5 

>4 

12 

-I 

10 

f  i  /" 

•A 

^7 

J  J 

84 

S' 

4' 

J4_ 

^9 

n  1 

2  1 

16 

'4 

12 

77 

H214 

(J 
C 

43 

35 

30 

2f> 

22 

10 

J  T 

•J 

'3 

u 

_«,64_ 

7' 

45 

37 

3- 

IT 

Tf 

20 

f8 

16 

14 

12 

c 

1 

40 
42 

• 

V«  75 
108  »3 

05 

48 
Si 

39 
43 

34 
38 

—L 

•y 
21 

'n 

<8 

'$ 
16 

'■3 
«4 

12 

Ji_ 

otoo 
IOC  84. 

H  . 

V*. 

0 

c 

U 

w 

44 

90 

M 

58 

48 

41 

ir 

JO 

—  V 

23 

10 

.8 

16 

'4 

II6I6 

46 
4» 

• 

• 

78 

ii 
69 

>^ 

",7 

_4y_ 

37 

_33 

3- 

~ 

J5. 
_i7_ 

3 1 

19 

IL 

I  •■ 

'y 

16 
i- 

1  :6  )6 
1  vS-4 

• 

62 

)3 

44 

34 

26 

-iL 

.1  19 

IJOOO 

• 

lOc 

Ml  1  f.7 

<i 

.-■5 

20  I 

16224 

a 

>4 

7» 

6t 

3a" 

-i'i. 

27 

24 

r2  1 

i74'/i_ 

H 

5'' 

Iz 

• 

'06 

4b 

42 

37 

iotiii:> 

;8 

!  • 

III  ■ 

• 

'  70 

Tr 

4f 

'39 

3- 

! 

20184 

60 
62 

95 

75 
80 

CE 

roT 

5  5 
5S 

j»i 

SI 

42 
4^ 

_37_ 

3y 

3S 

j_ 

Ji_ 

27  1 
/s 

2  I'^OO 
2  ?064 

64 

• 

• 

«i 

!  :2 

')2 

4« 

42 

3« 

34 

30 

66 

• 

1  • 

• 

90 

!  77 

>  7 

jI 

4; 

■3^  i 

:6t;o 

1  •  i  • 

-21 

1 

70 

61 

54 

'  4-: 

JL. 

34 

^7744__ 

"  "J 

1  • 

75 

*4 

157- 

so 

l}J  ^ 

40 

in  pjUo/.s. 

10 

20 

24-. 

28-8 

*  ' 

45 

I 

|f'4-« 

■  fo 

1 

<Jjtaii.dn«rn 
in  «M  hour 

82 

I4SI.84 

2:8 

2  7r, 

447 



5'3 

53> 

^>S9 

1 

7JS 



,yi-' 

1 

DiiacMcoiij 

7 

1 

10 

1 1 

12 

.3 

1 

'4 

•5 

16 

■  :  1  .s 
( 

'9 

1  i 

) 
1 

Let 


Digitized  by  Google 


S  T  E  is 

I.et  H»  now  drftrlHc  the  fovcral  part*  of  an  en- 
piiii.-,  and  cxcmrilify  ilie  applicKion  of  the  forcjjo* 
iiijt  piinciplct,  in  llii'  I'linftruttion  of  one  of  the 
complete!!  pf  the  nicdcfii  cnj^incs,  Slc  fig.  4. 
p3.  1'. 

A  rfpn  fcnts  the  firc-pbce  under  the  boiler,  for  the 
boiling  of  tht-  ^'ratc^,  and  iW  afh-Iiolc  hchw  it. 

li,  the  hoikr,  filled  with  water  ahout  three  feet 
above  tlie  huttijm,  made  of  iron  plztrs. 

C,  the  Stt  jm  pipe,  throu(jh  wliith  tlie  Steam  paffci 
frtii  i  the  boiler  into  the  nceiviT. 

D,  the  receiver,  a  dofc  in»o  TcfiCcI,  to  vrhkb  is  the 
reguhior  or  Stam-cockt  which  «Md«  wmI  ftutt  the 
Iwie  of  eotBanmicttkHi  at  each  fttvke. 

E,  the  ODtnmunkaluHi  pipe  between  the  ncciTer 
and  the  c)'KiK3cr  j  it  rife*  5  or  6  Inchc*  up,  In  the 
iiifide  of  the  cylinder  bottom,  to  prevent  the  injcdcd 
water  from  dt  fccndinp  into  the  receiver. 

r,  the  cylinder,  u\'  c.tll  iron,  about  lO  feci  long, 
bored  fmooth  in  the  inlide  ;  it  has  a  brood  flinch  in 
the  miiliile  on  the  ontfidc,  by  which  it  is  fimportcd 
«htn  luitig  ill  tilt  c\]!iidcr-l;cam;;. 

(r,  the  piflon,  made  to  lit  the  Cylinder  exaCxIj  :  it 
)u»  a  fl.inrh  riling  4  or  J  inches  upon  it*  npper  fiirface, 
between  which  and  the  £de  of  the  cylinder  a  qiuntitjr 
of  junk  or  odkan  b  IMRrd,  and  kept  down  ow 
weight*,  to  prevent  the  entrance  of  air  or  water  aNO 
the  cfeapiiig  of  Steam. 

H,  the  chain  and  piAon  flmiki  by  wfaidi  it  b«0H< 
sefted  to  the  working  beam* 

I  If  the  workitig-beam  or  leter  t  it  is  7n.idc  of  two 
or  more  large  logs  of  timber,  bent  to^^ttl^fr  at  each 

er;.!,  a:ii!  k^j-.l  M  tl.c  iliilancc  of  8  or  9  inclicj  fnun 
tdvh  uihi;  tn  the  lUidtUc  by  the  klidkCLOii,  as  ripic- 
fcntcd  in  the  Plate.  The  arch-lieads,  II,  at  the  end*, 
arc  for  giving  a  perpendicular  dircflion  to  the  chains  of 
the  piAun  and  pump-rod*. 

K,thc  punip-rud  which  work*  in  the  fucking  pump. 

L,  and  drawi  the  water  £roB  the  boCtom  w  the  pit 
to  the  I'urface. 

M»  adfletii,  into  which  the  water  drawn  out  of  the 
pit  is  conduacd  bj  a  trovgb*  Jb  at  to  keep  it  ahnja 
full:  and  the  fupeffliiaiu  Water  IB  earned  off  by  etwther 
trough. 

N,  the  jack-head  pump,  which  \$  m  fiidiing  pump 
wrought  by  a  fmaU  lever  ur  workingJ)eaBi,  by  meaoa 
•f  a  chain  conncded  to  the  great  beam  or  lever  near 

the  ai\Ji  g  at  the  inner  end,  and  the  pump-rod  at  the 
outer  ctid.     Tht*  pump  commonly  (lands  near  the 

corner  of  ll  c  fio-t  i^t'  tla-  kouU.  r.ufts  llu'  cd- 

lu'.nn  of  watci  up  to  ti.c  cilkii)  O,  iutu  which  il  is 
conducted  hy  a  trou^li. 

O,  thejiek  head  tillern  for  Supplying  the  injection, 
which  it  always  kept  full  by  the  pump  N:  it  U  fixi-d 
fo  high  as  to  give  Ihe  jet  a  fufficieol  velocity  into  the 
Cylinder  when  the  cock  h  opened*  This  cittern  has  a 
pipe  on  the  op|>ofitc  fide  for  conveying  away  the  fupei^ 
flunii*  water. 

f  P,  the  injeelion-pipe»  of  3  or  4  iachea  diaBicter» 
which  turns  up  in  a  curve  at  the  lower  end,  and 
entcia  the  cvUndar  bottom :  it  has  a  tlihi  plate  of  iron 
upon  the  CM**  with  3  or  4  adjutage  hoUa  in  it,  to 
fietent  the  jet  of  cold  wntcr  «f  the  jack-heed  ciftero 
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from  flying  upaga'iil  tlic  pifiori,  aii3  yd  tn  coriflenrc  the 
CJleaiu  each  ftroke,  when  tht  uijt.  ifl.uti-LOi.iv  i»«jpc(i. 

e,  a  valve  iijion  t*..-  upper  end  of  ti  t'  injection  pipe 
within  the  ci.'.trii,  which  is  (hr.l  wlitn  tfic  engine  it 
not  work  np,  to  prevent  any  w.dU-  of  rljc  water. 

/,  a  fmall  pipe  which  branche*  off  from  the  in- 
jcction.pipr,  and  ha*  i  fmall  cock  to  fopply  the  piAoH 
with  a  little  water  to  keep  it  air-tight. 

Q,  the  working  I  til;;,  fafpended  by  a  chain  to  the 
arch'/  of  the  working  (Kam.  It  is  ufually  a  heavy 
piece  of  timber,  with  a  flit  vertically  down  its  middle, 
and  holes  bored  horizontally  through  it,  to  receive  pina 
for  the  purpofe  of  opening  and  fhuttinf  the  ini^ion 
wd  Stent  cocks,  as  it  idceoda  and  daDenda  by  the 
motioo  of  the  worki'.g  beam. 

i,  the  handle  of  the  ftcara-cock  or  regulator.  It 
is  fixed  to  the  regulator  by  a  fpindic  whicli  comes  up 
through  the  top  of  lli  ■  UL-jivt/r.  Th(-  ref;u!»tor  is  a 
circular  plate  of  btji'e  ore;, It  iron,  whith  i*  nioved  ho- 
rizontally by  the  haniUc  /,  and  open*  or  (hut:i  the- 
communicatiuu  at  the  lower  end  uf  tike  pipe  £  within 
the  receiver.  It  IB reprefei^cd  in  die  pfate  by  aciteidar 
dotted  line. 

/■»',  the  fpanner,  which  Is  a  long  rod  or  plate  of  Irott 
for  coniinunicatinjii^  motion  to  the  handle  of  the  retfu- 
lalor  t  to  which  it  la  fixed  by  mcana  of  a  flit  in  the  IK* 
ter,  and  fome  pins  put  through  to  fallen  it. 

A  I,  the  vibrating  lever,  called  the  Y,  hsTinfr  the 
weiriit^  at  one  cm  and  two  Icga  at  the  other  end* 
It  IB  fixed  to  u  iwrfnotal  aacti,  noveeUe  about 
tti  centre-pins  or  pivoCa  km,  by  means  of  the  two 
thanks  06  fixed  to  the  fame  axi*,  which  arc  alternately 
thrown  Dack\\-ardi  ami  forwards  by  incurs  <if  two  pint 
in  the  workii;;;  plu>:  ;  one  jii::  on  the  outfidu  dcprelT- 
ing  the  fii  uik  I',  tliiows  the  loiiJcd  cnJ  i  of  the  Y 
from  the  cylinUcr  int;5  tlic  pofifon  r.-prcfcntcd  in  the 
pl.itc,  nni!  caiifc'3  tlie  If^  /  to  llrikc  a/airill  the  cud  of 
tiie  fpauiter  i  uliich  forLiiig  back  the  handle  of  the  re- 
gulator or  (Icam  cot  k,  opens  the  communication,  and 
permit*  the  (leant  to  fly  into  the  cylinder.  The  pifton 
immediately  rifing  by  the  admiflion  of  the  Sceam,  the 
working  beam  II  rifts }  which  alfo  raifcs  the  work- 
inji  plu^,  j^od  aiiailiti  _j>iu  which  gocA  through  the  (lit 
lailea  the  Ihaok  ft  which  throwa  the  end  1  of  the  Z. 
tswttda  the  cylinder,  md,  ftrikiM  the  cad  of  the 
baniieri  fenca  k  fbfwirds  Ant*  tk;  icgdator 
8teani'<aclc 

qr,  the  lever  for  opening  and  ArottiiW  the  injeAuMI 

c»Kk,  called  the  F.  It  has  two  toe*  from  its  centre, 
\(hichiake  bttu  eeii  tlicrn  t!ic  key  L.fthe  Iiijeflion  l  oek. 
When  the  workjug-plu^j  lui  aUendcd  nearly  to  its 
grtatcll  height,  and  Ihut  the  regulator,  a  pin  catches 
the  end  y  01  the  1'"  and  raifcs  it  up,  whicli  ojjenn  the 
injcdiion-cock,  admits  a  jet  of  cold  wa; tr  to  fly  intu 
the  cylinder,  and,  condenfing  the  Steam,  makes  a 
vacuum  ;  then  the  prefTure  of  the  atmofphere  bringing 
down  the  pifton  in  the  cylinder,  and  alfo  the  plug- 
frame,  another  pin  fixed  in  it  catches  the  end  of  toe 
lever  in  itt  defc-ent,  and,  by  prclling  it  down,  (hutB 
the  injcAion-cock,  at  the  fame  time  the  regulator  ia 
opcoed  to  admit  Steam,  and  to  on  altemateTy  (  whco 
at  f^datork  Ihnt  Ibe  injcAioo  k  open,  and  whca 
die  loiaier  k  opcp  the  htter  k  dtttt. 

R,  the 
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the  hot-Wfl!,  a  fm.-\tl  ci(lern  mai^e  planks, 
■which  receives  Jl  llic  v.a'Xc  wati-r  from  the  cylin- 
•  der. 

S,  tlie  fink-pit  to  convey  aw^iy  tbf  water  wln'th  is 
injcc^rd  into  tlic  cvliiidcr  at  i-.ich  ilrokr.  It ;  npp:r  end 
h  cvi-ii  with  tilt  Infidi:  of  tlie  cylinder  hottoni,  iiilowi  r 
rn<l  lias  a  !<il  or  tuM-r  inovtuWe  nn  .1  liin;;c  which 
fcrvrj  as  a  Viilw  t:»  let  out  t  .c-  iiijii'kcJ  wtlir,  and 
Ihiits  cltil'.-  tucli  (Intkc  of  t!ic  engine,  to  prevent  the 
wr»Lcr  bcin^;  I'orccd  up  a^ain  wliuu  the  vacuum  it 
made. 

T,  the  feeding  pipe,  to  fiippJy  the  boiler  with  wa- 
ter from  the  hot-wtli.  It  hat  a  Cdck  to  let  in  a  Wree 
or  fmali  qtianbty  of  water  acocca lion  rc-quim,  to  nake 
lip  for  what  h  evapontcd  (  it  goca  acwly  down  to  the 

boilvr  hctlom. 

I',  twL>  cocks,  the  one  larger  thatt  tlie  Othfr, 
to  try  v^  iici)  .1  jirojjcr  qiir.ntily  i.f  w.inr  is  in  the  lHii!»r: 
upon  opc:iin|j  the  cocks,  if  one  f^ivt  Siiara  and  the 
Oilier  water,  it  is  rijjlit  ;  if  thty  Loth  ^;Ivc  S:c.iir,  llicrc 
13  tuo  Ih'Ac  wnlcr  in  the  boiler  ;  and  if  they  both  give 
luaier,  there  is  too  much. 

W,  a  p!.itc  which  is  fcicvrcd  on  to  a  hcle  on  the  Cdc 
of  the  hcikr,  to  allow  a  pufl'a^^c  ii  to  die  boScT  f«r  the 
tDir.'-jiiii  i?re  of  cleacinj;  or  rcpaiiiii;^  il. 

X,  the  Stciiu-clrick  or  puppet  v.ilv'.-,  whicli  is  a  brafs 
*alve  on  tlis  top  of  a  pipe  op«niu^  into  the  boiler,  to 
lit  I'fF  tlie  Ste.im  w  hit)  it  i»  too  ft  rung.  It  is  loaded 
with  lead,  at  the  rate  of  one  pound  ta  an  inch 
fqutire  ;  and  wlien  the  Steam  is  i:e:irly  ftrong  enough 
to  keep  it  opiii»  it  will  da  for  the  wockiii|raf  uie 
engine.' 

Ji  th«  fniftitiff  nJvc,  by  which  the  air  i«  dirtAaiged 
from  the  cyliouer  each  ftrokc,  nhich  was  admitted 
\tith  the  injcf'tion,  and  would  othicrwilc  obftniA  the 

due  operation  oj  the  engine, 

tt,  the  cylindcr-btaiiis ;  which  are  ftroii;;  joifl* 
going  tbroti;;h  the  houfe  for  fupporting  the  cvlin- 
dcr. 

the  cylinder  cap  of  lend,  foldcrrd  on  the  top 
of  the  cylinder,  to  prevent  the  water  upon  the 
piilon  fiom  fl.4ni!)ig  over  when  it  lifca  too  high. 

<w,  the  waftc  pipe,  which  cond'jfts  the  fsiptrfliiouj 
water  from  the  t.  p  of  the  cylinder  to  the  lu  ncM. 

XX,  itun  bar«,  cdled  the  catch^fltf  fixLi!  In  ri/on- 
tally  through  cadi  arch  head,  to  crmnt  the  Lezm 
dcfccnding  too  low  in  cafe  the  chain  ihouid  faretkk. 

gf,  two  flicmff  wooden  fprings,  to  weaken  the 
hknr  gives  bj  tb  catch  pins  when  the  iUokc  ii  toe 

x«,  two  fr?AiAa-whe«b,  en  which  the  f^t-di^eon  or 
«ntic  of  the  ^rcat  beam  is  hnnj;  ;  they  are  the  third 
or  fouith  pan  of  a  circle,  and  n'ove  a  little  racli  way 
as  the  Lc.iir  v  LratL:.  Ti.iii'  iiff  is  to  li  r:i  the 
friflion  of  the  ax>t,  wliicL,  in  fo  hL.ivy  a  Lvli-,  wuuld 
Ctherwife  be  very  great. 

When  this  engine  it  to  be  fet  to  work,  tl;e  boiler 
trull  he  hiled  abjLt  three  or  four  feet  deep  vvitii  witcT, 
and  a  large  tire  made  under  it ;  and  when  the  Steam  is 
found  to  be  of  a  fafiicicnt  ftrength  br  the  puppet- 
chck,  then  by  thruilin^  back  the  fpanncr,  which 
o|)cnt  tlie  regulator  or  Steatn-cock,  the  Steam  is  ad- 
mitted into  tae  cjliodert  whicK.  laifct  the  ptm  to  the 
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top  of  tl'.c  cylinder,  and  forces  ottt  all  the  air  at  the 
fnifiii.g  vjKe  ;  then  by  Hiniing  the  key  of  the  injediion- 
ccck,  ujct  of  cjld  witei  i«  .nl.nittcd  i;»ti)  the  cylinder, 
which  condtr.fes  the  Sltam  and  makes  a  vacmitd  ;  and 
the  .-iMnofphtic  then  prt(rin;j  upon  the  piilon,  f..rci?i4 
it  doun  to  the  lower  part  til  the  cv'iiider,  auJ  mikis 
a  (Iroke  by  raijinp  the  column  of  water  Jit  the  olhir 
end  tit  ti  c  bc.iin.  After  two  or  three  itrckes  31  c  mada 
ia  this  manner,  by  n  nt.in  opcniiifr  and  fliuttinjf  the 
cocks  to  try  it  they  be  right,  llim  the  pins  n>ay  be 
put  into  the  pin'hi>letin  the  winkintr  j.ltip,  and  the  en- 
gine left  |u  turn  the  cocks  of  itfti.';  V  hich  it  will  do 
tviili  pireatcr  ruAitcri  than  any  man  an  i!o. 

riic^e  are  in  fame  engiaes^  method*  of  fhuttlngand 
fipcniiig  the  cock*  dtifinient  iron  the  one  ahovie  de^ 
feribetl,  but  pcihaj^  none  better  adapted  to  the  imTpoTei 
and  a>  the  piinciple*  on  which  they  aO  ad  are  origi- 
II  dly  tlic  fair.c,  any  difTcrcncc  in  the  mechanical  con« 
flruclion  of  the  fmall  machinery  will  have  uo  in- 
M  I  11.  e  of  confcqnenoe  vpwi  tbe  total  cScA  of  the  grmd 

lu^chitic. 

The  furnace  or  fire-place  fhoidtl  not  lirive  the  bara 
fo  clofe  31  to  prcvtnt  the  free  atitniP'ion  of  fteflt  air  to 
the  fire,  rii  -  \\>  open  a*  to  fj.nnu  the  coali  to  fall 
tliioi<)rh  them  ;  tor  which  purpoic  two  inches  or  thcre- 
nboiits  is  f-.ifTicient  for  the  dillance  betwixt  the  bara. 
The  tize  cf  the  foniaco  depends  upon  the  lizc  of  the 
boikr ;  but  in  every  cafe  the  alh-hole  ought  vt  he  ca- 
pacious  to  admit  the  air,  and  the  jtrcatcr  its  height  the 
Ix-ttcr.  If  the  tlamc  is  conducted  in  a  fine  or  chimney 
round  the  outfide  of  the  boiur,  or  in  a  pi^Tcrund  the 
infide  of  it»  it  ought  to  be  gr.3diially  dimnilhcd  fnm 
the  cnttanoe  at  the  furnace  to  iu  cgicfaat  the  dunm  y ; 
and  the  fediott  of  the  chimney  at  that  place  flwnld  not 
exceed  the  fcdion  of  the  flue  or  pipe,  and  Ikouid  aUb 
be  fomevvhat  Icfa  at  the  chimney-top. 

Tin  bnikr  nrvvlkl  ill  wliich  the  Witer  is  rarclied  by 
t!ie  iiii  ti'  tiiC,  Riay  be  rr.aJe  of  iron  plates,  or  cait 
ii  n,  L..  luch  other  materials  as  can  witliAand  the  «ife£)s 
of  the  fne,  and  the  tlartic  force  of  the  Steam.  It 
mav  be  confuUrcd  ns  coEili  iinij  <if  two  ]  .in  , ;  t!ie  tip- 
per part  which  is  expofcd  to  the  Uteani,  and  the  under 
part  which  is  expofcd  to  the  fire.  The  form  of  the 
latter  Atould  be  fuch  a»  to  receive  the  full  force  of  the 
fire  in  the  mod  adv.intageou>  manner,  fo  that  a  certai* 
qiirti.tily  of  fuel  may  have  the  preattfl  polHhlc  cff'efi  in 
liiiiti.  ^,  aiul  tvspriv.iiiin;  the  water  ;  which  is  bed  done 
by  making  the  fukt  c)-liiulrical,  antl  the  bottom  a  little 
cmncavey  and  then  eon^icHp^  the  flame  by  an  inm-llue 
or  pipe  found  Ifae  inlide  of  the  hnilcr  beneath  the  6u>- 
face  of  the  water,  before  h  reach  the  cbfanoey.  For, 
by  this  miars,  after  the  fire  in  the  furnace  ha«  hcatetl 
the  water  by  its  effcrt  on  the  bottom,  the  flame  heati 
it  ;t;  n  by  the  pipe  being  wholly  included  in  tlie  wa- 
ter, .iiul  iiJivinfT  .-very  pait  of  its  furface  in  c[)n:.\i!l 
with  It  ;  wi  c'u  IF.  preferable  to  carrying  it  in  a  fi-.ic  or 
cliimuey  round  the  outfldc  of  the  boiler,  as  a  t'n'rd  or 
a  half  of  the  forfacc  of  the  flame  only  could  he  in  con- 
taft  With  the  boiler,  the  other  bring  Ipent  upon  the 
brick-work.  This  cyllbdric  lower  part  may  be  lefs  in 
its  diaroein  than  the  upper  part*  and  aoay  contais' 
from  four  to  fix  feet  pcrpendiadar  hti^  of  water 
ia  it. 
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The  vpper  j»rt  of  the  boiler  it  bed  made  lieinirplic- 

j'tctA,  ♦<.,  rf  fiilni^  the  eljfi icity  of  thi:  S[cam  ;  yet  any 
©tl.tr  iurm  Buy  do,  piovitiid  it  be  of  (ti({icient 
ftrciipth  for  the  purpofc.  The  quick  ^f'.^T^  Lt  Oic 
enprine  dcpcndi  inuc!i  on  the  capatioi:liiefi  f,{  ibe 
boilii-top;  for  if  it  be  loo  (mA'.,  it  requiies  ihv  Sicam 
to  be  licatrd  to  a  great  decree,  to  incrcale  its  riatlic 
force  fo  much  aa  to  work  tlic  engine.  If  the  lop  i«  fo 
Capwiaui  M  to  contain  eight  or  ten  times  the  quantity 
of  Stnm  ufcd  esch  ftrnke,  it  will  rcqniiv  no  mure  tire 
to  prtfcrve  its  claKliatr  than  ib  fuflictent  to  keep  the 
watrr  In  a  pwper  ilalc  of  boiling;  this,  thercfoK,  is 
the  bcft  fizc  for  s  boiler  top.  Ii  the  diameter  of  the 
cylinder  be  and  work*  a  fix-foot  flroke,  and  Uie 
dnmctet  of  the  boiler  be  fuppofed  I,  then 

2C0C*  s^l*,  or  i  Si  ^iooiK 

The  cfltfi  of  tke  tuedio*  in  oondcnifaig  llie  fttein 
in  the  eyli&der»  ikpeiMaiipM  the  height  ufthe  icfcr- 
wir  antf  the  diaoieier  of  the  adjutage.  If  the  engine 
makes  a  6  feet  ftroke,  then  thejackheid  ciftcrn  (huuld 
be  12  feet  perpecdicular  above  tue  bottom  of  the  cy- 
rim!cr  (jr  llic  .iilju::i,i:c.  'i  lu-  Ji,-f  of  tlrj  r Jjil'.iL't  may 
be  Iro-t;  I  to  2  iiithci  ill  dliiinvlrr  ;  1:1  if  liit-  cylinder 
be  MI  .  l.i'j-'.c,  it  i>  proper  to  havi-  tliKc  ci  fuui  holei 
rather  ili:;n  anc  'nr^c  one,  in  order  th;it  tin.  jet  may  be 
difperffd  tfi.-  more  iffecliially  ovcrtSic  whole  area  of  the 
cylinder.  The  inj.i.lion  pipe,  or  pi|>e  of  condu^l, 
ihould  be  fo  lir^;"  as  to  fupply  the  injection  freely  wiih 
•rater ;  if  the  diameter  of  theinjc^on  pipe  be  c^led  f, 
■ad  the  diameter  of  the  adj«tag«^  OSta^t^szf^, 
md  «*  Si  if^t  or  4  =  i/. 

For  a  farther  account  of  thcfe  engine*,  fcc  Defagu. 
lier.^'s  Exp.  Philof.  %'ol.  2,  (c&.  14,  pa.  4''),  5ic.  ;  or 
for  .ri  abllracl,  M.iriiii'i.  rhil.  lint,  luiiiiber  461,  or 
Ni^jliolfon's  Nat.  I'hilof.  p.  83  ArA  for  an  account 
ttf  the  improTcmrnt  made  in  the  tire  engine  by  Mr. 
i'iiyne,  fee  Fhilof.  Ttanf.  •upaber  4l>(»  «r  WMtinll 
P.'iflof.  T?nt.  p.  87  kc. 

Ml.  Bhkcy  comniuaicated  to  the  Royal  Society,  in 
11 'jZ,  remarki  on  the  bell  proportions  for  Steam'.en- 
ginc  cylinders  of  a  civen  concent :  and  Mr.  Smeatoo 
dcfcribeft  an  engine  of  this  kind,  invented  by  Mr.  De 
Moura  of  Tortugal,  bein^  an  improvement  of  Savcry's 
«oaftr«i£tion,  to  render  it  capable  of  working  itfdf : 
fiw  both  which  aocountiy  fee  Pfailor.  TnmC  voL  47 

We  ore  infonocd  n  the  aev  cdtb  of  the  Siognpli* 


ftia^'tiun  of  this  ufeful  engine  ;  but  W4i  difcousigcd  by 
obflacles  that  were  thrown  in  bis  n-ay. 

Mr.  Blakcy,  fome  year;  a^o,  obtained  a  patent  for 
his  improvement  of  Savery's  Stcam^nine,  by  which 
it  is  excellently  adapted  fur  raifing  water  out  of  pondl^ 
rivers,  uclb,  &e,  and  for  forcing  it  up  to  any  lieicht 
wanted  for  fupplying  houfeit  gardeni*  and  n&tt 
pl-ices  i  tliough  it  liM  not  |>>«rerfiilGcieot  to  drain  off 
tbc  water  fnmi  a  deep  mifie.  The  principle*  of  bia 
conftradion  are  explained  hf  Mr.  Fergufon,  m  the 
Supplement  to  his  Ledum,  pa.  19:  and  a  more  pai<- 
ticuiar  dcfcription  of  it,  acconmuiicd  with  a  drawing, 
h  given  by  the  puui  rLC  liinfelf  in  the  GeNtleniaa\ 
Magazine  for  I  "jog,  p.  39:. 

Mr.  Bhkey,  it  is  faid,  is  the  firfl  pcifon  who  ever 
ibottght  of  making  iife  of  air  as  an  inCcnnediate  budf 
between  Stom  and  water  ;  liy  whicli  meana  tbc  Steam 
h  alway*  kept  from  touching  the  watar«  and  confie- 
queotly  from  being  cundciilcil  by  it ;  and  OS  thit  new 
principle  he  haa  obtained  a  patent.  The  engine  ina7 
be  built  at  a  trifling  expencc,  in  comparifon  of  the 
common  fire^ngine  now  in  ufc  ;  it  will  feldom  rctd 
n-paiis,  and  will  not  confume  half  fo  much  fuel.  And 
as  it  has  no  ;iiiin,is  wr.h  piftuns,  it  is  eliar  of  all  tFieir 
fridion  }  aiiJ  ;he  elTert  is  eqi»al  to  the  uho!c  (Irengtii 
orcompnlTi'.e  ^otee  of  tlie  Sujui  ;  wjiicli  the  rt]L;t  of 
the  common  lirc-eiiginc  riewr  is,  on  aecounc  of  the 
great  friction  of  the  pillons  in  their  pumps. 

Efcr  finoe  Mr.  Newoomen'a  umniunt  of  the  Steaoft 
liie  CDgiaCf  the  gfcat  confoioptkM  of  fuel  with  wliiek 
it  w  attendedt  baa  been  complnioeil  of  tt  M  iaAmcnle 
drawback  upon  the  prufiis  of  onr  mitiet.    It  ia  a 

known  fafl,  tl;nt  ceiy  fiTe-en^iiie  of  confdcrable  lize 
confume*  to  the  amount  of  three  thoufsnd  pounds 
worth  of  cf>a1s  in  crery  year.  Hence  many  <>f  oue 
engineer*  have  cniJeiivoiircJ,  in  the  conftruflion  of  tlicfc 
engine*,  to  lave  fuel.  For  tliis  purpofe,  the  tice-plac^ 
ha*  been  diminifhcd,  the  fiamt  has  been  carriid  round 
from  the  bottom  of  tlie  boiler  in  a  fpiral  dire^t;on,  and 
couve\tii  thiough  tht  body  of  the  water  in  a  tube  be. 
fore  ita  arrival  at  tlie  chimney  ;  fome  have  ufed  a  double 
boiler,  fo  that  Are  might  act  in  every  poiUble  point  of 
coutad  ;  and  fome  have  built  a  moor-llone  boiler,  heat* 
'  ed  by  three  tube*  of  flame  pafliag  thraiwh  it.  But 
tile  moll  important  improvemcott  whicE  ha«e  bcci^ 
nude  in  the  8teaBa.eDgine  for  more  thin  chtity  jtut. 
part,  we  owe  to  the  lk3l  of  Mr.  |anica  Watt ;  of 


3nU  in  the  artiele  Lnoikjg  4*t  ia  t7s6  this  «ntle>   which  we  ihali  gi*e  fiiotc  account  t  p^mSt^  that  the 


a,  (b  well  known  for  bii  ttmcem  in  our  Inland  navi- 
gation*,  uodeitook  to  ercd  a  Steam-engine  near  New* 
caftlc-under-Linc,  upon  a  new  plan,    1  he  boiler  of  it 

was  made  with  brick  and  tlone,  ir.lleaU  of  iroii  plates, 
and  (he  w.iier  m';i3  heated  by  iron  Jluts  of  a  peculiar 
•[nn)liud;ijn  ;  by  which  contrivance*  the  confun-ptiou 
t>t  luel,  iitLtfTary  for  working  a  Steam  entitle,  was 
itri';i  ed  o;.e  half.  I  !c  ;nlr<nUiecd  alfo  in  his  t[ij;i:;e, 
wooden  cyiindert,  nude  in  the  manner  of  cooper'* 
ware,  inftead  of  iron  one*  ;  the  former  being  both 
theaper  and  more  ea&ly  managed  in  the  (hafts :  and  he 
Ukewife  fubliituted  wood  for  iron  in  the  vbaiss  which 
Worked  at  the  end  of  the  been.  He  had  formed  dc- 
igw  of  tMrodttcspg  other  ioiiprowncstt  into  the  eon* 


internal  ftmfiore  of  h!i  new  engine*  fo  much  refemUeai 
that  of  the  common  oi>(>,  that  tliofe  %vttn  are  acquaint- 
ed with  them  «  not  fail  to  nntleillaml  the  mechanifm 
of  hii  from  t!ic  toUowing  defcription  :  he  has  contrived 
to  obkrve  ou  uiiiiortti  beat  in  the  cylinder  of  hi:>  en- 
gines, by  fuffering  no  cold  water  to  tou^:)!  it,  and  by 
pr  jt tiling  !t  from  the  air,  or  other  cold  bodiej,  by  a 
lurrounding  cafe  filled  with  Steam,  or  with  hot  uir  ur 
water,  and  by  coating  it  over  with  fubftance*  that  traiif. 
mi(  heat  flowly.  He  makca  bia  vacuum  to  approach- 
nearly  to  that  of  the  barometer,  by  condenfing  the 
Steam  in  a  feparate  vcflel,  called  the  condeiifer,  wbicli. 
B»j  be  cooled  at  pkafure  without  cooling  the  cylinder*, 
either  by  mi  iujcatonof  cold  water,  nr  of  fmraiwdii^ 

the 
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tlie  coTidfrifer  witli  it,  and  jrfacrally  by  both.  He 
'txtre&i  tlic  injcitioii  vvaur,  and  detached  »ir,  frorn  th« 
Cylinder  or  condcnfcr  by  pumjis,  .iUu  h  :i'c  wTought  fj)- 
tat  eoginc  itfclf,  or  blows  them  out  by  the  Sieam.  A* 
Uie  entrance  of  air  into  the  cylinder  would  flop  the 
«|icnitioa  of  the  enginc«t  and  at  it  i*  hardly  to  be  ex- 
^efied  tbi^  fucb  eoofmoat  piftmu  a*  thofe  of  Steam- 
Engines  cm  lllv*e  ud  down,  and  yet  be  abfolutcly 
tigiit  in  One  commoo  engine*;  a  Aream  of  water  is 


Itq^  alimjr*  tuaning  imon  tlie  fHHoa,  iHiich  preventt 
the  entTT  of  the  iiri.  UK  tl^  node  of  feenring  the 

-pifton,  though  not  hHftfill  01  the  CWMMM  «ne%  WOllUl 


.     jugh  ^  . 

he  highly  prejudicial  to  the  new  entfince.  Their  pif« 

■fton  is  therefore  made  more  accurately  j  and  the  outer 
cylinder,  having  a  lid,  covers  it,  the  Steam  h  introduced 
above  tl'.c  n  ;  and  i   vacuum    n  [niJuccd 

under  it,  au»  upon  it  by  in  cUlUcity,  die  uinu. 
Iphcrc  doe»  upon  common  engine*  by  its  gr.tvity. 
This  «ray  of  working  cITc^ually  tJtcladcs  the  air 
fr  iri  tlie  inner  cylin  icr,  m  J  j;lvci  the  aiJv'iiit;i,;e  of 
adding  to  the  power)  by  incrcafing  the  clailidty  of 
the  Steam.  • 

In  Mr.  Watt's  engine*,  the  cylinder,  the  great 
beams,  the  pumps,  &c,  (land  in  their  ufual  pofitions. 
The  cylinder  i«  fmaDer  than  ufual,  in  proportion  to 
tlic  load,  and  U  very  accurately  bored. 

In  the  owft  complete  engine*,  it  it  furromtded  at  a 
Imaltdiftatteet  with  another  cyUnder,  fvrailhed  with  a 
bottom  and  a  lid.  The  Imetfiwe  between  the  cylinder* 
Oftnmunicates  wtth  the  boFlen  by  a  large  pipe,  open  at 
both  end:> :  fo  iliat  it  ii  aKvnys  filkd  h  IiIi  Stca:n,  and 
thereby  mainti'i.ii  t!',c  inner  cyl-nJcr  idway«  of  ihi.* 
fniUL  hi  nt  wlt!i  the  Sttani,  :ind  picvenS  .my  condenfa- 
tion  wit!iin  it,  which  would  be  mo-c  drtiimcnta!  than 
an  equal  coil  Jci  Q'.ion  in  the  outer  one.  The  inner  cy- 
linder has  a  bottom  and  piilon  as  ufual :  and  as  it  docs 
not  rc.ich  tip  quite  to  the  lid  of  the  outer  cylinder,  the 
Kccam  in  the  intcrAice  has  alvrays  free  acccfi  to  the 
upper  (ide  of  the  pifton.  The  lid  of  the  ooter  cflioder 
hat  a  hole  in  its  middle ;  and  the  piflon  rod,  whidk  ii 
traly  Cylindrical,  move*  up  and  down  through  that  hole, 
which  It  kept  Steam-tight  by  a  epUar  of  oalum  fercwed 
down  upon  h.  At  tbe  bottom  of  the  inner  cylinder, 
riicre  Me  tno  regulatisg  caltwit  one  of  which  idnitt 
ike  SiCBin  to  pala  ftom  the  interflice  into  the  inner 

SKndcr  below  the  pi  fton,  or  fliuts  it  out  at  pleafure  : 
e  other  opens  or  (huts  the  end  of  a  pipe,  which  leads 
to  tijc  coridenftr.  The  coiidtnfcr  cnniuls  ut  one  ur 
more  pumps  tuiiliihed  with  chick";  and  buckets  (;.enily 
tlic  Umc  as  in  common  pump'  )  which  arc  \vroLi,;lit  by 
chaiat  laflenrd  to  the  "(rot  \>orklt:j;  be  iin  of  the  tn- 
prine.  The  p.pc,  which  cotiies  tiuni  thr  i:)l'ndcr,  is 
joined  to  the  0  tiom  of  iliite  pumps,  and  the  whole 
condeitfei  (lands  immcrfed  iu  a  ciuern  of  cold  water 
fu|»i)tied.  hy  the  engine  The  place  of  thi«  ciHern  is 
cither  within  th:  houfe  or  under  the  floor,  between  the 
cyUodcr  atid  the  levei  vM ;  or  without  the  houfe  bc- 
twf>en  that  will  and  the  engine  (haft,  as  conveniency 
mar  rei^nire.  The  condcaur  being  °  exhanilcd  of  air 
.bf  faiowmi^  and  both  the  eylindoa  bctiw  fiUcd  with 
titcani,  the  vegnhting  tal«e  wfaidi  ndmita  the  Steam 
{nlo  the  inn«r  cylinder  it  ibot,  Biid  the  other  regdator 
which  communicates,  with  the  coiidenfcr  is  opened,  and 
(itc  biium  ru^cft  into  the  vacuum  oi  the  coudenfer  with 


violence  :  h  il  tlifrc  it  comes  into  con'.,ii^  w'tb  the  col il 
lidcs  oi  the  pumps  and  pipf,  nn  1  n-.-ct»  i  jet  of  Cold 
water,  whicli  was  opciud  at  t'v  lr;':r  time  with  the 
exhaullion regulator;  thcfeinOainly  dcpnvcit  ofitnheata 
and  reduce  it  to  water ;  and  tlie  vacuum  remaining  p':r- 
fe£t,  more  Steam  continues  to  rulh  in,  and  he  condeaffd 
until  (lie  inner  cylinder  be  cxhaullcd.  Then  the  Stra« 
which  is  above  the  pitlnn,  ceaitng  to  becounteraCledby 
that  which  was  below  it,  aA%  upon  the  pillun  witK 
ita  .whole  efatlUaty*  and  forcct  it  to  defixod  to  the  bot- 
tom of  the  cylinder*  and  fo  mifet  the  bodteti  of  the 
pyo^  whkh  are  Iiung  to  the  other  cad  of  dw 
beam.  The  eahauftioo  legulator  ie  now  Ihut,  anif  the 
Steam  one  opened  igain,  which,  by  letting  in  the 
Steam,  allows  the  pidoti  t^i  be  pulkd  up  by  the  fupcriur 
weijdit  »r  ti.c  uuinp  Todt  $  au  fo  the  engine  iafeadf 

for  an.itluT  itrukc. 

B.it  the  nature  uf  Mr.  Watt's  improve'ment  will  be  per. 
hapi  better  underttood  from  the  following  delcnption  uf 
it  as  referred  to  a  fitjure. — The  cylsnd  .r  ur  Su-ni  wfTcl 
A,  of  this  engine  ph  IT),  is  (hut  at  bottom  and 

opened  at  top  as  ufuai  ;  „ui\  h  included  in  an  outer  cy-' 
linder  6r  cafe  DB,  of  wood  or  metal,  covered  with  ma* 
tcrialt  which  tranfmit  heat  (lowly.  This  cafe  ti  at  a 
fmall  dillancc  from  the  cylinder,  andclofe  at  both  end». 
The  cover  C  lias  a  hole  in  it,  through  which  the  pilla>t 
rod  £  ilidet ;  and  near  the  bottom  i«  another  hole  F* 
by  which  the  Steam  fiom  the  boiler  hmalwijra  free 
etitnnoe  into  tbia  cale  or  outer  CTlinderi  and  by  the 
interllice  GG  between  the  two  cyundert  hae  accefi  to 
the  ujiper  fide  of  tile  pi!\nn  IIH.  To  tlie  b'Jttiiir.  t^t'tlie 
inner  cyhndcr  A  is  jjnied  a  pipe  I,  witli  a  coek  of 
▼aWe  K,  which  is  <ip..ncd  and  ihut  when  nfeerrjry,  ai:d 
forms  a  palTp.j^c  to  another  teRtl  L  called  a  CwJ.itftr, 
made  of  thin  metal.  This  vt(rcl  is  immerfed  in  a  c. Herri 
M  full  of  coid  water,  and  it  it  contrived  fo  as  to  ex- 
jxife  a  very  great  furfaCe  externally  to  the  water,  and 
internally  to  the  Steam.  It  is  alio  made  air-tight,  and 
has puti.ps  N  wroui^ht  by  the  engine^  which  keeplt  al* 
wav<.i\h[iiilledofairand  water. 

I'.oiii  the  cylinders  A  and  B!)  beingfllled  with  Steam* 


aa  it  entcn  it,  oomiog  into  contact  with  the  cold  nutter 

of  the  condenfer,  it  is  reduced  to  water,  and,  the  va- 
cuam  dill  remaining,  the  Steam  continues  to  rufh  in  till 
tl  r.  in  icr  cylinder  A  below  the  piilon  is  left  empty.  The 
i>U.im  kvhifih  is  above  the  piHon,  ceafing  to  be  ccnuitrr- 
afted  by  that  which  is  below  it,  a'ts  u()ijn  the  ptllon 
HH,  and  forces  it  todefccndta  t!ic  buttom  of  tlie  cv- 
liuder,  .ind  fo  niifcs  the  bucket  of  [lie  pump  by  ii-.e.lns 
ot  the  lever.  The  paffkgc  K  between  the  inner  cylin- 
der and  the  condenfer  is  then  (hut,  and  another  paflage 
O  is  opened,  which  permits  t'ue  Steam  topaft  from  the 
outer  cylinder,  or  from  :!u  boiler  into  the  inner  cylin- 
der under  the  piftoo;  and  then  the  fuperior  weight  of 
the  bucket  and  pomp  rods  pulls  doMm  the  outer  end  of 
the  lever  or  great^  beuBf  aad  nifta  the  stfton,  which  ia 
fnfipended  to  the  inner  end  of  the  ftme  beam. 

The  advantage*  that  arcnie  from  <this  cxinftrudicn 
are,  firll,  that  the  cylinder  being  furrounded  with  the 
Sttani  frtini  the  boiler,  it  is  kept  ;  .  i.  ilt'oru.Iv  i>hot 
at  the  Steam  iticif,  and  it  thcrcfurc  lacapabk  ot  dcftroy- 
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ing  ^nj  fttt  of  the  Steani«  which  fliould  fill  it,  n»  t\\e 
cam  mo  a  «ng[iaei  do>  8ceoB41y»  the  oondcnfcr  hciw^ 
kept  almyt  a>  cold  u  water  can  fa«  |>n)CurtrJ,  and 
coftler  than  the  point  at  which  it  buib  Suvacu",  t'.ie 
Steam  !■  pcrfe^.Iy  condcn&d»  anil  doe*  But  eppofe  the 
dcfcent  nt  the  p:tt»ii ;  which  if  therefure  TouRd  down 
by  the  full  power  of  t!.^-  Stcatn  from  the  htiilcr,  whicfa 
il  fomtwliLit  ^rc?t<;r  that!  that  i)f  ll<.-  .-irinorpht  n.*. 

Iti  ihc  common  til e-ctigiocs,  w'.  :!  -In  ]  ;  !  to 
7  pou;idt>  u]'i)n  the  '\r.:h,  .md  arc  «ji  a  miJjlt  Kit,  the 
quantity  «  f  .Stram  whicli  is  conJciifcJ  in  refloring  !  > 
the  cyliiidLT  the  licit  wliicli  il  ijaJ  Ixcn  ricj^riv^d  <A  hr 
tlw:  fom-'T  it'iccVcii  »f  cold  w  ater,  is  about  one  ft:  11  of 
lilt  C) iiiiotr,  Liiivks  uiirt  it  really  t<. qui rtu  tii  lill  that 
^ertel  ;  fo  tlat  twice  tl;-.-  fuli  i<f  tlic  cylinder  i»  employed 
to  make  it  laifc  a  col;:nin  of  water  cqu;il  to  about  7 
IpoUodtfor  r^cli  lijiiarr  inch  of  the  piflun  :  or,  to  take 
It  itinre  fimpljr,  a  cubic  foot  of  ikiam  n'dti  a  cubic 
iiiK>t  of  water  about  Sfcfthigh,  bcfiJci  nvrrcoming  the 
liridwn  of  the  cBginci  aad  the  refiftanoe  of  the  water 
tomotioib. 

Id  the  improved  rn^^'nr,  alriut  one  full  and  a  fourth 
of  the  cylinder  5s  rcqiiirtd  to  till  it,  bvLuuftfihe  Swim 

i.<  o  ic-foiirth  more  dcnfe  thai>  in  llic  ;  i  m;  mi     :  i;  -. 
This  tii^iin:  raius  a  loa'i  ni'inl  to  u  |>au:<u»  u 
upon  ti>cfi;iiarc  inch r^f  the  pid  iU  j  ant!  each  cubic  fool 
ut  Stiain  of  thu  iT.iiIfy  uf  the  iitniufjfhcrc,  miks  one 
Cubi:  foot  of  water  ;z  Icct  lil^h. 

Thu  working  of  theft  i-pgini:s  i's  ninrc  regular  and 
fteady  than  tin   catmiion  giils,  and  fiom  what  hai 
t>ecn  f«id,  their  other  advauiagca  item  to  be  WJ* 
COulidrrablr. 

It  i>  bid.  that  the  bringa  amootit  at  Inft  to  two 
thiida  of  the  Siel.  wbidi  ia  an  important  objcd,  cfpc- 
Ctalljr  vrhere  coab  are  dear.  The  new  cnginea  will 
ratH'  fron  twenty  thoufandtotwrnty-foorthoufand  cu> 

Lie  ftct  of  water,  to  t!ic  livi^l.t  of  twenty-four  fret  bf 
oix  l>unJrtd  weijjht  of  good  pit  coal :  and  iVr.  Watt 
has  propofcd  (o  pjc-ducc  engines  upon  the  fame  pvinci- 
jilet,  though  f<inifu  :j3t  differing  in  coiillruition,  which 
V.  ..1  n.quirc  Uill  mtich  Itfi  fuel,  and  be  mure  rat'.vi  n'cnt 
for  the  purjwfe*  of  niinitij;,  than  at.y  ktnd  of  cti'.;  lie  yet 
ufed.  Mr.  SVa'.t  Ir.iG  alfo  contrived  a  kinj  i  f  niili  wlml, 
which  turns  round  by  the  puuer  of  ^icam  exerted 
within  it. 

The  iTn|>n)vcments  ahovt  rCCited  were  invented  by 
Mr.  J.imes  Watt,  at  GbfgoW*  in  Scfl]ai:d,  in  1764  : 
he  obtained  the  king't  leticta  (ntent  for  the  fole  ufe 
of  Ub  invention  in  1768  ;  but  raeettng  with  dilSealtiet 

in  theextci.tion  of  a  large  machine,  and  being  lothcc* 
wife  employed,  he  laid  afide  the  undcrtaVIng  till  the 
year  17"^,  when,  in  cor'unc'tin  i  v. 'ih  Mr.  B.inlton 
near  Birmingham,  he  turaplctia  both  ;i  n  tijiri  tiling 
and  rotative  cu- wheel  engine.  He  thi-  i  jp;i'lii  1'.  !  >  j  .irl  a- 
Wni  -1  r  a  prolongation  of  the  term  oi  im  p.itCiit,  %viMcii 
. .  d  by  an  afl  paflcd  iu  I  "'J.  Since  that  time, 
Mr.  V-'att  ;^nd  Mr.  Boulton  have  eroded  fcver;il  engiitca 
iu  biailordlhite,  Shtopihire,  and  Warwickfliire,  and 
s  fnall  one  at  6traifoid  near  London.  They  have  atfo 
lately  Bniflled  anuihcr  at  H.twkefbury  CuU.i-iy  near 
Coventry,  which  is  juiUr  iuppofcd  to  be  the  moft 
|>owcrful  engine  in  England!.  It  hat  •  cylinder  58 
ancfaei  in  dianr.etcr,  whkh  '.voi!:»  a  p.nnp  i.y  iiic1ic!>  in 
^MBetCfj  65  fathoms  iiij^a,duatKak.ei>  regularly  twchc 


ilrokes,  eae!\  S  feet  long,  in  a  minute.  Tliey  hare  al^ 
lo  criCtcd  If  vcr.il  engines  in  Cornwall  j  one  of  whidk 
h.,n  a  cvl'ndcr  ^0  inches  in  diar.ieter,  thai  works  a, 
jjM.np  6j  i:rcli<*g  i;i  diameter  in  two  (hafu,  by  flat  rods^ 
with  great  friction*  300  feet  i'.  .t  lU  Frtun  each  other, 
4f  (aUioixi*  high  in  eacli  lliaft,  l  jua!  m  all  to  90  fa- 
thom*, and  can  make  I4  firokco.  8  itet  long,  in  a  nni> 
nute,  with  a  cunrumption  of  coaU  Icfi  than  buPaeU 
in  24  ho;ir&.  Tlie  terms  they  ijfi  r  to  liu- p  ililic  ,ir,,  •* 
take  in  lien  of  ail  pirif:!?,  one  ihirU  piit  gt  tl.i  ;»i.l,u*|- 
Uvl.> 's  in  fi;el,  which  their  engine  makes  when  com- 
pared witli  a  rommon  entwine  «>f  the  fame  dimcnfion* 
in  the  nei^jhhijurhond.  'I'.'u  .  r^glne*  are  built  at  the 
expcnee  of  thofc  who  ufe  tliem,  and  Meflis.  Boulion 
a;ld  Watt  furniih  fnch  drawings,  diredHont,  and  It* 
tendance,  as  ntay  be  nccefHiiy  to  enablcarcfidcnt  eogl* 
netr  to  complete  the  machine.  Set  the  appcadis  tO 
Pr>c<'»  Minct-il'-iifia,  &.o,  I776. 

It  haa  bee::  laid  th Jt  fooie  ufeful  improvementa  have 
been  made  in  the  Simm  engine  by  Mr.  Wiliia» 
Powel,  who  had  latdy  the  dh-edion  ind  care  of  n  en*  ' 
gioe  of  thia  kind  at  a  caUicry  aear  Swanfei,  mGIamor^^ 
ganfhire.  * 

It  is  hardly  neceffary  to  add,  that  Dr.  F  Ick,  in 
'*7'^»  piihlilLid  an  aciijiiut  and  difciiptiou  ctt  an  iin- 
pioved  Steani-cngine,  which,  as  h?  fays,  will,  with 
the  lame  quantity  of  fuil,  and  in  an  eqiuil  fpaue  of 
time,  raife  abuve  double  the  quantity  of  waler  taifed 
b)  any  lever  engine  of  the  lame  dinicnfions ;  ashedoca 
nut  fcctn  to  have  eanftruQed  even  a  working  model  oT 
his  propoftd  engine.  The  prineip.nl  improvement* 
however,  which  hc  l  i^^gt^,*,  i-.  ;  •  life  two  cylinders^ 
into  which  the  Steam  la  ict  uhctnately  to  aficeiid,  by  a 
common  regiilatoTi  which  alv^  ays  opens  tlie  commani- 
catknof  the  Steam  to  one,  wbilitit  fiiuis  up  the  open- 
ing of  the.  other:  the  piflonrods  are  kept  (hy  meant 
of  a  wheel  iixcd  to  an  aibour)  in  a  c  .liccini  r.^ 

and  dcfcending  motit.-n,  by  which  lliwy  itn-vc  die  ci.:u- 
mon  aibour,  lo  wliich  is  al£xcd  .iiiolher  whett,  moving 
the  pump  lods,  in  the  fame  aUernate  «Iire£tiuu  at  Itie 
iiillon  rod.s  by  which  continosl  nuilion  the  pumptarr 
ke;)t  il)  conilant  aflion. 

.STKELYARD,  or  Stilvabd,  in  UeehaDics,  a 
kind  of  bal.tnce,  called  alfo,  Ht  t  ea  Ronusiia,  or  ihc 
Rcytiiit  linltnce,  by  means  of  whieh  the  »\eight8  of 
difierciii  bodies  arc  difrarctcd  bj  ufing  one  lloj^io 
weight  only. 


The  coauuaa  wlieclyard  coaiuts  of  an  iron  beam  A'B, 
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in  wtiiclt  it!  zfTitmed  «  point  it  ptofure,  M  C,  on  which  ii 

raifed  a  f>t!;i  iidicalar  CD.    On  the  fliorter  arm  ACU 

tempi  ur  I:  if  ii  ii>  r,  i  t-lvr  tf-.c  htylli.-'^  v,  I'i       1  : 

(nuvcdbic  wet^,iit  i  a  iJuKitl  i.atk'.sjrd  an  J  foiwai'l 
on  the  beam,  till  it  l>e  a  coumerbalaiKi  lo  i,  2,  3,  4, 
jcc  po'imlt  placed  in  the  fcali.  ;  d'ld  the  potiilt  are  noted 
wheie  the  conllant  wei^'lii  I  weighs,  a«  I,  i,  j,  4,  SiC 
pounds,  i'vom  thi^  coiilUuC'liun  of  the  Stci'lyard,  the 
inanscr  "f  ii'<iii;  it  i»  tvide.H.  Dm  the  iniUument  it 
very  lUhlc  to  deceit,  aod  thcrdbrc  is  not  miKb  ufcd  in 
ordnwry  commerce* 

CUnr/e  Srnlil-XMBt  The  Cliinere  carry  Am  Slit- 
ter* about  them  to  weigh  their  gems,  and  other  things 
ijf  vjlue.  The  beam  or  yani  is  a  I'maU  rod  of  wood  or 
ivosy,  atiiHit  a  foot  in  Icnjjth  :  iipr)n  tliiH  arc  three  nilcs 
of  mcalurc,  imdc  o(  a  hue  titvcr-lhiddcd  work;  they 
all  bet;in  from  the  end  of  the  beam,  whence  the  firft  is 
extended  8  inches  ti.e  fccotid  iht  third  9\.  The 
fiift  it  the  Europcdii  niealure,  th.-  other  two  feetn  to 
be  Chinefe  n.e  lurc«.  At  the  other  end  of  the  yard 
bangs  a  roui.d  ic^Ale,  and  at  three  fevcnil  ditUnces  from 
thitvod  are  fuftencd  bi  ni.i.)y  fl  ndrr  ftringf,  as  differ- 
ent points  of  lufpcnrion.  The  fiilf  ditlance  makc-s 
jf  or  '  of  an  inch,  the  fecond  or  double  the  Cit'.'., 
and  the  third  4"*  or  triple  of  the  firil.  When  they 
Vcigh  any  thing,  they  hold  up  the  y.ird  by  fomeoneof 
thcfc  Itiingi,  £;nd  h;iag  ■  fcalcd  weight,  of  nboot 
J^ij/.  troy  weight,  upon  the  rrfpi-divc  divifiont  of  the 
mle,  as  tlie  thing  requires,  (ircw's  MlIi  jni,  pa.  369. 

Sf'tiig  Sritt,x\*.a,  »  a  iiind  of  portable  balance, 
ferv.ii^r  to  weigh  anj  matter,  from  i  to  about  40 
pounds. 

It  it  compofrd  of  abrafsor  iron  tube,  into  which 
coca  a  rod,  and  about  tltat  it  wound  a  fpring  of  tempered 
neel  in  a  fplral  form.'  On  thii  rod  are  the  divifioat  of 

pounds  and  parts  t  f  p.-iund*,  v»hich  are  made  By  fuccef- 
Jivc^y  ha:.;;iii(;  on,  to  a  hm;k  fjficncd  to  the  ottiet  tfid, 
t|  J,  3,  4,  fic,  pounds. 

Now  the  fpring  bi  ing  faJtcnid  hy  a  fcrcw  to  the  bot- 
tOTo  of  the  Kxi ;  the  greater  the  weight  is  th:it  is  hung 
upon  the  hduk,  the  mure  will  die  fprin;;  he  conlraCtct!, 
and  confcqiicntly  a  greater  part  of  tlie  rod  will  come 
out  of  the  tube  ;  lite  pro;>ortions>orqt!anlittcaof  wtuchj 
greater  weights  are  iiHlIoatid  bjy  the  iigurea  appearing, 
i^inil  the  rxtmtiity  of  tbc  tube. 

SxtEt-vAiin  .S*<if  «_p.  In  the  Pltflof.  Traof.  (no.  46',  > 
feA.  , ';     L  ■   1      i.vL'jiii.t  iJ  a  Sui.K;ird  fwiu^,  pro. 
ptirti  ai  ,1  iiuxii-itut,il  uiciUoil  rVir  .liliiUng  children  la- 
bov^rlu,;  under  deiof  rnitics,  r.w  int;  tu  the  contrafiion  of 
the  nmicies  on  one  fide  of  tiie  Ii.jdy.    The  crsxik'-r! 
p<rf>  :i  is  fufpendcd  ,wit!i  cords  liiKler  i.i  ,  arni,  and  tl.vie 
arc  placed  at  e(|Ual  dillaiices  fruin  (he  cenlie  ui  the, 
bciiTi.    It  is  fuppufcd  that  tlic  (fnivity  of  tltc  body  will/ 
aSctt  the  contracted  6de,  feat  to  put  the  mufclet  upoB; 
the  ftretch  I  and  bcnoe  by  degrcea  the  dcftft  may. 
benaKdifid. 

STEEPLE*  Ml  apper.Jigc  ufually  raifed  oa  the 
Weftem  end  of  a  church  to  contain  the  bclU.->-Stce- 
plcs  are  denominated  from  their  f<jrv),,  eitluat^jr-'.*,  or 

lo<ie  1  lie  lirU  ,ue  fucit  .li  i  r.  oiUintriiiiv  dim;i  m- 
inf^  hke  a  coilt  or  Olln  '  pj  riiinl.  I  he  Ulter  a'c  nitic 
parallclopipcdon^,  orloiiu  u'lu  r  pi  Im,  ar.d  .tic  ciivcrcd 
at  top  flatEanB-Jikcv-Jn  irach  Juod  there  u  ul^iaUy^a 
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fact  flf  wiadowa^  er  hiop-balei^  to  let  oat  the  fiwadf 

and  fo  contrived  at  to  throw  it  downward . 

Mafios,  in  his  treat ifc  on  bells,  trrats  likcwife  of 
Steeples.  The  mott  teiiiarUible  in  the  world,  it  iifaid, 
is  th.'it  at  ?il !,  whirb  ic^n.i  lo  much  to  one  (ide,  that 
you  fear  every  lauir.eac  it  will  fall  ;  yet  is  in  no  danger. 
This  Olid  difpufitiun,  he  obferves,  is  not  owinj;  to  a 
fhuck  of  ao  earthqu:ike,  as  is  generally  imagined ;  but 
was  contrived  fo  at  firil  by  the  arehitcif^  ;  z»  is  evident 
from  rhr  rlc-lings,  windows,  doorti  Acc,  which  are  fell 
in  tl.i'  l.K  Vi  1. 

S  rEERAOE,  in  a  (hip,  that  part  next  below  the 
quarter  deck,  before  the  btiik  head  of  the  great  cabin, 
where  tlie  lleerfman  Hand*  in  motl  ihips  uf  war.  In 
large  (hips  of  war  it  it  ufcd  at  ahaU,  through  which  it 
is  neceiTary  to  pafa  to  er  fram  the  great  cabin.  In 
merchant  Atips  it  it  moMy  the  habitation  of  the  lower 
(,ni>-i  I  „ani!  fh!j;"t  crew. 

J>Tt-iiftAG>  ,  in  Sea-lanst"*P<'<  alf''  uf^  'i  to  expsiia 
the  effort  of  th-  lulin  :  .imi  in  - n- 

STEERAOE-ji'-iy  IS  that  degree  of  progrcfllve  motion 
comtniinicated  (r)  a  fliip,  by  which  (be  becomes  fufcepv 
fihlc  of  thedfe^t  of  the  helm  to  govern  her  coiitfe. 

S TElIRlKCr,  in  Navigation,  the  art  of  direding 
the  fhip't  way  by  the  mowmenta  of  the  bclm  }  or  at 
applying  it*  cflorta  t»  regulate  her  oowlie  when  flie  ad>, 
Tancca. 

The  perlefilon  of  Steering  coofiRt  in  a  vigilant  at* 
teution  to  the  motidn  of  the  fliip'a  head,  fo  at  to  check 
every  deviation  from  the  line  of  her  couife  in  the  firil  in* 

llant  of  its  moiioi) ;  and  itt  applying  as  little  uf  the 
power  of  the  helm  as  pofliblc.  By  this  means  (he  will 
run  rroi  r  t.nifi nn'v  iii  Itraight  path,  as  declining  !tij 
to  the  right  and  lelt  ;  whereas,  if  a  greater  cflfott  uf  the 
helm  be  employed,  it  will  produce  a  greater  declination 
from  the  courfe,  and  nut  only  increale  the  diificuUy  of 
Steering,  but  alfo  make  a  crooked  abd  irr^gukr  path 
through  ttie  water. 

Tbeh^mfman,  ot  ftrerfman,  (hould  diligently  tMtcb 
the  movements  of  the  hcnd  by  the  land,  clouds,  moon, 
or  n«r»  ;  beeatifc,  although  the  courfe  is  in  k*:'*' al  re- 
guhtcd  liy-lbe  compafs,  yet  the  vibntiont  of  the  needle 
are  nat  fo  quickly  perceived*'  at  the  faOietofthe  Ihip'a 
bead  to  the  right  or  kft,  which,  if  not  immrdiatch  re- 
flraincti,  win  acqtrirc  additional  velocity  in  every  inftanr 
of  thl'lrmo'Io:-.  u-(|iii-e  a  rriore  powi-i  iul  :ir,pii'.IV  i<f 
the  hehii  tu  iciiuce  them;  the  application  ot  winch 

will  operate  to  turn  bcr  hctalinniV  ou  the  comrarf 

fide  Tif  her  emrrfe. 

'1  he  [ihr.J  \)  ;]fcd  m  Sttei'iK'  a  fl.lp,  vjitv  nce-a  J  n;;  to 
tlir  rtljii oil  (if  the  wind  to  her  courie.  Thus,  when  the 
winti  'r.lar  [^e  or  fair,  the  phrafes  uft  d  by  the  pilot  or  ofTi- 
ccr  witu  hiprrintends  tlicSieerage,  an  f»n,.Ji/iri«,;rif,atid 
JUat/r  ■'  the  (iril  of  which  is  intended  In  direft  the  fliip'a 
eouHc  hirtber  twthe  right  1  the  fecond  to  the  left  i  an4 
the  kll  ia  ih^gocd  to  Itcep  her  exacU^  in  the  line  ai« 
udMch  (he  adianoct,  acaoidiiw  to  the  nnaded  eourle. 
Tbe  exceft  of  the  firii  and  iecood  movement  tt  called- 
lartl-a  ponlt  aod  ImrMa-Jiarbciard :  '  lie  former  of  which 
gives  her  the  grealcft  jioiTiltlc  it.  1  nation  to  the  riLjht, 
anil  :lie  btlcr  an  t  .■i.l  tendency  to  the  lelt.— If,  on 
llu;  tuiiti  j.ry,  tin  «ual  he  fcant  or  foul,  the  phrafes  are 
/•^  /Aw,  and  n  >  nmrtr  :  i'.l  iirll  >  f  iv;i1l  'i      the  rrder 

Iwiieep  her  do£c  u>  the  wind  i  the  l«coad*  to  retain 
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lirr  in  her  prcfeut  Gtualion  ;  and  Uie  third,  to  keep 
her  f-'-iU  full. 

S  1  i-LLA.  See  Star. 
.  STEM  ORorHONIC  fwic,  a  Sfrtitmg  Trumfifi, 
or  lube  <mpioycd  to  {[X'tk  to  a  pcrfon  at  a  great  dif- 
Imcc.  It  ban  Ivrcn  fo  called  from  Stcntor,  a  pcrfun 
flMHtioiied  in  the  {lb  botdt  uf  the  Iliad*  wtuH  m  Homer 
telb  wilt  codU  oaU  out  lomkr  thui  $0  meiii  The 
tiCMtDtophoaie  honofAhauHiderthe  (Snut  khmmi 
intb  thii  it  ii  hSd  he  could  rive  «dcn  to  hie  11017  M 
,  the  dilLiaoe  of  100  ftodiat  mikli  ii about  is  Englidt. 
miles. 

TIt  prcfcnt  retaking  trumpet  it  i«  fald  was  Mivcntcd 
b\  .Sir  .Samuel  Morctdiid.  But  Ocrham,  in  ln»  I'li  ylico- 
'i  lifr^Iij^'^y,  Jil). -J,  cil.  J,  faySi  ibat  Kircliir  fjiimJ  oi.t 
thu  iiiilrunicnt  jo  years  before  Morcland,  and  pitbliiti«d 
tt  in  hi»  Meriirgiii ;  and  it  is  farther  faid  that  Gafpar 
Schottui  bad  fixn  one  at  the  Jefuits'  College  at  Rome. 
Alio  one  Conyers^  in  the  Phiiof.  Tranf.  number  141, 
gives  a  dcfcriptiun  of  an  iullrument  of  this  kind,  dif- 
ferent from  tliofe  commonly  made.  Gravefande,  in 
liie  Philolopky,  dttappravcB  of  the  nfual  fiftURi  ctfthcle 
inftnimettts ;  he  would  have  then  to  oe  paraboUe 
ODDoids,  Tk'ilb  the  fociu  of  one  of  its  parabolic  rc£lIoni 
at  the  mouth.— Concerning  this  inftrument,  fee  Stnr- 
my'a  C< 'IfL.ium  Ciirlof.'iii,  I't.  Tt  :,;nin.  S  ;  alio 
Phdof.  Ti  a:il.  vo!.  (],  pi!.  3;^'^,  vol.  i;,  pa.  1C*J,  ur 
Abn'iij:.  vul.  i.  pa.  ,0.;. 

SlLKi  OC.R.'XFIilC  i'rrjrclion  of  Sf>b:rt,  is 
that  in  bIiu  U  iln.-  lup;xil<rJ  to  Ijl-  pl.'.CLd  in  the 

lorfacc  of  the  (phcrc.  Or  it  is  the  proje^ion  of  the 
circles  of  the  fphtre  on  the  plane  of  Come  one  great  cir- 
cle-, when  the  eye,  or  a  luminous  point,  is  placed  in 
l-dc  poleof  that  circle. — For  the  fundamental  principhi 
and  chiif  prwpcrtits  of  thie  kind  of  projedioa^  fee 
PkojrcTioK.  I 

sr£R£9GRArHY,  >■  the  art  ol  dntwiar  «>» 
forma  of  folids  upon  a  plitne. 

STEVIN,  STEVIKf:  (Sings'),  a  Fltrti'Ili  mathc- 
iTiaiitiaii  of  iJiiijrcs,  who  i'n.d  i;:  J  633.  lie  \t.  is  mailer 
of  R'at:Ka..r.u  J  to  prince  Maurice  of  Naffan,  aiid  in- 
fpcftui  ol  iLc  (i)kts  ill  Holland.  It  is  faid  he  was  the 
inventor  of  the  failii  char  .it  s,  fometintes  made  ufe  of 
in  Holland.  He  wns  a  good  praAical  mathematician 
and  niechanifi,  and  was  author  uf  fercral  ufcful  works  : 
as.  treatiuson  Arithmetic.  Algebra,  Geometry^  Sta- 
tics, Optics,  Tiijjonomctry,  Geography,  Minmmif, 
Fortification,  and  many  others,  imtbt  Dnich laogiiagei 
which  were  tranfl.ited  into  Latin,  by'SneOitMi  and 
l^nted  in  a  volumes  folio.  There  are  alfo  two  ci&ibna 
IB  the  Freneb  language,  in  foKo,  both  printed  at  Ley* 
d«l»  the  one  in  \bo3>^  and  the  other  in  1634,  with 
AUrumt  note*  and  additions,  by  Albert  Girard.— For 
a  particular  aLconr.t  of  S!(  viii\  ioveiitiuns and  improve- 
aientt  in  .'\l^'c(jra,  whliji  were  ma«y  and  ingenious, 
fee  our  attit  lv  Al^itl  ra,  vol.  1,  pa.  8i  and  S 

S'iXWARl  (tfic  Rev.  Dr.  Matt,.; v.),  late 
profcfFor  of  nwtheituitii  h  In  Jie  univerlity  Kiliiibur;;li, 
was  the  l(Hi  of  the  icvcrend  Mr.  Dugoid  i>t«:K'art,  rni- 
nitlcr  iif  Rothfay  in  the  Ifle  of  Bute,  and  w«  born  at 
that  place  in  the  year  1717.  After  having  finifhed  hit 
courle  at  the  ginnmar  Icbon!,  being  intended  by  hia 
iiaiber  ft*  the  diurch,  he  was  Hent  to  the  iiniferlity  of 
4#b(goWf  and  was  enierad  ibeie  jb  «  Jbdcotrin  j  734> 


Hia  academical  (ludiL-s  werf  profrcutcd  with  dilt^fTtre 
and  fucccfs  ;  and  he  was  lo  In;  pv  a;  ifi  l;c  pirtiuularlv 
diflinguifhed  by  the  fricnrflliip  of  Dr.  Hutchcfon,  anil 
Dr.  Siffifon  the  cckbratrd  geometricianf  Under  whm 
he  made  great  pro^^refs  in  that  fciencc. 

Mr.  Stewart  ■  views  made  it  necellkry  for  htdl  to 
attend  tbc  lectures  ia  the  univerfitj  of  Edinburgh  m 
1741 1  and  that  Ilia  mathematical  Undiet  might  fuifer 
m  latemiptiont  be  waa  iotradwed  by  Dr.  Smfoa  to 
Mr.  Bbdnirui,  who  waa  then  teaching  with  To  mneW 
fuccefa,  both  thegeometiy  and  the  philofophy  of  Nc«r* 
ton,  and  vndcr  whom  Mr.  Stewart  made  that  proliciency 
ivfiich  wag  to  lie  cxpcttcd  from  tlic  abiKtiis  ot  I'lith  a 
j-Lipil,  diicder!  hy  liiofe  ot  I'o  >;-iat  a  mailer,  liut  tlic 
n:ixlcrn  analylis,  evi  11  \\\n:n  tlijs  powerfully  recom- 
incaJcii,  was  nut  abk  tu  wiihdraw  his  attention  from 
the  rcLiih  of  the  ancient  geometry,  which  he  had  im- 
bibed under  Dr.  Simfon.  He  Hill  kept  up  a  rcgtiUr 
correfpondence  with  this  crentleman,  giving  him  an 
account  of  hisprogiela,  andof  hiadifboverie*  in  geome« 
try,  which  were  now  both  nuaicfMii  and  importanty 
and  receiving  in  fCtWB  nany  cutiont  eoaaauaicatioiM 
with  reijMft  to  tbe  Ltd  Pkm^  and  the  Forifma  of 
Euclid.  Mk* Stewart  paifoed  diis  bttcr  fubjcA  in  a 
diiferent,  and  new  dfre«!on.  In  doing  fo,  he  was  led 
to  t he  difcovery  of  thoil-  curious  and  intereftir^'  prop'o- 
lition^  which  were  puLli  In  lI,  uial.r  the  title  ot  Lieuaal 
'} L'.rtmi,  in  1746.  Thcv  were  given  without  the 
dtraonlhations  t  but  thry  il  d  not  fail  to  pl.:ic*  thfir 
difcovercr  at  onrc  air.oiifr  tin-  ^'couuti ian.  of  the  (ii^l 
rank.  Tlicy  arc,  for  the  nioit  part,  i'onfuu,  thou|;ti 
Mr.  Stewart,  careful  nut  to  anticipate  the  difcovemt 
of  his  friend,  gave  them  only  the  name  of  Theoremg. 
They  are  among  the  mod  beautiful,  as  well  as  mofl 
general  propoQtiont,  known  ^in.  llie  whole  comoalaof 
geometry,  aod  are  pcrfaapi  only  equalled  by  toe  re^, 
warkabk  locua  to  the  circle  u  the  lecond  book  of' 
ApoUohlui,  or  by  the  celebrated  theorem  of  Mr.  Cote*. 

tSuch  is  the  hillory  of  the  inrcntion  of  thefe  propo- 
filions;  and  the  occafiun  of  the  publication  of  them 
was  as  fi  Hows.  Mr.  Stewart,  \v!iile  crjagcd  in  them, 
hud  entered  into  tbe  church,  aud  becumc  mioifler  of 
Rofeneath.  It  was  in  that  retired  and  romantic  (itua- 
tion,  that  he  difcovcrcd  the  greater  pait  of  tliofc  ihvQ- 
rems.  In  the  fiimmer  of  1746,  the  matlicniatital  cha  r 
in  the  nniverfitr  of  Edinburgh  became  vacant,  by  the 
death  of  Mr.  Madaurin.  The  Geneial  Theorems  had 
not  yet  appeared  i  Mr.  Stewart  was  known  only  to  hia  - 
friend*)  and  the  eyes  of  the  public  were  naturally  turned 
on  Mr.  Stirling,  who  then  reiklcd  at  Lcadbilbt  and 
who  wn  wen  kaown  in  the  mathcntttical  worid.  He 
however  declined  appearing  as  a  candidate  (or  the  vacant' 
chair }  and  fevcral  others  were  named,  among  when  ■ 
waa  Mr.  Sti-wart.  I'poii  thii  occufion  hc  printed 
iha  Cfrrm!  wJuch  their  author  a  dc> 

cldcd  fupcriority  iibove  all  the  ixhcr  candidates.  He 
was  accurji:!^;!)  i  lcifted  profeflor  of  mathematics  in  the 
uiiivcility  ot  I'.iliiihargh,  in  September  l'/47. 

'1  he  duties  of  tiu»  olGcc  gave  a  turn  fuinewhit  dif- 
ferent to  hit  mathenaAtical  purluict,  and  led  liim  \i 
think  of  the  mod  fimple  and  ele^.int  means  of  cxpUtB> 
ing  thofe  dtflicult  piup  jliuuiiv,  ivhicli  were  hithertv 
only  acccflifJc  «u  men  deeply  verfed  in  the  modern  ana- 
ly^i    Is  duaig  tiu^  hc  was  pnriittog  tbt'Objed  viucL . 

of 
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•f  all  other*,  he  aiofl,  srdr-itly  w^llitd  to  atlesn,  vh, 
the  application  of -geome'i ;  lo  rudi  prubK  n-iS  as  ttic 
•lecbnu'c  calculus  aLnc  9ud  been  thought  able  to  rc- 
ibwe*  Hi»  fo'.Mli'iri  of  Kcplcr'i  problem  was  the  firft 
fpeciRien  ordiiiikind  which  he  gave  to  the  world  ;  and 
it  wa«  perh.ips  ixpuflible  to  have  produced  one  more 
to  the  credit  of  the  method  he  followed,  or  of  the 
•btUties  mth  wliicli  hespfilicd  it.  Among  the  at' 
celknt  (dhlioM  hkliato  gtvcn  of  ihi*  bmom  pnUem, 
tbnc  wm  noM  fif  tliera  at  ooee  ditefi  is  ill  nctliiid, 
•od  fimple  In  tt*  pnodple*.  Mr.  Stewart  v.-at  fo  ha^pj 
M  ti>  attain  both  thtfeoLjcfl*.  He  found*  his  folutioii 
on  a  gi'iK^.il  [ 'ipcrty  of  curves,  which,  tboag!i  very 
timplc,  ti»<i  pcihaus  never  b<:cii  oblerved  ;  and  l>)  a 
moll  ingeniuui  applicatioit  of  that  ptitfHriy,  In-  (liowa 
how  tt.c  apprtixtmation  may  be  cocuinurd  to  ar»y  dr- 
prrc  of  .ivcjT ;  -V,  in  a  Cokt  of  rcTiibi  which  eoB»c»ge 
with  ^rrai  s-npuii'y. 

This  folution  apj)c:ired  in  the  fecond  volume  of  the 
Effay*  of  the  Philofophical  Society  of  Edinburgh,  for 
the  year  1756.  In  the  firO  volume  of  the  fame  col- 
k^iiNi,  there  are  fome  other  propolitioiis  uf  Mr.  Stew- 
•Tt'if  which  arc  an  rxteiition  of  a  curious  theorem  in 
tbe  4tli  book  of  PkppM*  They  Inve  a  rdatioa  to  the 
fttljeft  «f  Portfmt,  nd  «c  of  then  icmwthe  9iik  of 
Dr.  Simfoo't  Reflonlion. 

It  has  been  a)rr«^  mentioned,  that  Mr.  Slewirt 
had  formrd  the  pimi  of  inlreJiitiiu;  ituo  the  higher 
pikfti  of  mixi'd  inatiicm.ilitj,  tht-  lirn;t  .-iiul  fimple  form 
of  aacieiit  demonftrati>in.  The  prufccution  of  thia 
plun  productd  the  Tt\iiij  J'/n/i;ai  artJ  Masiemnlir^yl, 
wliiili  were  pul>iillitd  in  I';6l.  In  tlie  firft  of  tin. fc, 
Mr.  iitcwart  lays  down  tbe  dotlrine  of  centripetal  forces, 
in  a  feries  of  propofitions,  dcmonftrated  (if  we  admit 
Ihe  quadrature  of  curvet)  with  the  utmoil  rigour,  and 
requiring  no  previous  knowledge  of  the  natnematicSi 
except  the  clement*  of  plane  Geometry,  and  of  0»ie 
8e<tion«.  The  good  order  of  thefe  propofitions,  added 
CO  the  dcamdb  an  i  Hmplicity  of  the  dcnionftralioMt 
fcndn  thb  TWd  pn  hap»  the  bcft  dcmentaTjr  (itmife 
•f  fhyfieal  Mxoimuj  that  it  mf  irfaere  to  be  fbond. 

In  the  three  remaining  Traftt,  our  antbor  had  it 
!n  view  to  determine,  by  the  fame  rignrouji  rtKthod, 
the  t^ijf\  of  thofe  forces  which  dtilurb  the  motions  of 
a  fcCDiiiiaiy  planet.  From  tliis  he  pTo;i<ili  Jto  deduce, 
not  only  a  [h*«ry  of  the  moou,  but  a  dt:<:r.i.ni:iti<in  of 
tiic  fun's  cllH.l^cc  fiort\  it'.t  i.ulh.  The  fMi:'UT,  it  15 
well  known,  thf  molt  (iifficiilt  hihjrCt  to  ulilth  ma- 
thematic't  h.nr  Ikl-h  apjilicu,  and  the  rtfiilutiiiri  ri'- 
quncdand  merited  all  the  cicanieisand  firapliciiy  wliicti 
our  author  pofleifcd  in  fo  eminent  a  degree.  It  mitlt 
l>e  refrrettpd  therefore,  that  the  decline  of  Dr.  Stewart's 
he»lth,  which  began  foon  after  the  publication  of 
the  Tta^  did  not  permit  him  to  purfne  thii  invelli* 

gMtiOB* 

Tbe  Other  objeA  of  the  IVada  «ai*  to  deterMhie 
the  difbncc  of  the  fan,  fnmi  hit  cftA  is  diftuibiog 

the  motions  of  the  moon  |  and  his  enquiriea  into  t)ie 
lunar  inregiilaritic*  had  furnifhed  him  with  the  means 
of  accomplifliing  ic. 

The  tr.crivy  of  the  compoiaion  and  rcfoliition  of 
forces  eiinblt  s  m  la  determine  what  part  of  the  folar 
force  is  employed  in  dillurbing  the  motion*  of  the 

i(  and  tlimforef  coHld  we  Beafnc  the  '  ~ 
1 


nenutrflTrflof  th.il  fc  ivLC,  or  the  n  'n-.l  lt  of  feet  by  trhlch 
i;  .iici-lciarrs  f  nt.ird?  iIr-  rtiuo  ."s  ni<  tion  in  .1  fecond, 
wc  (houid  be  iiiiie  to  drtrrmiiic  how  many  ftc  t  the  whole 
force  of  the  fun  would  make  a  body,  at  the  diflanceof 
the  moon,  or  of  the  earth,  di'^cend  in  s  fcrot^d  f)f  time, 
and  conlequcntly  how  nmih  the  earth  is,  in  t'  Ljy  in- 
ftant,  turned  out.  of  its  rectilineal  courfe.  Thus  the 
of  the  earth's  orbit,  or,  whidi  it  the  fame 


Mngt  the  ladiut  of  that  orbit,  that  the  diftanee  of 
the  nm  from  the  eaith,  would  be  detertiHfled*  Bat 
the       it,  that  the  iflftartnneous  ttk&$  of  the  fun't 

dillurbing  force  arr  too  minur.c  to  be-  metfiired  ;  and 
thjt  it  is  only  the  cffctt  of  that  force,  contiinn  i  i'  -r 
an  entire  reiitiliition,  or  fume  conriderahlc  portion  of  a 
revolution,  viiij^'h  A\hc,i  tiw.Lr^  nic  ;it>l'--  10  :bfcrvc. 

There  is  )tt  a  ^rrj.iter  diftcuity  which  csrlnn-rafTrt 
the  folution  of  this  pmljlcm.  For  as  it  it  only  by  iKc 
difference  of  the  forces  exerted  by  the  fim  on  t;ic  t.iith 
and  on  the  moon,  that  the  motions  of  the  latter  ori- 
dittnrbcd,  the  farther  off  the  fnn  is  fuppofed,  the  left 
will  be  the  force  by  whil  h  he  difliirbs  tlie  moon's  mo- 
tions; yet  that  force  will  not  diminifh  beyond  a  fixed 
limit,  and  a  certain  dtAurbancc  would  obtain,  even  if 
the  diftanee  of  the  fim  were  infinite.  Now  tlic  fnn  it 
aAuaUjr  placed  ai  G>  great  a  dittance^  that  all  the  d!f> 
taihaoecih  which  he  pradoee*  00  the  hmar  mottont, 
are  very  near  to  thh  Smlt,  and  therrfoiv  a  fmnli  mif- 
take  in  eftimnting  their  quanli:- ,  or  In  rcafotiing  about 
them,  may  give  tlie  dilhnce  of  the  l  im  infinite,  or  even 
impofTil;lf.  Init  ;ill  tl  i>  riiil  n,.t  deter  Dr.  Rl^v.^.rt 
from  imdcrtakitiB  the  ftiUuion  of  the  profcle'^i,  v.  ir'.  no 
other  afiiftance  than  that  whivh  geometry  c(-j!d  adorii. 
Indeed  ific  idea  of  fiieh  a  proMem  had  full  occurred 
to  Mr.  Mai  hiii,  who,  in  his  book  on  the  laws  of  the 
moon's  niotioii,  }i-s  jull  mentioned  if,  and  given  the 
refuh  of  a  rudt.-  calculation  (the  method  of  which  he 
does  not  cxDlain)^  which  aflignt  8"  for  the  parallax  of 
the  fim.    He  made  ufc  of  the  motion  of  the  1 


but  Dr.  Stewart  eonfidered  the  motioo  of  die  apoMCt 
or  of  the  longer  an*  of  the  aiiao«*t  orba,  aa  tbe  ine- 
nfaaitf  bell  adapted  to  hit  parpofe.  It  it  wdl  knowv 
that  tlie  oibit  of  the  moon  »  sot  immoveiUe  ;  but 

that,  in  eonfequence  of  the  difinrbing  force  of  the  fun, 
the  longer  axis  of  that  orbit  his  an  an^iiJ.ir  rmiii  jn,  by 
which  It  pncs  b.'ick  abcul  3  rb^jrccs  'ii  every  Uiii.ilr^iii, 
and  completes  .m  entire  rc>ulu!iii:i  ;n  vears  nearly. 
'I'lii*  motion,  thoupli  \cry  icrt^ut kubic  anrl  eaiily  de- 
ter:r,iried,  has  the  iarrie  faolf,  irr  rcfpcCt  of  the  piefent 
probltin,  thai  was  a.'^criLtd  to  the  Other  ii  regular  it  iet 
of  the-  moon  :  for  a  vtry  hn.ill  part  of  it  only  depend* 
on  tlie  paralhx  of  the  fun  ;  and  of  tilit  Dr*  Stewart 
feems  not  to  have  been  perfcdlly  aware. 

The  propofitions  however  which  defined  the  rtUtiort 
between  the  f'ln't  diftanee  and  the  mean  motion  of  the 
anogec,  were  puUilhed  among  the  TraAa,  ia  1761* 
The  tnoltt  of  Vcaw  happened  in  that  fane  jtmr  t  the 
aftfoaeoMm  returned,  win  had  viewed  that  curiona 
pltenomeiMMi,  from  the  moft  diSant  (tationt;  and  no 
very  fatinfaAory  refuh  was  obtained  from  a  comparifon 
of  their  ohfrrvai Ion.-,.  J )r.  Stewart  then  nfulved  to 
apply  the  pi  iiicipk-s  he  had  already  hi  id  drnvn  ;  and, 
in  1763,  he  publiflted  his  clTay  on  tf  e  Sun' ■  Diliance, 
where  the  ooro^ttation  being  adiually  made,  the  pa« 
aBn  of  ll« §m  mm foood  t*  be  Ro  wwe  thin 
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tm  of        e  .rdi,  t:,t  iii.ulv  li'j  ir.iihonstifiuilct, 

A  drscrmiii'itiun  »t  ^he  I'MiiUKC,  tku  fi»  f.ir 

eiKtt<!cd  til  fonncr  rii  iui  .t ion^  ol°  It.  wat  tvciivcd  with 
fnrprifc.  and  the  rcafi'inn^  on  whScli  it  wu  founded 
irat  liktlj  to  undcgii  a  fivrre  euminaiioii-  Boty 
c»efi  amenjj  aftntnotners,  it  wti*  oot  every  one  wlio 
^■/iiM  j'i;  .;L-iu  ii  .ii.r.'.<  I  iiS  liicli  iliin>:ii'"  Llc'ii^  111.  Ao- 
c^jnliii;  iv,  it  w;u  U'- t:ll  .iLtiiit  ^  >c:>:  »  «il;cj  l.ic  i^ylj- 
li\.!tii>-t  lit  ill,-  run's  li'  l,.r,fi',  tji;-.t  :t'rrc  appeared  a 
p3mjM.',t,  ii'.Jti  t;:.-  t;UO(-i  /.(/'■  /'i  op- J.I:  f II,  iiilrndcd 
to  pmnt  o'.:t  cri't  li  i  -.n  nrs  i:i  Dr.  Stm  a.'i's  invcllij^at  i'>n, 
wbicb  had  };ivtn  a  rt  iuh  nuch  grcaur  tiiaii  the  trulh. 
Frmm  hit  d'.'i'ifr  uf  tin.pliTy;ni:,  ariG  uf  t:ii^lo)  iiii"  only 
tdt'  }.  Lomctrijil  imtli')d  iif  wafoDing.  lie  U'J«  ivUuccd 
to  lilt-  iif.tliil y  of  u'ltftiag  qmotitit'A.  wliich  wrrc 
conrid«iabl<  euough  to  bane  i  great  cffc&  on  the  Ufi 
rcfult.  An  error  wm  thus  introdtioalr  whichi  hid  it 
notbcro  rorccitiiin  cump^-niAcionK,  wwildlavebcicoaie 
immediately  obvious,  by  giving  iKc  riin*i  diftance  near 
ihu-Ctirnc  F  as  i'rcA  as  that  which  lua  bt:tn  mentioned. 

T!r- iiuti  r  tif  t!ie  p.Tinphlet,  reliricJ  to  iibuv*-,  wnt 
ilic  li  il  wiio  renuiki-J  ilie  dangetoo*  nituie  ot  ihcfe 
<iiiipKrn-iitii)H»,  and  whu altcmpletl  to  ullimatc  thr  rrror 
to  Nvliijh  tbt-y  liad  given  rife-  This  •mthur  remarked 
what  prouiu'rj  the  compt  iifjtion  above  mentioned,  viz, 
tliL-  inim-Jiilc  variation  «if  tlie  lun'&  diftance,  wtiich  cor- 
rclpoiidj  to  a  very  fm'ill  variation  of  ihe  motion  of  the 
moon's  apogee.  And  it  is  but  jiiftice  to  acknowledp^e 
tliatf  bcfidcft  being  juft  in  tl>e  points  alrcMly  mentioned* 
tbej  are  very  iogemouii  and  written  with  ffiodi  moddljr 
mod  good  temper.  The  author,  wlw  it  firft  couccafad 
hi*  name,  but  has  now  confciitcd  to  ftt  bc!n^  OHidc 
public,  was  Mr.  Dawfon,  a  fur^con  at  Sudbury  in 
VorLfhire,  and  one  of  the  moft  inf^cnious  mathemali* 
eiana  and  philoinf  lit-r*  this  country  now  pn(if;"tf. 

A  fccond  att^i  k  wa«  fogn  after  this  made  on  the 
.S.Mr.i  Diitancr,  Viv  M-.  Lanrftn  ;  but  hy  no  nitana 
with  tlie  (amc  go<Hi  temper  which  liafi  btcii  remarked 
in  the  former.  He  fancied  to  himfelf  error*  in  Dr. 
Stewart's  invciligjtion,  which  have  no  eaiAence  ;  he 
exaggerated  thofe  that  were  real,  aitd  fecmcd  to  triumph 
in  the  difcovery  of  ihrm  with  nnbecooing  enultatioa. 
If  theic  are  any  fubjci^s  on  which  men  may  be  cxpeded 
to  Tcaiun  difpaflioRatelf  «  they  are  certainty  the  praper" 
<!et  of  namlier  and  cxtenfioni  and  whatever  pretextt 
moralist  or  divinet  may  have  fur  abufn^g  one  another, 
mathematician i  can  lay  claim  to  no  fiich  indulg-cnrc. 

'J'liC  .ifpitity  o!  N';.  Jj.'tndcn'j  a:' im  iij \  (. r  Hrj!:-!  t,i;^rht 
not  thiri'TurL-  in  p.ifj  u:;i;(  ui\;:tJ,  thougii  it  be  uniitd 
with  T'dind  rc.ilVinirig  and  accurate  difcuflion.  The 
eiror  into  wiiirli  Srrwuvt  had  f?.'i-n,  tl!<i'ir;h  firft 
taken  nolic;  by  Mr.  I'.m  lon,  wli.  lr  pam|/'iUt  was 
fcnt  by  mc  to  Mr.  I.andcn  as  foon  as  it  was  printed 
(Air  I  had  the  care  of  the  editionofit)  yet  thi»  genile- 
UUIB  extcntlLd  hisrcmaiks  upon  it  to  greater  exaftncfs. 
But  tilr.  Ljuden,  in  the  zeal  uf  correction,  bringa 
many  other  charges  agaiuA  Dr.  Stewart,  the  greater 
part  of  which  faem  to  have  no  good  Crawhttion.  Such 
•re  hii  Abjcdioaa  to  the  fccond  part  of  the  invefliga- 
tion,  where  Dr.  Stewart  find*  the  relation  between  tlie 
diltuibing  force  of  the  fun,  and  the  motiua  of  the  aples 
of  the  lunar  orbit.    Fur  thit  part,  iullcad  of  being 

liabk  t»  oiijeAipii,  ■•dcftrviof  o{     gvcufl  foih, 


linec  it  refijvfe,  hy  geometry  atone,  a  pn.Wtm  which 
li.id  tK.di-ri  thf  elti  Tls  ot  lomc  of  tilo  :ib!cll  imihenilti* 
cid!  »,  even  wlii  II  tlicy  avjilc'!  tlit:li(tlvcs  of  t  k  ucinoft 

n;(ourct«  of  the  iutcgrai  calcidut.  Sir  llaac  .N'cMor, 
though  he  afliimed  the  diftuttMnK  force  wry  near  the 
tmthf  cocftputcd  ihr  motion  of  the  apfci  uom  thrncc 
only  at  oce  half  uf  wImI  ii  rcnlly  amntints  to  ;  fo  ilia% 
liaii  li<  been  icq.iuLiI,  liicc  Dr.  S'twart,  to  invert  the 
P'ob'.cM,  he  woulo  iiavi.-  »  ■  minitcd  an  error,  cot  mervly 
of  n  fnv  thoiii'iiOik;i  paiti,  a:,  the  latter  ii  ujitj^cd  lo^ 
liive  done,  biit  uuiil'l  have  broujjiit  oui  a  r^iult  douljle 
o;  t*-.r  iiuth.  /' I'l-.-i.  t:  Mm.':  LI.  3,  f  rofi.  -y.  )  Machin 
a.id  CalUridriiii,  wlu-ii  comiiuiui  ij^  011  lliii  part  of  tlie 
I'rinrlpia,  found  a  like  inconfjlitrity  b'-twctn  theJr 
tiirory  and  oblcrvation.  '1  hiee  other  ttihbra'.cd  ma* 
ihei'ialiiiaris,  Ciairju;,  D*A1 'in'ont,  and  Iviilcr,  fe- 
yeraUy  experienced  tli«  (amc  ditnculticr,  and  were  kd 
into  an  error  of  the  C*me  raaj^ititude*  It  is  true,  that, 
an  refuming  their  eompilt:ttionii,  they  found  that  they 
liad  not  carried  their  approximationt  to  a  fuflicient 
Kngth,  whic!>  whrr>  tlicy  InJ  nl  Lill  accomptillitd,  1'  .  ': 
rifMtt*  .Jj'vrcd  exailiy  vv.tii  ubftrviHion.  Mr.  VV'ai:iU-s.  y 
and  Dr.  ;'>'(u';irt  were,  I  think,  the  fiift  matheinati- 
cl:!n»  who,  employio'.j  nt  the  fiJutiot)  of  this  ditTlciiIt 
prohu-ai,  tlir  one  the  al^;tbrAi4;  Cvtlculiii,  and  the  other 
th  -  irtinnctricnl  nvitlir>  ?,  wore  led  iinmcdiatrly  to  the 
triuii  ;  a  circumllaace  fo  mneh  Ixir  the  bouoiir  ofl-olh, 
tlut  It  ou^;ht  not  to  be  fi>r;;:itte:i.  It  was  the  bufinef* 
uf  an  impartial  critic,  while  he  cxamin'..d  our  author's 
icafoningi,  to  iiave  icnuirked  and  to  hs«e  weighed 
theJe  GOolkleratioBa* 

The  AmV  jE>jf«m  waa  the  ba  wwk  wliidi  1^. 
Stewart  publilhed ;  and  thmi^ti  he  lited  to  fee  thif 
aniiiiadverfionn  made  oil  i',  il  !i,lvj  Li.  11  taken  notice 
of  above,  he  declined  ciKCiai^;  iut  j  i:uy  coutrovcrfy. 
His  difpofition  was  far  from  p0lcmic.1l ;  and  he  knew 
the  value  of  that  quiet,  which  a  liternry  man  (hould 
r.i  tly  t.ifTL-r  his  antagonitls  to  interrupt.  He  ufcd  to 
iay,  that  tiie  dccilionof  the  point  in  qucllioiiwas  now 
before  the  public  ;  that  if  his  inveftigatioii  was  right,  it 
would  never  be  overturned,  and  that  if  it  wai  wrong, 
ic  ought  not  to  be  defended. 

A  few  moatht  before  he  publifhcd  the  Eflay  jnll 
nentioaed,  be t^ntothe world aaothcrwork,  entitUd, 
Pnp^mut  Mute  yturam  Dmv^at*.  It  confitta 
of  a  feriea  of  geometrical  theorcdia,  moftly  new ;  in* 
ve.li;ratcd,  firft  by  an  analyOa,  and  afterwarda  fynthc- 
ticalfy  demonfti-ated  by  the  inverfion  of  thefame  analyfis. 
This  method  made  an  import.int  |-.iit  'u  the  .ui  1,  l:v  of 
the  ancient  jreornetricianii ;  but  itwcxamjilcs  ol  it  liavc 
been  prew  rvcil  in  ihcir  writing',  and  thofe  in  the  Fr9' 
pofilienri  O.^titirtcx  arc  thcrclore  the  marc  r-il  ublc. 

J>nitor  Stewart's  conftant  ufe  of  ihc  gt i  -netrica! 
analyfis  had  put  him  in  poffcflion  of  many  valuable  pro- 
p<ii:li'ir,5,  which  did  not  enter  into  the  plan  of  any 
of  the  works  that  have  been  emunetated.  Of  thefe, 
not  a  few  have  found  a  place  in  the  writingi  of  Or. 
Simfon,  where  ihcy  wUI  fini  eter  renain*  to  niatk  the. 
friendAiip  of  thefe  two  aatbenntkiane,  and  to  ctnnee 
the  elleem  which  Or.  Simfon  entertained  for  tlie  abilitii* 
of  hia  pupil.  Many  of  thefe  arc  in  the  work  upon  the 
rurifms,  and  others  in  the  Conic  SoiMi  1  .  i  .  ;ki.cl 
with  the  letter  4r}  olfo  a  tbcurcm  ia  ta.c  Ldiito:i  ut 

fivdid'tDin. 
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Soon  ■ftertlie  publication  of  l\f.  Sua'/  D'tfiante,  Dr. 
Stctrart't  licsflh  began  to  dcdinCf  and  ibe  dutiii  of 
h!«  ulBee  iMcane  burdenfome  to  him.  In  the  year 
I77>,  lie  retired  to  the  ccmitrif,  where  he  aftennrdi 
fpcrt  the  greater  pan  of  hkme,  4md  newer  refwntdbw 
labours  In  the  niitvci  fitv.  He  wa»  h'lWiwr  fo  fortunate 
a»  to  1  :  c  :i  fi  n  t(i  whom,  ilidiii-.ri  vciy  yorpf^,  he 
C«ulil  tonniiit  tiiC  care  of  iheiu  Wi  Ji  tl>c  i^riMleil  con- 
fidence. Mr.  Dugald  S:cv^'3rt,  h.'i.inx  bc^mi  to  j{ive 
Icfliiresfor  Ilia  fat  her  Trom  t'ncpfru«l  ab.>vi  mciiuoiicd, 
was  fltiStd  iiu"t  |iriifeflbr  with  hi>n  in  177^,  ar>d  j'^avc 
an  cailf  fpevin^cn  of  thofc  abilities,  wli  eh  iuTc  not 
been  confined  to  a  fm^'c  faience. 

After  mB'.h' inaiicil  /Iu  Ik-*  (on  acco  jnt  of  the  had 
flate  of  health  iiito  whicli  Dr.  Stc\vjil  1v.11  falliu;:)  had 
ceiled  to  he  hit  bu6nef»i  they  ci>u;ii:ui:d  to  he  ht» 
amufeinetil.  The  malogy  b«tH«in  the  circle  and  b^- 
perboh  hid  an  earqr  <»hj«d  of  bta  admiratioo. 
l^a  extcnfifc  viewi  ithich  that  vcalmfy  :b  continually 
c;;ci)ii>;,' ;  l!'C  alternate  appsaraocc  ami  diiiiiipcarance 
of  r<.feiT,bl  ;iicc  in  tlif  mliifl  of  fo  mucli  diiriuiiliiuJo, 
I.     1:  !t  r.i:  lit  ll:;,t  .1  ilic  expci iiiiccd,  n» 

wcii  as  die  yiiijii,;  ^coaivti  i-u.ii.  To  the  C'lUlid-.Tatiun 
of  tliis  anuloj^y  ihcrifcrc  ih^  mind  of  Dr.  Stiw  art  very 
natcrally  ritoirrd,  when  jj'tVn^iijjeJ  from  other  Ipc- 
Cu'atiiJils.  H.B  ilfual  {■x^i'.i  lii'KstrciidtiNiU  iiivc.li- 
gations ;  and  l.c  l.iis  left  among  tiib  papers  foitie  t  siiious 
appr.'txinialioiis  \ct  the  an-as,  both  ol  the  cnclc  and 
hyperbola.  Forto:iic  years  toward  the  end  ot  hia  lifi-, 
'htabeakh  fcarccly  aHt'Wtci  him  to  profeciae  kiuiy  even 
m  an  amufement.  He  died  the  23d  of  Ja.iuary  1785* 
St  68  yeartof  aire. 


a  delightful  retreat  In  Ayrfhirc,  where,  after  the  acadC' 
mical  bhours  of  the  winter  were  ended,  he  found  the 
ieifure  neccHary  for  the  mofeeittioo  of  hia  refeardica* 
In  hia  way  thither,  be  onen  nndc  a  trifit  to  Dr.  Simfon 

nf  Glafgoiv,  with  »%hoin  he  had  livt  d  from  his  youth 
ID  the  ni'jil  cordt*l  and  oniintrrnptt  d  frirndftiip.  It 
was  plcafirfT  to  ohfrrvc,  ia  thcfe  two  cxcillent  ma- 
llKuiati-iailii,  the  nioll  j  crfcct  el'tcrm  and  adtfclii  n  for 
each  other,  and  tli  :  nioll  entire  ahl\Tic  of  jcJoiify, 
iho'.igh  no  tw  o  men  ever  iro«1f  mureiirnrly  ill  the  fame 
pith.    1  <nj  fj-tiilitiidt  <it  i^u  r  purfiiit^  feivvd  only  to 
endear  thrrn  li>  e?.ch  other,  ai  it  will  ever  do  with  r.icT 
fupcMi^r  to  rn.y.    T  htir  icntiml■nt^  and  views  of  tliC 
fticncc  ih.*y  cultivated,  were  neatly  the  fame;  tlicy 
were  b<:lSi  profound  ;;t.i.nctrfeisrsj  they  (.tj'ially  ad- 
mited  the  ancient  nuiiicmatictaix,  and  were  r'^nally 
veded  in  their  laeibodsof  tnveAigsitoo  t  and  (hey  were 
botli  apprehenfiwe  that  tf>e  beamy  of  their  fitTOurite 
fcicnce  would  be  forgotteu,  for  the  lefs  e le^nt  methoda 
of  al-Tchraic  comp-iitaticii.     Tuts  innovMiou  tltey  en* 
deavt.nitd  to  op|j>!c  j  tl-c  one,  by  rcviv.'nk;  thi  fe  brtok^ 
of  the  aiuicnt  pior.'.ttt  v  •..  1,'ch  were  li>il  ;  1".  (jiIht, 
hy  rxti r.din/  that  geometry  to  the  mod  diilicu!;  en- 
quiries of  the  nodern?.    i  >r.  Stcu-ait,  in  particular, 
had  reirai  kcd  the  intricacl< in  which  many  of  the 
^reateft  of  the  modern  m..;h'.  r.'.p.ti :)  i..    had  iiivolvid 
tJiemielTej  iii  the  ;pplication  ot  the  calvuhss,  which 
a  little  Rttcntiiin  to  tlie  uneicnt  geometry  would  cer- 
tainly liave  cnabied  them  to  avoid.    He  liad  chfervcd 
too  the  elegant  fynthttR'al  dcmondiation;  thiit,  on  narr/- 
occalioHf,  may  be  given  of  the  moil  di£Bcult  propuli- 
^  _  tinna*  Invaftigaied  by  t}>c  inverfe  netlMid  of  AuxMiiik* 

The  hnbitt  ol  ilndy«  in  a  nan  of  original  gentttt^   Tbefe  mcumllanccs  bad  perhapa  madft  a  Aionger  im» 


arc  obje(tlK  of  cnrioltty,  and  defenKtoberemeaiberLd. 

Concerning';  tb  iff  of  Dr.  Stcw  trt,  his  writing*  have 
m.'^de  it  liii::cci  iiary  to  remark,  liiat  from  his  youth  he 
had  been  .iccullomcd  to  the  m.ill  inteiile  and  continued 
application.  In  cotlfcqnente  of  tiiis  npplic.nti  jn,  ac'dtd 
to  tK"  ii.itiirt.l  viiroiir  of  his  mind,  ht  rtt-^ined  tlie 
uicmory  of  hii-  dilcoveri* I  in  a  maniifr  tluit  will  bardlv 
he  behwed.  He  fehiom  wiote  down  any  of  hia  ii>»».f- 
tigalions,  till  it  became  ncceflary  to  do  fo  for  the  pur- 
pufe  of  public.uton.  Whm  he  difeovered  any  propo. 
filion,  lie  would  Itt  doNvn  the  cnuiieiatioti  with  great 
accuracy>  and  ou  the  fame  piece  of  papet  uMidd  cuu- 
ftruA  very  neatly  the  fij^tre  to  which  it  referred*  To- 
tbefe  he  trailed  for  realling  to  bis  mindy  at  any  fnlnre 
|ieriod«  the  demunllratloa,  or  the  analyfi*,  hrtwcvcr 
rotnpllcatcd  it  tn'ght  be.  Etp-.  tl' nee  had  tantrht  him 
t:.  !•  I  r- might  pl-iee  1.1:1  coi)fi.!'::K '  'i:  «iihuii: 
any  ilrtiiger  of  Ci!.«pp"uit(iieiit  j  nud  i  r  tii  s  !lf;sri;;.ir 
pr>v»'rT,  i.c  wai  probably  r.iore  indibt-d  10  I."  e  aiilivlty 
of  !iis  Invcotion,  than  to  the  ir.crc  fen,ici«>l!!iK-f»  of  hi* 
fliemoty. 

'rhoo<:h  Dr.  S'cwart  \.a*  t\'renie!y  ihidii-its,  he 
read  but  few  books,  and  ihvs  vfriiicJ  the  cbfcTTatioii  of 
D'Alembert,  ilat,  of  all  ibc  men  of  Uiter.v,  matl  c- 
'maticiani  read  leaft  of  the  writing!  of  one  another. 
Our  aiithorN  own  invcfligattons  occupied  him  fuffici» 
catty ;  and  ini'ee<l  the  world  would  have  bad  re  lion  to  re* 
gitt  the  mibppUcatioa  of  hia  tsleott,  had  heeBplojedt 
in  the  mere  ae^^ifitioa  of  knowledge,  that  time  wnidl 
'he  conid  d<  >1ic;i(e  to  works  of  invention. 

It  wat  Ur.  iiiewariV  cuAaiu  to  fpccd  the  fuauncr  at 


preflion  than  tl<ey  on^ht,  on  a  mind  already  filled  with 

admiratioi!  of  ihe  aiK-ient  geometry',  sind  produced  to  >  ' 
iiNfAVour.ililc  an  opiriim  of  the  modern  .iTi.i'ylii.  C-.:t 
if  it  be  coiifiilld  thit  Dr.  .Stewart  rated,  in  any  rcfj  irt 
too  hiph,  the  mrtit  ofthelormer  of  lliefe  fcieuc.*,  lh:» 
n-iuy  will  l>t  txcufed  in  tlie  man  whom  ithitd  condi.fied 
to  llie  tlilcovery  of  the  Gt-ntral  Th<irniti,  to  the /»''".'■'  n 
if  Kijilir'i  PrcLrm,  and  to  an  niuraSe  dtterniinution 
of  tlit  i'un'j  (Ji/'^i.Tiirif  font.  Hi»  great  modcdy  made 
hiai  afcribc  to  the  method  be  tifedi  that  fucceftwIJcb 
he  owed  to  his  own  ahililieii. 

'i'hc  foregoing  account  of  Dr.  Stewart  and  hi«  wii- 
tingt,  is  cbi^y  cxtra&<;d  from  the  learned  hillory  of 
thim,  hv  Mr.  Playfair,  in  llie  ill  volume  of  the  Eidio- 
bmvih  Pi.ih>:'<;ph;o-il  Tiaiifait'.'ii*.  pa.  J7,  ttc.  ■ 

SriFilLS,  Sr(rKi  it's  fMi.-HA'i  ),  a  Prrteflant 
r.'.'-i  :'!!,  vciy  fv'ltiil  math;.  .'ici..i),  wu-l  nii  4t 
h.liiii^eu  a  ti!,\ii  in  G---ii  anv  j  .  ■:  d  ed  at  Ji.iu  in 
Thuringia,  1 1  tiie  vear  ij('7,  ft  50  <  mis  ot  a.'e  ac- 
cording to  Volhll^,  i:;;t  l.>t>ie  otbeta  So.  L>tif.!s 
was  one  of  the  bti:  in.nhf ncitieiidf  i;J  ;.ib  tiai'.-.  flc 
puUlifhcd,  in  the  t  tu  vi  Imii^n  ^/;-,  a  iti.in'le  < "i  Al- 
gebra, and  anolhei  1  i  the  Cfleiidar  or  litcU  1.  i:l  le.il 
«romput.ition.'  J  ttittt  w.  ^k,  ie  the  //' i/imdifil 
lif  gr.t,  aeon-:.  •  a;id  exfi,ll<-ii;  trearie,  lu  Lrtliu,  on 
Anthmelic  and  A^cbra,  printed  in  Noiin-.berg ' 

I{44.  in  this  wo;K  (here  aic  a  nu.nbcr  uf  in};«oioHa 
ia«»atio«,  both  iixcommoa  arithmetic  andin  4|}(ebra  ^ 
ofwhicbt  thofc  idUtinir  to  the  latter  ate  aniply  ex> 
plained  under  the  ailiilc  /1hi-!>r/t  '.n  this  diCjijumy, 
vol.  ],  pa.  7j  &Ci  to  which  may  be  adUtd  fo.ue  par- 

.tiewM* 
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^uhtt  coaeerning  the  arithmetic,  from  my  volume  of 
TnUt  printed  in  I78''<,  pa.  6S.  In  thi«  oriprina!  work 
IK  coauiiMSd  many  curioiv  thinga,  ibme  of  which  hawe 
niftakeniy  betn  afctibed  to  i  much  later  date.  H« 
IwK  treatt  pittty  fidly  and  aUy,  of  pfoeiclBon*!  and 
figuTitc  BVinben,  i(»d  in  pirticuhr  of  tn<;  trivngnhr 
tablci  fur  conAru^ling  both  ihrm  and  tHc  coefltciciiti 
offhe  tenni  of  all  powurs  of  a  binomial;  which  hai 
liccn  fo  often  ufcd  fince  !J»  time  for  thefc  and  othrr 
piirpofcs,  apd  which  moic  than  a  centUT-jr  after  vais, 
by  Pafcal,  othcruifc  cuilcil  tlic  Aritiimclif  jl  Trijinglf, 
and  who  Oiilv  mcntioncij  Tomr  atii'.itionii  ]inj]K-i-tics  <if 
tlie  tnhle.  Stifcls  (hc»v;,  th  it  thr  hnrizontal  liiirs  of 
tlie  lahlc  fiiri.iiii  lilt  cut!T:i  i  nra  <if  tJitf  tcr-i>s  of  ilic 
O0rPtf[K>tulii:;^  powers  cif  .1  biuoriiiiil  J  and  (eaoliei  hoiv 
to  make  life  of  tlittn  in  ilir  f^rrj^liMn  of  nnxs  of  all 
f  |Ki\vtis  'A  Intcvf  r.  Carflaii  itcir.s  to  alt  ribc  the  invcnticii 
of  that  tabtc  to  Stifcliu» ;  but  I  tijtprcbeiKl  that  »  only 
to  be  tmdcrftood  of  iu  appUcattm  to  the  extnftioa 
of  root*. 

It  »  mrmarlcabte  too,  how  our  author,  at  p.  3 ;  ice 

nf  the  fame  biMik,  tr<..itj  of  the  r.itiiic  pnd  ufo  of  l«j^  i- 
ri'-hni* ;  not  under  that  nanne  indctd,  l  ut  tinder  ilie 
iciia  t>f  a  ftrifs  of  arithmiticils,  adzpttd  to  a  ftrirs  of 
pconu'ric^ils.  He  there  txplains  nil  tlieirulcs;  fin.li 
\ti,  ilut  the  L'  liiii  -  II  of  them  anfwcri  to  ll:e  niu!lip!i- 
cstiiin  of  their  geomclrital- ;  fiibtrri\ioil  to  divifion  ; 
miilliprcation  of  cxponenla,  to  involution  ;  and  dividiii|; 
of  exponent!  to  evolution.  He  alfo  cxcm|>lifics  the  life 
oftliem  in  ealcs  of  the  Rn!e-of-lhrce,  and  in  finding 
I»e'i"  pro<ior'.i<<ii:ds  Hctwrfti  ;^iven  terins,  and  luch  like, 
-  tXiiciiv  .0  I'i  ooiit  in  l.i^^urL'.liiiij.  So  that  he  fcems  to 
bavc  been  in  the  fuU  poiTeflion  of  the  idea  of  loearithmi* 
and  WRDtcd  only  the  McdEty  of  travbk&nnecalcnlatraBa 
to  iodvec  him  to  nake  « table  of  fiidt  nombert. 

StBcb  wan  a  ztalimi,  thmtgli  weak  difciple  of  Lu- 
ther. He  tor".k  I;  i.i'.j  (■■■.u!  Id  t>tci>r.c  :i  [-o;-tsct, 
Ht:d  he  predicted  that  tiieciiii  the  wctlj  vM.)'u'.i  hap- 
pen on  a  certain  day  in  the  year  i>53i  by  which  he 
terrified  many  people.  When  the  ptopofed  day  ar- 
rived, he  repaired  eaiK  ,  v  ih  nntiltitude)  of  his  fnllu  A  - 
crt,  to  a  particular  place  in  the  open  air,  fpendmg  (he 
«hoIe  day  in  the  moll  fcrvviit  prayeis  and  praifcs,  in 
vain  looking  fot  the  cominff  of  the  Lord}  and  the 
ll.-iivcifal  conflagration  of  lhedcnent«r  Ut* 

STILF.  HctStylf. 

.S  riLVARD.    See  STteiYARU, 

STOfLEK  (JohmJ,  a  German  mathcmatictan, 
waabwB  at  Juftingen  in  Stiiib?a«  in  14$?,  and  died  in 
at  79'yearaof  age.  Hetanght  mathentiitics  »t 
Tubinga,  where  be  acquired  a  great  reputation,  whii  h 
liowevcr  he  i:i  a  j;reat  meafurc  V.W  a;;;iln,  by  itMir- 
neddling  wiih  iLt  ptcdtctiofl  <if  tUtme  tvttiU.  He 
annuunced  agfcal  delujre,  v  I.  ch  1 1  i  i.M  would  happen 
in  the  veir  lvJ4,  a  p-triuli.  ;i  v'.iiH  winch  he  tenilied 
allGermruiy,  wh-  n  ir.inv  pr  ilons  prepared  veflels  pro- 
per to  etcape  wkh  frf^m  the  dt'odj.  But  happily 
predi£Uun  failing,  it  cfirajjed  the  aftrohi^r,  though  it 
tervcdto  convince  him  of  the  vaiiity  of  his  progr<oilica- 
liOB>»""He  wasaiithor  of  feveral  work«  in  maihcmatie«, 
and  aflrology,  full  of  footiih  nnd  chimerical  ideas  |- 
flich  a«, 

ft,  £kictdatie  Fabric.  Ufufi|iae  AOroIabii ;  (d.  15>}» 
«•  Pradt  Sfluanm  CogamcBt*  fid.  1  $4. 
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3.  Cofmognnbicx  aliquot  Defcriptione* ;  4to,  1  jjy, 
good  Scotch  raaThcmatician, 
who  waa  aothor  of  feveral  ingciiioui  wotka.  I  know 
not  the  (nrticdar  place  or  date  of  hi*  births  bttt  it  waa 
probaf  ly  in  the  flucc  of  Aigyle,  and  about  the  begin' 
oing  of  the  pidetttccatup-,  or  coociufion  of  the  uft. 
Nor  have  wc  any  memuirt  of  his  life,  except  a  letter 
fixjni  the  ChevaJier  de  Ujnifay,  author  of  ilic  'rmveU 
r.l  L\M"-,  111  ;i  '.t:M  t  i  Cifiel,  a  Jefuit  at  Pari*, 

aiid  pubi.ilied  ii>  Uic  Mcinu;Hi  de  Trcvoux,  p.  lOr),  a» 
foilowa  :  "  True  geuiut  overcomes  all  the  ditlidvanta- 
pcs  of  birth,  fortune,  and  education  ;  of  which  Mr. 
Sicnc  is  a  rare  e:ca:i  pie.  Born  a  fon  of  a  ^arJener  of 
the  duke  Arj»ylc,  he  arriveii  at  S  years  ot  age  before 
he  learnt  to  read. —  By  chanee  a  fei  v.tnl  iiavir.j  liuj.,f.t 
young  Stone  the  letters  of  the  alpli.ibet,  llitre  needed 
nothing  more  to  difeover  and  expand  his  ^cuiun.  Ho 
applied  hiaildf  to  iludy*  and  he  arrived  at  the  know- 
ledge of  the  mott  fitblioic  geometry  and  analyfia,  with- 
out a  matlcr,  « ithoot  a  eondudor*  witbaitt  any  other 
guide  hut  pure  geniM.'* 

•*  At  iSyeaia  of  age  he  had  made  ihefe  confidcrable 
adeanret  withoBt  being  kmnvn,  ;itid  witho'il  knowing 
hinifelf  the  pit  i  c  1  1  : ,  .iri^uiiitiiniF.  Tliediikeof 
.Ar^;yle,  who  juintd  to  li.*  luihiary  talent.',  a  general 
knowledge  of  every  fcieiitc  that  iidornj  the  mind  of  a 
man  of  his  rank,  walkiuij  one  diy  in  hisgaidcn,  faw 
lying  on  the  grals  a  i.:itin  copy  of  Sir  Ifaac  Newton'a 
celehratrd  J-'rincipiii.  He  called  fome  one  to  him  to 
take  and  e-arry  it  liaek  to  his  library.  Our  joung  gar- 
dener told  him  that  the  book  belonged  to  him.  Tojeit? 
replied  the  Duke.  Do  ycu  uncfir/laml  gfvmetry,  J^tuoif 
2il<vilwif  I  know  a  little  «>f  them,  replied  the  young 
man  with  an  air  of  fimplicity  arifing  fioni  a  protbund 
wnoiaiKe  of  lii«  own  knowledge  md  talents.  The 
Duke  waa  fllrpi  ifed ;  and  having  a  taflc fertile  fcienccs, 
he  entered  into  converfalion  with  the  young  inat'j'  n-..;- 
lician:  he  afked  him  feveral  qucllioiu,  and  wa«  ail<iii;:li- 
id  M  ;he  force,  the  accuracy,  and  the  <-:!rJ(iiir  of  his 
anUvcis.  Jiul  hcu',  faid  the  Duke,  t  . '.j.-  rcu  '■,  .-'r 
ino-JuLilge  of  all  ihtje  thlrj^i  ^  Stdiic  nplid,  frt-.-  nl 
ti.ugLl  rie,  ten  jtart Jinct,  to  reaJ :  does  eur  atttito  inc'u.' 
tiny  llin^  mart  than  the  24  Irltcrt  in  oriltr  to  /tarn  eviry 
liun^  elft  that  »nt  tuijlct  f  The  Duke'i  ciiriofity  rc« 
doubled — he  fat  down  upon  a  bank,  and  rti^ut  .'.cd  a 
dciad  of  all  bia  proceedings  in  becoming  f<>  learned." 

"  J firJihmnuiUTtad,  Ir.idStone:  tkt mef'im ivirc tltn 
M  work  i^nt  nar  ba»&  :  ItaaU  mar  thtm  Mt  daft 
/  faw  that  Af  antUfS  ttfida  ntt,  nmpaSh,  atui  that 
t>t  thaJe  calculation}.  I tnquirtd vl>tt  tKiglloe  tit  mtat'tit^ 
of  and  uft  r^f  ihifr  thia^t  ;  and  I  "wat  iiifonKeJ  that  iLen 
fvji  J  j.ii  iht  c.iHiil  ^'Iriihmtt'ic  ;  /  purchajtd  a  looi  cf 
iii!:hnuti.  t  aiul  J  UarnrJ  il. — I vjas  told thtrrWM  anothir 
J'cirnct  <a}l{d  Geometry  :  I  l»ti^bt  the  iacti^  and  J  ;'.  ,  /  t 
gviutrj.  By  rtadie^  I faunJ  that  iL^re  virrt  g'Ad  !\  ii 
in  thtfcttuo  J'cimM  in  Latin  :  I  bought  ti  >'  ..'i.';  v,  anj 
J  Irarned  Latin.  I  undfrjliod  alfo  that  there  ti'ere  good 
Iciikt  r,f  the  fame  kind  in  Fifnch :  J  leu^/>t  a  di.tianary, 
ard  I  learned  Frenth.  jlnd  this,  my  lard,  it  what  / 
l.avc  done  :  it Jeemi  to  me  that  tue  m.ty  learn  tvtrj  Mitg 
when  '.l  e  Intiiv  the  24  Ittttrt  ef  the  nlfhahet. 

This  account  charmed  the  Duke.  He  drew  thia« 
voodcrftti  genitia  ovt  of  hia  obfcurity  i  and  he  pro* 
vided  Urn  witk  aa  empkyacwt  wbicli  left  bia^atj:- 
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of  time  to  apply  bmfclf  to  tine  feicncct.  He 
in  him  ilfo  Ac  faw«  vmxm  far  wufic*  for  painting, 
for  archneaorr,  for  all  the  fcicnCM  wbidi  depend  on 

cjlmlat'oiie  aiid  pri>j:<nl-.ons." 

"  I  huvo  f^l■n  Mr.  Ston^',  Ife  I»  it  man  of  jjrcat 
fiuipiicitfa  Hi- is  3t  pn  ftnl  fcnftMi' of  hi«  own  ki'nw- 
kdcet  but  lie  is  not  pufit  il  u|i  a  !  1^  ii .  He 's  pofRff  d 
v.-itTi  a  pure  and  ^Idintcrcllcd  l-wc  for  the  matlicmatics; 
though  he  19  not  fulicitous  to  jKifs  for  a  maihcmatician  5 
iranity  hating  to  pnrt  in  thcffreat  labmir  he  fnlUint  to 
excel  in  that  faVnce.  He  ddpitn  fonnnc  .ilfo  :  and 
he  tiM  bticStcd  mr  tM-c nty  timet  to  reqacft  the  duke  to 
gire  him  left  em)  loynuiit,  which  may  not  he  worth 
the  half  otUiat  he  now  has.  in  order  to  be^maKKtittd, 
and  lefs  talieti  ofT  from  his  favonrite  ftttdiet.  He  dif- 
«:c>*iT.>r<ini«li»rf«>,  l^y  rr.ethods  of  hii  own,  tniths  which 
liiluis  h^ivi  .lici  i..-r(  J  before  him.  He  in  charmed  to 
find  on  thi-fc  occafion-i  iliiii  he  i»  not  a  i'nW  invrmor, 
and  that  others  h-vc  m.n'c  a  i^rMtfr  proj^rcfs  tirun  itc 
tlioujrht.  r.T  fnnn  hcmg;  a  pl.igiarx-,  hf  attiibutcs 
ingenious  fulutiont,  which  he  givei  to  certain  probleinti 
to  the  bints  he  li«  found  !n  othen,  ilthMgh  the  OmA*" 
Kedion  ithucvrrj  dtftant,"  &c 

Mr.  Stone  «««  attthor  gad  tmfiitor  of  ievcml  vftAd 
worlcs ;  vi/.. 

1.  A  Now  Mathematical  Diftionary,  in  i  vciL  8to, 
Grft  printed  in  1716. 

2.  Fluxions,  in  i  voh  8vo,  1730.  The  Dirtrt 
Miihod  it  a  iranflalion  from  the  Fnrch,  of  Hofpital'* 
Anat^fe  de»  Infinimrrfs  Frtit? ;  sm\  the  Invcrfc  Me- 
thod was  fupph'cd  by  .'^itoiH  [iinJtlt. 

3.  TheElcDcata  of  Euclid,  in  2  voU.  8vo,  1731, 
A  nc«t  ud  wleful  edition  of  dwCe  Bementa,  with  an 
Kccoimt  of  the  life  and  wvitiagi  of  Euclid*  end  a  de> 
Htnce  of  hi«  eletT>ent«  afifafnft  modem  objcdorv. 

Brfidc  fitlicT  frnnlkr  wr>rk«. 

Stone  UMi  ;i  r  f  \]w  Royal  Socii  ty,  and  h?d  in- 

feitcd  iiJ  lla-  Pliilor.  'rrnnr.ii^iiinb  (v.il,  41,  pa.  :  1  S)  an 
**  Account  of  two  fiiccic.  uf  linc'i  I'f  tlic  Older,  not 
mend'oiicd  liy  Sir  ] Ui;ie  Nt "'t i>".,       Mr.  Stirling." 

S'l'RAUO,  cilrliiatii:  GtllI,  ji-ugrapher,  pliilc-fo- 
pher,and  l»iftci  ir:n,  u  p.i  born  at  An  ;:li?.,and  tvaadtfttnU- 
cdfroma  family  iettledat  Gnoffus  in  Crete.  Hewasthe 
difciplc  of  Xcnarchus,  a  Peripatetic  philofopher,  but 
■I  length  attaclted  himfclf  to  the  Stoic*.  He  contraficd 
■  ftrio  friendiliip  with  Corncliu!)  Gallui,  governor  of 

Xmt  (  ud  tiavelled  into  icvend  cout>trict|  to  obferte 
Ae  ntuatioa  of  place*,  and  the  enfloma  ofnationi. 

Slral'O  lli  uriOKd  iintur  AiifyuQ'is;  aiu!  dted  undcr 
Tibctiiii  :.l  out  ;lic  )tar  :  5,  ki  ii  iidvitncfd  sj,'e.— 
He  rorrip'jfi  d  fi  vcral  worku  ;  all  of  which  ar--'  ^  ill ,  e  x- 
cept hi*  G,  -\::r(ipi  y,  in  1 7  bo(ikj ;  wliich  arc  ji.iUy 
eftcemed  very  pvccious  tt-rr.ains  ofantiquity.  T  lie  llrft 
two  books  n<c  employed  in  ihowing,  that  the  of 
geognphy  i*  not  only  worthy  of  a  philofopher,  I  ut 
Cfcn  necelTary  to  him  ;  the  3d  defrribcs  Spain  j  the 

fth,  Gaul  and  the  Britannic  iQcs ;  tl.c  ^1  .  ud  6th, 
tahr  and  the  adjacent  iflea  ;  the  71!,  h;cli  h  Un- 
pemft  at  the  end,  Germany,  i..^.  l  murits  of  ttic 
Gets  aad  Illyrii,  Taurica,  Chciibncrua,  aod  £pin»  ( 
the  8th,  9th,  and  iath«  Gieeee  with  the  ncighbouvin; 
iflei ;  the  four  foUowin^,  Afia  within  Mount  Taurus  ; 
«hc  ijth  aad  i6th,  Alia  without  Taunu,  India,  Periia, 


Syria,  Arabia;  and  the  t  t^,  ll'-pt,  Ethiopia,  Car- 
ttiape,  and  other  partJ  ot  AIthi.  . 

iitrabo's  work  wa«  pubiifatd  v.!i.L  a  Latin  rt-rfion 
hyXylandir,  and  notes  by  Ifa.ic  Cafnubnn,  at  Pari* 
1670,  in  folio;  but  ihe  bci\  edition  is  tho!  if  Am- 
flcrdam  in  1707,  in  2  volumes  folio,  by  the  1  :t  1  3 
i'heodoK  Janion  of  Almiloi>>ern,  v.itb  the  enttre 
notes  of  Xylander.  Ca!"aubu;i,  Mi  urf.bS,  Clmei,  Ifol- 
ftcfl,  Salmafittl*  Uochart,  Bz.  Spanlieim,  CMlar,  .ind 
odwn.  To  thit  edition  i*  fobjoined  the  Chr,ftma:he, 
or  Epitome  of  Sttabo}  which,  acoofdine  to  Mr.  IWf. 
well,  who  hii»  wi  itten  a  wry  elaborate  ar.d  learned  differ- 
tntii  n  a'l-Hit  it,  -.vTismadcby  fomc  unkaown Mrliaiii» be- 
tween -hr  y  ^  f  (.  lirift  676  and  (J96.  IthaaDCCIl^filond 
of  fomc  r.fr,  11  It  oiKv  Ml  l;i-lpnigio  correftthe  Original, 
but  in  luppi\i«.g  in  loir.e  mealurc  ibc  dcfefl  in  the  7th 
Wk.  Mr.'DadfaKll*i  diflistatioa  ti  preiiaed  to^hit 
ctlitior. 

STRAIT,  orSTBAiCHT,  ov  Streigmt,  i;i  Hy- 
drography, i*  a  narrow  cbanrcl  or  sirroof  il  c  Te  s  /hut 
up  between  land* 00  either  fide,  and  ufuil.y  uitoid,,,^' 
apaibce  out  of  one  great  fca  into  another.  As  the 
Siraitiof  Magellan,  of  Le  M;  ire,  of  Gibialtar,  &c. 

Strait  ia  aifo  fometimct  ufed,  in  Geography,  for 
an  iiBimoa,  or  neck  of  land  between  two  fcaa,  ptcfentinj; 
their  comniunieation. 

STRENGTH,  vii,  force,  power.     .    .     ,  . 

Some  auibora  make  the  Strength  of  animbt  Of  the 
fame  kind,  to  depend  on  the  quantity  of  Uood}  but 
moil  on  ti  t  t.zc  OT  the  I  m  cs  joints,  and  mufclei  j 
though  we  find  by  daily  experience,  that  the  antmal 
fpifita  contribute  greatly  to  Strength  at  different 

times.  ,  r  ■    e  u 

Emerfon  ha«  moil  particularly  treated  of  the  bircngtli 
of  bodies  depending  on  their  oiuict.fious  and  weiglit. 
In  the  General  Scholium  after  his  prgpofitions  on  this 
fobica,  he  add*  ;  If  a  certain  beam  of  timber  be  able 
to  tupport  a  gimn  w  ti;;lit  {  another  beam,  of  the  lame 
timber,  fimilartfl  thelormtr,  m;ty  be  taken  fo  great, 
as  to  be  able  but  jnft  to  bear  its  o«  n  wnjjht :  «  li  .e 
anv  larger  beam  cannot  fupport  itfclf,  but  mud  break 
by  lis  own  weight ;  but  any  lefabeam  will  bear  fonie- 
thing  more,  for  the  Strength  being  a*  lie  cube  o.  tu< 
depth;  and  the  llrcfs,  being  a*  the  length  and  qiumiity 
of  mittci,  is  asihe  4th  jMJwerof  the  depth  ;  it  it  plain 
theretort,  that  the  llrefn  iixrcafcs  in  a  greater  ratKt 
tlian  the  Strength.  Whuicc  it  follows,  that  ii  bc  .i  > 
Oiay  be  taken  io  large,  that  the  llrds  may  far  txcttJ 
the  Strength :  and  that,  of  all  fin  ilar  beam*,  there  is 
but  one  that  will  juft  fiippott  itiVlf,  and  nothing  more. 
And  the  like  holds  true  in  all  machines,  and  in  all 
animal  bodic*.  Aod.hence  there  is  a  certain  limit,  la 
regard  to  ma-raitude,  not  only  in  all  machines  and 
artiliciat  ftru&oret,  but  alfo  in  natural  oowi,  wbich 
neither  art  Bor  lutore  can  go  bey  ond  ;  fuppolngtAria 
nude  of  the  &ne  aiattcT,  and  in  the  fatnc  proportioo 
of  p.irti.  t    ,       ,  . 

Hence  It  is  impoflibk  that  mechanic engna  em  be 

iiicrealcd  to  any  magnitude  at  plettftirc.  For  wbeO  they 

arrive  at  a  p;irtlcubr  h/e,  tbeir  ftvcial  parts  will  break 
and  fall  afunder  by  tb^ir  %vci;.l.t.  Neither  ran  any 
buildings  of  vaft  magnitudes  be  msdc  to  i'«nd.  but 
mufl  fJl  to  piece*  by  llicir  great  wcijjht,  and  go  to 
ruin.  , 
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7t  i«  rke'.vTf  ^mpoIIiMc  f  ir  mtiirc  to  prodoee 
*n,il8  of  4111V  valt  ii/c  at  jjkai'iiii: :  (xcc^it  foir.c  fort  of 
m.Tfttr  ran  be  found,  to  ina'-ic  the  bor.ti  of,  whicll 
may  be  fo  iti  ^cU  harder  and  I1ruii;;ci  t'l.i'i  any  liithvita 
known  :  ur  li.c  tlmt  tlu-  PKiportlon  of  thL-  partk  i>c  lo 
iTiucii  altered,  and  the  bo!ic4  and  inufclcji  made  lliu  lur 
ill  proportion  ;  v.^l,^.  h  wtil  make  like  ani:r;il  di.'mted, 
ana  of  a  mondrou*  li^'-urr,  and  not  opsbk  of  perforin- 
aiir  any  proper  aftio'i^  And  being  made  fimikr  a:)d 
ofcomtnoii  matter,  tlicy  will  not  be  lible  lo  ft.iiid  or 
move;  but,  being  hatthened  w:th  ihciroHn  weight, 
muH  f  Jl  down.  Tbi>i»  it  it  imiMiSiblc  that  tiicre  can 
be  any  nniuiat  fo  large  u  to  cwrj  a  cafik  tt))i>«  hit 
hxck;  or  zir.y  m  in  fa  flrooe  M  to  nanovc  a  raaiHItMIlt 
or  iiu'.;  .:p  :•,  I:;:^'e  nalt  by  the  roott :  natuK  will  not 
arlmil  of  tlufr  tl.inj;*  ;  and  it  U  Itr.pofr.bK- tbat  there 
can  be  anir-al.'.  of  7)iy  fo«t  beyond  a  determinate  fize. 

FiHi  mav  indeed  be  prcjuctil  lo  »  lari'ei  f /e  diJii 
land  atiiina'.-i ;  bcciiifc  their  weight  i»  lupjijrteJ  by 
the  water.  EuT  t  i\->  ;i  I'ltie  >;.jr.(>t  he  iiicrcafcd 
to  iiiimcnfity,  bcL^ufc  the  iotciuai  parts  will  prcfji 
upon  one  anodier  bj  tiwir  wnght,  ud  deftrojr  thew 

On  the  contrary,  wiien  the  Hze  of  animals  h  <lini;- 
ttiihcd»  their  Strength  i»  nut  diakiaiflicd  iti  ilie  Umc 
propoilion  at. the  weight.  For  wbith  tealbn  a  fmtW 
aBimal  wilt  carry  Jar  more  than  a  weight  «f»l  to  itt 
«wni  whnft  a  creat  one  cannot  carry  fo  much  a*  iia 
wcij^U  And  IiCDce  it  it  that  linaU  aaimab  ace  more 
ttfttvc*  will  mn  fafter,  jump  farther,  or  pcrfbriii  any 
motion  quicker,  for  their  weight,  fhan  large  animal*  : 
fur  the  ieb  the  animal,  the  greater  the  pmportiou  of 
tlie  Strength  to  the  Arefs.  And  nature  f^emb  to  know 
no  buuodi  at  to  the  fmit'iliieli  of  aaiuiul^,  di  ieaii  in 
revard  to  ihtir  wei^jht. 

Neither  can  any  t-.vo  unequal  and  firr.ilar  machincj 
refill  any  violc;n.-e  ahke,  or  in  the  lanie  proportion  i 
l  ot  the  greater  wiil  be  more  hurt  tbun  llic  kfi.  Aud 
tl.c  I  ti.t  is  true  of  aniiiia's  ;  fi>r  Ijiigc  animiiU  by  falling 
brcik  ihtir  bones,  whilo  Irfier  oiits,  fijllinj»  hij^lier, 
Kteivc  1:0  djinai;e.  Thui  a  tat  may  fall  two  Or  three 
yards  high,  aud  be  do  worfe,  iiiid  an  ant  fioir,  ilic  top 
<(f  a  !o'.'.  ir. 

it  it  likcwife  impofliUe  in  the  nature  of  thiniga, 
that  thcve  CM  be  any  ireea of  imacale  fixes  if  there 
were  any  fodi,  tlMir  Hmbe,  boivfaa,  aad  bnacliMt 
sioft  break  off  and  faB  down  by  Aetr  own  weight. 
Thui  it  is  impolUble  there  can  he  an  oak  a  quarter  of 
a  mile  hi^h  ;  fnch  a  tice  cannot  j^row  or  (land,  but  in 
limbs  v-ill  drop  oif  by  tli'/ir  v,i '_^lit.  And  !i-'nce  a'l'o 
ft!;. dlcr  plants  can  better  thcniseUcs  thwi  large 

cnc.:. 

Al:  to  the  d':e  proporticiiof  Strength  infcveral  bodicii, 
accoruii  g  to  tlicir  pdrticubir  pofitions,  and  the  weights 
they  are  to  bear  ;  he  fjttherobfervea  that.  If  a  piece  of 
limber  is  to  be  j.icrced  with  a  tnortife-hole,  the  beam 
wtU  be  )) render  when  it  is  taken  out  of  ihc  middle, 
than  when  t^kcn  out  of  cithei  fide.  And  in  a  beam 
fwpportcd  a^  both  end^,  it  it  ftron^cer  when  the  hole 
it  nude  in  the  if  per  fide  than  whei.  made  in  the  ua- 
der,  provided  a  piece  «f  wood  la  dnvea  hard  ia  to  fiU 
«p  the  hole. 

If  a  piece  !s  to  be  fpliced  upon  the  end  of  a  beam, 
Itt  be  fupportcd  at  both  cads }  it  will  be  the  dioagcr 


wlicn  rplisTd  on  the  un^er  fide  of  a  beam  :  Liit  if  the 
picci.  iu  fiippuit^'d  prdy  at  one  end,  to  bear  a  weight 
cu  the  otheri  it  it  AroDger  when  fpliced  on  the  upper 
fiJe. 

When  8  fmall  leijrr,  5.- \'.  -i  .ll.  J  to  a  body,  to 
nmvc  it  or  faipeiid  it  by  ;  the  Urain  it  greater  upon 
the  nail  neareft  the  hand.  Or  point  where  the  power 

is  applied. 

If  a  beam  he  fupfk)rtcd  at  both  ends  j  and  the  tir» 
ends  reach  over  the  props,  and  be  fixed  down  inu 
moveable ;  it  will  bear  twice  at  much  wcighti  as 
when  the  ca4k  only  lie  kofe  or  firee  upoa  toe  fiip> 
porter*. 

^  When  ■  flnrfer  qrCnder  is  to  be  fupportcd  by  tiw 
piece* ;  thetiiltance  of  the  pins  ou;;lu"  to  be  ni-.irly  ^ 
of  the  length  of  thccjlinder,  and  tli.;  p -i*  i  o:ii  iiihtni 
from  its  ends  ;  and  then  the  cylinder  wjli  endure  tbo 
L  ill  htndiiip^or  rtrain  Ly  us  wc^^lta 

A  beam  fixed  at  i  t:e  ei  J, 
and  bcarinjj  a  weij^l;!  .it  th-; 
tillitr  ;  if  11  be  ctit  in  the 
for:ii  of  u  «iHri',  and  placed 
with  its  p.iralk'1  tides  patallel 
to  the  horizon  ;  it  will  be 
equally  l^ror.j  erery  wlicre^ 
and  110  fooncr  bieak  ia  OBC  ' 
place  than  another. 

When  a  beam  hu  all  it* 
fides  cut  in  form  of  a  ooneave 
piirabola,  having  the  vertex 
at  the  end,  and  itt  abfciit 
perpendicular  -to  the  axis  of 
thu  folij,  and  the  br.fc  a 
l(juar<,  or  a  ei  cle,  or  any 
rt^;ii!arpvil;.  ^jtui  ;  fsi;'i  a  beam 
fixed  hori/on:  il'y,  at  one  end,  IS  eq:!aHy  ftiOii^ 
througllJUl  ft  r  l';p;;  >'-t  1     i:»  awn  wei^.ht. 

Alio  whe:)  a  wall  l.:ccs  llie  wind,  and  if  ihc  vcrtit:a|| 
fcCijou  of  it  b^-  .1  li^'ht  angled  triangle  ;  cr  it'  the  fore- 
part next  the  wind  &c  be  perpendicular  to  the  horizon,, 
and  the  back  part  a  (lopinfr  plane  |  fuch  >  w  ti!  will  be 
equally  llroug  in  all  its  p:art$  to  refifl  t'le  wi:ij,  if  ther 
parts  of  the  wnVi  cohere  llrunj;ly  togetiier  ;  but  when 
It  i«  built  of  looiie  materials,  it  it  belter  to  be  convey, 
on  the  back  part  in  ibnn  of  a  parabola* 
.  Whioi  a  wall  ia  to  fepport  a  bank  of  earth  or  any 
fluid  body,  it  ought  to  be  buik  concaw  i»  form  of 
a  femicubical  parabola,  whoGe  vertex  is  at  the  top  of 
the  wall,  provided  the  part*  of  the  wall  adhere  finnly 
together.  But  if  the  parts  bo  l:j<:i''c,  tlieu  a  ri^'lit  Ii:,c 
or  (loping  jJ^ne  ought  to  be  it^  figure.  Sutii  wall* 
will  Ijc  equally  ttroni^j  ihron^Iiont 

All  fpirts  of  e'iiirchi.s  in  tlie  form  cf  cones  or  pyra- 
mlds,  are  eqii.iry  ■'•"<':'^'  •')  ii'l  [-''l^      reliil  the  \vind» 
But  when  tiic  (artt  do  not  cohere  together,  then  they 
ought  to  be  paraboUe  coaoida,  to  be  eqtia%  ftnng-. 
throughout. 

Likcwifc  if  tlurc  be  a  pillar  ertflcd  in  form  of  the 
logarithmic  curve,  the  afymptote  ^bciog  the  axia;  it 
cannot  be  cruHied  to  piccet  in  one  part /<)aiMr  than 
is  another,  W  iu  own  weight.  And  if  fuck  a  piHu- 
be  tamed  npnde  down,  ana  fufpended  the  thick 
end,  it  will  not  be  more  liable  to  fepantc  IB  one  part 
tlwB  another,  by  itt  own  weight. 
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MortoTsr,  if  AE  be  mbnia' 
M  fenn  of  a  trUngular  prifm  t 
thd  if  AD  =  iAD.  and 
AI  ^  ^  ACt  and  the  cdi 
or  fmalt  fmihr  prifni  ADI 
tie  c-ii  away  parallct  to  the 
baf.- ;    the  rcraaininj;  '  bean 
DTilEF  wiD  bear  a  greater 
wci^Iit    P,  than    llic  whole 
ABCF3,  or  the  pill  will  be  flronger  thtB  the  wbflk f 
%rh]i:!<  .-i  a  pir.tdisx  in  Mttlmnic*. 

As  lo  ill'  Sncng'-h  ttf  I'  vrr,!!  fiirti  of  wood,  drawn 
Ironi  CTPtiii'.ifnts,  he  J>.;  On  a  medium,  a  piece  of 
gboil  o.i'.i,  a.i  iiicli  l.;il.irc,  nud  a  yard  lon^j,  fupportej 
mt  butii  ends,  will  l-  ir  n  the  middle,  for  a  rcrv  (hurt 
time,  nboui  33oIh  avcv^jpuiii,  but  will  brc^ilc  wish 
'  more  I  ban  that  weight.  l>ut  fuch  a  piece  of  wood 
ihoiild  noil  in  pradice,  be  irafted  for  anjr  length  of 
time,  with  utrnv  than  a  third  or  a  fbiitrtb  part  of 
tliat  wcieltt.  Afld  the  proportion  of  tbe  Strangth 
«r  (cTcm  tnrts  of  wood,  be  fouud  to  be  wfcOowt: 


Bos,  oak,  plumbtrcc,  yew  .--•--.•» 
Aft,  elm  - 

Tliom,  walnut  ...-••••».•••- 
Apple  tree,  (.Idcr,  red  fir,  buOy,  plane  -  - 
ficech,  cherrT,  baale  .-.-«-•---- 
Alder,  alp,  ftirch,  wbitcfiiv  wilbw  •  -  • 
Iron  »••-.---••••••• 

Bra&  

Bmie  -  - 
Lead  - 

Fine  free  tone  


II 
«i 

74 
7 

? 

107 

6i 

I 


As  tA  ttie  Strength  of  bodica  to  diredioa  of  the 
ftrrit,  be  €l)Aar«e»,  A  cylindnc  rod  of  good  dean  fir, 
of  an  inch  cifcoaifnrence,  drawnan  kn^h,  will  bear  at 
extrcm'ty  40o1b;  and  a  fpcar  of  fir  2  inchet  diameter, 

will  h«-ar  about  7  l<>:i.  A  ri«l  of  good  iron,  of  an  inch 

f  ircuinfcrerce,  will  bear  near  5  tua  weight.  And  a  good 
hcm;-cn  rope  uf  an  ifloh  dicoafereiio^  wiU  bctr 
iccolb.  at  extremity. 

All  lUii  fiijui  Dfis  thcfi.-  bodi.s  t),  he  found  and  pi~fd 
throughout ;  but  none  of  ihem  fhou'.ti  be-  put  t<i  biar 
iMk  than  a  third  or  a  fourth  part  of  thai  weight, 
e^ccially  for  any  length  of  time.  I  rom  what  ha» 
beei  bid  ;  if  a  fpear  of  fir,  or  a  'opc,  or  a  fpcarof 
.of  «r.  inobca  diameter,  were  to  uftftbe  esfreme 
wclgbt;  lin' 

The  r.i  woiiM  bc.iv  hundredweight. 
The  rope  would  bear  tz/U  hundicd  weight. 
The  inw  wouU  bear  6|i&f  ton  ifcfght* 

Aato  Aa! 

«tal  way«» 

n^iy  S'rn^fjtU  turniiijj  ,.1  if.lltr  by  ihc  handle,  can  ait  for 


ma;j ;  Mtii  mxy  apply  their  Strength  fe- 
in  v.xiikin;^  a  matliiiie.    A  man  of  orci- 


a  wimk-  ijny  aj;.iiii.l  a  itfi.i.iucc  equal  to  j  lb.  wei;jht  ; 
and  if  lie  work*  lu  liours  a  day,  he  will  1  jiv  a  wciglrt 
of  lolb.  througli  3i  ftct  in  a  fccond  of  time  ;  or  if 


the'weight  be  greater,  he  will  raife  it  fo  much  left  in 
proportion.  But  a  man  may  »&.  for  a  fmall  time, 
agamft  «  refiftanee  of  (dtb.  or  marc. 


If  twoatrn  workat  a  windlafs,  or  roller,  tbejcan 
mie  calUy  draw  up  701b,  than  one  man  can  30ilb,  pro. 

die  dbw  el  cw  of  the  haadk*  be  at  ri{^  a^j^ 


to  that  of  the  other.  And  with  a  fly,  or  beary  whecU 
applied  to  it,  a  man  may  do  f  part  iriure  wuik  ;  and 
for  a  little  white  he  can  zii  wiib  1  lorci:,  or  overcome 
.«  continual  refiftauce,  of  Sol ;  and  work  a  whole  daf 
iriirB  the  refiftance  if  but  401b. 

Men  ttfed  to  b<ar  loads,  furh  as  porters,  wiU  carrf» 
Ibme  icotb,  others  200  or  jjolb.  seconding  to  their 
Strength. 

A  man  can  draw  but  about  70  or  8olb.  boriaon* 

tally  ;  fur  li;:  tan  but  a]>;)ly  .ibutit  half  his  v  cij;lu. 

If  the  vvclyht  of  4  r.).iii  be  i40lb,  he  can  a£l  with  no 
greater  a  foicc  in  thrtiiliiig  honzootaUf,  U  the  height 
of  Ilia  IhoutJiMT!,  than  27I.J. 

As  to  HoriiB  :  A  hoi  le  is,  generally  fpeaking,  at 
ftrong  as  5  men.  A  liorfe  will  carry  240  or  i7olb. 
A  horfe  draws  to  [ycatell  advaiitaj^e,  when  the  line  of 
dircdion  i«  a  little  ikvatcd  above  the  horizon,  and  the 
power  adsagaiuil  hi«  bread :  and  he  can  dr.iw  zcolb, 
for  8  hours  a  day,  at  at  miles  an  hour.  If  he  draw 
saolbk  he  Can  work  but  6  horn,  and  not  go  ^uite  lb 
iaR.  And  In  both  eaid,  if  he  carries  fome  wei|^bt,  he 
wilt  draw  the  better  for  tu  And  tbii  is  the  weight  a 
horfe  i*  fuppofcd  to  be  able  to  draw  over  a  pulley  out 
of  a  well.  But  In  a  cart,  a  borle  ntay  diaw  locolb, 
or  even  double  that  weight,  or  «  too  weight,  or 

more. 

As  the  mod  force  a  horfe  can  extrt,  is  when  he 
draws  a  little  abo\e  the  linri/.init.il  p<irition  :  fo  the 
word  way  of  applying  the  (Ucngtli  of  a  horic,  is  to 
m.tkc  him  carry  <>r  draw  uphill:  Ai\<]  three  men  in  n 
fterp  hill,  carrying  each  icoib,  will  climb  up  filler 
than  a  horfe  with  ;ocL  Alfo,  though  a  horfe  may 
draw  in  a  round  walk  of  18  feet  diameter ;  yet  fiicfa  a 
walk  ftonld  not  be  left  than  S{  or  30  fiict  diameur. 
Emerfon**  Mcchan.  pa.  111  nnd  177. 

STRIKE,  or  SraTKt,  •  aeafiire,  contaiotiig 

4  bu(hel»,  or  half  a  quarter. 

J31RIKING-Tj«v/,  i;i  a  clock,  the  famcns  th:^t  by 
fome  called  the /'iri  v/rf/,  bicuu!e  uf  rhc  pi-.i»  xl.ich  arc 
plaocd  on  the  n  i:;  ;1  or  rim,  trie  i.iMnlitr  of  which  it 
tlu-  <nioti'.-nt  oC  llic  pinion  I'.ivid'. li  by  the  p-non  oTthe 
de!cnt-w'.;c'  !.  Jn  !i:<tc.  ;i  <!:iy  tl  icks,  tin-  or  great 
wheel  it  ufually  the  piv wheel ;  but  in  fuch  at  go 
8  da>-«,  the  fecond  abect  ib  tbe  pln*whcel,  or  ltrikutg. 

wheel. 

STRING,  in  Mufic.    See  Chord. 

If  two  Strtn^rs  or  chords  of  a  nufical  iafbninwnc 
only  differ  in  kagtb  |  their,  tones,  or  die  nlBibcr  of 
vibntiooa  thcr  mute  n  the,  finnt  tunc^  are  in  the  in> 
«erfe  ratio  of  their  ungtiu*  If  (My  dSo-  onbr  la 
thicknefs,  their  tooc*  OK  la' the  iuKife  ratb  of  their 

diamf.::rs 

At  r  .  the  tendon  of  !>trlii^-;t,  to  nuafure  it  regi>. 
larly,  ilit)  !iui!{  be  concei.cd  lirttciitd  or  drawn  by 
wci.hts;  aril  tiicn,  (..f  it is  paribus,  the  toi.ts  ol  tua 
Strii:>;".  are  i  -  ■>.  '■'■•(.i.l  ratio  of  tliL  fq,:are  routs  0/  the 
wtl/Jit'.  ihat  tti'^''  Ificm  ;  u.jL  is,  ex.  r-r,  tJle  tone 
uf  a  String  iirctchcil  by  a  weight  4,  it  an  uckave  above 
the  tone  of  a  titriiig  Smichcd  by  the  weight  1. 

It  it  an  obfervation  of  very  old  ft.iruimg,  that  if  9 
viol  or  lutc-dri'ig  be  touched  with  the  bow,  or  tbv 
hand,  another  String  on  the  fame  inftrument,  or  e*cn 
on  another,  not  far  tram  it,  if  in  unifim  with  it,  or  in 
ofiascp  or  the  Jike«       at  the  bate  tfaae  tremble  of 
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it*  own  acfpvd.  But  it  \t  now  found,  that  It  is  n  >t 
tli«  ui-.olc  i>l'tlvit  cllifr  Stiinjj  tli;it  tbu«  trmLlcs,  but 
bttly  llic  piris,  fcvrniily,  accarriini;  as  thcf  »re  unifou* 
to  the  ur  the  pans,  of  tlie  String  ta  ftrock. 

Tkn,  fuppi'iiii^'  AB  to  he 

*»  upper  uCliive  lo and       A   -B 

ihertfitrc  in  iinifon  to  wch     a  ;  .     .^i  "i  i 

lulf  ot'  il,  ii.;ppcd  at  r  ;  if  J  ft 

«1pi1<  rti  i<  ti|Krl,   AD  be 

fltiirk,  tlic  t-»'o  liuKci  (if  tliis  cthtr,  tliat  is,  <i-,  and 
u  11  both  iTciJibli:  ;  hiU  the  miilillc  point  will  he  .it 
tell  ;  as  wilt  be  fufilv  pcroiivcd,  by  wi  i;ipii)^»  a  bit  of 
pjptr  lif;htly  about  the  llting  tih,  aiiHm<niii;;  it  fiic- 
ufTively  fiom  ctic  "Tid  of  the  ftriiij;  to  tt-.c  othtr.  In 
like  manner,  if  AB  were  an  upper  iith  to  and 
coiifi<^uintly  an  uttifon  to  il«  thrte  parts  ail,  Je,  tif 
liit  i,  all  being  aprn,  if  AH  be  flruck.  the  three  part* 
of  the  other,  aJ,  df,  eh  will  fercrally  trcDiblc ;  but  the 
j.  M'  t ,     nv.l  ;  icmaiii  at  reft. 

'riii».  Dr.  VValhsteU?  w.  was  fnR  liifcuvcri'd  by  Mr. 
"Willi^iiti  Noble  of  M<  i' m  ci.llr  ;e  ;  and  after  li  1 1  !jv 
Mr.  T.  I'i^ot  of  Wadliam  college,  xviiliout  kiiowii  n 
tint  Mr.  Noble  had  ohlcrved  it  before.  To  wliich  msv 
be  adiied,  that  M.  Saureur,  long  aftrtward»,  proiiul'cd 
il  to  the  Royal  Academy  at  Paiir,  as  his  own  difcovcrv, 
which  in  rcilily  it  niijsht  be  ;  but  upon  being  in- 
tdiTCjd,  by  fomc  uf  the  metrbcrs  tiitn  prtlViu,  tliat 
Dr.  WoUit  had  publiflicd  it  before,  be  immediately  re. 
figned  all  the  honour  of  tt.   PhUof.  Tnknf.  Abridg. 

vol.  I,  pa.  bo6, 

8TT1RM,  Stiirmius  (Jokm  Chhutophu),  a 

iiLilcd  CJi  rma".  niatliriiiat  j'liilofpher,  was  bom 

41  Bippolfteiu  in  i6j{.  He  became  ptufcibr  of  philo- 
ifophj  and  mithematica  at  Akdorf,  wlmie  be  died  in 
4703,  at '68  Tcm  of  age. 

^  He  irai  author  of  let eial  ufefd  workt  on  mathema* 

•tici  and  philofophy,  the  moflcfiecmcd  of  whidknt^ 

1.  His  ^'aihi/it  eiuttlttUat  in  I  vol.  8vo. 

*.  M«thfjij  'JuveniRt,  tn  2  Urge  voluiMi  8vo. 

3.  CoUtfitm.  ■■:!-'.ur^lii'e,  five  Cnrtt,fum,  in  quo  firi- 
■  tiMna  S^ruB  f[:\-r: .r  :j  Jnitata  ts"  J''.^f'T>menta  rirfir»' 
jl'  .  ■yd;  ;.ir,r,  St  r  hilim  CtimfatiM  iJnn.i.'  .rU,  C^mt-n 
-^j.'j--.f,  Tu'i  Tvrriciilitini,  Jeu  Bar„J.(&,'i,  Aal^  fneu- 
jniVu.r,  7 id  moM^rorym  P btnomcna  Is  EffeSa  ;  parlim 
•«r  tliii jam^'tim  ejdMUf  par  I'm  mowter  ifiit  fifaad' 
-dSrw,  ISu  uiOReUig^«ol.4to,  Norimherg,  1701. 

This  is  a  very  curious  work,  containinpa  mult'tiKli-  of 
intciTlling  experiments,  neatly  illullrated  bv  ca:.[:i.>v 
platc  tlgurcB  in  jntt  d  upon  aliiioil  (•■.i  ry  ps'^r,  bv  the 
iidc  <ji  the  Itttir-prcU.  Oi'  ihiic,  the  ictU  experi- 
meflt  it  -.iTi  imprjv.ment  on  father  I.acu's  pu  n't 
for  navigating  it  fnnlt  vcfni  fufpcndcd  in  tlic  at> 
tnofphrrc  by  feveral  globci  exhauilcd  of  air. 

.SXYLEf  m  Chtoavbgji  a  jpankuhr  nancr  «f 


countM|p  tine  t  aa  the  (Ml  Sij^t  the  VliW  Sijk*  See 

CALE<iOAt. 

Old  Syyl^,  it  the  Jut'an  manner  of  cooiputiog, 
inftitutrd  by  Julius  Calar*  in  which  the  siean  fcar  coa* 

fiilt  of'  36J  \  day*. 

Vtmi  Styi-K*  is  the  Gregorian  manner  of  compu* 
talion,  inflituted  by  pope  Gregory  ti^c  1  ^tb,  in  the 
yc&r  ijHi,  .ind  is  uiVd  by  n  ull  cathtilic  coustricib 
a:>'l  traiiv  other  ftates  of  LurojK. 

I'hi-  V  '  ■'•'"1  Of  ^'jle',  .igroc*  tvith  the  true 
feilar  ytar,  winch  coatalns  only  j6j  d.»)5  5  hi'Urs  49 
tr.inutec.  In  the  year  uf  Ch.i.t  ico,  theie  wae  ::o 
dl!T(  riiicf  of  .Siyle*.  In  llie  year  1582,  v.-hir  the  ni-w 
.Style  was  f.ift  introduced,  thcie  «ai  a  dijeicntc  of  10 
days.  At  prtfciit  there  is  1  I  days  difiertncc,  and  ac 
cord:r;;ly  at  the  diet  uf  Ratilhon,  in  the  ycjr  lycO^ 
it  was  decreed  bf  ihe  body  of  piutellar.u  of  the  cair 
piw,  that  II  days  fliould  l>e  retrenched  from  the  oU 
Styl^  to  afloommodate  it  for  the  future  to  tljc  new. 
And  the  ftne  regnlitim  hni  fioce  pafled  into  Sweden, 
DcnOMTk,  and  into  Engfauid*  where  it  wm  eRallilhed 
in  the  year  1752,  when  It  was  enad>ed,  that  in  all  di>« 
luiiiiiii  y  bcloiiijlng  to  the  erowii  111  Grea:  I/:;t_in,  tliC 
lupputatiuu,  according  to  which  the  yt.*.-  ui  .urlo:d 
begins  on  the  ijih  day  of  March,  Ihall  nut  \-k  tiled 
Irom  and  after  the  la(t  day  of  Deccmbel  1751  ;  ai:J 
that  fioui  tin ni  1. tiJi;b,  ilic  ill  day  of  J,-tntiary  every- 
year  Ihali  be  reckoned  to  be  the  firft  day  of  the  )  ear  : 
and  thlt  the  natural  day  next  iuin\ediattly  folluwing  the 
ad  day  of  September  J^j:,  Amll  be  aceuunttd  the  14th 
day  of  Septembert  omitting  the  ti  iniettnediate  niinii* 
nai  days  of  the  common  calendar.  Jt  is  faith; r  ccacV 
cd,  tint  an  kinds  of  writings,  Sec,  lhalt  bear  date  ac- 
ooidiBg  ca  the  new  method  of  computation,  and  that 
all  cooitf  and  meetings  fte^  fcafti*  fafls,  &c,  fliall  be 
heM  and  obCnred  accordin^y.  And  for  preferving 
the  calendar  in  the  fame  regular  courfc  for  the  future, 
it  Is  Ci.aftcd,  that  the  feveral  years  uf  mir  loui  1800, 
li-pn,  2  ICO,  iioo,  2500,  fee,  cjittjji  only  every 
40otli  year,  i.f  which  the  year  2000  (hall  be  the  firll, 
fliall  be  tuminoii  year*  of  365  days,  and  that  the 
years  jcoo,  2400,  25co,  8tc,  and  evcrv  iilliu  400th 
year  iium  the  fear  ZOCO  indufivc,  iiiall  be  hap 
viai  <,  coafdling  of  366  daj«i   See  Bias BXTttB  tiM 

CALCNDAa. 

The  following  table  Ibewt  by  what  number  oF  days 

the  new  llylc  difTcns  frura  the  old,  from  59'>o  \ta-*  lie- 
fore  the  binh  of  Cbrift,  to  ^900  yeart  iitter  it.  The 
days  ui.dtr  ;iir  fij^n  —  (vi/  frum  6.  00  yens  before  to 
jOO  vcau  .-|[tL-r  C  t. I  ill )  ai  e  to  be  luhtra<r;i  li  frt'm  the 
cKi  Style,  to  reduce  it  In  the  new;  and  thi-  I'.nis  uni'er 
the  fign  +  (wz  iVjir.  200  lo  $900  ycari,  after  Chrill} 
are  tu  be  aJ^lcJ  to  the  old  Style,  to  tcdiicc  it  to  tfac 
new. — N  B.  All  the  years  mentioaed  iu  the  table  arc 
leap  yeart  in  the  old  Style  {  but  tbofe  ody  that  MB 
marked  with  an  L  uc      jrcaia  in  die  neir. 
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The  n«iieh  mtion  ha*  lateljr  commenced  anotbcr 
new  Stytr,  or  computation  of  time,  »iV.,  in  the  year 
i-oj;  according  to  which,  the  year  commences  ulu- 
all'v  un  our  2 :d  of  September.  The  year  it  divided 
into  12  months  of  30  dayt  each;  nod  each  noiith 
into  3  decades  of  10  days  each.  _  For  the  namei  a»4 
computations  of  which,  fee  the  article  CalKMDARi. 

Style,  in  Dialling,  dinoKi  llic  cock  or  riUKnOOt 
raifcd  ab?>ve  the  plane  of  the  dial,  10  projefl  a  Shadow. 
—  The  edge  of  the  Slvle,  which  by  its  llijdi.w  nuik* 
thehoii's  on  the  face  of  the  dial,  i«  to  be  fet  accoidiu;? 
to  the  latitude,  always  parallel  to  theaxit  of  the  wt.ild. 

STYLOBATA,  orSrtLOBATON,  in  Arcliitcctnrf, 
theijune  with  thepedeftdof  a  column.    It  is  f'>me- 
time»  takeu  for  the  tmnk  o»  U«  pcdcftal,  between  the 
cornice  and  the  bale,  and  ts  thea  called  fnoKW.    It  i*. 
alfo  (-thcrwife  laivit d  ahoLtu. 

SUBCON'TRARY  pofi- 
tion,  in  Gcomctn',  is  when 
two  equiangular  triangles, 
VAB  and  VCD  arc  fo  pl  ied 
a*  to  have  one  common  angle 
Vatthevcncs,  and  yet  their 
bafe«  iu>t  parallel.  Confc* 
quently  the  angle*  at  the 
b  tfcB  are  equal»  but  on  the 
contiury  fideat  vis,  the 
=  Z.C,aDdthc  Z.Ba8  iJi. 

If  the  oblique  cone  VAB  or  V<i*,  havMi;  the  circtt*- 
lar  bafe  A  Eli,  or  atb,  be  fo  cut  by  a  plane  DEC,  that, 
the  angle  D  be  =  the  Z.B,  or  the  £.C  =  /.A,  then 
the  cone  ii  faiJ  to  be  cut,  by         p'.anc,  in  a  Subci,-:l- 
trar)-  polition  to  the  bafe  Atli,  or  atb;  and  in  llii»- 

cak-  tic  tcction  OBCIa  alwayi  a ctirdei  at  wcU  aatbe 
bafe  AO  or  aei, 

SUBOUCTlOMt  n  Aiitbntetie,  dx  fame  as  Snb- 
tfaikion* 

SUBDUPLE  RaliOf  Uwben  any  number  or  quanti- 
tity  is  the  half  of  another,  or  contained  twice  in  it. 
Thus,  3  is  faid  to  be  fubduple  of  6,  as  3  ia-the  half  of' 

6,  or  is  twice  contained  in  it. 

SUHUUPLICATE  lUih,  of  any  two  fpiantitic!,  is 
the  ratio  of  tiicir  f^jiiarc  roota,  biini;  t!;t:  uppuntc  to  du- 
plicate ratio,  which  is  liie  ratio  of  the  fi^uares.  Thsi»,» 
of  thequantiUea,  a  and  /',  the  fubdnpUcate  ratio  ia  that 

of      10  '/i  or  «  ^10  lt\  aathe  dnplicate  latio  ia  ib^t 

of  <i*  to  A*. 

SUBLIMR  G-  omtiry,  the  higher  geometry,  or  thae 

of  curve  lines.    Sec  Oeovif.try. 

SUBl.UN  A  K.Y,  i .  lai.l  of  all  things  bclo'.v  the  mooa|. 
a*  all  thing*  on  the  earth,  or  in  its  almofpLcrr,  fee. 

SUBWJLTIPLE,  the coiUraiy of  .i multiple,  being. 
»  nnnfaer  or  onantity  which  i»  contained  exactly  a  cer« 
tain  nnmbcr  oftimea  in  another  of  the  fame  kind  t  orit 
is  the  fame  as  an  aliquot  part  of  it.  Tbu*,  |  is  a  Sub*- 
multiple  of  21,  or  an  aliquot  parc'of  it|  bocaulie  ai  iaS' 
multiple  of  3. 

SuBMULTirLE  /i<i/«V, is tlie ratio  ofa  Aibmuhipfe  or 
aliquot  part,  to  its  multiple  ;  as  the  ratio  of  3  to  2  1. 

SUBNORMAL,  in  Gcor-.utry,  i';  tht;  fuhpetpendi- 
cii'ar  AC,  or  line  uiiJit  the  pcij-cnHJcular  to  the  curre. 
BC,  a  ter««  ufed  in  curve  line*  to  denote  the  dl  tance 

AC  in  the  ui^  betmea  tbeocdioau  Afi,  and  the  prrv 
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pondicuJirCC  to  tbf  curve  or  to 
tlie  tai);?cnt.  Am!  t'lc  laid  ptr- 
peudiciiliir       is  ihc  Dornijil. 

Ill  .I'i  oiiivi^,  -  Sirjinornid 
AC  is  n  vrojifii ;  Ii>;-.>.1  to  the 
fubt.i!igr'.u  TA  a'lU  tliCDrdioat« 
ARi  :ir^d  in  t'jc  panboltp  ii is  equal  (o  balf  the  jMni« 

SUBS TITL'TION,  la  Algebra,  h  ihc  putting  and 
afingt  io  in  cqiMiion.  one  qi»ni«tr  inAead  of  another 
vhicfa  it  eqml  tv  ft.  but  exprcfled  sTter  another  manner* 
Sei;  RepucTjaw  of  Eqtutti'one. 

SUBSTRACTION.  or  Sv»tii*ctioji,  fa  Arith- 
mtiio,  )■}  tho  t.i'uii-p,  of  one  nvinbcr  or  <)tiai;t;ty  fri)rn 
»no'I)i.f,  ti>  fiii  1  riniiiini^ir  or  di:T<;.-<:ii'c  hrtvvccn 
|hem  i  and  U  made  tht  fccoml  iiiU  in  nilttmc-lic. 

'riir  greater  nutr.'.irr  o:  fj'iintlty  is  cil  i  tl  the  rr,,'', 
the  Icli  i»lhe  fakrrhirr!.  and  ihc  r  . 'a  llic  c^i^cr- 
tnce.    Alfo  :ho  llj;n«it  SiiSlrac'lior.      — ,  ormin";.' 

SoBTHACrHiX  of  IVMc  Numl-rt,  '\  pfrforrri  J  bjr 
fitting  the  Icfs  numbtr  below  th''  .'rtatcr,  a j  in  cd.'.iiion, 
uniu  andtr  units,  tens  iijn!  -:  trn»,  &  r  ;  an(i  tht  n,  pro- 
ceeding frutn  the  ri;;('t  hand  towards  the  Icf;,  lriLtr3<!\  i»r 
liike  ea<  h  loner  li|;uir  from  that  ju(l  n!»vc,  and  fct 
iem  the  feveral  rcniainden  or  di&rcMet  underneath ) 
•nd  ihefe  wiH  compofe  the  whole  remamder  or  difiier- 
ence  of  the  two  gitcv  mnnlMn.  But  when  any  one  of 
the  figure*  of  the  under  number  is  greater  than  that  of 
the  upper,  fro'U  uhich  it  is  to  K-  t;iki-n,  y;  i:  rti.ilV  ;iiM 
lO  (iti  jfd'jr  mind)  t>>  li.it  upper  fi^'in",  then  takt  die 
undi.r  O  ie  lai  tlii' fimi,  and  fi  t  t!:e  difference  iiiMlcr- 
ticath,  e.inyi:  or  rjding  i  to  the  ncut  und(r  figure  to 
he  fub:ra£lcJ.  Thui,  Ibr  cxampleii  to  fnbtnd  19048ZI 
from  37409752 

Minuend  5740975* 
Subtiahead  ^/o^nti 

Rjoof  3:4"'7:5i 

7'>  prc'M  >9r.;'.'r.it/.'i"7  .•  Adrl  tin-  rtmaindtr  or  diFiT- 
,cnce  to  the  left  nurribtr,  and  the  turn  will  Lu  tquil  lo 
the  greater  when  the  vv«:i  k  is  ri^ht. 

StriTRArTinw  of  Drcimnli,  ii  performed  in  the  fame 
Bianner  u  in  wlmlc  nnmbcrs,  bjr  obferving  only  to  fct 
-Ibe  fifutea  «r  place*  «f  the  bine  kind  nodcr  each  other. 
Tinas 

•^From  351  "o^       '^Tg  27 
Take    7i"7i       "05  7'?  0-956 
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To  SultrjH  l\l^_nr  FfAQicni.  Reduce  the  two  fiac- 
tlons  to  a  common  denominator,  if  they  have  different 
one*  i  tben  take  the  lefs  numerator  from  the  greater, 
and  fet  the  remainder  over  the  common  dcnomitutor, 
for  the  dlflcrcBcc  fwii^jht.— N'.  H.  It  is  bcft  to  ftt  the 
..Jeft  fraflinn  after  the  greater,  with  the  fign  '  — )  of 
fuhtraaioa  between  than,  and  the  mark  of  equality 
(»)nftdrthcD. 

Thiia,  i  -  J  =s  f . 


Sbbtractiok,  "'i  /*/,■<•      Is  pcrr,mc-i  Hinft;:'"? 

the  figns  of  all  trr-  turns  ^li  tht-  lul  irah  luf,  >■> 'llt-ir 
contrary  figni;,  vir.,  +  i:jt;)  — ,  ami  —  into  +  ;  a'ul 
then  uniting  the  tcrmft  wit!)  thotcuf  the  uii'.iucuii  <kft&r 
^hc  manner  «f  addition  of  Algebn* 

'  Ex.  From  +  6a 

'lake  +  :« 

K«m.      6a  —  Sff  »  4A 

From  +  6^ 

Take  —  2<t 


Rem. 


6a  +  2"  ^  8(1. 


From  (« 
Take  z« 

Rem.  —  6«  —  i«  ss  ^  8«» 

From  —  64 
Take  —  ^ 

Rem.  —  6tf  4>  4«  =  —  jtf. 

Front  J  1  —  V.  +  5s    —  ') 

Take  6tf  +    I  +  5-    '  -r 


0  —  10 


SUB.STILE,  or  SuBJTlLA*  Z./V,  in  Di ilh'np;',  3 
ri  Kr  lir.L-  upon  whith  the  llile  or  gnomon  of  a  diil  u 
citLied,  being  the  common  feftion  of  tlic  face  of  tiie 
di  d  and  a  pbsepopcndicular  toitpnlEng  throitgh  th« 
llilc. 

The  angle  included  between  this  line  and  tllC  lUfef  il 
called  the  cicv«iiun  ur  height  of  the  A(lc« 

In  polar,  hori/oiktal,  meridional,  and  northern  d!a!si 
tKf  SiibAilar  lint  is  the  mcridioi.ril  line,  or  line  of  i* 
o'c)*ck  ;  or  the  intcrftflion  of  tlic  plr^nc  of  the  dial 
with  tli.it  ot  t'.e  mc'idian.— Ill  ai!  d  -olininfT  dijh,  the 
SubrtJlc  iTii  ki  2in  angi-  with  tile  hour  tiiic  ol  I  and 
tliis  .i;;;;tL  r-  -  .  "U-d  the  liiftaniv  u\  ihc  .Subfti'o  from  the 
nieiiduti. —  in  tafli  tly  and  v.cHi  'y  <tiaU«  the  ful>.liL»r 
line  it  the  line  of  6  o'lluck,  or  the  interfisetlon  of  the 
dial  plane  with  the  prime  vcitical. 

SUDSUi'Elli'AR  ncULAR  1   c  r 

SUBSUPEiU  ARTlCUS.      J  ^*tio. 

SUnTAN'GENTc/tf  fj,rw.  UtheUtieTA  fnthe 
axis  below  t'lt-  t.i  1  ;crit  'i^',  ur  Vir,'  b(.t«\-»n  the  tan- 
gent and  orditute  to  the  po.ul  ui  tootict.  (See  the 
Lift  figure  above). 

The  tanjT.ent,  fubtangent, and  ijrdiiiafe,  m  .kc  a  right- 
ang?ed  tr..iiglc, 

,ln  all  panibohfum  and  hTpcrboiiform  figures,  tlie 
Siibtangenl  ia  eqtwl  to  the  aUeifs  mnliiplted  by  the  ex- 
ponent of  lIwjMiiwer  of  the  oedbiate  in  the  eqiuttion  of 
the  curve.  Inns,  in  the  common  pxrabola,  whofe 
property  or  equation  i«  p.v  ~  jr*,  the  Su'.tanjjent  is 
•^tisd  to  iK,  (Lublc  the  iihfciit.   .^od  if      =  or 
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s  y^,  then  the  Sirf3tan:;tTit  ii  n  |x.  Alfo  if 
o  V  =  V       ,ar/»s:>  "  ,die8albttiignit  wss 

SUDTENSK,  in  Gfomctry,  of  an  arr,  is  tKf  fame 
as  tiiC  tlii>ri!  of  the  arc  ;  but  nt  an  angle,  it  is  a  hnC 
drawn  acioTs  from  'Jit:  one  of  tlie  an^lc  to  the  otlxr, 
or  bctwe-i-Ti  liic  iwo  extremes  of  the  arc  that  mcarurcs 
the  ii'f.''t . 

SUliTltACTION.  See  SuisxaACTioN. 

SUBTRIPLE,  u  wlicQ  one  quantity^  is  the  3d  part 
nf  another;  as  s  is  Snbcnple of '6.  Aiid$o*T«iru 
JtoliOt  it  tlic  ratio  of  t  to  3. 

SUDTRIl'LICATE  Ratio,  is  the  ratio  cf  tlie  cube 
root  I.    So  the  Subtriplicate  ratio  of  a  toi,  is  the  ratio 

of  i/iJ  to         or  of  a'  to  i^. 

SITCCESSION  of  SigHt,  in  Alronomy,  is  the  or- 
der in  which  they  nre  reckoned,  or  follrsw  cnr  another, 
and  according  to  wlilcli   the  fun  rrtrrs  tl.cn'  ;  tiilUd 

ali'u  U!  fi-ijuemia.  As  Aries,  Taurua>  Gemini,  C;)ncer» 
tec. 

When  a  plaoet  goes  according  to  the  order  and  fuccef* 
lion  ofthe  fignt,  m  in  emifif»tMtiat  it  is  fiid  to  be  di- 
wSl  i  but  Ktragrsde  when  eontia^to  thefucccflion  of 
the  fign*.  or  n  mrtemlcmtia,  u  fiem  Oeinini  to  Taurine 

tt.v  II  t'l  ArilS,  f  :c. 

.Sl'CCULA,  .a  Mechanics,  a  bare  axis  or  cylinder 
with  (luvcs  in  it  to  move  it  nmndi  but  without  anj 
tympanum,  or  peritrochium. 

SUCKER,  in  Mechanics,  a  name  bj  whidl  fiime- 
timea  it  calkd  the  pifton  or  bucket^  in  a  lucking  pump ; 
and  IbmetnMa  0w  pun^  itfetf  it  fiicalkd. 

SUCKlNG-PvjB/,  tbe  common  pump,  working 
by  two  valfe*  opening  npwardt.    See  PvMf . 

SUMMER,  the  tinme  of  one  of  the  fLafon'.  of  the 
Vts',  IjLLii;;  <jiic  uf  die  quarters  when  the  year  is  divided 
jnio  4.  (['Lirtfrs,  or  one  half  when  the  year  is  ilivid.  d 
onlv  Into  two.  Summer  and  winter.  In  ihi-  fonjitr 
cuk',  biunnicrii  llie  qiijr'.cr  during  wtiicli,  hi  iiurlhcrn 
climates,  the  fun  i*  paiTing  through  the  tliiee  iigns 
Cancer,  Leo,  Virgo,  or  from  the  time  of  the  greateft 
declination,  till  the  fun  come  to  the  cquinot^iaT  a;i;nin, 
or  have  no  declination  ;  which  is  from  about  tlic  ;  1  It  of 
June,  till  about  the  sad  of  September.  In  the  latter 
ca(c.  Slimmer  contains  the  6  warmer  montht,  while 
the  fun  U  oa  eoe  fide  «f  th«  cauinodial »  aad  winter 
(lie  other  6  BMHitlii{»  when  tlie  fua  it  en  the  other  lide 

Dflt.  ^ 

It  it  fail],  that  a  frofty  winter  produces  a  dry  Summer  t 
and  a  rv.iLI  w;iitcr,  «  w«t  Sunncr.  SefePbilol^  Tmnf. 
no.  45^^,  Hct.  10. 

SvMMi  K.  SJ/iU--,  tl;c  time  or  pni:it  when  the  fun 
I,  comet  to  his  grcateft  declination,  and  neareilthe  zenith 
of  the  place.    See  SaLsTicn, 

SUM,  the  qiuntitf  produced  by  addition,  or  by  ad- 
ding two  or  marv  nun;|brrt  or  qnantittes  together.  Sa 
the  Sum  of  6aad  ^ie  i9»  ana  the  Sum  of  «  and  t  in 
#  -f  *. 

ST^N,  Sol,  0,  la  AftroDODijrt  tke  fivit  luminur 

Vot.  U. 
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which  ciiligbtcai  the  worlds  «sd  by  his  prcfcnce  eooftu 
tuteidnr* 

The  Son*  which  wai  leckoned  among  the  pbncti  ia 

the  infancy  (f  aRranomy,  fhould  rather  be  counted 
among  the  fixed  flan.    He  only  appears  bnghier  and 

lariT'jr  than  tlu-y  lirr.'.ii'i-  wc  lv:.rp  cciilK'.i'tiv  iiL'<r 
the  ;  whticu^.  Vti.  are  imnici.stly  lartiici  it.jiii  iln- 
fltrs.  But  a  fpeclator,  plarrd  as  near  to  any  ...  uc 
arc  to  the  Sun,  would  prohahly  ice  thst  ftar  a  hin'.y  :ii 
large  and  as  hrij:;lit  ,li   I'r.:  Su;!  npp»  arj  Ui  us  ;   antl,  on 

th'j  utlu  r  hand,  a  Iju  ct  itur  a»  far  diilant  from  the  Sun 
ab  \vc  .111'  f'on;  thi  itnti,  would  fcc  the  Siin  as  fmall  ts 
wc  fcc  a  &AT,  divefUdof  all  bit  citcnmvolving  planett;. 
and  he  wwiU  redMo-  it  one  of  the  ftara  in  nttmberini; 
them. 

According  to  the  Pythagorean  and  Copernican  hy« 
pothefiii  whtcfa  ii  sow  geacnBy  received,  and  has 
been  dcnonftratcd  to  be  tnc  tTuefvilcm,  the  Sun  it 

the  common  centre  of  all  the  planetary  ,ind  comctaty 
fyftem  1  around  which  all  the  planets  ar-d  cumcti,  and 
uur  L'a''tli  aiiioiii;  the  iLvolvc,  ii>  ililinnt  [><:riodl| 

aL-L'urdiiij;  to  llif^r  i! . ffi:  1 1- n t  jLlifltlccO  tmm  IISC  Suii. 

Ivin  the  S  ill,  thiiu^l.  thui  calcd  of  that  prodigious 
motion  by  which  tiie  Ancients  imagined  he  reixilvcd 
ddily  round  our  earth,  yet  is  he  nut  a  perfe£^ly  quiefccnt 
body.  For,  from  the  pheuomcnn  of  his  macula  or  fpo|a, 
it  evidently  appcari.that  he  h.-i8  a  rotation  round  hit  ■»■! 
like  that  of  the  earth  by  which  our  nntund  day  ia  nea- 
fuied,  but  only  flower.  For,  fume  of  thefe  fpeta  have 
made  thcic  firft  appearance  near  the  edge  or  maririu  of 
the  SuOp  frani  dience  they  have  feemcd  gmdoaUy  to 
paft  over  Sim'a  bee  to  die  oppofite  edge,  theu  dif- 
appear  ;  and  hence,  after  an  abftnoe  of  about  14  days, 
they  have  n  i[  pcartd  iii  their  firil  place,  and  have  Likirn 
the  fame  courle  over  again  ;  finifhing  their  entire  circuit 
io  .".7  (Ui\«  12""  2.J'-  ;  whi'cli  Ic  h^ricc  itiicrrc-J  to  ll:e 
pcrind  iii  titc  Sun's  ruialioii  rouud  lii«aiiis:  astd  thuc- 
toic  the  periodical  lime  of  the  Sun's  revolution  to  a 
iixcd  liar  is  »5*  15*  lb"";  becaufe  in  27*  12'  20""  of  the 
month  of  May,  when  the  obfcrvatioos  were  mode,  the 
earth  dcicribct  an  aagle  about  the  Suo't  centre  of 
a^^  and  (herefbre  at  iheangnlar  motioo 

31^0®  +  :  jfo"  :  :  2-'  JJ*  J  j"  :  2,-'  1  j*  (fr. 

This  motion  of  the  fpots  n  fiom  well  to  e:iil :  whence 
we  conclude  the  motion  of  the  Sun,  to  which  the  Other 
ia  owing,  to  be  from  eatt  to  well* 

Befide  thtamation  rotmd  hi*  exit,  the  Snsi  «n  areoont 
of  the  variotu  attnAkmi  of  the  fMrrounding  pl-inrts,  it 
agitated  by  a  fmall  motion  round  the  eeatre  vf  gravity 
of  the  fyllcm. — Whcthei  the  Sun  and  ftart  have  any  pro- 
er  motion  of  their  own  in  the  immenfity  of  fpacc, 
owevcr  lmn!l,  i  -  rot  ahfuhitf Iv  i  trrain.  'rhou"h  fonie 
very  accurate  oblcrvcis  iiave  intimated  conjectures  of 
this  kind,  and  have  made  fneh  a  gcnenl  motioo  in* 
probable.   See  S  r  a  s . 

jit  for  tli  ,;yy''.;rv«/  annua}  moliou  of  the  %V  N  rouml  tht 
tartb  I  ititcablv  flieMrn,  by  aAroiiomeis,  that  the  ml 
annual  motioa  of  the  earth,  about  the  Sun,  will  cattle  , 
fiidi  as  apMannee.  A  fpcAator  in  the  Siin  wouhl 
fte  theeartn  move  Irom  weft  to  eaA,  Ibr  the  fame  rea* 
fon  as  we  fee  the  Sun  move  from  caft  to  weft  ;  and  all 
tlie  phenomena  refulting  from  this  annual  mot  ion  in 

wliiclifocverof  the  bcdtet  it  be,  will  ajipcar  the  fame 
}  Z  o  httn 
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^■om  eitlier.  And  hence  atiica  cliat  app:irent  motiou  of 
the  Sun,  by  which  he  is  fcen  to  advance  infcnlibly  to- 
wards the  cadcrti  ilsan  ia  (a  much  that,  if  n^j  Aar, 
mear  the  cch'ptic»  rife  at  any  tine  with  th<-  s  ui  ;  afitr 
a  few  da  jt  the  Sua  wilt  be  f/ol  more  to  the  caU  of  the 
iw»  nd  Uie  flar  will  rife  ud  Cet  befbrt  bim. 

Natitrtt  Fr(fir6a,  Ftptr*%  t^tt    tht  San. 

Thufi-  who  liav<!  maintained  that  the  rubflancc  of  the 
Sun  i<  fire,  argue  in  tlie  following  inaaQer:  TbcSun 
fliiAeti  and  hit  nya,  cxilleded  by  comaiTe  nimtrs,  or 
conveic  lrnf(i«  do  burn,  oonfume,  toA  melt  the  mofl 
fnlid  bodies,  or  clfe  convert  tbem  into  afhis,  or  j;laf*  : 
tbtnjU  ;'  ,  as  the  force  of  the  folar  rays  is  dimiiiilhed, 
by  latir  ilivcrgcucy,  in  a  duplicate  ratio  of  the  dillances 
reciprocally  taken  ;  it  is  evi:liiit  thit  tlicir  force  and 
effiiA  aru  il;  •  fame,  when  coUc'tcd  hy  a  t);iinin>»  IcnJt 
IT  minor,  as  i:  we  wert  at  fjch  diftaucc  fiotn  tl>c  fun, 
vvhcie  thty  wcie  equally  denfc.  Tlit  Sun's  rays  there- 
fore,  in  tlie  iitiglibourliooJ  of  the  Sun,  proilucc  the 
fame  effc3»,  a*,  mi^bt  be  c»Pc3cd  iirora  the  moil  ve- 
tiement  fire :  conleqtientlf  the  Shii  it  of  a  fieqr  fub- 
JUiice. 

Hence  it  follows,  thnt  it»  fiirfaee  is  probably  .every 
where  fluid ;  that  being  tiie  oonditioa  of  flame.  IndcGOt 
whether  the  whole  body  of  the  Sna  be  iluld,  u  fome 
ritiak  %  or  UiAt  ■*  other*  (  they  do  not  prcfume  to  de- 
terwfne  s  but  at  tbere  arc  no  other  marks,  by  which 
to  ditlint^aifh  frc  frotn  other  bodies,  but  lij;ht,  heat,  a 
power  ol  l)iir:  iiij^,  confuming,  melting,  calcining,  and 
»itilfying;  thty  do  not  fee  what  lho-,:Id  hinder  but 
that  die  S  III  iViay  be  a  globe  of  lire,  !i'*c  our  fires,  in- 
rertcd  with  tldtiie  :  and,  fuppofiii^  thrit  the  maculie  arc 
formed  out  of  the  folar  exhaktioni,  they  infer  that  the 
Sun  is  not  pure  fire  ;  but  that  tbere  are  hctenigniieotta 
.  faits  mixed  along  with  it. 

Philofophen*  hare  been  much  divided  in  opinien  witb 
Itfp«£kt0tbe  nature  of  fiit*  Iwht,  and  heat,  znd  the 
OtuTetthtt  produce  themt  «M  the}-  have  given  very 
different  aceomM  ofthe  agency  of  the  Sun,  with  which, 
whether  we  confider  ihcm  at  fiibftances  or  qualitie*, 
tVcy  arc  I'i'."rr.;itt-ly  connrrU:!,  r.riii  ,jn  which  tliey  fccm 
prinurily  lo  depends    Some,  a.nOng  whom  we  may 
reckon  Sir  Ifaac  Newton,  confider  the  ray$  of  light  as 
compofed  of  fmall  particle*,  which  are  emitted  from 
ftiining  bmiics,  an:!  m<  »e  mill  uniform  velocities  in 
uniform  mediums,  but  with  variable  velocities  in  me- 
diums of  variable  denfiites.    Thefe  partiden,  fay  they, 
ai\  upon  the  minute  conflicuent  parts  of  bodies,  not  by 
jmpa^  but  at  fome  indefinitely  (mall  dillance  ;  ihey  at- 
tnA  and  are  attra^cd ;  and  in  being  reflected  or  re- 
fira&ed,  they  excite  a  vibratory  motion  in  the  OOOtpo- 
aent  particles.  Thit  motioB  iamalea  the  tySance 
twcen  the  particles,  and  thus  oecaGoman  aagmeBtation 
of  balk,  or  an  expaafioa  in  erery  dimcnflon,  which  is 
the  moA  certain  cnaraflcriftic  of  fire,    This  espanCan, 
which  iitlit  ^^-{;i!l^.ing  of  a  difunion  cf  tl.c  parts,  bcin^ 
incrc;U(.it  by  ilie  ir.crcafing  magnitude  of  the  vibralions 
procicdlnjjfrom  the  continued  agency  of  light,  it  may 
eafily  be  apprehended,  that  the  particles  will  at  length 
vibrali.  Ilv  in!  their  fphtte  of  mutual  attiaiflion,  and 
thus  the  texture  of  the  body  will  be  altered  or  dellruyed ; 
Aon  Mdit  may.  becomt  flnU^.m  in  adied  fnU;  of 


from  bciag  Gaid,  it  may  be  dii'pci.'ci  in  vnp^'jr,  as  ia 
boiling  xvAlcr. 

Otheri,  a'j  Bucrhaave,  reprefcnt  fire  as  a  fubftance  ful 
^tntr'u,  unaltei-.ible  in  its  nature,  and  incapable  of  being 
produced  oc  dctUoyed  ;  naturally  exilling  lu  equal  quaa- 
titiet  in  all  pbcet,  iintK-rcepiible  to  our  fenfes,  and  only 
difcoverable  by  its  cffe^  wben,  by  various  canfes,  it 
i&  collee^ed  for  a  time  hto  a  led  fpace  tbao  that  which 
it  would  otherwife  acapf  .  The  mttcr  of  tUia  fire  ia 
got  in  any  wife  foppoled  to  ha  dari«cd  Itom  the  Sua : 
the  folar  ray^,  whether  dire^  or  refleOed*  are  of  oTe 
only  as  they  impel  the  partidei  of  fire  in  paraQiet  direC' 
til  T,i :  that  ], J  . lil'-lifm  being  deftroyed,  by  ititcrccpting 
the  iular  rii)  i,  die  fire  iuU.intly  alfume*  t(s  natural  llati: 
of  uniform  dilTulion.  According  to  tliis  explication, 
which  attributes  iicat  to  the  matter  oi  fire,  wiicu  driven 
in  ji.irallel  directions,  a  much  greater  dc^cc  niuit  be 
given  it  when  the  quantity,  focolhdi^d,  is  amjllcd  into 
a  fotiis  ;  and  yet  the  fo;us  of  the  largctl  fpcculum  does 
not  heat  the  air  or  medium  in  which  it  it  i*  found.- 
but  only  bodica  of  denCtiea  diSecent  fiom  that  me* 
diitm< 

M.  de  (Lettres  Phynqucii)  is  of  optnii>n|  that 
the  fofar  rayt  are  the  priacipal  caufe  of  heati  but 
that  thnr  beat  liieh  badki  aidy  a»  do  aot  altaw  them  a 
fiee  paBage.  In  diii  remaik  M  «gfCM  with  Mewtoa  i. 

but  thenlic  differs  totally  from  mm,  at  weO  at  from 

I'oei h,iav,',  co:iccrnii4,'  tin;  iiiilurt  of  iIil  rjvi  ijf  the 
Sun.  ilc  doc3  mit  U'liiLil  the  ctuauaiioii,ol  auy  lumi- 
nous corpufcles  from  Sun,  or  other  felf-ihining 
fubilance?,  but  fuppofcs  all  fpace  to  be  filled  with  an. 
ether  L  r'  el.ii'.  lity  and  fmall  dcntity,  and  that 

lir;!i;  c  r/.ti;' .  in  the  vibrations  of  t!Ji  fthcr,  as  found 
i  i  Ill  trie  vibrations  of  theair.  "  Upon  Ncwlon't 
fiiitpolition,  fays  an  excellent  writer,  the  caufe  by 
which  the  particles  of  h'ght,  and  the  corpufcles  con- 
ftitntiog  otlicr  bodiea  are  DUttnlly  attracted  and  repelled, 
it  uacertain.  The  reafbn  of  toe  uniform  diifulion  of 
fire^  'of  ki  vibration,  and  r^percuQiop,  at  ftated  ia- 
Botibaavi^l opinion,  is  equally  inexplicable.  And  m 
the  laft  mentioned  hyiKiiliefis,  we  may  add  to-tha 
other  dilBculties  attendI:l  ^'  ilic  fuppofition  of  an  nniver> 
fal  ether,  the  want  uf  ii  nrlt  movM  ti>  make  the  bun  vi- 
brate. Of  ihcfe  fcveral  «>ptHii,ni  concerning  elemen- 
t,iry  tire,  it  may  be  faid,  as  Cicern  icmnrki.il  up  n  the 
opinion.',  of  phdofophcrs  concerimi;.;  tlic  na;ii.\  i,i  the 
foul  ;  ILiTum  lentintiariirv  y"..  V:  V.i  ').-uj  ,i:i'fii,i  Vf 
dtril  i  out  veryimtllunat  magna  y'^  '^.i  ejL"  VVatlon's 
Chem.Eir.  vol.  I,  pa.  164. 

jfj  to  lit /■'ifrure  of  tht  St'N  ;  this,  like  the  planets,  is 
not  pcrfedly  globular,  but  fphemidical,  being  higher 
about  tbe  equator  lhaa  at  the  polet.  The  rcalba  of 
which  h  thitf  die  Saa  haa  anotma  about  hit  owa  azia  ( : 
and  thmftiathe  ibfar  oialttr  wiB  haveanendeavour  to . 
recede  from  tbe  azia,  and  that  with  the  greatir  foree 
as  their  dillances  from  it,  or  the  circles  they  move  in, 
are  greater  :  but  tlie  equator  is  the  preateft  circle  ;  anr^ 
thcrtll,  ti-v.v.i! Js  ilu-  puLi.,  contiiii- illy  Jtcreafcj  therc- 
foie  the  folar  iiiattcr,  ihuugli  .a  ni:l  m  a  Iphericalfotm, 
win  endeavour  to  recede  from  ttic  scntre  of  the  ci^i.i- 
tor  farther  than  from  thcccrtrei  of  the  paralleU.  Coii- 
fequently,  fince  the  gravity,  by  vi  Inch  it  is  retained  in 
ite  pbce,  ia  fuppofed  to  be  uniform  throutghmit  the 
whole  SttSi  it  wiD  ledly  recede  from  die  miic  aore  at 
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(qoalor,  than  at  nny  of  the  pamlli-is ;  and  hence 
the  Sirn'gdianifter  will  be  grcaitr  ihrou^jh  ihe  equator, 
than  throurh  the  pole)  ;  that  i»,  the  Suu'$  figure  is  not 
pcrfefily  fpberical,  but  fphcroidical. 

SeTfial /uirlitu/art  tf  ll>e  Sun,  related  by  NcwtODi  ia 
tit  Principia,  are  an  follow  : 

1. ^  Timt  U)C  denfitjr  of  the  Sun's  heat,  which  !■  pro- 
pOFtioml  to  bit  light,  a  7  time*  a«  great  tt  Mercury  as 
wtth  m }  tiid  theniore  oor  water  that  wooU  be  all 
carried  offi  end  boil  away :  for  be  fouod  hr  experi- 
ments of  the  thertnomcter,  that  a  I  cat  bu:  -  l:  $ 
rieatcr  ttjjn  that  nf  the  Sunbeams  in  funi;rtr,  v  .11 
fcivc  to  m.  kf  wjf  —  hi  il. 

2.  Tjml  iLc  auaiiliiy  m  iMUcr  in  tlic  Sun  is  to  that 
In  Jiipiurr,  nearly  as  i  ico  to  1  j  and  tliat  the  dirtanrc 
i)f  that  planet  from  the  Sun,  ib  in  the  fame  ratio  to  tlic 
Sun's  fcmiilinmctcr. 

3.  That  the  matter  !n  the  Sun  in  to  that  in  Satnm, 
11:360  to  I  ;  and  the  dillance  of  Saturn  from  the  Sun 
U  in  a  ratio  bnt  little  lefs  than  tliat  uf  the  Sun's  feini- 
diameter.  And  hence,  that  the  common  centre  of  ^'ra- 
tity  of  iliL  Sun  iud  Jupiter  in  ucBily  in  tlic  fupeifitie* 
•f  the  Stti)  ;  uf  the  Sua  and  Saturn,  a  little  within  it. 

4.  And  bjr  ihe  fiune  mode  of  calculatmn  it  will  be 
ftmndi  that  the  comnton  ccmtre  of  gravity  ol  «S  the 
pliiKi*,  oinaot  be  more  tl«o  the  luigth  of  tlic  felar 
diasKter  ditant  from  the  centre  of  the  Sun.  Thi» 
eommon  centre  of  pravity  he  proves  is  at  ti-ft  ;  ar,d 
therefore  though  the  Sun,  by  riafon  of  the  variuu^  po. 
(tti(M)Sof  tlu-  [  liiMi.:  ,  in.iy  be  moved  ev.  ry  w  ay,  yet  it 
cannot  reccic  Ur  tVum  ihc  l  ommon  centre  ot  graviiyt 
a^'J  ilii:-,  lit:  iliiiilv^,  oi.i^iit  io  be  accottDtcd  the  ttotit 
of  our  world.    Book  3,  prop.  12. 

5.  By  means  of  the  folar  fpot»  it  hath  been  difcover- 
cd,  that  the  Sun  revolves  round  his  «<vn  axis,  without 
nioring  cmifiderably  out  of  hi*  place,  in  about  2  ;  days, 
and  that  the  axis  of  this  motion  is  :nr!itu  i5  \]ie  cel'p- 
tic  ill  an  anple  of  87"  30'  nearly.  J  S  ni'»  apparcut 
diaOKtcr  bcm;;  feofibly  longer  in  December  tlian  in  Juoc^ 
the  Sun  mufl  be  propcrtionably  nearer  to  the  earth  in 
wifltcr  than  in  Simimer  1  to  theformer  of  which  iieafons 
therefore  wtU  be  tbc  peribelioii»  in  the  latter  the  aphe- 
lion :  and  tUa  fa  aUb  eoafinocd  by  the  earth's  motion 
bein^'  <iuii.-ker  IiiDeetfnler  dian  in  June,  a*  it  is  l>y  about 

part.  For  flncc  ilic  earth  alw:ays  dct'cribe*  etjual 
areas  in  e(]u.-il.tifac8,  whenever  it  ir.oves  fwifttr,  it  rcuft 
nccdi  b'>  nearer  to  the  Sun  :  and  fov  thi  ;  rcifun  there 
are  alxiut  3  dd)*  mure  from  tbc  fun's  vernal  equinox 
to  the  aytumnalt  thao  fcm  the  autmaatl  to  the  vcr» 
aal. 

6.  Tliat  t  IK- Siui'  i  diameter;  is  equal  to  100  d'tameters 
of  the  earth;  and  therefi^re  the  body  of  the  Sun  mtift 

be  looocoo  times  greater  than  that  of  the  earth  Mr, 

Axout  aft'ure*  u*,  that  he  ub&rvcd,  bv  a  very  exa^it  me- 
thod, the  Sud'i  diameter  to  be  no  let*  tlian  :  1 '  45  '  in 
bis  itpugce,  and  not  greater  than  32'  45"  ui  hi*  pcii* 
gee.  * 

7.  Accordiqg  to  Newton*  in  lu'a  theory  of  the  moon* 
the  meaa  apparent  dtamctcr  of  the  Sun  n  32'  i2*w>—> 
The  Sulf  •  horizoatal.paraUax  it  now  fixed  at  S 

8.  If  youdiviMe36odegi»e»  (the  whole  ecliptic)  by 
the  quantity  of  the  fular  year,  it  will  give  S  tv< , 
-A'hicb  ihcreiore  is  the  medium  quantitv  ot  the  Sun's 
dai^  BWliM ;  aadif  this.$9' t"  W  dinded  by  2^  you 


have  the  Sun'«  horar)-  motion  equal  to  a' j8":  and  if 
thislaft  be  divided  by  60,  it  Wffl  give  his  motion  in  « 
minute,  &c.  And  in  this  u-iv  ;ire  the  tahka  of  the 
Sun's  mean  motion  cui  H  i  irS  o,  j:.  placed  in  boofcaef 
AftroDomical  tables  and  calculations. 

SUNDAY,  the  firft  day  of  the  week  1  thus  called 
by  cur  idobtroiis  anceflon,  becaitfe  fet  apmt  igr  the 
woi  (hip  of  the  fun. 

It  ;  .  inaimts  c -IlcJ  the  Lord't  Day,  becaufe  kept 
as  u  Jtall  .11  ineincry  of  oi:r  Lord's  refurrcftion  on  thil 
d.ij  :  aiii  alfo  iaUaritliy,  bec-nife'  fubititiited  unte 
the  new  l»w  inftt  ad  of  tl.c  Sahbath  in  the  old  law. 

it  \vai>  Cunftantinc  the  Great  who  firft  made  a  law  for 
:li :  piopcr  obfi-rvuiiun  of  Sundav ;  and  who,  according 
to  I-'  ifirbius  app.iinteu  ttiat  it  Aiotsld  be  Itgolarlj  oelc* 
bratcd  thi  L>i.ighout  the  Roman  empirfa 

Slsdav  Lf/ier.  S«€  DomntcAi  Lttter. 

SUPERFICIAL,  rtlaliiig  to  S-:prrlic;et. 

SUI'ERFICILS,  or  Surfal  h,  m  (Jtometn',  the 
•Utliilcot  i.:.tc:iur  UicoC  jioy  b-  Jy.  lluj  is  coiuidcrcd 
as  lia-.  .ml;  t!iL-  tufp  clim«nrioii>  uf  ii  tigth  and  brcidtU 
oril>  ,  In.t  iTLi  tluLkiuf, ;  tliiTLfufc  it  makes  no  part 
of  the  luLilancc  or  (uliil  coiiunt  or  matter  of  the 
body. 

TSie  tfrmi  or  bounds  or  estremitiea  of  a  Superficies 
arc  !:ijL9;  :uid6upcifiucimajrbeco«fidet«dtageneiated 
by  the  motion*  of  line*. 

ftipetJieiea  are  either  tcAOiaeir,  carrJUnenr  phnc* 
concnve,  or  oaoves.  A 

Reailintar  SvKltFlCHI,  M  that  vHlich  ta  boiwded 

by  right  lioei. 

CnrmifiiMr  Svritrtcits,  U  bonnded  by  curve 
lines. 

PtoM  SoPERnciFS  is  that  which  has  tio  •a-nuality 
in  it,  nor  rifings,  nor  finkin;;s,  but  lies  ^vculy  iuii 
firai^rht  throughout,  fo  that  s  right  line  may  1  liollj  co»u- 
culr  with  it  in  all  p^irtsanddirecinni .. 

Cauf.'.i  SufkanciEs,  is  that  »iiiUi  i»  curved  and 
rifes  outwatdf. 

l^eiKuve  SureRricies,  is  curved  and  fink*  iowanL 

The  meafurc  or  quantity  of  a  Surface,  ia  calcd  the 
arta  of  il.  And  the  (iiuting  of  thia  mcsfure  or  weit  it 
fomctimes  calleti  the  (jUMbrttmrt  of  it*  meaning  the,K» 
diicing  it  to  an  equal  Iquare,  or  to  a  certain  number  of 
fmaller  fqiiares.  l  or  u\\  plane  figures,  and  the  Surface* 
of  all  bodies,  are  meafortd  by  fqiiares ;  as  fquire  inchca* 
or  fqu:.rt-  (tct,  or  fqiiarc  yards,  &c ;  tliat  i«,  fqoarct 
whole  iidea  are  incliev  or  Csct*  or  yard*,  &c.  Our 
leall  fiiperlietat  aicnfure  ii  the  fqtmrv  inch,  snd  ctlicr 
fquanet  are  uken  from  It  acnuiiiii^  to  the  pr'jp<)rtiuB  iA 
tm  lolloM-ing  Table  of  fuptrticialor  fquarc  meafurc. 

vf  Stiprfi.ijJ  or  iiquarf  Meofure. 

144  fquare  inches  =  1  fqiiare  fc>»t 
9  fquarc  fett      =  I  fquare  y.ird 
33i  fquirt  y^.rda    =   I  fqiiart  pule 

if>  fqiiart  poUs    —  i  Itjii.ire  diai» 
to  fquare  chains       1  acre 
640  nerea  -  .   «=  1  fquare  wik. 

The  Superficial  meafure  of  .ill  bodies  and  li  ;ures  de- 
pend* entirely  no  that  of  a  redanglc;  and  this'i*  found 
by  drawing  or  sinhiflyiBg  the  length  bvtiie  brcndiltof 

i2a  h| 
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tt  I  »  ii  proTctl  from  pUnc  KjtQtKbnf  mAf,  in  Wf  Mca* 
furatioD,  pt.  3,        I,  piabw  i.    From  tfte.sm  of  tbe 

ri  'i^rtri^le  wc  obuici  lliat  of  any  uUlique  parallcl'Jgr^Mi, 
wiiitli,  by  gt'trnctry,  19  ci|'i4l  to  a  rcilangle  of  cijiial 
baTc  and  altitude;  tlicncrc  a  trianfjic,  which  is  the  half 
of  fuch  a  parallcloifrain  or  rcitiiij^lc  ;  and  hencif,  by 
contpolitinn,  wc  obtain  tijc  S  i [;•..: ticm  of  all  otiwr  il- 
^111  eA  whatever,  as  tliefe  maj  be  couGdered  as  made  up 
of  triangles  only. 

Befide  thi«  war  of  deriring  the  Superfian  of  all  fi* 
^uret,  which  i*  toe  taaXt  lim;jlc  and  ntturat,  at  proceed- 
log  on  common  ;^cr>mctry  ahtne,  there  are  certain  Olber 
nwthoiii.  i  the  methodsi  of exhaullioni,  of  fltt]aoil% 

ftc.   Sec  tbclie  aitivk*  ia  t|wir  placcai  at  aUb  Qu«dka-> 

TOKtS. 

Line  of  SurEKFiciFf,  I  Koe  nfoaUy  found  on  the 

feftur,  and  Gunter'*  fcalc.  The  defcripiion  and  afe 
of  which,  fee  under  Skctoh  and  Gusria's  Scale. 

SUPERPARTICULAR  i'r»/>or/;o,,  or  Ralh,  is 
that  in  \^■tl'^  li  tliL-  j;  tiitirr  tiTit:  c>,Lceds  the  Icfs  by  unit 
or  1.    Aithf  nttiixit  1  tci  2,  i>r  i  to  t,^  or  ^  to  ^,  S:e. 

SUPF.RPAR  rii-.NT  I'r.p.rU.n,  or  R'.lr^,  ii  «-hfi> 

the  greater  term  contains  the  Icfi  term,  once,  and  leaves 
fone  Miabtr  greater  than  1  iemioin^.  Am  the  ittio 

of  3  to  {,  which  i«  equal  to  that  iT  i  t  j  i  *  j 
of  7  to  10,  which  it  equal  to  thai  of  1      i  ^  ;  ko.. 

.  SUPPLEMEINT,  of  an  arch,  or  angle,  ia  Geome- 
try <ir  TrizoiKNnctTy,  n  what  it  want*  of  a  bmicifck» 


of  the  fquarr  of  4^  f  will  be  the  proper  hdo  of 

Iqtwrc  root,  &c. 

It  may  be  obfcrvcd  thtit,  t.n  r<>nv,-ur<TiLf,  orthe  fake 
of  brevity,  qiianiitiis  whitl>  are  u«t  natjrally  iiatds,  are 
often  expreffid  in  the  form  of  Surd  root!,  Thn  v'4» 

v'J ,  v'^Tt  ^'■"^  the  fame  a»  j,  |,  j. 

S'.irjs  art  i  ill.c  T or  ihTK^nutul . 

iitmflt  611  »os,  are  iuth  as  aic  tiiirelTed  by  OOC  fiocle 
terra  ;  x<         or  i/a,  &c. 

Compvad  SuHtM(  artfitch  u  confill  of  two  or  more 
fimple  ;»Hrdt  coonc^d  together  by  the  figns  +  or  — ;  aa 

✓3  +  or  V3  -  v'*.  or  v/5  +  s/i.:  which 
lall  it  galled  an  wM<oerfal  root,  and  dcooui  the  cnbic 
root  of  the  fin  KriGx^  by  adding^  ind  tbe  loot  of  «. 
together* 

i^mkm  OftnAm  1/  Amfc 

I.  Sneh  Surds  a»         ^/j,  ^5,  &c.  though  they 

are  themfeWo  tncomnienfurable  with  unity,  accordinr 

.  .  ti„.     .c..:.:  ...    „.   '  .  .  .» 


fuiiti  ill,  art-  cornincnfurablc  in  power  with  itf 
tin  ir  poweri  ire  integrrt,  whidi  are  muhiplef. 


to 
be 

of  unity.  They  may  aSfn  bo  I'omctimes  (.rimmenfurable 
with  one  another;  a*  and  y'l,  which  arc  to  one 
another  as  ;  to  i,  .-u  is  kmnd  by  dividing  them  by  their 
greatell  common  meafure,  which  ia  ^1,  for  then  iWe, 
two  become        =  2,  and  i  the  ratio. 

-„  -    t.  T»  ndiKe  Rathnal  ^MmStkt  $a     fiu-m  rf  a»f 

or  «f  iSodegreea  { at  the  eamflrmeni  is  what  it  wenu  of  f'*t^  Roots.— Inwolwe  tbe  nttonal  quantltr 

"  •  "  *  '  Mcordiogtotbe  iBdesflftbepowcr  oftbeSurd,  and 
th«i  preifat  before  that  power  tbe  piopoCed  radic^: 
figti. 

Thus,  a  =  ^d*  m        s:  sb 
■nd   4  as  v'le  SB  ^64  s  ^2  (6  a  ^4-,  &c. 

Afiil  In  tliiB  war  may  a  Ample  SiirJ  fraflion,  wliofi 
radical  iign  refers  to  only  one  of  ita  terms,  be  changed 


momdrant,  or  of  40  degreet.  So,  the  Supplemcot  of 

50^  h  T  30*  ;  ai  the  complem^t  of  it  ft  40^. 

SURD,  in  Aiiilirr.etic,  denotes  a  number  or  quantity 
that  it  incofiiiiunriii.ite  to  unity;  or  that  is  inexprcm- 

bit-  m  rntioii.il  iiUTihrri  by  any  kuoun  way  cf  notation, 
othcrsvllc  than  by  iti  radical  li^n  or  index. —  ITiis  it 

as  ailo  an  imperfed pii^r. 

Thefe  Surdj  arife  in  this  manner :  when  it  it  pro* 
pofed  to  cxtraA  a  certain  root  of  futnc  number  or  qtsitn- 
lity,  which  is  not  a  compkte  power  or  a  ir':!-  tig  Mate 
number  of  that  k  ind  ;  as,  if  its  h^oare  root  be  demanded, 
and  it  it  not  a  true  fquare  ;  or  if  its  cube  root  be  re- 

Sired,  and  it  is  not  a  true  cube|&c  I  Lhco  it  it  impof-^ 
le  to  affigBt  either  in  whole  nvmben,  or  in  friAiofii, 
the  cxaifl  root  of  fuch  wmoied  pomber.  And  when- 
ever  thit  happens,  it  is  iiiuaf  to  denote  the  root  by  fetting 

bkToic  it  tSi;:  propL-r  m-irk  of  radicality,  which  is  ^ ,  a;kd 
piactng  rfbovc  lh:i  riiJn.-iil  ri;:n  the  number  thai  iLcwi 
*liai  Kind  of  root  is  ri:i;iiit(.- J.  Thi 


iaioiaother,  fsbich  Am  indode  both. 

5  25 


V4 


to 


4 


thus  alfo  the  quantity  a  reduced  tOi 


2  or  v^2  figni- 
fie«  tS;e  fqiiare  root  of  aiid  10  ligniiies  the  cube 
toot  of  \  -.> ;  uliirh  root:-,  l}ecaufcit  it  impolTibk  to  <.%. 
prvU  tlteni  in  numbers  cxadly,  arc  properly  callul 
BurJ  nets. 

There  it  aiCii  another  way  of  notation,  now  much  ia 
ttfe^  by  which  roots  are  cxpreffrd  by  mAional  iadicet^ 
without  the  radical  Ggn :  thus,  like  as  je*,  r*,  x*,  &c, 
denote  iIk  fqtiare,  cube,  4lh  power,  &c,  of  x ;  fo 
»    I  1 

ai',  x', &c,  detwte  the  fc^iare  To<Jt,  cube  root,  4th 
root.  &c,  of  the  fame  quaatiiy  x. — The  rcafon  of  tbia 
jt  plain  enough  ;  for  fince  »/x  it  a  geomctiteal  racim 
pn^ortional'bctween  t  nod  «,  fo  {  it  an  arithmetical 
I  faetwceB  0  «ad  1 1  and  therefore,,  as  2  is  the  iodca 


the  foimof  ••or  V»  V"*'     And  tht.s 

may  root!  whh  latibnal  coefficients  be  reduced  fo 
as  to  be  wholly  nlicacd  by  the  radical      j  ». 

J.  To  rtiiuie  Sirafk  SurJi,  having  Jijlrrait  raJUal 
f-nt  (<whitb  art  calUd  hfUrvgrneal  Sunh )  to  othtrt  that 
m.-,y  hiTve  cnr  e'fmmon  radical /i^n,  or  •wLick  arrhomc^rntalt: 
Or  10  nJu.-r  nc'i  './  ti'Jerent  nantt  to  roots  of  the  fama. 
«fl<n^.— Involve  the  powers  reripr&caHy,,nGh  accordinv 
to  the  index  of  the  other,  for  new  l  oweni  and  mill* 
^iply  their  iudicct  together,  for  the  common  iodei*. 
Otherwife,  as  Sirdi  «iay  be  confidercd  a;i  powert  with 
fiaaional  esponentaa  lodncc  theft  frafiional  cxpooentt- 
to  fraiiiont  having  the  fiime  nine  aad. 
denonMfiatrr. 

Thus,  by  the  1  ft  way* 
^<  aid  9f«  bacon 
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.  Knd,  bj  the  jd  way, 

X  X  — ^j.  — >  i 

a"  anil  .V'"  bfcrjmc      ,*»  and  .jr*)"** 

Alfo  v'j  aiiJ  2  arc  t.-duce4  to  tiid  ^/'^^ 
.«lu^  ire  c^usl  to  them,  and  have  a  common  radical 
figfb 

ti'f  'tOTi'cji .  lei  flw  Dime  tbe  .Siirff  bf  the 

git  .tt.t  jw-iwcr,  of  tbeJame  name  withthut  orthsroot* 
wlii^b  )ou  can  difccwer  h  coniaincd  in  it,  and  which 

will  nu-.>r.irc  or  dividr  it  wiilKiut  ;i  i<.niainJcr  j  tlica 
fxtriu'l  I  he  root  of  that  power,  ami  place  it  before  the 
ottotiL-ni  or  Surd  fo  di»iiii.il  ;  this  will  produce  a  new 
Surd  of  the  ianie  value  wii!i  tlic  former,  but  in  more 
ioplc  terms.  Thu»,  v'iO.j'..,  by  liividing  by  i6d% 
■Da  {n<efixtitg  itsroot  4tf,  bcfoic  ti>c4U0ti«ul  ✓jt,  bc- 

tccomet  2^/3; 

And  ^ a^'x  reduces  fo£  v 

Allb^St  =  i/»7  xi  =  </i'  X  3  =  sVi- 

And  ^188  =  \/  «44  X  *  = 

To  MJaKiJ  W/i.— W?,cn  t!iey  are  rr- 

dticed  to  tlicir  lowell  terms,  it  they  have  tl)c  _faiiic 
irrational  jjart,  add  or  fiibtvaft  their  ratmiul  cuciricicBtt,. 
and  to  tlve  fum  or  dilterence  fubjjMu.  the  common  irra- 
dond  part. 

and  ^"'5°  ~  Vj4  =  jV6  -         =  2^6} 

Of  fuch  Sord*  may  be  added  and  fubtraAed,  hj  firft 
fquaring  them  (hy  uniting  the  fquare  of  each  part  with 
double  their  produft),  and  thti>  turaaine  the  rotit 
univcHal  of  the  whole.   Thui,  for  the  firit  example 


^75  +  v'l^  =  ^ 7J  -f  48  +  Wis  X  48  = 
9V3' 

If  the  quantitie*  cannot  be  reduccil  to  the  fame  irra- 
tional part »  they  may  juft  be  cuuiRCted  by  the  %n» 

^  70  M»ll^y  ""^  D'tviJe  S»rtfi. — If  the  term* 
kaTe  tlw  bne  radical,  tbcy  will  be  ntultiplied  and 
divided  like  powen,  vie,  bj^  adding  their  iiMiicc»  tar 
aiulti{dicauoD,  aad  fubmaing  tku  for  dniGsii. 

a«d  V»  »«  V»  =     =        =  V3* ; 

alfo  ^/<i  -  (/«  =  «^ -r  «^  ss 

and        -r        =  i' =  (/a. 

If  the  quantities  be  different,  but  under  the  fame 
radical  fit;n ;  midt';  ly  i)r  diwdi  t!it  ciiiantitici,  and 
||iace  tbe  radical  fign  to  the  product  or  Cj^jolieat. 

Thus,  ^2  X  v'j  =  ViO|. 

••oa      X     =  ». 

alb  Vio-f  5/4=  i/Sf 


Bui  if  the  Sards  ha»e  not  the  fame  radi<ai  fiffn,  j>e> 
duce  them  to  ftich  as  fliaQ  have'llie  line  itdictf  figdi 
aod  piocccd  as  before. 

Thus,     X  {/I  =  "y-"  X  y'-'  =  -y^'^t 

and       X  ?/4  =  y/:'  x  v'4"  =  \/ >^  .d  =^/i.-ff. 

If  the  Surds  have  any  rational  coefficients,  their 
pradaft  or  quotient  mnfthe  prefixed. 


TTjns,         X         =  n 
and  8v'>  -f-         =  4 


7.  Involution  and  £v«/< /.  j/i  (/  SunL.--'  Surds  are 
involved,  or  raifcd  to  anv  power,  by  multiplying  tlicir 
indices  by  the  index  of  tlie  power  ;  and  they  arc  cvol- 
red  or  extran^cd,  by  dividing  theii  indices  by  the  index 
ofthemtt. 

Thui,  the  jquMC'of       of  of  a-.  >st'  a  f/^i 
aod  thecube  of  ^5  or  of  5*,  i«  5^  =  .j/tij  t- 

alfo  the  fquare  root  of  ^/4  or  4'',  is4.*'  =r  2'  —  \/t. 

Or  thus  :  involve  or  extraft  the  i|uantity  under  the 
radical  fign  accord  I  to  the  power  or' itMt  K^ttuni», 
com  inning  the  lame  radical  fign. 

'  80  thefoinn«  of  V    V4  i 

and  tfic  fqtiare  root  of        is  ^'2. 

Unlcfs  the  index  of  the  power  is  equal  to  the  name 
of  the  Surd,  or  a  multiple  of  it,  for  in  tliat  cafe  il;e 
poner  of  the  Surd  becooies  rational.  Thus,  the  fijuatc 
of    3  is  3,  and  tlie  cube  of  \/a*  is  a*. 

Simple  Surds  arc  oommeofurable  in  power,  andhr 
being  muhiplicd  bythcmfdvefgive,  at  length,  rational: 
quantities :  but  compound  Surdt,  multiplied  by  them- 
U-Ives,  commonly  give  irrational  products.  Yet,  in 
thr-s  cafe,  when  any  t<)mp<iurtd  Surd  in  propiTcd,  there 
is  aiitilhcr  compound  Si;id,  which,  muiiiplicd  by  it,, 
gives  a  rational  piod;irt. 

Thni^  V^muUipliod by  i/«->  ^tmKt»-lf; 
md  mk.  by       -t-  ^i*+yi^  gtvce«-i^- 

The  finding  of  fuch  a  Surd  as  multiplying  the  propofed 
Sard  gives  a  ratioatl  produd,  it  made  eafy  by  .three 
theorems,  delivered  fajp  M4daiiriii,  n  ]iiii4gclMi,.pa<. 

109  &c 

This  operation  is  of  ufe  in  rtducfnp  Surd  exprcdions 
to  more  fimple  forms.    Thus,  fuppofe  a  bioomial  Surd 
divided  by  another,  as  ^20  +  v'ts.  by  ^$  V^}« 
the  quotient  might  be  exprelTed  by 
t/io+v^rz      2v/5  +  a\/3    ,      ,.     .,,  , 

preOed  in  a  more  fimple  form,  by  multiplyijig  both- 
numerator  aod  denominator  by  fuch  a  Surd  a*  qiakeo* 
the  prodod  of  the  detKmiMOiHr  become  a  nlionali 
Quamity  :  thus,  muhiplyfflgtliembj  +  ^i^Si^iUt 
in&wu  or  (I'lotient  becomes   


2  X 


To  do  this  generally,  ftc  ^^acIaurin's  iVlg.  p.  113, 

When  the  fquare  root  of  a  Surd  is  required,  it  may- 
be found  nearly,  by  cxtraAing  the  root  of  a  rational 
quantity  tba  appywtiant(itOiM«d«&  Thnii  to  find  t  he  - 

ii|iiiine- 
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Tquareroot  of  3  Cificakghtc  ^zzs  i'4i4si ; 

IwAce'  i  +  *i/zss  the  foot  of  which  ii  nearly 

3*41421. 

Ill  like  manner  we  may  psocced  with  any  other  j  m- 
fbfed  nwt.  Andif  the  mdes  oftfaerooibcmjr  lugii, 
m  table  of  lognrfthtn*  aayteufed  to  advantagt :  thui, 

■to  txlr»€l  the  root  v'^  5  +  v'l  /"  ;  t«ke  the  logarithm 
of  17,  divide  it  hy  13,  fii.d  the  number  anfwcting  to 
the  quolietit,  add  lliib  number  'o  ;,  i\:.A  the  log.  of  the 
fum,  and  dividc  it  hy  7.  nnJ     c  luirr-.ber  anfwrring  to 

this  quotient  will  b«  riat!y  equal  to       5  +  't/i~r 

Cut  it  is  fiini  i':rjC8  requifitc  to  exprcfs  the  rooti  of 
Surdf  exadly  by  other  iiurdi.  Tbutj  in  the  firft  cx> 
anipk,  the  ^aave  toot  of  3  +        ia  1  +  fer 

r+  '  =  «  +  2v^-  +  ^  ~  5  +  'I"- 
niethod  of  performing  this,  tltc  curious  tri.a  cuu.uU 
Maclaurin'*  A'gtb.  p.  1 1  Ji  where  alfo  iiile*  lor  trino- 
mialt  &c  may  bi.  found.  i>ee  alfo  Uic  artidc  BiaoMtiii. 
Rmtt,  ill  thi«  D'ctioiuirx'. 

For  extrafling  tkc  higher  roots  of  a  binomial,  w  liofe 
twomenebir}  whin  fqtiired  art  cdtnDicnfiirnbIc  numbcris, 
we  have  a  rule  in  NVwton's  Aiith.  pn.  59,  Lnt  wiihuut 
dcBOollntkni*  This  ii  fuppltrd  by  Maclanrin,  in  his 
A)g«  pi.  120$  4a  ai£>  by  GiaTcliudc,  iu  Itii  Aiothd'kos 
Univcrr.  Elcn.p>  ail* 

It  focictimea  b«m>ens  b  the^  rdolutkm  of  cubic 
«quatian«»  that  binomiah  of  titta  form  a±ti^/~i 
cccur,  ihc  ruhc  icoIl,  ofv.Irrl:  rniifl  bo  found;  and  to 
tliek  Ne»  Jou'»  iuk>  l4i  r.ot  aluayi  be  applied,  btcaufe 
of  the  iinpofiiblc  or  iir..'-^;n:  rj  faftor  —  1  j  yet  if 
the  root  be  expredible  iu  laiional  nuirbrrs,  ilic  ni!t 
uill  often  yield  to  it  in  a  fhortviiy,  M^  t  n  ul;  - 
tativCt  the  trials  being  confined  to  known  iimiEs.  Sec 
Machuirin's  Alg.  p.  127.  It  may  be  fartlicr  cbfnvi-d, 
that  fiicb  ri;ois,  wiittVicr  exprtlUblc  in  ratiotial  uum- 
ben  or  not,  u-iiy  '  c  t  M.r.>l  by  solving  the  quantity 
a  ^  t^/—%  by  Neuton't  binomial  theorem,  andfuin- 
Biing  iiu  Abe  alteraate  term*.   Maclaurin,  p.  1 30. 

TWe  who  arc  dcfirouaof  a  general  arid  dtp  nut  folu- 
tlon  of  the  problem,   ixirsB  eny  n»i  tf  an  mj,-£iih  liiiO' 
mia 
may 

AlfTtbra,  .ir.vl  tn  i!.c 

Abridg.  vul.  J»,  p.  I.  On  the  managtmenl  oi  l)urd», 
ice  alfo  the  numerous  Kiitbois  upon  Algcfaca» 

SURDESOLID.    See  SoatoLiD. 

SURFACE,  in  (Jeometry     Sec  SvrfF.iit.  irs. 

£i.  nalL'tmetlcai  Suhtace  i»  the  mere  exterior  f.icc 
<eF  a  body,  but  it  not  any  part  of  it,  being  uf  no 
tbicknefi,  bm  orly  the  bare  figure  or  termination  of 
the  body. 

AFMfti  Su^FJiCi.  i*  oanfidtred  as  of  fomc  very 

linan  thnuinefs. 
SURS01<UD»  or  Su«DiaoLiOt  >»  Aiilbaaetict  the 

{th  power  of  a  nunber*  cMifidered  u  »  foot.  The 

number  1,  fur  iuilaii«e,  oonfidered  as  a  root*  produce* 

.the  powcri  thus : 

2         =:  a  the  root  or  ift  power, 
2X2  =  4  the  Icjuaie  or  2d  power* 
2  X  4  =  K  the  tiibt  or  power» 
s  X  S  si6.  tbc  bi<|u«dratic  or4tb  paarer« 
^  X 16  sja  the  Sttrfblid  or  {tbfovaCi 


hW  a  +  h^—  1,  or  0/  a  pyiilt  immti  a  +  ^b, 
nay  have  rccoiirfe  ro  the  appendix  to  Saanderlun's 

Philof.  Tranf.  number. ;5i,  or 


SoKiOLiD  PaosLEM,  it  that  wbkbcaDnot  be  ie> 
fulved  but  bf  cum*  of  a  higher  kind  than  the  conic 

fctKon*. 

SURVEYING,  the  art,  or  aft,  of  mrefuring  land. 
Thit  comprifes  the  three  followiag  part*  {  via,  taking 

the  dimeuCons  of  any  tmft  or  piece  of  groim]  diO 
delineating  or  Uyin;;  tbelamedown  iaamapordnngbt; 
and  finding  ilic  UipeWteial'CaNteiitor«f«aofth*laiBiC| 
belide  the  dividing  and  hyi'^f-  crt  of  lands. 

The  firft  of  tbefeis  what  '  [j',  ;'  r|y  called  Sarvtyiagt 
t?-.c  ffcfini!  is  called /•/■'//(/;■'.  ur  y  ."'.v  j.'?-  ,',  ; ,  m  "■  i/'fu'^f 
aiid  the  ihirtj  eafting  uf,  or  £!>.-r,pi,i:':i;  t>  r  ,  ■.nlmii. 

The  firll  again  conlifta  of  two  ;'-vri  -,  i!u  n-wkinq  of 
obfcivationj  for  the  anj;b«,  aoJ  liic  ukii  t;  of  lineal 
mcafuret  for  the  diftancei. 

The  former  of  ihefe  i»  pei  formed  by  fwne  uf  ihc 
fallowing  iullrumcnts ;  the  thcudoltlc^  ctrcamfcrrutor, 
(emicirclc,  plain-table,  or  ctiitipafs,  or  even  by  the 
chain  ilfelf :  the  latter  it  pcrfoiiiied  by  incans  cilhrr  of 
the  ch.iin,  ur  the  pei«robulaior.  The  deferiptiun  and 
mann<  r  of  uGng  each  of  thcle»  fea  iMdcr  ita  refpedive 
artidcor  name. 

It  is  ufefut  in  Surveying,  to  taVe  the  angka  wliich 
the  bounding  line*  form  with  the  oaagnctic  needle,  in 
order  to  cherk  the  angles  of  the  figure,  and  to  plot 
tllfui  ■,  I  ri' I  ".Iv  i'.l' ,  r\' I  ds.  B'il,  as  iht  tlilicri.i  Li': 
betwcrii  the  true  and  miigi.ctic  meridiau  pcrpetuvliy 
tarics  in  all  places,  and  at  all  times  ;  it  is  impofljlile  to 
compare  two  fnrvcy»  cif  the  fjme  placCr taken  at  dittant 
limes,  by  magnetic  inllnimcnts,  without  making  due 
jllonaiitc  fur  tbii  variation.  See  obfervatiom  on  thia 
fub)i(F^,-  -by  \%r.  Molincux,  Philof.  Tkanb  n«aibcr.  tjo^ 

p.  6:5,  cr  Abr.  vol.  I,  p.  12  J. 

The  fetoi-.d  bmnch  of  Surveying  is  pctfornrcd  by 
means  of  the  protraClor,  and  i>i  nting  fcalc*  The  dc* 
fcriptton  ofwhickf  iicc  under  tiKir  proper  namei. 

If  the  land*  in  the  furrcjr  are  htUy«  and  not  ia  any 
one  pbne,  the  ncafortd  line* caaootbietTaly  faJddown 
on  pajTcr,  till  they  ato  reduced  to  one  plane,  which 
nadi  Le  the.horizpntjl  one,  bccaufc  angles  arc  t.ikea 
in  that  pl.Tnc.  And  in;!  c^i.-,  vthcn  obfervirts^diilant 
objttts,  for  tl'iir  clcvalion  or  dtprcfTion,  the  ffillowing 
table  flitw-i  the  links  or  parts  to  be  fubtracled  Irum  each 
chain  in  the  hypothenufid  linct  .wiicn  the  angk  i*  ibe 
concfpondiiig  'number  of  drgtec*> 


A  Taai  K  'f  tie  llili  it  ie  ful'raffcJ  out  of  c.  rry 
(bain  in  lyfcthfi  vjxil  'nri,  cj  J.vern!  ilr^nti  0/" 

Bid, 

5  4*  i 

I     I  * 

Unit 

21    J4  ...   -  7 

28     21    --•«•  |« 

3-  'J 

For 
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Piai'u'c  ef  Survtjing. 
is  meaCurcd  with  a  chain,  called  Guoier^ 


'  Tvt  cmwlc^  if  «  flatioii  line  meifini<  itjo  luiki^ 
•r  it|  cMMk  00  an  «fiwM,  or  •  deCseM»  «r  ii*} 
hei«  fc  »  after  ibe  me  rfalmoft  two  Uaka  per  dtwo, 

aad  it  wiHb«  eu&  enough  to  take  only  the  12  chains 
at  that  rate,  wliicb  make  24  link*  ia  all,  tobc  deduded 
hom  t:$o,  wtacbJeifoi  ia26Iinki,  for  the  kagth  to, 

be  laiJ  down. 

Praflical  fuiTcyora  fay,  it  li  beft  to  miki-  this  dt.-d,:c- 
tiou  at  the  eiid  of  every  chain-Ienijth  while  mfifunng, 
<)y  drawinjT  the  cii  un  Iji  .vurj  cvrry  time  39  ntucli  as 
tl)c  dcdn£lion  vi^,  in  the  prcfvnt  iTiilance,  drawing 
thecliain  on  2  links  at  each  craiin-knc;th. 

Tiic  third  branch  of  Surveying,  namely  computing 
or  carting-up,  Is  pcrfomwJ  by  rcoiicing  the  fcreral  in- 
ckifore*  ana  ditUwn*  into  (Hanglesi  trapesiuBM^  and 
ptraHvlograaa*  but  cfpccially  the  two  Ibrmcri  tben 
'  indbff  Me  amaa^  or  outteBU  of  thefe  SentA  figwwty 
and  aiddtiig  tbeni'aD  tof^elher. 

Tlx  PrnP 

I.  Land 

dtaut,  of  4  poica  or  iz  yards  in  length,  wljicb  Coolltt 
of  IQO  equal  links,  each  link  bci-ij;-  -^j'^  of  a  yard,  or 
of  a  foot,  or  7*92  incUci  \^ng,  that  is  nearly  3 
mches  ur  \  ot  :i  foot. 

An  .icre  ui  bud  ij  cqu^l  to  lo  ujuarc  (.iuiui,  iJiat 
if,  10  >:!\aiti:iin  length  and  I  chain  in  breadth. 

Or  it  is    40  X     4  or      1 60  fquare  poles. 

Or  it  is   220  X    22  or    4'^40  fquare  yards* 

Or  it  is  1000  X  ICO  »r  icoooo  fquare  links. 
Thefe  being  all  the  fame  quantity. 

Alfo,  an  acre  is  divided  into  4  parts  called  roodl^ 
and  a  rood  into  40  parti  called  perches,  which  are  {qiiare 
pole*,  or  tbe  ii|uare  of  a  pole  of  jj^  yard*  la^r»  or 
tbc  Auare  of  ^  of  a  chain,  or  of  i%  luik*^  mmm.  u 

aiquate  liau.  So  that  the  divifion  of  hodmeiifuBe 
hediiw:.  , 

625  fq.  links  =  I  poleorpendk' 
40  perches  —  1  rood 
4  kmkU       r-.  1  l:(:h: 
The  IfiitjlJi  of  lines,  i;n;.»lar*:d  with  a  tlKiiii,  are 
fcl  down  i:i  links  as  integer*,  every  chain  in  knt'lh 
hc-ing  too  links;    and  not  in  cUaina  itiici  deci{nais. 
Therefore,  after  the  coutt-ir  is  fbund^  Ix  will  be 
in  fqimrc  lir.ks ;  then  cut  off  five  of  the  (igtires  oa 
the  right-htind  for  dci  ima's,  auJ  the  reft  will  be  acres,. 
Thofe  decimals  are  then  multipli<d  by  4  ifor  roods,  and 
the  decimals  of  ttit  fc  again  by  4.0  for  perches. 

Rx.  Siippofc  the  Kiqftb  or*  re^tangulu piece  of 
ground  be  79*  itnkc,  and  iit  breadth  jSj^s  to  findtbft 
area  in  acre*,  rood*, .  iuid  perohet.. 

70* 

3»r  • 


7*87200 


2.  Aniong  the  various  ioftnimeatt  for  funreyiBg,  the 
fJain-iable  ia  the  cafieft  and  moil  geaanUj  vSaAt  e^>t> 
ciallj  in  croohed  difficult  places,  at  h  a  town  anuwg 

hourr<!,  See.  But  although  the  ptaia-tablc  be  the  moS 
generally  nfcful  in&ruoient,  it  is  not  *!waji  fo;  there 
being  many  cafes  in  which  fotnctimes  o;ie  iu.t;  iiroeBt 
13  tlio  profX-reil,  and  fomctitncs  another;  nor  is  tfiat 
furrcyor  iii  uler  of  bin  blilincls  who  cannot  in  any  cafe 
dill  ngnifh  which  is^Ue  fitttlk  inftru'n.nt  or  method, 
unj  ulc  It  accordingly  :  nay,  foinetimes  no  inflniment 
at  all,  but  barely  the  chain  iifelf,  is  the  beft  method, 
particularly  in  regnlar  oprn  fields  lying  together  ;  and 
even  wkcn^  you  are  ufing  the  plain-table,  it  is  often  of 
advantage  to  meafure  (uch  large  open  parts  with  the 
chain  only,  and  Croffl  thofe  meafures  lay  them  down 
upon  the  table. 

The  penuBbulatoc  it  vied  for  meafuring  roads,  aad 
other  gnat  diSances  on  level  ground,  and  by  the  lidee 

of  rivers.  It  has  awheel  of  feet,  or  half  a  pole, 
in  circumference,  upon  which  the  machine  turus }  and 
the  diftance  meafured  it  pointed  cjit  \rf  an  indc^ 
which  is  moved  round  by  elock.  work.. 

Levels,  with  telcfoopv  or  othvr  flij'itj,  nrc  ufed  to 
iind  tlic  level  between  place  and  place,  o,  how  much 
one  place  is  higher  or  lower  llim  another. 

An  offietdaS"  is  a  very  ufcful  and  necefTary  inilra- 
tneot,  for  meafuring  the  o^ets  and  other  (hort  diftanoes. 
It  ii  to  links  ia  length,  being  divided  and'  marked  at 
cae!)  of  the  10  linka. 

Ten  (naU  nnewi^  or  loda  of  iron  or  wood, 
uTed  to  mark  the  cod  of  evcrj  dnun  length,  in> 
neafuriug  L'oes.    And  feowtiflMt  fricketa,  or  ftavta- 
with  flags,  aie  fet  up  at  mailct  or  objeAs  of  direc* 
tioii. 

V'-n  I0U3  fcalo!  are  alfo  ufeJ  in  protrailinj;  and  mca- 
fuling  oii  the  plan  or  papei  ;  fucli  a>  plane  fc.iks,  line 
of  chord:,,  protractor,  compriltei,  reducing  fcalcs,  pa- 
tallcl  and  perpendicular  lulcr*.  Sic.  Of  plane  fcales, 
thete  fliouId  be  fcveral  fizes,  as  a  chain  in  I  inch,  a 
chain  in  j  of  an  inch,  a  chain  in  '  of  an  inch.  See.. 
And  or  thefe,  the  belt  for  <ife  are  thofc  that  are  laid 
on  the  very  edges  of  the  ivory  ftaUcy  to-  BriGk.«ff<£& 

tavceibjv  withontcompaircs. 

Is  fnrreyihg  with  the  -pUtn-table,  a  (ield>book  is  not 
trf«J,  as  every  thing  is  drawn -on  the  table  immediately 
wlifn  it  Is  mc.ifured.  Blit  ii>  futkcyinf;  with  the  theo- 
dolite, or  any  other  in.lnimcnt,  fomc  frvit  of  a  field. 
ba<»k  ffliiH  be  ufed,  to  nvrite  duwn  in  it  a  rr^^illi  r  nr  ac» 
•  count  <*l  vA\  that  it  don*  and  ocx  jrt  relative  to  the  fur- 
vcy  ill  L  iiid; 

Thi#  book  every  one  cmtrivef  im!  rules  as  he  thinks 
'fitteft  for  binifelf.    The  followin^j  is  a  fpccinien  of  a 
form  that  las  formerly  hern  much  ufed.    It  ia  niled- 
into  3  (  ntiimns :  the  middle,  or  principal  Odinnn,  Ja - 
ferthe  ftatioBS*  anglc»»  bearing*,  diftancrs  iMidKmd*. 
itt%  -fendlhofit  OB  tfir  riglit  and  left  are  for  the-oAeta« 
-on  the  right  and  leftf.wbicht  are  ttt  wainft  thcie  corre- 
fiionding  diAancea  in  the  middle  oolunn  ;  at  alb  foi 
(uch  remarks  as  may  ocoMri'.iWl^M.  pmpcr^.iMte  for* 
drywiiif^  the  plan,  &c. 

Here  0  I  is  the  firft.  flation,  where  the  aiifile  or 
bcatiug  is  lOj*'         Oa  the  kftj  at  73  liiiks  in  the 


s  un 


t   54*  } 


U  R 


■diSince  or  principal  I!nc,  ii  an  efict  cf  91  i  and  nt 
610  m  af*et  of  24  to  >  croft  hedge.  On  the  right, 
at  o,  or  the  beginning,  ao  ofiWt      to  the  corner  of 

the  field;  at  248  Drown**  boundary  ht'djje  coir.mcncci j 
at  610  an  ofTict  3^  ;  and  at  9^4,  tUc  end  of  the  lirft 
Iin<-,  [lie  c  dcnotcii  its  tcrminttiBf  ia  the  hedge*  And 
fu  t*u  fi-r  tlic  other  llations. 

Draw  a  1  ik  under  lltt  work,  at  the  end  of  tvttf 
fialion  liuci  lu  ftevent  coufulioo. 


Ofiscti  and  Remark; 
ODthekft. 

Ststiorn, 
Bearing  j, 

and 
DilVance*. 

OfTsetiand  Re«narki>. 
oathengbl.  ' 

.ctoli  a  hedge  14 

01 

00 

73 
J4K 
610 
954 

tj  oener 

Brown'i  hedge 

3> 
00 

houTe  corner  5 1 
.  14 

Oi 
53«io' 
00 

2) 
I20 

734 

00 
21 

29  a  tree 
40iftile 

a  brook  }0 

foot  path  16 
crof*  hedge  1 8 

O3 

61 
148 

i  Sio 
1 

3J  . 
t6  a  fpnog 

203  pond 
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ftand*  at  the  beginning  of  the  line,  holding  the  ting 
at  the  end  of  the  chain  in  hia  faaniit  whiV  th«  leaicr 
drags  forwaid  the  chain  br  the  other  ead  of  it»  tiB  it 
b  ttretdied  Araight,  and  laid  or  held  level,  «»d  the 
lender  lUrcQed,  oj  the  fbOower  waving  hit  ham),  to 
the  right  or  left,  till  the  follower  fee  him  cxuflly  in  a 
line  with  the  mark  or  direftion  to  be  mc.iliircd  tuj 
then  both  of  tlietn  llrctchin,'  tli.j  cluin  rtnu'.^ltt,  and 
ftoopitisc  and  Ixjldnii;  i;  k-vtl,  ihi-  Icaiirr  li.iM'tijr  thr 
■  I  1  '  t  one  of  his.nnm-:.  in  I'mr  fame  t-antl  hv  wliich 
hr  boiiii  the  end  oi  (iic  chain,  he  ibere  iticJci  one 
ot  them  down  with  it,  while  he  holds  the  chafai 
II retched.  Thii  done,  he  lravc«  the  arrow  in  the 
ground,  aa  a  mark  for  the  follower  to  come  to,  and 
advance*  another  chain  forward,  being  directed  ,  in 
hi»  pol'iiion  b}-  the  follower  fianding  at  the  amMT,  ai 
beioR f  at  alfo  by  In'mfolf  now,  and  at  ever;  fuctc«<Kwg 
^M*a  length,  by  moving  himfcIffiKioi  fide  to  fide, 
tiUhebrin^n  tde  follower  and  the  back  mark  into  a 
Ihie.  Having  then  ftrctched  the  chain,  and  Huek  down 
an  arru-..',  .i^  before,  the  follfiurr  t.iki  ■•  iiy  h.'n  .mow, 
and  lL_y  ^Jvance  again  in  t!ie  fsme  maniii-!-  aacilhcr 
chain  k-n,';th.  And  t!iui  thvy  proceed  till  all  the  lo 
nrrow'(  ;!i  r  em;ilrsTe;1,  ar.d  aie  in  the  hands  of  the  fol- 
li>w<T  ;  n:.ri  till  li-.i  ii  ,  \\ilhout  an  arrow,  is  arrived  at 
the  end  of  tiic  1  itli  i'lir--n  Icntj^-fh.  The  f  iI!i:m-.  i  ilifa 
fends  or  brings  the  ij^-iow-  i  d  tfu-     ij  r,  |  i;tt 

our  of  them  down  at  the  end  of  his  chain,  and  advancoi 
\viil\  tliL  chain  as  before.  And  thlM  ibcaivowt  attt 
changed  from  the  one  to  the  other  at  enrj  10  chaipiP 
length,  till  the  whole  line  it  fiaiflied  ;  the  nnmher  of 
changea  of  the  anotra  fkcwa  tiw  aiimher  of  ten*,  to 
«bieli  the  follower  add*  the  amtwa  he  hoMi  in  hia 
hand,  and  the  numlier  of  linka  of  another  chain  over 
to  the  mark  or  end  of  the  line.  So  if  there  have 
been  3  c1iliii;;ls  of  ilif  airmvs,  anc^  tlir  filU.ver  hold 
6  ;iirovvii,  a:id  the  end  of  the  line  cut  off  45  lioka 
inoi  r.  I'ne  whole  leqgth  of  the  ine  la  let  down  m 
hnk>  thus,  .364$. 


Bot  a  few  flcilful  furveyert  now  make  ufe  of  a  diffiereot 

ate'thod  for  the  inU]  l..i>i)k,  nnrt^flv,  brginninj;  at  the 
bottom  of  tli;  '^-ii^'  ^^il  wrhing  iifrAirds  ;  by  which 
they  llv'.ti.li  a  lai^t  boiimi-ry  on  either  hiind,  as  they 
pafs  it  ;  an  exatr[jlc  of  nliicK  will  be  j;iv«n  below, 
with  the  plan  of  the  ground  tu  accotnpur.y  it. 

In  fmaller  fnrreyi  and  mcafurement*,  a  very  good 
'Way  of  fetiingdown  the  work,  i»,  to  dtaw,  by  tlic  eye, 
on  a  ptece  ot  paper,  a  Ggnre  rerembliiig  that  which  it 
to  be  meafured  ;  and  fo  write  the  dioenfioat,  as  they 
are  found,  agaiitft  the  correfponding  prtt  <f  .the  n> 
ffure.  Aad  tbit  oiellnd  may  be  piafiibd  to  « fwali- 
derable  extent,  e«ea  in  the  larger  lurveja. 
>  4.  f  o  mM^nH  «  -Aw  M  itegrtawd  4iith  tit  thmn  1 
Having  provided  a  chaii',  with  10  fnnall  arrows,  or 
rodt,  to  ftick  one  into  the  ground,  a«  a  mark,  at  the 
end  of  every  chain  ;  two  pcrfons  tike  hold  ul  i'.  '  i  'liMn, 
one  at  each  end  of  it,  and  all  the  10  arroi.')!,  wn,  taken 
by  one  of  them  who  poes  forfirofl,  and  is  tailed  the 
IcsJer  ;  the  other  bcui^'  tailed  the  fullo«er,  for  tlilliuc- 
Cion's  lake, 

A  picket,  orftation  ftaff,  being  fcl  up  in  thedirec* 
tioo  of  the  line  to  be  mcafured,  if  there  do  not  appear 
6me  parki  aatwally  in  tW  diicdioa)  the  Mlowcr 


5.   To  take  Angles  and 

B  and  c  be  two  ob' 
jeds,  or  <wo  picketa  fet  tip 

perpendicular ;  and  let  it  hi! 
lequircd  to  take  their  bearings, 
or  the  angle  hjin.ej  bctWeCB 
them  &i  any  llaliou  a. 


ij.  ITuh  the  Pl»in  Taile.  The  table  being  covered 
wiu  a  paper,  and  6xcd  on  ita  §aad  ;  plant  it  at  the 
llation  A,  and  fix  a  fine  pin,  or  a  point  of  the  ooni* 
pnflTes,  in  a  proper  pait  of  the  pap<r,  to  reprcCent  the 
point  A  :  Clofe  by  the  llde  of  this  pin  lav  the  fiducial 
edge  of  the  index,  and  turn  it  about,  ftilf  touching  the 
pin,  till  one  fihi eft  b  c.->n  be  illh  tl,rcc.:^h  the  ligbtit 
tlicn  by  the  fiJnc":il  edge  of  the  iiicie.n  dtiiw  a  line.  In 
the  ver\'  lirnc  rr.innrr  draw  another  hi'f  in  the  dllB^ 
lioi)  of  tlic  other  uhjeA  e,     AiiJ  it  is  done. 

:,/.  li'iih  !h'J  h'',,tj  ;i,  Pireft  the  fived  fipihti 

along  one  of  the  lines,  at  ab,  by  luroin^f  tiie  milru- 
tnent  about  till  you  fee  the  mark  b  through  ihefe 
fighta;  aad  there  (xptVH  the  isiUruocat  ialU  Then 
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torn  t^<  raomWe  ind«  ikaut        ihrongh  its  fights, 
Ton  fee  the  other  Muk  C  Tlten  the  degree*  cut  by 
the  indcs,  upoB  tbe  gndmiud  finV  ar  riDg  of  the 
ftnunait,  fltcwthe  4)««iititv«f  the  wide. 

3^    ITttb  the  MapKtie  Nft4b  ami  Compefu  Tura 

the  infl  ri  niciit,  or  conipafi,  f-i,  that  the  north  end  of 
the  ncciile  {kiitii  lu  ilit  tljHCi-dc-luce.  ,Tiicn  diicit 
the  fijjhts  to  one  mark,  as  B,  «nd  note  tin  t:  iM  ccscut 
by  the  needle.  Then  dirctt  thr  fights  to  the  other 
mart  C,  and  note  aj^in  iIk-  Ji.l;'->.cs  cut  by  the  njiJle. 
Tlu'ii  tiidr  lum  or  difference,  as  the  cufe  i?,  will  give 
the  quantity  of  the  angle  fiAC. 

4raa  Bjf  Alea/urtmenl  with  ihi  Chain,  ti'.  Mca- 
Sttt  CM  CWUn  length,  or  any  other  length,  along  both 
dtfcAioiu,  a»  to  b  and  c.  Then  mcalurc  the  diftance 
b      and  it  !«  done. — This  is  cafdy  traosfeired  to 

Gaer.  by  auking  a  trimcle  Abe  with  thafe  three 
gtbf.  Hid  thei  ^ —  

«alGtowiielry. 


the  legte  Attn  Vata- 


A  h  i  k  1  m  n  beinp  a  cronkcil  hedge,  or  river,  &c' 
From  A  meafure  in  a  Itiaiaht  direftion  along  the  fide 
of  it  to  B.  And  in  meafuring  along  tliti  W-.-.c  AB 
ohferve  when  you  arc  diredly  oppoiltc  any  bends  or 
Ctjrncm  of  the  hedge,  at  at  C  d,  r,  &c  ;  ami  froin 
thence  mcaiure  the  perpendicular  oiI«cts,  ch,  di, 
&C,  with  the  olBet-ilaff,  if  they  arc  not  very  large, 
cthcnnfe  with  the  chaia  ittelf;  and  the  wsck  ia 
done.  Aad  tbc  icgjfterf  cr  idd-bo<A|  mil  be  n 
foQowat 


OS^  left. 

BafeUttABl 

o 

0  A 

ch  62 

45  Ac 

di  84 

320  Ad 

e  k  'O 

■540  Ae 

f  1  08 

510  Af 

K       >  7 

B  n    9  [ 

-'s-  AB 

7.    To  Smrwy  a  trutufulttr  FirU  ABC. 
\Ji.  BjlhtClMin. 


A?  794 
AB  laai 
PC  ii6 


Having  fet  up  marki  at  the  Oomeni,  which  i«  to  he 
Jone  iu  all  cafes  where  there  are  not  marka  natuntlly  ; 
mckfurf  with  t!ie  chain  from  A  to  P,  where  a  pcrpenilL- 
eiilar  would  h\l  from  the  angle  C,  and  lUtrt  mealWe 
from  P  to  C  ;  then  coinph  te  ttie  <lilla;;ce  AB  b»  m ca- 
lm -rj;  from  P  to  B  ;  fttting  down  cn  h  of  thck-  nsea- 
fuTcd  diftance*.  And  thus,  having  t!ir  baf*  and  per- 

CRdicaUr,  the  area  from  them  ia  ea£ly  found.  Or 
ving  the  pUce  P  of  the  fOfcadieuhri  thctahni^ii 
t»%  cooftmacdt 
Vot.II. 


Or,  meaftirc  nil  the  three  (ides  vihSk  Uie  cftain,  and 
note  them  dmra.  From  which  the.  eoatcai  ia  eafi^ 
iana^  or  (he  figore  cattftniOcd* 

Mcaturetwo  Sdea  AB,  AC,  and  the  asgk  A  between 

them.  Or  meafun:  one  ftde  AB,  and  the  two  adjacent 
angles  A  and  U.  Fiom  either  of  thcfe  wa^s  the  figure 
iacaliljrphuiiMMi:  tl|a)  by  mearurii^;;  the  pcfpewiinilar 
CP  OH  tm  pfaut  end  multiplying  ii  by  half  AB*  fMl 
haic  the  content. 

yf*  B<fAtCimit. 


AE  2l4  I  aio  DE 
AF  561  306  BF 
AC  59a  I 


Meafiire  along  cither  of  the  diagonals,  as  AC  | 
either  the  two  peraaidicubrs  D£.  DF,  as  in  die  laft 
prabka  }  01  c]le^  fides  AB,  BC,  CD,  DA.  Fraoi 
eidier  of  nliidi  the  figure  may  be  planned  aad 
piucd  w  before  dhtdcd.  . 


AP  110 

AQ  74 
AB  1110 


3?i  PC 

595  QP 


McKfnre  on  the  lon^ll  fide,  the  diftaaeci  AF»AQ*, 

AB  i  and  the  ptrpendicukn  PC,  QP« 

Zii     By  it^iiii^  eat  »r  m«re  ef  th*  AngUt. 

Meafure  the  diagonal  AC  (Cfc  the  firft  fit^.  above), 
and  fUc  aiighj  CAB,  CAD,  ACT.,  ACD.— Or  mea- 
6ire  the  &>ur  fides,  and  any  nrte  of  the  angles  as  BAD. 


Thim 
AC  Syl 

CAD  41  15 
ACB  72  z$ 
ACD  54  40 

T 1  Sii'vry  j:i 


Or  thus 
AB  4S?i 

BC  3<>4 

CD  410 

iJA  46s 

BAD  7S»3S' 


i-i.i.i  I  f 


lie  Cham  on!j. 


1  lavii.T  ft!  up  marks  at  the  c-iu  iiLre,  vvhcre  ueccOary, 
of  tl-e  i'm  uofed  field  APCDIU  G.  Walk  over  the 
grounri,  and  cobAJer  ho»'  it  caa  bcO  he  diridcd  iclo 
ttiungles  and  trapeziums  ;  and  meafure  tlietn  fepaiaieiy 
as  ia  the  kit  two  problems.  And  in  this  u-ay  it  wiU 
be  Draper  to  divide  it  iMo  M  few  fcparate  triangkih 
and  o  <M»]r  trapriuiUM  u  may  he*  by  dnwi^g  di^go- 
4  A  aata 
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t^at  tll  the  per-  tO^ 


cals  from  comer  lo  corner  :  anel  to 
prniliculartma^  fall  within  the  li^iuc.  1  iius,  ihi-  ftHtuv- 
infr  b^'.irc  (IiviJeJ  into  the  iwo  trjor/iams  ATCGi 
CDEF,  smi  dit  ir.siif;Ie  t;CI).  Then,  in  tlicrirft,  Ik- 
ginning  at  A,  mraiuic  li.e  dijijfoiul  AC,  and  th>.- two 
pcrpenJiculuis  Cim,  Bii.  Tlico  the  lufc  (!C  a  id  the 
jieTpeiKilcuhr  Dq.  La;(lv  tin:  cli.ijoijl  ]")]•',  and  tl  c  two 
peTp«ndicuUr«  pK,  "Ci.  /Ml  wliich  [y.(.M;\ip.n  write 
ugainfl  iIjc  Cf  irefpordin^  pirts  of  a  roii,;li  ii;;'ire 
drown  tOR^cmbic  tite  ligurftob«  fuimcd*  oi  let 
theB  dowo  io  tmf  other  fwio  foa  choole. 


Am  135 
An  410 
Ac  550 


TO  S06 

FP  28tj 
¥D  jzo 


IJ3  uiG 
180  nB 


80  p£ 


Meafore  ui:  the  fil  ,  AB.nr,  rp,  DE,  BF,  FO, 
and  GA  }  and  the  diagonjU  AC,  CG,  GD,  PF« 

OftBw«<f/>, 

Manj  pieces  of  land  may  he  very  well  forteyed,  by 
McafHnng  >nr  bafe  h'lic,  eiiticr  withia  or  without  thenit 
ttigethcr  wiia  the  pcrpcndicuhn  kt  fall  upon  it  from 
rrery  corner  of  them*  For  they'  are  by  tbcfe  meam 
divided  into  leveral  trtangle*  and  trap<  7oid>,  all  whufe 
parallel  fiJc  art  pc-[^.(. •■•diciilar  to  the  bafe  line  ;  ami 
the  fum  lit  ihtk  trunglct  and  trapc/.iuras  will  be 
equal  to  the  6gurc  propofcd  if  the  biafe  line  fall  with- 
in it  i  if  not,  the  fum  of  the  parts  which  are  wilhoiit 
htiijjr  tjkt-rt  front  the  lum  ol  the  wliole  which  are  both 
«rithin  and  without,  will  luvc  tJie  area  of  the  figure 
propofcd. 

In  pieces  thai  arc  not  very  brpe,  it  will  be  fuflicicnt- 
Iv  cxa6:  lo  find  the  points,  in  the  hafe  liac,  where  the 
Kvcral  perpendiculars  will  fall,  by  n«  jus  of  the  cru//f 
and  mill  tncncc  meafuriDi;  to  the  corut for  (he  lengths 
of  the  petpendiculan^Aod  it  will  be  inufi  convenieot 
to  draw  the  line  fo  » that  all  the  pcrpcndictdan  a»f 
within  the  Sfforc. 

Thui,  in  the  ralh>%viDg  fij^tire,  beginning  at  A,aad 
mcafuriog  along  the  b'oc  A(>,  tin.  li iilui  ctv  .-.rA  pofpcn- 
diculart,  on  the  right  and  Icit,  are  as  below. 


Ab 

Ac 

Ad 
Ac 
Af  990 
AG  tcuo 


3'5 
440 


ISO  hB 
70  cC 

320  dD 
50  eE 

470  fF 
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Plant  the  table  at  any 
an  ;Ie,  a>  Ci  from  whence 
all  the  olhtr  angles,  or 
marks  let  up,  can  be  fceo  ; 
ui  il  t.jrit  ti  e  tabk  abouc 
ti;l  llic  DC.  !le  point  to  the 
/ii>\vtr  Li-lutc  ;  and  there 
fere*'  ii  frfll.  Make  aptJICt 
fci  C  till  I  hi  puaer  on  the 
t.ible,  and  ia/  toe  cdce  of 
the  index  to  C,  turoin$i^  it 
about  thcrL'tlJl  through  the  fi,-;.!*  yon  fee  the  maik  D  ; 
and  by  the  ed>je  of  tlie  iut;i.>.  J..,u  a  dty  m  Kbfcurc 
line:  then  nieai  .ic  tl  j  i  :  taiice  CD,  anJ  by  that  Jjf- 
tancc  down  untlicliuv  CD.  Tlun  turn  the  index  .ibjut 
the  point  C,  till  the  iiijik  V.  be  f.en  throujili  the  f'j;hts, 
by  whuh  draw  aline,  aiiti  mealtirc  I'le  diM.n.ce  ti>  E, 
kyirij;  it  on  the  line  fi-om  C  to  1^.  In  |lk.c  tnatwcr  deter- 
liiiiic  the  ^oHtion9  oICA  and  Cll.by  turning  the  ligliia 
fiKctlB  cly  lo  A  and  Bj  a-.id  lay  tlic  lenj^lii*  of  lln*fe 
lines  down.  Then  Canned  the  point*  wab  the  baiin> 
d  irie;.  of  the  field,  by  diwiritig  the  bhcklioe*  CU,D^ 
hA,  Ali,  BC. 

zd.   Frcm  «  Staiom  vtltiim  At  FitliL 

Wbtn  all  the  other  part* 
cannot  be  fcen  from  one 
ta^t  choofe  (ume  |»laoe  O 
witntn  t  or  ctcd  without, 

if  more  convenient,  from 
whence  the  other  psrts  ran 
be  feen.  Plant  the  table 
at  O,  then  fix  it  with  the 

necfllc  nortli,  ...d  maik 
the  p>.lnt  '  )  upon  it.  Apply 
thr  index  fLtcefTlvcly  to  (.), 
lu;  ninjj  it  rnuml  w  ith  the 

ii^;ht5  t  o  e..<  ti  .luyU-  A,  B,  C,  D,  E,  drawing  dry  line* 
to  thc:n  by  the  edge  w  tlir  index,  then  nu:ifurlng  the 
dillaucet  OA,  Ol),  &c,  and  laying  tUem  down  upoit 
thofe  iinet.  I^aflij  draw  the  bound^rica  AB,  fiC*  CiX 
D£»  £A. 

3(/.   Sj  i<>i»s  rmmd  ibt  Hgiirt* 

When  the  fignre  Iff  a  wood  or  water,  or  ftoin  IboiC' 

other  obllruAion  you  cannot  fneaTute  line*  acro&  it; 
begin  at  any  point  A,  and  mrafure  nvind  it,  either 
wltl.!ii  01-  iv  tl.oiil  the  figure,  and  drn^r  trie  I'l  e-V  lit 
of  j'll  it.e  fjiles  thus:  Plant  X.W:  table  at  A,  ti.iu  il  mth 
the  iie'ci'ilt  to  the  mii'.h  or  flower-de-lucc,  fix  it  and 
mark  tin  f/iuiitA.  Apply  the  if.u<x  to  A,  turning  it 
till  you  tan  fee  the  point  Ii,  there  dr.::v,  3  1  ne  ;  ar.il 
then  die  point  D,  and  there  dra^'  a  line  :  then  mcalurc 
tbefc  b°ne>,  and  lay  them  down  from  A  to  £  and  13. 
Next  move  the  table  to  B,  Uy  the  index  along  the  line 
AB,  and  turn  the. table  about  till  )t>uc.iu  fee  the  mark 
A*  and  fcrew  fad  the  tdble)  in  which  pofition  alio  the 
\  will  a^aiu  potut  to  tbc  flo«v«r»de-hice»  aiit  will 
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deiadcrd  atevcry  fiation  whrn  the  tabic  i'«  to  the  ridit 
Bofition.  Here  ram  ihr  index  ahout  B  lUI  tliruugh  tkt 
Gghto  fou  fee  the  mark  Cj  there  draw  a  lioe,  mea* 
fare  Be*  aiki  hj  the  diftauee  upoo  that  line  after  job 

have  fet  do>«ra  the  uble  at  C.  Turn  it  then  i^da  into 
its  piopet  pofittuDi  and  in  like  initnncT  find  the  XMt 

line  CD.  Ar.(!  Iij  <>:'(iiiti;  round  by  K  to  Anj^r'n. 
Tiicn  the  proof  us  llic  work  «itl  be  the  joiin'o";  :it  A  : 
for  i(  the  work  h  ah  rigti!,  tiitr  la  I  «ltrcdii>ii  on  tliif 
ground,  will  pah  vx-i'tlj'  li.n  ii;:^!!  ilic  p^iiit  A  on  il:c 
.paper  ;  and  tlic  meafirrd  ilillanrc  will  aifo  rcich  c':a'fHy 
to  A>  If  thcfe  (Jo  not  coincide,  or  nearly  io,  iomc 
cnw  has  been  committed*  and  the  work  muQ  he  tit- 
aniaed  orer  again. 

11.  Tn  Survy  a  FM  <it>ui  tie  Tmttiieiiit,  b'c 

ijl,  Fnmwat  Ptimt  tf  Slt^,      ■  ' 

When  all  the  angles  Ciin  he  fecn  from  one  point,  as 
thcangleC  (laft  ('y^.  but  one),  place  the  inftn!mi.-nl  at  C, 
:im'  luiti  it  about  till,  through  (he  fixed  fight*,  you  fee 
the  m-irk  B,  antl  there  'nx  it.  Thrn  t«:m  the  niovraWc 
index  about  till  the  tnark  A  ■=  i  t:  tl  roucrli  t  i i  -^ii,,. 
and  note  the  deprres  eut  on  tlie  intlniment.  NtM  turn 
the  index  fiiccefnvely  to  E  ard  D,  nutin^t;  thede^jriia 
cut  offatcach  i  which  giv<-«  eII  the  DC  A,  r.cr, 
BCD.  laAlT',  meafure  the  line?  CB,  CA,  CE,  CD  ; 
and  enter  the  nieafiiresin  a  fieU-buok,  or  rather  a^rninft 
the  corrcfponding  piult  of  a  roii^h  figure  drar  n  by 
gweb  to  rtfcfnble  the  field. 

zd.  From  a  Po'mt  luifk'n  #r  KvUhcut^ 

Plant  the  inflrumcnl  at  O,  (laft  flJ^)  and  turn  it  about 
tiH  the  I'lxril  I'ljIiH  ]:i-i-,t  to  any  ((bjer;,  -m  A  ;  rml  tln-ic 
fcrew  It  IjIL  'i'licn  turn  the  moveable  iuJcji  ruur.d 
till  the  fight*  point  fuceefiivcly  to  the  other  point* 
E,  T^,  C,  B,  notinf!;  the  dcjjrces  cut  off  at  each  of 
thfii  ;  wltich  give*  ttW  the  angles  round  the  point  O. 
l.alUy,  meafure  the  diaancca  OA,  OB,  OC,  Oi), 
0£«  iMting  them  dowa  atbefore^  and  the  work  ia  done* 

Jf/.   By  gtnig  rmmd  O*  fkU, 

T^f  aMafuting  ronndt 
eHber  within  orwidiout 
tke  field,  proceed  thna. 
Having  fct  up  marktat 

B,C,  &c.  ntar  the  cornrn 
as  iiRtal,  platit  the  inftrii- 
meiit  flt  anv  point  A, 
and  turn  it  till  the  fixed 
lixtex  be  in  the  ulrtiti  ii 
A  B,  and  there  fircw  it  fall : 
then  turn  thi'  nirnfaMe  index  to  the  dIrcAion  AF  ;  a;id 
the  dtijrre*  cut  t  if  will  be  the  rn^le  A.  Meafire  ilic 
Nne  AB«  and  f^'aut  the  in'lnir-<:it  ;  t  B,  and  tlnre  in 
the  feme  manner  ohfer«-e  the  av  h  A.  Then  nieafurc 
BCf  and  obff^e 'he  angle  C.  Tii-t;  ir.cafare  the  dJf- 
lance  CD,  and  take  the  ■nsi'D.  Theit  roeafme  PE. 
and  take  the  aof^e  E.  Tmb  meafuTe  CP,  and  tak^ 
the  angle  P.  And  laftljr  meafure  the  diftaoce  FA . 

To  prove  the  wnrk  ;  add  all  the  inward  aiiiOtn, 
A,  B,  C.  Stir,  tog^etliLT,  :itm]  v  I  rn  iv  rk  fit  right, 
their  fum  will  be  ef|iial  tu  twnc  4,,  n;  ii.y  rigiit  anghs  a* 
the  li^Miit    f::ri  wanting  4  rl;;lit  angleii.  And 

when  there  »  an  angle,  ««  F,  ihitt  bend*  iuward*,  and 


yen  neafure  the  external  anjtle,  which  ii  Ida  than  t«o 
right  anglen,  fobtrad  it  from  4  ri^ht  anglei,  or  360 
degreei*  to  gire  the  internal  an^^  gitater  thu  a  mni- 
eiide  or  180  d<gi«ca. 

Otitrmufi*-  InAcad  of  obfcTvin^  the  internal  anglea, 
you  may  take  the  extenvil  angles,  tornted  without  tiie 
fijT'iro  by  producing  the  fide<  further  out.  And  in 
tl.is  cafe,  \v!\eti  thr  wiirV  \»  right,  their  fum  akugcther 
will  be  cfjii.ll  to  J^Cto  dc^rrccs.  I'l  f  u)icn  one  of  them, 
a»  F,  run>  inwai^,  fwlitrsdl  it  frotn  the  fum  of  the 
left,  to  k««e  360  degraok 

12.  7'c  Surf, .;  r:Umti€ntMHt^,  tfA. 

Wtih  any  of  the  indnim'fnta  mafure  the  lei^^tka 
andpofitions  of  imagin^ty  linea  i'nnmng  at  near  the 
^oa  can  i  and  in  going  along  them 
meafure  the  oRtett  in  the  manner  before  taught ;  and 
you  will  huvt  the  pirn  on  the  paper  in  ufing  the  plain 
tabh',  dr.nviiig  the  crooked  hedges  throU;jli  the  endi  of 
the  t  fittt*  ;  but  in  futveyiiig  with  the  tlicouolitc,  or 
other  iiillriiir.ciit,  fot  down  the  meafurcs  properly  in  a 
field-book,  or  merr.(iraiiduni.buok,  and  plan  them  after 
returning  fram  the  Held,  by  laying  down  all  the  lines 
nod  ai^Iea. 


So,  in  funey  ing  the  jjtece  ABODE,,  fct  up  maika  , 

a,  b,  c,  d,  dividing  it  into  a*  few  fidea  aa  m»f  be. 
Then  begin  nt  uj^tion  Si  and  mealwe  Ae  lines  ab, 
be,  .cd,  da,  and  uke  their  polition*,  or  the  anglca  a, 

b,  c, 'd}  and  in  gotujr  a!ong  the  lines      luire  nil  the 
ofT'-eis,  a«  at  m,  n,  o,  p,  5cc,  along  cciy  iLiIo]-.  luic. 

Ar.d  this  is  done  cither  within  the  field,  or  sv.tli.nit, 
as  may  be  moft  convenient.  When  there  arc  obltitjc- 
tiona  within,  as  wnud,  water,  hilU,  ScC|  ihcs  net* 
fure  wiiiiout,  as  io  the  bgure  here  below. 
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is  pctformT  l  br  chnofin^  two  ftationf,  from 
whenif  all  the  narke  ami  t-bjcft*  an  he  ken,  tlicn 


r  rin?  tlie  I'tlh  ice  btt.i.tcn  lJjc 


llatin 

bv 


and  M 


each  tUtion  tiiki'ig  th-  antics  fonnc 
from  tl.T  flat  ion  line  01  i'ii'atice. 

'I'hc  two  il.ition^  iTiajr  b',-  taken  cithtr  within  the 
bciurjdi,  or  in  one  of  rlio  fid«,  or  in  the  diretlion  of 
two  of  the  objcitis,  or  quite  M  a  diilncVt  and  without 
the  b(  tinds  oftlieobitjtt,  or  part  to  be  ftnrTeyvd^ 

fn  t*ii&  manner,  not  only  gmwnb  tnxr  br  fiirvrvr J, 
without  cvtri  enttrtitg  thc!n»  but  a  map  may  he  takin 
of  the  principal  part*  of  a  coantrjr,  or  the  chief  pbccs 
«f  a  town,  or  any  port  of  a  river  or  coaft  fiirvntdt  or 
any  other  inaccelfible  olred^ ;  by  tak^n^  t*o  Oi 
«o  twotow«ra»  or  two  hills,  or  iucb  like. 


When  the  plain  table  is  nfed  ;  plant  it  at  one  Aatton 
a,  draw  a  hue  ra  n  on  it,  alon^  which  lay  the  etl^je  of 
theindex,  and  turn  the  tabic  about  till  the  fights  point 
dbtAIy  to  the  oth*r  ftation  and  there  fere  w  it  falK 
m>en  tutn  tlie  %ht«  round  m  fucceffivcly  to  all  the  ob> 
jettt  ABC,  StCf  dnwisg  a  dry  line  by  the  edge  of  the 
index  at  ead^  at  nA*  anB,  mC,  .  Then  mcafutt 
the  diftance  to  tlie  otber  ftation,  tiit:rc  piaat  the  table, 
aad  lay  that  dinalice  down  on  the  ftation  lioe  ftom  a  to 
D.  Nfxt  lay  the  index  by  the  line  nm,  and  torn  the 
tabic  Libu-.t  till  :hc  fight  jpoint  to  the  other  ftst  loll  m, 
and  theit  ftrtw  ii  lall.  Then  dircd  the  Tghti  i  n;  <  t!- 
Cvely  to  all  the  obicdt  A,  B,  C,  &c,  as  hc*<in,  draw- 
ing lines  each  timi-,  as  nA,  nB,  nC,  &c  :  and  th<.ir  in- 
terfeAion  with  the  former  linrs  wiM  gtfethc  pbectofaH 
Ac  obje£b,  or  corners,  A,  B,  C,  Stc. 

When  tlie  tfaec(li>!itc,  ur  any  i.tlu-r  iadrument  (eit 
taking  aqgkl*  is  ufed  :  proc<red  in  the  fa-nf  way, 
■cafiirSoff  the  ftation  di.lacce  mn,  planting  the  in- 
ftromentlrft  at  one  Aation*  and  then  at  anotliuer ;  then 
piaciiig  the  filed  Ag^ttia  thediredtoa  ma,  anddjicA> 
iftg  the  BioveaUelwhta  to  mrr  <ib}e€^  aotine  thede- 
•reeicut  off  atcaclt  tinr.  Tbrn,  tWc  obicnnitiona 
biing  planned,  the  inttfrfiEftiont  «f  the  ISact  wiU  gi«« 
the  obje£t*  txfote. 

Wlicn  all  the  ol;ji.irrs,  to  be  furvcyrd,  cannot  be  feeo 
from  two  iU(ioos>  then  three  ftations  may  be  ufcd,  or 

ftur>  or  M  BNf  ai  ia  laccfliKys  aicafwiaf  alwaja 


llMdUaMafitaoae  IbtJM  to  aaoAer  t  phctnfftfte 

ftrwacat  m  the  finoe  pofitioo  at  every  ftation,  by  mean* 
de(cribed  before ;  and  from  each  ftation  obfcrvinfr  or 
f«tinj|r  e»ery  objet^  that  cm  be  fu  n  irom  it,  bv  'akin^ 
it*  dire^lion  or  angular  pulition-,  till  cviry  be  dt- 

tcimiiied  by  the  interfeftton  of  two  or  r.-..jt'.-  li.us  i.i  di« 
rti\!nn,  the  m  ure  the  bf)t«*r,  Anrl  litus  m»|r  very  cxtca- 
livL  I  Tvi y  t.ikci,,  of  Ijrfc  rLitnmja(,niei»|OBlll<» 
counirick,  Kiliy  gmuodit,  and  luch  hke. 

14.  71  .%r:  y  a  I.ar^  Efiatt, 

If  the  eflate  be  very  latgc^  nod  comitin  aj^irat  nim- 
berof  ticldt,  it  cannot  weftbedaoeby  furveying  atttke 
fielda  Ungly,  and  t)ien  putting  them  together »  nor  can 
St  be  donie  br  takfog  aft  the  angles  8tHrbottad<uiei  that 

inclofe  it.  For  in  thef:  c-Tm,  any  fmall  errors  w;ll  be 
fo  multiplied,  at  to  render  it  very  ranch  tlifto.-tcd. 

I  ll.  \\  ilk  ivL  r  I  I.'  til,;tt  tivo  or  three  tinic".,  111  order 
to  gtt  a  [  crfi  ct  iu-.ii  ot  ii,  and  till  yo-j  rasi  rnrrv  ihe 
map  of  i:  tuUri:ily  ill  \o:ii  hfad.  Ai'-l  t'j  h( i\  v<i  ir 
n>emonr,  dru*  au  eye  drau^iii  of  it  w\  papvr,  or  at 
Icall,  of  the  principal  parts  of  it,  to  ffuido  you. 

zd.  Choolctwo  or  more  eminent  placet  in  the  iftate. 
Sat  your  Aationt,  from  whence  you  cm  fee  all  the 
pfindpai  parti  of  it :  and  let  thefe  liationt  be  ai  far  dii^ 
tatit  ROm  one  another  as  polfilile  ;  as  the  fewer  ftatioiia 
7011  bs*e  to  coiunand  the  wbok,  the  moic  c  x?a  your 
workwtl  be:  and  they  will  be  hter  for  your  pcrjiQie, 
if  thcCe  ftation  lines  be  in  oe  near  the  bDutuIjiie^  of  the 
gioufid,  and  efpecially  if  two  or  awrc  lines  proceed 
Irom  one  flat  ion. 

3d.  Take  anjfles,  betweca  the  flationj,  fmh  as  you 
think  nccciiar-)-,  and  mcafure  the  diftancct  from  ftatioa 
to  tUiwn,  alw,Tiy!»  in  a  right  line  :  thirfc  thtnjrs  mull  be 
done,  till  you  git  as  many  an^^lf,  and  lir.t  ^  r;-  .trc  fisffi- 
cient  for  determining  all  yuui  points  uf  Nation.  And 
in  mcafuring  any  of  thefe  ftation  diftancrs,  roaik  ac- 
curately where  thefe  lines  meet  with  any  hcdget*. 
ditchei,  roads,  lanes,  paths,  rivulets,  &c,  nnd  where 
anv  remarkable  objr^  ia  placed,  by  mcafuring  ita 
diUance  fmm  the  uatioa  line,  aad  vvfaerc  a  peraea* 
dicular  from  it  cnta  that  line  1  and  alwajra  aSaaa^  ia  • 
any  of  thefe  obTcnatioiu,  that  you  be  in  a  right  nnc» 
which  yoti  wll  know  by  takini;  backfightand  fortfight,. 
along  your  ftation  line.  And  thiu  as  you  go  along 
ih'ii  in  line,  tike  oHUts  i.>  tliL-  cnti^  ui  aU 


any  main 


pond,  hi'Uk, 

rf;"! 


tiuU,  brtilj),e,  &c,. 


hvd,L;i.-s,  and  to  any 

omittiiii:  r;  ill.in;^  tlini  's  ri.-;"!.;rkablc.  And  all  thefe 
things  iMutl  lie  iM-!kv]  diiwii  ;  r  :i  ihefe  arc  yoisr  data,, 
by  w!iii.!i  til.' pUi  1 5  (it  ;ui  h  chjctts  are  tube  dttcr- 
mined  upon  your  plan.  And  be  furc  to  TlI  ti^arks  up 
at  tlie  tntcrfec\ions  of  all  hedges  with  \W  U.;rton  )»e^ 
that  you  may  know  wliew  to  mcafiKC  fium,  when  yott 
come  to  furvcy  thefe  parttc(4ar  field*,  which  muft  ini« 
mediate^  be  dooe,  aa  feoa  at  you  have  nwalurcd  that 
ilatioa  ]ine»  whQlt  they  are  frelii  in  nteotoiy,  la  diia. 
wax  ^  l^"'  ftttiM  lines  arc  to  ba  nwafiindl,  and  tlw 
litiiatian  of  ail  dfacca  adjoiniog  to  then  defrrmined,. 
which  is  the  firu  grand  point  to  he  obtained.  It 
be  proper  for  you  to  lay  down  your  wurl^  upon  paper 
tvciy 

you 


what  7011  BP  hoMMt  that  jna  fl(M7  fee  bair 


m  go  on. 

4ti.Asi»Acii 


fwU  of tbr  clblca  tbcf  null  be 
deter- 
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dotemined  io  like  msnncr,  by  oew  flition  lines :  fot, 
mftcr  the  main  ftstioas  are  detcrroincii,  .iihl  c  cry  thing 
ntfuiiiiia^  to  then),  thca  the  cftatc  muit  be  lubdi?ided 
'ui'iu  two  or  three  |MTU  hy  new  ilatinn  lines  ;  taking 
iniicr  ftalions  at  proper  plict:*,  where  you  can  have  the 
beft  view.  Meil'ure  tbefe  Hatioo  Utm  aa  you  did  the 
fifA,  and  sU  their  intcrfection&  with  h«d|(ex,  and  sU 
■tittttn  to  fucli  dbjcd*  M  appear.  Thea  you  mav  pro- 
ceed to  farvcj  the  wij«iiiog  idnih  br  tykisg  the  aa- 
plet  that  the  fides  make  with  the  Itation  line,  at  the 
iijtLTf  fl'.iiis,  awl  meafaring  the  diftances  to  each  cor- 
nci-,  tlic  intcrfctlion*.  For  etery  ftation  linr  v^  ill 
b<  ^  I  ^lii  to  aJl  the  future  operatiuns;  the  fiiuatiou  of 
all  pari*  bring  iiirircly  dep*.'iic!;int  upon  tlicm  ;  ariil 
tbeicfore  they  OiouKi  lit  takc'i  of  hs,  gnat  .1  Icu  jlli  ;i» 
polEble;  and  it  i»  bcil  i'or  ihem  U>  m-  along  fume  of 
the  hc'3gc*  or  boundaries  of  one  or  more  1  .Tis,  or  to 
paf>  thiou)rh  fotr.e  uf  their  angles.  All  things  bi  in^  de- 
termined for  ihefe  lljiion:i,  yuu  mull  luiie  more  inner 
one*,  and  fo  cotitinue  to  divide  and  fubdivjiict  till  at  hS 
yoa  amt  to  fiagle  6dld«s  repeuing  the  famf  work  fur 
the  iaacr  lbtiooa»  *»  for  th«  OHter  ones,  till  all  Ihs  doot : 
and  dofe  the  woik  at  oftea  aa  jou  eaa,  and  id  ai  few 
line*  as.  ]>olIibIc.  <^nd  that  you  Vay  dwofc  AationH  the 
moil  cunveniintly.  fo  At  to  caufe  the  kail  labour,  Itt 
til':  ('.3t:u;i  liiiis  Miri  a«  far  as  you cin  along  fome  hedgr.  , 
Slid  ihruugh  tti  many  corncit  of  the  Cclds,  and  ochcr 
remarkable  poMUg,  asytu  cio.  Ai.J  take  init^^i  lr>»v 
one  field  lie*  by  anothfrj  that  jou  aiay  nut  miipUuc 
thctn  ir.  tl.t  uTuiij:lit. 

5th.  An  tttw^rm.iy  l:r  To  fitcattfl,  !hat  the  whole  can- 
not be  forveyid  tc^'itln  r;  bcc;u  fe  one  part  of  the 
ciiate  cannot  be  fccn  fiom  another.  In  this  cafe, 
you  any  divide  it  into  tlmr  or  four  parts,  and  furvvy 
the  part*  Icpoiatctft  as  if  they  werelanda  beloogingto 
dtfleivnt  pmonti  nd  at  lall  join  thctn  together. 

6th.  Aa  it  If  seceflaiy  to  protnft  or  lay  down  yonr 
work  ai  you  proceed  m  it,  yaa  mull  have  a  fcale  of  a 
due  length  (odo.it  by.  To  get  fuch  a  fcale,  you  mull 
mcafure  the  whoL-  lin  iih  of  the  eftatc  in  chains  ;  then 
you  mutl  coiilidLT  Imw  ni.in-.  iiciitsin  length  the  map  is 
to  be  ;  and  tioai  tiicle  yuu  ««->ii  know  how  many  cbaiD* 
you  uiuft  have  in  an  inch ;  ilion  make  yonr  fealep  or 
choofe  one  alna  ly  made,  accordinjjly. 

7tb.  The  treta  it:  every  hed^c  row  mud  be  placed  in 
their piopcr  rituati.'n,  which  is  foon  done  by  the  plain 
tabk  t  but  may  be  done  by  the  rye  without  an  inftru- 
neat  I  end  bcin^  thus  ukcn  by  guefs,  in  a  rough 
^nghtt  the^  V  tl;  be  t%i€i  enough,  Ming  only  to  look 
■t ;  eiccept  u  be  fuch  aa  are  at  any  remarkable  place% 
aa  at  Uw  endeof  hcdsca,  at  fliUa,  gates  and  tbefe 
ntnft  be  mcafined.  Sot  all  this  need  not  be  done  till 
the  drauj^ht  is  finiihed.  And  obfcrvc  >n  all  tlie  hedgeg, 
v.!iai  fi'V'  iIk  .  .irtr  ur dildi it 0«» ttld coufeqMatly  to 

»  !iou\  llir  fi TiCCS  l-lAiIlg. 

8:li.  W'litii  ■tu'.i  have  long  flations,  you  iji!^'!it  toliavc 
a  good  inltiuiUfcui  to  t.i!cf  »ugtes  with  ;  ;ind  tlic  plain  ta- 
ble may  very  properly  be  muilc  ulc  of,  ti>  t.ilcc  the  te- 
vcral  unall  iiiieruiil  parts,  and  fuch  a»  cannot  be  taken 
<iom  the  mdn  ftatiooa,  aa  it  ia  a  very  qnick  and  rtndy 

inUrunient. 

15.  Inftead  of  the  foi  rgoicit:  n^cthodf  an  tngeajbua 
^nd  (Mr.  Abraham  Crocker),  after  mrntioBinff  the 
■ewnDaiMfrovndmatbnd  of  keeping  the  ficU  book  by 


writing  from  bottom  to  top  of  the  paj^es,  obfcrvea  that 
•*  In  tlic  former  luclhoj  of  ii\tafurinj(  a  large  ellale,  the 
accuracy  of  it  depends  on  the  corr«<6lnefs  of  the  inftni- 
ments  ufrd  in  taking  the  angtea.  To  avoid  the  errora 
incident  to  fuch  a  multitude  of  anj^lcs,  other  metboda 
have  of  late  years  been  ulcd  by  fomc  few  lleilful  furvcy* 

ors  s  the  Doft  pndical,  e«pediiiuii%  and  oorred,  feems 
to  be  the  fbllowfn^I 

**  A»  was  adtnicd  in  tbe  foregoing  method,  fo  in 
thia,  cbuolc  two  or  moic  cmiuences,  asgriind  Hat  ions, 
and  inraforr  apriiicipal  bafe  line  frt>ni  one  llaiion  lutlie 
other,  noflnjj  every  hedj^c,  brook,  or  other  rcmj,(k.iblc 
objcC!  ii-  yi  u  pafs  by  it  ;  meafuring  atfn  fuch  fliort  pcr- 
piiiu.c'jhr  !ine$  to  fuch  b'.ndii  of  hedi^es  as  may  be  near 
n'  luiiiil.  i'roin  the  extremities  of  this  bafe  inic,  or 
from  any  convenient  parts  of  the  feme,  go  off  with 
otliti  lines  to  1  Mine  icmarkalilc  object  fituated  towards 
the  hdesof  the  cllate;,  without  regarding  the  angles 
they  make  with  the  bafe  line  or  with  one  nuothcr  ;  ttill 
remem'itrinj;  to  i;ote  every  hcd<»e, .  rook  or  Other  objeck 
that  yi'' J  pals  by-  Theft  line;,  when  laid  down  by  in- 
tevfeciiona,  will  with  the  bafe  linc&rin  a  gnnd  trinnj^le 
upon  the  eflate  {  {evenl  of  whidi,  if  need  be^  bemg 
thus  laid  down,  you  may  proceed  to  form  Other  fmaUer 
triangles  anJ  trapezoid*  on  the  fidet  of  the  former :  and 
fo  on,  until  ymi  linifb  with  the  cndafttrct  indin- 
dually. 

"  To  illullrate  this  excellent  method,  let  ui  take  AB 
(in  the  pbno)  an  eftatc,  fig.  r,  pi.  i8)  for  the  princi- 
pal bafe  l:nc.  From  B  go  off  to  the  tree  at  C  ;  neiUng; 
down,  ill  the  hcld-bonk,  every  crof*  hedge,  as  you 
meafure  on  ;  and  frutn  C  meahirc  back  to  the  lirll  Na- 
tion at  A,  noting  down  every  thiug,  as  before  di- 
rected. 

<*  This  grand  triangle  being  coonplctedi  and  Ud 
down  on  the  rough-plan  paper,  the  partly  CMCriOf  W 
wellaiinterior*  arctebvconptetedbf  faudbrttiaai^ 
andtrapcawda. 

When  the  whde  plan  is  laid  down  on  paper,  the 
contents  of  each  firld  riiight  be  calculated  by  ttie  :nc- 
tbods        dew  11  ii-h.iv,  j;  urtiu'.e  20. 

"  Incouiuiict  .vitw.c  ;hc  laitJi^are  enciofcd  with  Iiigh 
hedges,  and  where  many  lanes  pals  through  an  cllatc,  a 
theodolite  may  be  ufed  to  advautage,  iu  meafuring  the 
angles  of  fuch  lands  ;  by  which  menus,  a  kind  of  ikete- 
ton  of  the  cltaie  may  be  obtained,  and  the  taacJinea 
fcrvc  as  the  b.ifes  of  fuch  triangles  and  tn^ieiOMUaaaro 
necelFary  to  fill  upthe  interior  parts." 

The  method  of  nMaliiring  the  other  crofi  ]iaea«  o£^ 
ieta  and  interior  pacta  and  eodo&»ca»  nppon  in  the 
plan«  fig-  I,  laftiefcmdto. 

16'  Another  ingenious  conefpondent  (Mr.  John 
Rodham  of  Richmond,  Yorkdiire)  has  aUb  commu- 
nieattc!  the  following  cxanipl-- iif  ttic  new  melliod  of 
furveyiti^,  accompanied  by  the  licid  book,  and  its 
Curt; fpandti^  plan.  Ilii  acoowit  of  the  metbod  mm 

foUo-vp, 

'Il'.c  licld-book  is  ruled  into  three  culumnt.  In  the 
middle  one  arc  fet  down  tiic  dtiiaitces  oo  the  chain  line 
at  which  any  mark,  offset,  or  other  obCtntatkm  is  made  i 
and  in  tht  right  and  left  hand  cohimna  are  cntticdf  the 
offsetsand  obfervations made on  tbe right  andJeftbani 
refpe£Ufdy  of  the  chain  line. 

It  ii  Of  gnat  admuge,  batb  igr  bterity  and  per* 

ipicoitj* 
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ti<(\  k>>tv,  to  heg}n  at  tlie  bottom  of  At  leaf  and  write 

tipvv.iids  ;  «tenjii<i;T  i!)c  croflipg  of  fences,  by  Hue* 
ilraivii  acrofi,  the  niiddlf  column,  or  only  a  part  of  fiich 
a  liiiinii  tlir  ri^'jit  ar.il  Itf:  opnrifite  the  iigur^f.to  avuij 
coiiluri.iii,  ar.i  lUc  conura  of  ficlfis,  ."■nU  otlier  rcir.ark- 
i\ilc  t'.iiriK  ill  tiic  fence*  wlicrc  oITiitts  arc  ti  kcn  to, 
linL'i:  joirii'i^  in  the  manner  (he  fi  riccij  ilu,  a»  will  Uc 
bdl  III  1  1>y  c-ompariiig  the  book  with  thepian  aimexcili 

2,  pi.  2-  , 

The  marks  ru'lrv-^,  a.  A,  r,  Ac,  art-  I  tfl  ir?(!i-  Ii;  d  o 
i!v1(3i>«  by  makiitg  a  fmall  hole  ui'.li  :\  Tpiu!.',  .ji  il  ;]  i  liip 
«r  fniall  bit  df  wood,  with  thepHfiiul  Irtiir  \  | 
may  be  put  in,  to  prevent  one  i.urk  !ii.iii<'  i.ikui  tiu 
another,  on  any  return  to  it.  li  it  in  rfitui.i!,  iKc  u  ime 
of  a  mark  u  very  cafil^  ]iai  hy  referring  in  the  book  to 
the  line  it  was  made  m.  After  tlte  ftnall  alphabet  is 
gort  through,  the  capit?.!-;  may  be  nest,  thtpriatlct* 
tc'F  aricrvviiKdii,  and  I'o  ou,  which  aoftrer  the  purpofe 
ot  lo  r.\My  didfcmtt  letters }  «i  tiuf  marks  may  be  nuiii* 
bc«  .-il. 

The  Itttir  in  the  left  h»u]  corntr  at  the  bcgitlnit^■,' ff 
ev'jvv  line,  is  the  mark  or  pbce  mcalmrd  /to;r;  ;  a^id, 
that  at  the  «ij,'lit  h;ind  corner  at  the  ciul,  is  tl^c  mark 
uicalutid  to  :  lJut  when  it  is  not  convcr.itnt  to  go  cx- 
iiftlv  from  a  mark,  the  place  racafiiii  l  (i  .m,  is  <li.- 
itiibcd  /-iA  11  dijia.ict  from  que  mjrh  towatJN  a<iiil/.\r  ; 
and  whrrca  n.nik  in  not  nMaflired  tc,  the  tx.id  |ilat\-  is 
tfcertaintd  by  U)ing,  lam  tn  the  riglit  oi  Kfi  har.U, 
yJfc-A  a  tiifieMc  to  Juib  a  mail,  it  hcing  ahvap  undvT- 
Jlood  thai  tbofe  diiUnccs  arc  ukco  in^toe  chain  line 

The  charader*  ufed»  are  P  for  for*  to  the  r  'i^li 
hirJ,  ~y  for  tutu  to  the  left  hand,  and  a  pi  ned  ovtr 
on  ijirhct,  to  lh«w  that  it  is  not  taken  at  tight  anj^ks 
with  tilt  cli  iiii  tiiii ,  Ij'it  'n  tin.  line  «Ith  fonic  ftralght 
ttiicc  ;  bciog  chully  uicd  w  hen  croHing  their  dircvtiona, 
and  i«  a  better  way  of  obtaining  their  true  place*  tha» 
by  •ifiVcis  at  right  an^lt s. 

Whtn  a  line  is  mrafured  whofc  pofition  is  dctcr- 
mined,  either  by  rormci  work  (as  in  the  cafe  uf  pro- 
^iwiag  a  K>*<^n  line  or  meafuting  from  one  known  place 
or  mark  to  ar.  ii!  cr 'i  i-.-t  r  •;'';lf  (as  in  the  third  Ode  of 
B  triangle)  il  i-:  <.-il  i'  a  line,  and  a  dinible  line 

xtofaihe  book  is  drawn  at  liie  condufion  of  it ;  but  if 
its  pofition  H  not  determined  (as  inthc&cond  fide  of  • 
titanic)  it  \t  called  a  iMff  £«r»  and  a  Angle  line  la  drawn 
acrois  the  book.  When  atme  becomes  determined  in 
pnlition,  and  is  aftcruards  continucd>  n  double  Iwe 
li.ilf  through  till-  hoi  k  is  drawn. 

\V;un  a  loofc  line  is  mo.ifurtd,  it  becoraei  abf  '!;;'.*:' v 
nectlTary  to  meafure  fome  line  th.it  will  deterirmic  ;j 
pofition.  Th-.ib,  the  firll  line  nh,  being  the  bafc  of  u 
triangle,  i^alnay*  dcierrrvinfd  ;  but  the  pofuion  df  tin; 
feeond  fide  h],  ikt  s  not  become  diCcnniued,  till  the 
third  fidty''  is  ini.  fiuec!;  then  llic  t.-iaugtc  may  be  tou- 
ftruited,  and  the  |)"fii  ibn  of  btjlli  ij.  dctitniincJ. 

At  the  bef^iiinitig  of  a  line,  to  fix  a  toofc  line  to  the 
mark  or  place  meslnred  fici-n,  the  figo  of  turning  to 
the  rKrht  or  left  band  muflt  be  added  (aa  at  j  in  the 
third  line)  \  otherwtfe  n  lliattger,  when  laying  down 
tlie  work  may  as«i(ily  conllrud  tl»tiiaarie  hji  on  the 
wrong  f:dc  of  the  Hoe  ah,  as  on  the  right  one :  but 
thi  cii;;i  cannot  be  fallen  IntOt  if  the  fignaboremi&ed 
Lc  carefully  obfervcd. 

In  ckooling  a  line  to  fis'  a  ioofe  one,  pre  muft  be 
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taken  that  !t  do«  not  make  n  wry  acute  or  abtole  mi* 

gU- ;  v<  in  the  trianale  /Br,  by  the  angle  at  B  being 
\rry  ubtufc,  a  finall  deviation  from  truth,  even  the 
lueadih  of  a  po-'nl  at  pc\rr,  wo  i!d  make  ti.e  t  ii  ;  r.'  li 
wla-ri  conllructed  very  cciufidliabk  S  but  by  roniinuLi- 
in;;  «lic  triangle /Bf,  fiieb  n  deriatkin  is  wno  coafe* 

<j  '<  "I  0. 

\Vlirre  ihe  wordi  Ir.ivf  oif  are  viittcn  in  \\.t:  fnid- 
b  )  >k,  It  is  !■!  li)'Liif\'  tit.1t  the  l.ii.i::^  iif  ulikel*i»  lrt>n» 
ti.eiKc  <'.ir.;oiriirnt;  ;  and  i»i  cnii'ic  fniUCthing  is  WSBt- 

in  •  li  tu'  i  ii  ihat  and  ilie  next  ufi$et. 

'1 I  ti '.'id  hook  above  referred  to.  'r»  engraved  on 
plate  29i  in  pa(tsi,  reprcfcnitng  fo  okary  pagc«,  cavb  of 
which  »  fuppofed  to  begin  at  the  bottom,  and  end  at 
top.  And  the  map  or  plan  belonging  to  it»  in  fig.  2, 
pi.  a8.  -  , 

17.  f»  Sunny  a  Cuaniv,  or  I.^i-gc  Tra^i  L<ir.A. 

tfl.  Choi'ft  twc,  [!,t.-e,  or  four  enninetir  pl.icei  fi.r 
n.iliiiiii  ;  f^;c'a  astli^'  tjp*  of  hi;j;h  hills  or  11:0  mtjins 
tcv-'cit,  or  ciiiirc:!  li  \:,>lcs,  wliieii  m  i\  ft.ii  trulu 
«>iii;  ailolhtr  ;  fi  .li!)  which  nuilt  ui  the  lo\vii«,  ami 
olhcr  places  of  note,  may  alfo  he  fieu.  Aud  let  llicta 
i>e  l.ir  diilant  frusn  otic  another  as  ponibtc.  Upon 
tliifc  place  laife  bcacon«,  or  long  pole*,  with  flag*  of 
d  liLient  culmii-s  ilyiiig  at  them  ;  S>  at  lobc  vifiUelfoat 
all  the  other  llalions. 

ad.  Ai  all  the  placea,  which  you  would  let  down  In 
the  map,  plant  long  pntcs  with  flags  at  them  of  fcveral 
colouri,  to  dillingBim  the  places  from  one  another ; 
fixing  then*  upon  the  top^  of  church  licepies,  or  the 
lops  r>f  houfeSiOrinlhc  centres  cfleli'cr  towns. 

But  you  need  not  have  thtfe  niaiks  at  many  plnccs  at 
once,  !i<sfiippofc  lialf  a  fcore  at  a  time.  For  when  the 
aiij;Ics  have  been  taken,  at  the  two  ilation?,  to  sll 
tlu-re  places,  the  injrks  iii.iy  be  moved  to  new  ones  ; 
antl  fo  fucccfhvely  10  all  the  places  you  want.  Thcfc 
marks  then  bcin^  fet  up  at  a  convriiicnt  number  of 
places,  and  fttch  iii  may  Lc  feen  fro^n  both  flatiunt{ 
to  one  of  thcfc  l^ationii,  and  wiUi  an  inllriimrnt  to 
t.ike  ai^jles,  llaaJinj  ;ii  tliat  (Utieu,  take  aU  tiie  angles 
between  the  other  Itation,  and  each  of  ihefe  marlu^ 
obfcrring  which  is  blur,  which  red,  ftc>  and  wtucli 
hand  they  lie  on ;  and  fet  all  down  with  their  coloursb 
Then  go  to  the  other  flation,  and  take  all  the  anglet 
between  the  firll  ihtion,  and  each  of  the  former  murks, 
and  fet  tliein  dutvii  ivilh  the  ulhers,  each  a^amd  hit 
fellow  witll  the  f.ii  -  vi  jur.  ^  :  i:\..v,  ii  \uii  c.i-i, 
alfo  take  the  angles  ..t  lusiic  llutu  lt..;n.ii,  whieii  may 
fi  1  e  lo  prove  the  w'  :  k,  if  the  thice  line*  interfett  in 
lli.it  po'iit,  where  ar.y  mark  ftnnds.  The  marks  mull 
H.iiid  'ill  the  ohft;v  iilons  are  fniifhed  at  both  flatnjiia  ; 
and  tiuti  ihey  niull  lie  tdken  down,  and  fet  np  iiefti 
pLlccs.  And  liu'  lame  operations  mnl^  be  pcitornicd» 
at  both  flationji,  i\y(  tbefc  frcih  places ;  and  the  like 
for  others  ^  Yonr  inftrumeM  fur  taking  aagka  muft  be 
an  exceeding  good  one.  made  on  purnow  with  tele* 
fcopic  fights;  and  of  three,  fixn-,  or,  five  feet  radius. 
A  cii  ciimferenior  ia  reckoned  a  good  inftnimcnt  fur  tkia 

purpofe. 

3d.  Ai'd  though  it   is  not  .^•"Mtely  neciHiiry  to 
tltcaiurc  any  dtilaace,  becaiiic  a  ualioi.ary  line  being 

laid  down  fmm  aof  leak,;  lU  the  other  lines,  vmU  be 

ptoportiuaal 
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proportional  to  it ;  yet  it  is  better  to  mesfure  fome  oF 
tt;e  li;i?4,  lo  a'^urt'iiti  t}:c  di i'.LiiKc*  of  places  in  milt':  ; 
arid  to  kuuw  ln)'.v  many  gtonu'tricjl  miltrs  there  arc  lu 
any  length  ;  and  from  thence  to  mskc  a  fcale  to  mea- 
fiire  sny  UilUncc  in  miles.  In  mcaUiring  any  diftancc, 
it  will  not  be  cxafl  enough  to  go  along  the  high  roadj  ; 
bj  reaibn  of  their  tuniings  and  wiiidin<ri,  aiul  hardly 
mrljiog  an  a  rij;ht  line  bi^tweea  the  ^ttoiw,  which 
would  caiifc  endlti's  rvduftions,  and  create  trouble 
to  make  it  a  right  line;  for  which  reafon  it  can  ne- 
ver be  cxa£l.  But  a  better  war  i«to  ncafiiTe  id  a  right 
line  with  a  chata,  between  Satjon  and  ftation.  ofer 
hilh  and  dalcx  m  level  (tclJs,  and  all  oblbcUi.  Only  in 
cafctiP  water,  uonds,  towns,  rocks,  bankc,  &c,  where 
one  cannot  p  ils,  inch  parts  of  the  line  mud  be  meafurtd 
br  the  intiii'Kls  of  inacccflibic  diftsnccn;  and  bclidc*, 
allow  it',;  )'  r  a'ct  nt  ;  and  dtlccnts,  when  we  meet  with 
them.  Ami  u  good  cumpafs  tKat  flicws  the  brn'ing  of 
the  two  Kations,  will  always  din  et  \i  u  to  lliaight, 
when  you  do  not  fee  the  two  (tstions  ;  and  ni  your  pro- 
grtij,  II  y<jii  c:.in  go  ftraight,  you  may  take  ofiseti  to 
any  reniarkabtc  places,  liLcwife  noting-  the  intcrfcCtion 
of  the  (iaiicinary  line  with  all  routls,  incif,  ivc 

4th.  And  from  all  the  iUtioiii.  and  in  the  whule  pro- 
grebi  be  very  particular  in  obfervm^;  fea  coads,  rrvcr 
OMUtlia,  lowna^  caft1e«»  honfcii  churchea,  windmlUi, 
watermilltt  trtei,  lOcka,  fimda,  roads,  bridges,  foidf, 
leiritt,  woodi,  hill«,  monntain^,  r'lls,  brooks,  parks, 
bciccm<i,  fliiices,  flood/^ates,  locki,  >.vi:  ;  and  in  general 
'lU  things  that  arc  rem.irkable. 

5th.  After  you  have  done  \vi;h  the  firH  and  m|in 
fiation  lilies,  wiiicli  commaiui  ihr  uliolt:  ccmty  ;  you 
muft  then  tiikc  Iniit.r  Ihu^jus,  at  i'i;n-.c  jilacs  nlrc.iJy 
determined;  which  will  uivulc  tin:  \shulc  into  fcvci.il 
partitions  :  and  ftom  thete  Itaiiuiis  you  midi  determine 
tlvc  places  of  ai  many  of  the  remaining  towns  as  ynu 
can.  And  if  any  remain  in  that  part,  you  muft  take 
nore  flationa,  at  Iboie  pbcca  afrcady  determined  ; 
ftom  which  you  may  determine  the  rcil.  And  thus 
proceed  through  all  llic  p<iru  of  the  country,  taking 
Jkatmn  after  Aatioo,  till  we  have  detennined  all  wc  want. 
Aad  ia  Mneral-  the  fbtion  diftinoea  miilt  ahnys  p»b 
thm^TnchTcmarlcsible  pdata  m  have  been  deiermiMd 
bdbrr,  by  the  formcrftationt. 

6th,  I^iillly,  thepofition  of  the  ftalion  line  you  mra- 
fure,  or  the  point  of  the  compafs  it  Kt  t  on,  raull  be  de- 
termined by  aft'oni)'nical  cl.U-tv,ii'>jii.  Hang  up  a 
thread  and  plummet  in  the  fun,  ovt-i  torvir  psrt  of  the 
ftation  line,  and  obferve  when  the  lliadow  uu  s  along 
that  line,  and  at  that  moment  take  the  iuuV  altitude  ; 
llun  having  declination,  and  the  latitude,  the 
azimuth  will  he  found  by  fphetical  trieonomctry. 
And  the  a/imutit  is  the  angle  the  ilation  line  maket 
with  the  meridian  ;  and  therefore  a  meridian  may  eafily 
be  drawn  through  the  map :  Or  a  meiidian  oaay  be 
drawB^  through  it  by  hanging  up  two  thretdi  in  a 
line  wiih  the  pole  finr,  when  Ee  la  Juft  north,  which 
my  be  luMwn  fnm  aftronomcal  table*.  Or  thus ; 
obfenre  the  fiar  Alibth,  or  that  in  the  rump  of  the 
great  bear,  being  that  nc-t  iIr-  fqnurc  ;  r.v  il\  CitTio- 
peia'thip;  I  fay,  obfejve  by  a  lin^-  .iiiJ  pI.)ncr;Kt  wUeu 
either  of  linn-  ;iai5  ,tnd  the  pole  llai  come  in;vi  a  per- 
pendicular i  and  at  that  time  they  arc  due  north.  There. 


fore  two  perpendicular  linea  being  fixed  at  that  mo- 

r  arch  tliL-fc  tWO  fiailt  Will  glfC  the  pofitio* 

liic  lucridiun, 

18.  To  Siirz-iy  a  TitvH  er  C'tfj' 

This  may  be  done  wult  pny  of  the  inilrumenta  for 
taking  angles,  but  bell  of  all  with  the  plain  table,tlirliere 
every  minrte  part  is  drawn  while  in  fight.  It  le  proper 
alfo  to  li^vc  J  chain  of  feet  long,  divided  iutn  jo 
links,  and  un  oSiKt-iUffof  10  feet  Inng. 

Begin  at  the  mect{n{r  of  two  or  more  of  the  priflci* 
pal  flrteta,  throi  gh  which  yoticaa^ium  the  %tgclt 
profpedat  to  get  the  lon<,'cft  llation  Kaet.  There 
having  fixed  tlic  indnimcnt,  draw  lines  of  direAion 
along  thofe  ftrcctf,  uri»;j  two  men  b«  marks,  or  poles 
ftt  ill  ivii.  I'vii  ;i  .!i-H  1  ,  >r  perhaps  fome  rcinsikuble 
pl.ms  liiihc  iiauita  Uio  farther  ends,  as  wimlows, 
doors,  corners,  &c.  Menfiiri*  thefc  line«  w  th  tlic 
chain,  taking  offsets  with  the  llaff.  at  nil  corners  of 
llrectK,  bendings,  or  wiiidiii;/«,  and  to  all  reitiarkable 
tilings,  a;  chuich(<i,  matkets,  halia,  collcgca,  eminent 
huul'e?,  &c.  Tlien  remove  the  in liruiDcai  to  another 
<ta:  inn  along  one  of  thefe  iines  ;  and  there  repeat  the 
f  ^  me  proceia  at  belure.  And  fo  oa  till  the  whole  it  fr> 
aiihcd. 


Thus  fix  the  indrument  at  A,  am!  dia  .v  liuts  ii;  tlie 
direction  of  alt  the  ftretts  meeting  there  ;  and  aieafui« 
AB,  noting  the  ftreet  on  the  left  at  m.  At  the  fceond 
llaiion  B,  draw  the  direAions  of  the  Orcets  mectine 
there  {  mcafuire  ftom  B  to  C,  noting  the  pbeea  of  the 
(treetaat  nandoasyoU|ialiiby  them.  At  tfaejd  ib> 
tion  C,  take  the  direftion  of  all  the  ftreeta  meeting 
these,  and  meafurc  CD.  At  D  do  the  fame,  and  mca- 
fnre  DE,  noting  the  place  of  the  croft  (Irects  at  p. 
And  in  thia  manner  go  through  all  thv  jiniiLij^al  ftrecls. 
This  done,  pioceed  to  the  fnialler  aui!  iincrmesiinfc 
flrca*  ;  ;iriJ  I  , illy  10  the  l:i  1  ^,  .ilkv,,  cuwits,  yuids, 
and  every  pari  llial  it  may  be  thoiigbl  proper  to  rc- 

pvcfeat. 

Of  P^mav,  Ca^Klivt  W  DkUb^ 
X9.  T»      ^beiwriir  Phut  ifmj  Sarvtf.. 

If  t'le  fii-^viy  v.'39  taken  with  a  plain  table,  youhaTc 
a  rough  plan  of  it  idready  ou  the  pafer  irhickcovei«dl 

iba 
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t'.r  taMc.    B-it  if  the  I'urvcy  was  n  itli  any  ollu  r  in- 
,11  -  lit,  a  [jhii  of  it  ij  to  Uc  drawn  (roin  tin- rr.ci.l.irri 
tliiil  nt.'rc  taken  in  the  furrcy,  and  liiii  of  aii  a  rough 
plan  upon  paper. 

To  do  tliii,  you  mud  liave  a  fct  of  proper  inikni* 
mrnts,  for  laying  down  both  liiirs  and  angles,  &c  |  M 
fcafcsof  rariout  Hzcs,  the  moK  of  them,  and  the  oione 
aocuratCi  the  better :  rcak«ofcbon)s,j)rotTxdor>,per- 

endicnlar  tad  pmOd  nikn,  Ue.  Dutganitt  {etk^ut 
ft  ro^tbe  llneB,  bKaofethey  extend  to  tbree  figtiuNt 
or  cbiiM  and  links,  wliich  arc  liundredth  parts  of 
chains.  And  in  ufinjf  tUe  diagonal  fc.ilc,  a  pair  of  com- 

paffcs  nii;11  bf  ;-iTivi  I  i!  \i>  : j'.-.v  oil  I'-,:;  li'li-ths  (]f  till- 
principul  ln:i--.  vc;v  .■•.ci  ni  ntriy.  I'jt  a  i^\^\r  uitli  a 
thtn  cdf'-L  oi'-idti!,  is  anicli  ri..i-l  ;t  for  hyliij;  c!;)Wii  tliC 
I'ft pen4i1t11i.tr  ciiisctb  to  crooked  hedge*,  and  for  tiL-irk- 
it  g  tikc  place*  of  thofe  offsets  upon  the  Ration  li>u  ; 
wiiich  ic  done  at  only  one  application  of  the  edge  of  the 
fcatc  to  that  linr,  and  then  pricking  olf  all  at  once  the 
dilUncc*  alone  it.  Angles  are  to  be  laid  down  cither 
with*  good  Kaikof  cliurds,  which  h  perhaps  the  tnoft 


or  with  a  laive  protn£tort  which  it 
inucli  leadier  wfaea  manj  aagka  are  to  belaid  domi at 
oneporott  atthcy  aie  piidtfldoffaUaitwieeiodod  the 
eigt  of  the  protrafbr. 

Very  particular  dircifiiona  for  laying  down  all  fort* 
of  figuicn  cannot  be  neceffary  in  thin  place,  to  any 
perfoii  who  ha»  learned  practical  j;fiiiiRtrY,  or  tlic 
coitftnKtitjn  of  fij^iire*,  and  the  ufe  of  ins  iiitlnrmi.iitv. 
It  may  lluTiTort  h-:  iufTuMiit  to  ulikiv;',  t!i;ii  all  lii 
and  angU  5  miul  he  \^\A  clrm-ii  on  the  plan  in  the  tame 
order  in  wiiich  tlu  v  wnc  ini-aluvcd  in  the  field,  and 
in  which  the^r  arc  wnttea  in  the  tield-book ;  laying 
down  firfl  the  angla  for  the  pofiiion  of  line»,  then  the 
kngtht  of  the  lines,  with  the  places  of  the  offset*,  and 
then  the  lengths  of  the  oflieta  themfelvci,  all  with  drr 
or  obTcure  finea  (  then  s  black  tine  drawn  through 
the  eilienitin  of  dl  the  ofliett^  w3l  be  tbe  hedge  or 
bounding  line  of  tbe  fiddi  4lcc.  After  the  piindpot 
boonda  aod  li'nea  are  laid  down,  and  made  to  fit  or 
clofe  properly,  proceed  neit  to  tlic  fioa"I(:r  oLjcfts, 
till  you  have  entered  everything  tl.ni  n.j^Li  10  appear  in 
the  fit^n,  .ns  liuult.-,  iitnl.  .,  tilts,  hills,  g&tes,  (lile«, 
roar.f,  laiics,  mill*,  bii<igc^,  wocdlarids,  &c,  Ac. 

Till'  noith  fide  of  a  map  or  plan  is  commonly  ]ilac-;  d 
uppermoli,  andu  meridian  fomewhcre  drawn,  witlithe 
compafs  or  flower-de-lucc  pointing  north.  Alfo,  in  a 
vacant  place,  a  fcile  of  c^ual  parts  or  chains  is  drawn, 
and  the  title  of  the  map  in  confpiciious  charaflers,  and 
cmbellilhcd  with  a  compartment.  All  liilU  mull  he 
Aadowcd,  to  diftiiigullh  thctn  in  the  map.  Colour  the 
bct^te  with  difiereat  «oloui»|  fepKfent  hillf  gnNinda 
bjr  broken  hQbind  TaHeyt»>diiw  lingkdonM  Knea 
for  itiot-Ntht,  and  donUe  onet  for  horfe  or  carriage 
roads.  Wi^te  the  name  of  each  ScU  and  remarkable 
place  u  [tbin 't,  anJ,  If  yott  eboofei  tt*  Content  i«  acre*, 

roods,  and  poi  u'lti. 

In  a  very  ! -rge  cftatc,  or  a  count}',  draw  vertical  and 
hori/ontal  lints  (hmii^h  the  trap,  denoting  the  fpacct 
between  tb?in  by  I'jtters,  id  ;il  the  top,  and  bot- 
tom, and  fides,  for  readily  linding  any  field  or  other 
objcd,  mentioned  in  a  table. 

IS  supping  oouatica,  and  eibtea  that  have  uncfen 


ground*  of  hilU  aud  v.iILcyi,  redaiie  all  i^bliiiiK-  liaes, 
n  eafured  up  hill  and  di  \vn  hill,  tu  hori/.ontal  llraight 
hnes,  if  that  was  not  done  dur'n^jthc  fiwi  y,  before  they 
were  entered  in  the  ficld-bonk,  by  makin  r  a  proper  al- 
lowance tu  fhorten  them.  For  wltich  purpok,  there  ta 
commonly  a  fmall  table  engtafenon  fume  of  tbe  iallni> 
meat*  fur  Surveying. 

20^  f»  CtmfKte  the  CtateM  tfFuJdt, 

ifl.  Compute  the  contents  of  the  figures,  whether 

trl^iij.'lL- ,  or  [ri;>L/iuni  J.  Lc,  Iiv  t!h-  |i;  .,(jor  rnlcs  for 
llij  lovLi.ii  li,:>HLi  laiJdtiAu  lii  iiKiiiiiiiii^  ;  nrjltiply. 
in.r  tbi- 


by  tUc  breadtlu,  buth  i^i  llnkit;  the 
j  iihIn.;  is  .  afltr  yoa  have  cut  oiT  fivt  i"nfij?e§o!i 
the  ri^lit.fiir  decimids ;  ibcu  liring  tht  Ik  u^ii.i.^UtD 
rouusaiid  perches,  by  multiplying  tirll  bjf  4,  and  thea 
by  40.  An  example  of  which  trat given  M  the  ddcrip* 
tioo  of  the  chain,  art.  1 . 

*d>  Iq  fmall  and  feparate  pieces,  it  Ts  ufuat  to  call 
up  their  contents  from  the  miafure:!  uf  tli.-  ^  t.  k.u 
in  funrejing  them,  without  making  a  correct  plan  of 
tbcfli* 

Thus,  in  the   tr-"nr^;lc   in   art  y,   wbcit  WC  hid 
AP  =s  794,  and  AH  =  1^21 
fC  »  8x6 

79^6 


2  )  I0'9ii46 
5*45573 


ac  r  p 


4  Anf.  31  I  3j  nearly 


Or  the  (ird  example  to  art.  8,  thuat 


A£  214 
AF  362 
AC  591 


210  £D 

ji6  fum  of  peipk 
J92  AC 


10:;  2 
4644 

 ♦ 

.218^8 

S'7S5M> 


Anf.  3 
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AP  no 

AB  1 1  to 

rc 

AP  MO 


595  Q? 


ac  r  p 


S-7920 


3d.  In  pieces  bwiodcd  bj  very  orookcd  mmI  winding 
liedgei,  mnTurcd  by  offieM*  all  tlbt  purU  bctuweo  the 
«fiMts  arc  ntoft  aceamtb  nofiiKd  wpmtdjr  M  fmll 
tnfooiit,  Tbnt,  fbrtne  exampk  to  art.  whera 


Ac  45 
Ad  2  70 

Al-  ",40 

Ai"  i  10 
A«  6*4 
AB 


Ac  4? 

th  62 

di  84 

<.  k  t 

90 

146 
cd  175 

de  120 

A790 

73° 
T012 

•46 

1S480 

«JS5<» 

Then 


62  ch 

84  di 

7  3  ck 
(j3  tl 

5? 
91 


•m 


n  98 

S«  57 

Bn  91 

145 
fg  124 

gB  i;i 

580 
290 
'4$ 

740 
148 

17980 

»»54« 

1790 

18480 

1  )  1-15708  ac    r  p 

'57854  CoBUnt  0    3  1* 
4 


l»*56640 


78,- 

66 

47  10 

J ;  10 


AB 

mean  breadth 

•c   r  p 
CoDtent  o    2    a  Ly  iLL  r-.tnl;  *!, 
which  i<  10  perches  too  littk. 


4th.  Sometimei  fuck  pieces  as  that  above,  are  com« 
putcd  hy  fiadiag  a  mean  breadth,  by  dindiog  the  funa 
of  the  o&ett  by  the  nambcr  of  thcm»  «cso«iitiK  Uwt 
for  one  of  them  wbctt  the  hoondary  oweta  ih«  ntioa 
Ii'nr,  a»  at  A ;  then  ndtiplf  thclcBfth AB  bj  that meaa 
breadth. 

Thaa; 

00 
6s 
84 

70 

98 

57 
9« 


8*896o» 

But  tbig  mciliod  is  always  crroncom,  except  whiM 
the  oiT><:ts  ftaad  at  equal  diiianrcs  from  one  another. 

5lh.  But  in  larger  pieces,  and  whole  etiatci,  conCft- 
ing  of  many  fields,  it  is  the  common  practice  to  make 
a  rough  plan  of  the  whole,  and  from  it  compute  the 
contents  quite  independent  of  the  mcafom  of  the  lines 
and  angles  tliat  were  taken  in  Survrylog.  For  then 
new  lines  are  drawn  io  the  fieUa  in  the  plaa,  fo  as  tS 
divide  them  into  tnpeaiuBM  and  triangfai^  the  bitet 
tad  pcrpcodicidm  01  wtuebaie  ttenfaitd  oa  the  plan 
hj  means  of  the  fade  Gran  whick  it  wm  drawn*  and 
(a  Binhiplicd  td^her  for  the  eontents.  In  (hit  way 
the  work  is  very  expcJilioudy  done,  and  Tufficicntly 
correA  ;  for  fi;ch  dii;jci)fi'"n  aa  tn'.;c:i,  a>  rJibrd  tlie 
motl  taty  mctlnTd  of  calcutuian  ;  ami,  among  a  uum> 
bcr  of  parts,  thus  taken  and  applied  to  a  Icale,  il  ii 
liktly  th.n  fome  of  the  parts  will  be  tukta  a  fraall  mat- 
ter K  o  little,  and  oth«ri  ti  D  ^'icat  ;  I'o  that  iJticy  will, 
upontbe  whole,  in  all  proliahility,  very  nearly  balance 
one  another.  After  all  the  fuld:,  arid  particular  parts* 
are  thus  computed  feparaiely,  and  added  all  together 
into  one  fum,  calculate  the  whole  efiate  independent  of 
the  5eld«,  by  dividing  it  into  large  and  arbitrary  trian* 

J lea  nnd  tn^iiiins*  and  add  thefe  alfo  together.  Then 
r  thii  iiiB  be  equal  to  the  Jbm^,  «r  nearly  To,  iIk 
inirk  it  lig^t  |  but  if  die  fuat  haw  anv  oonfidcnble 
diSercsce*  it  it  wrong,  and  they  inuft  be  ezainined, 
and  moaij^ted,  till  they  nearly  agree. 

A  fpeamen  of  dividing  into  one  trian^^Ie,  or  one 
trTipt^iun!,  which  will  do  wr  inoft  i'hjjIl' IIiIl's  ni.n'  bo 
fi'cn  in  the  ckaroplcs  to  the  htl  artick  ;  a;itl  a  Ipccintca 
of  dividing  a  large  traifl  into  fcversl  fncli  trapeziuint 
and  triun}{le«,  in  article  9,  where  a  piece  is  fo  divided, 
and  its  dimcniiona  takes  nnd  fct  down  |  and  Mgnn  m 
aiticles  I),  16. 

6th.  But  the  chief  fecret  io  calling  up,  confifls  ttt 
finding  the  contents  of  pieces  bounded  bycui  vtJ,  or 
very  irregular  linci,  or  in  reducing  fucli  crookiu  iul  n 
of  ilelds  or  botmdariea  to  ftraigiat  lineo,  that  fliall  in- 
dofe  the  fame  or  equal  area  with  thofe  crn<ikcd  frdet, 
andfo  obtain  thena  of  the  eufved  iigurc  by  means  of 
the  r^ht'lioed  «ne»  wluch  will  coBuuoiily  be  a  trape- 
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tSnm.  Now  lh!»  rcdticiiig  ibc  crooked  Ado  to  ftra^gtit 
oiiw,  it  very  eafily  and  accunteljr  performed  thoes 
Apply  the  Urai^ht  <d^c  of  K  tluD,  dear  piece  off  Ian* 
tb.  rn  iv  r:;  to  tfic  crooked  liuct  wUchitto  bercdiwedt 
i«  IulU  a  manner,  <Ii:«t  the  fm all  pttrU  cut  off  ftwB  the 
crookid  figure  I  v  ■•,  n,  i ,  !  equal  to  thofc  whu* 
arc  taken  in  ;  w'licli  Kjuilitv  of  the  part*  included 
and  excluded,  you  ui;':  prciciL-Jy  hv'  p.!j!c  ir,]r.,'f:i  of  y--y 
nicely  by  a  little  mMi  tiLC  ;  x)ira  witk  a  pcjitil  diaw 
a  line  by  the  flrai^jht  of  ttke  horn.  Do  the  fame 
by  tUe  other  fides  of  the  ticld  or  figure.  So  (hall  you 
have  a  flraighi-fided  figtire  equal  to  the  curved  one  ; 
tke  eoottoti  of  which,  bcine  computed  as  before  di- 
nacd,  «ai  he  tlie  ceataut  of  the  curved  fignre  pto> 
poled. 

Off  tnfteid  ofthe  ftraight  edge  of  the  horn,  a  horfe- 
Itair  may  beappGed  Kiofi  Uiecrooked  Cde»  in  the  fame 
maimer ;  and  the  ealkll  wwj  of  ofmg  the  hatr,  tt  to 

ftring  a  fmall  flender  bow  with  it,  either  of  wire,  or  caaci 
or  whale-bonc,  or  fuch  like  flendcr  fptin^  aattcr  t  *«* 
t:iL-  b'nv  keep!:. h  always  ft  retched,  it  CM  he 
and  neatly  applied  with  one  hand,  while  the otheria  at 
libertv  to  make  twoaBuk*  hftbc  Ikfe  of  itttodnwthe 
AraiKhtline  by.  ,    .  r 

Ex.  Thus,  Ll  it  be  required  to  li;;d  the  Content* of 
thciaoe  figure  at  in  arU  i3,to  a  fcatc  of  4  chaiat  toaa 


Diaw  the  {bur  dotud  flrai^ht  lines  AB,  £C.  CD, 
PA«CUtdiig  off  equal  ^oanUtiea  on  both  Tides  of  them, 
vhieh  they  do  at  eear  u  the  eje  cm  jndgei  lb  tt  the 
erooked  figure  reduced  to  aa  cquifalent  right-Kaedene 

of  four  fides  ABCD.   Then'  draw  the  dugoDal  BD, 

which,  by  applying  a  proper  fc-alc  to  It,  mealure*  1856. 
AUo  the  perpendicular,  or  neari  !i  'r"  u  .  ,  f  m  A  t  ) 
this  didi£oi)<ii,  racafwes  4j6;  aud  tin:  dilUutc  ul  C 
' — kit, it 418*  Thca 
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And  that  the  content  ofthe  trapecior,  and  eo*re* 
qocntlr  of  the  irregular  figure,  to  which  it  i«  equal*  it 
eafily  tonnd  to  he  5  ecm,  a  looda,  8  perches. 

ai.  7#  TrtBu/tra  PUm  to  amlher  Pitpti,  is*.'. 

After  the  rough  plan  is  completed,  and  »  fiiir  one  it 
wanted  t  thi*  mar  be  done,  either  00  pi^r  or  ve1l||Bik 
by  107  of  the  CaOowing  Methoda. 

Firjt  MetioJ.-^htj  ifac  rougji  dait  upon  the  cken 
paper,  and  keep  them  al«ra^  pfemd  flat  and  cfefeto- 

f;ttlicr,  by  weights  laid  Upon  them.  Tlien,  with  the 
puiul  of  •  fine  pin  or  prit  ker,  prick  through  all  the 
corners  of  the  picn  to  bo  copied.  Take  tlitm  afun- 
der,  and  connect  the  pricked  points  on  ilic  tk  jii  paj^er, 
Willi  lilies ;  and  it  is  done.  This  method  h  only  to  be 
pradifed  in  plans  of  fuch  figures  as  are  fmall  and  tole* 
rahlf  rcguhr,  or  boaadcdbj  ijght  li«ct* 

tttfuJ  MeiM. — Rub  the  back  of  the  rough  plan 
over  with  black  lead  powder  ;  and  lay  the  faid  black 
part  upoa  theckan  paper,  upon  which  the  plan  is  to  be 
copied,  nidh  the  proper  pofitioa.  Then,  with  the 
blunt  pnmt  of  IbuK  hud  (ubAmec^  at  biaA,  or  fiidk 
likt  ,  trjcc  over  the  lines  of  thewfaok  plaat  preSleg 
the  iraicr  fo  moch  as  that  the  black  lead  onder  the  line* 
may  be  transferred  to  tl,ccli.:in  paper  ;  after  which  take 
off  the  rough  plan,  and  trace  over  the  IcjJcn  marks 
with  coiniiTjii  ink,  or  with  Indian  ink,  ^c. — Or,  in- 
ilcad  of  blacking  the  rough  plan,  you  may  keep  con- 
ftndf  k  hhefced  paper  to  Oij  hcttKCD  the  pbiwt 

nWjlftfM—Aaothc^inqr  of  copying  plans,  i« 
bf  wcana  of  fouares.  This  is  performed  by  dividing 
both  endi  end  fides  of  the  plan,  which  is  to  be  copied* 
into  any  convenient  number  of  equal  parts,  and  con- 
aeding  the  correfpondingpointsof  dtvifion  with  lines ; 
which  win  divide  the  plan  into  a  number  of  fmall 
CitwKf.  Then  divide  the  paper,  upon  which  the  plan 
is  to  be  copied,  into  the  fame  number  of  fquarea,  each 
equal  to  the  former  when  the  plan  is  to  be  copied  of  the 
fame  lize,  but  greiter  or  le's  than  the  Others,  in  the 
prupuriiuiv  in  wiiieli  the  plan  is  to  be  increafed  or  dim?- 
oilhcd,  when  of  a  different  fize.  Lal\ly,  mpy  into  the 
clean  fquarei,  the  parts  containt^d  in  ilic  correlpondm^r 
fqiiares  of  the  old  plan  }  and  you  will  have  the  copy  " 
either  of  the  fame  fixe,  or  greater  or  kfs  io  any  propor- 
tioB* 

AaffC  MlAoJ. — A  fourth  way  is  by  the  infirumeat 
cdlcd  «pentignph»  which  alfi> copict  the  pboinaaf 
iize  required. 

Fifth  MftM. — But  the  neateft  method  of  any  is 
this.  Proeure  a  copying  frame  or  glafs,  ni;  dL-  in  thi* 
manner;  namely,  a  larp^p  fquare  of  the  bill  window 
gtaf>,  fet  in  a  broad  iV-im^;  of  wood,  which  ciin  be 
raifcd  up  to  any  angle,  whcu  the  ijwcr  tide  of  it  tells 
on  a  table.  Set  this  firame  up  to  any  an,;le  bi.  li  re  you, 
facing  a  ftrong  light  t  fit  the  old  plan  and  clean  paper 
together  with  fevcral  pins  quite  around,  to  keep  them 

tflicthcr*  the  deu  p*pcr  King  laid  appcmoft,  and 
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tlie  hee  of  tlie  plan  to  be  eo^ed.  ttj  them, 

«rith  ihc  bai  k  of  ilie  olj  plan,  upon  the  glaf*>  namely, 
that  pirt  wliich  yoii  intend  to  bcffiii  at  to  copy  firft  ; 
snd,  |jy  n'.cain  of  the  lij^lit  fliiriiiij;  ttirocgh  tiic  papers, 
yuu  will  %cr)-  tlillLiidly  prrccivc  every  line  of  the  plan 
through  the  clcm  paper.  In  tliii  ftate  then  trace  all 
the  lines  on  ilic  p:ipLr  with  a  pi-tiL-il.  Havinj»  drawn 
thiit  pait  «!K^h  covtrs  the  glafs,  fliilc  another  part 
over  the  glafi,  and  copy  it  io  the  fame  maDna-. 
And  tluB  ■Bother  put.  Aad  lb  on  t3l  the  wlwle  be 
copied. 

TlicR,  take  dKm  arunder,  and  trace  all  the  pen^ 
linei  over  with  «  fine  pcand  Indian  iokf  «r«itlkC0in> 

mon  ink* 

And  thuayon  amfOOfflktiatkfSaa,  vithoot  in* 

Jurlng  it  in  the  leaft. 

When  the  linc«,  &r,  are  copied  upon  the  clean 
paper  or  veUum,  the  next  bulintfs  i*  to  write  fiich 
nainci,  remarks,  or  e^pliitiutiuns  an  may  he  jitdged 
neceflary  ;  laying  down  the  Kftlc  for  taking  the  ttngthi 
«f  coy  parts,  a  (lowcr-de-lacc  to  point  out  the  direc- 
tum, and  the  proper  title  omamented  with  I  compart- 
ment t  and  iUullratiug  or  colouring  every  part  in  fuch 
ninner  a*  fliall  fecm  moll  natural,  fuch  at  (hading  n- 
wra  «r  brook*  with  crooked  linca,  drawing  the  reprt- 
Jntationeof  treeii,  bufliea,  bilb,  woods,  hcdgca,  bouieH 
satca,  roadi,  tie,  is  their  proper  placcai  nraniu  • 
ungle  dotted  line  for  a  foot  path,  and  •  double  «lie  fhr 
a  L  uriage  road  ;  andeithcr  rcprc{entipgthebafi»«rtlw 
dcvationaof  buildiuga,  tec 

St.  OfOeJDi^/ht^LMJk. 

In  the  divifion  of  commoat*  'after  the  whole  it 
furfejpcd  and  etft  lui,  and  the  proper  quantitie*  to  be 
■Oowcdfertiaida,  &e,  deduced,  divide  the  net  quan> 
tttr  rcnHuainf  among  the  feveral  proi)rirtor%  bj  the 
rule  of  FcQowfliip,  in  proportioa  to  tbe  red  value  of 
their  eflates,  and  you  wiH  thcnbf  obuin  their  propor* 
tional  qnantitica  uf  the  land.  But  m  this  diviHon  fup- 
pofea  the  land,  wt.lth  is  to  he  dividri',  m  \:z  all  of  an 
eqnal  eoodnc!'-.,  you  muft  obferve  tliat  it  the  put  in 
which  uny  one's  (hure  in  to  be  marked  off,  be  better  Of 
■worfc  thrill  the  '.^ciieritl  mean  quality  of  the  land,  tbcn 


you  imi:l  dimlnilh  or  augment 
in  the  kmc  proportion. 

Or,  which  cnmcs  to  t!ic  fame  thing,  divide  the 
f^round  ;.:iioiijr  the  clairr.antb  in  the  dirctt  rutiu  ot  thu 
value  <:-t  ihcir  cliilir.;,  and  the  iiivcrle  ratio  of  tlic  qu.i- 
lity  of  the  ground  idlutted  to  each  ;  that  is,  in  propor- 
tion to  the  quotients  ariling  from  the  divition  of  the  va- 
lue of  each  perfou's  edate,  by  the  number  which  CK* 
preifes  the  qnality  of  the  {ground  in  his  ftiare. 

But  thefi,' ref^nliir  rrnthoils  cnnnot  alwL'y;  be  put  in 
pracric  c  ;  fo  that,  i;:  the  divifiiin  of  conriniui,*,  'lie  '.irnid 
way  i>,  to  mealure  fcparattty  aU  the  land  that  )«  of  dif- 
ferent vulciet,  and  add  trto  two  fuma  the  contents  and 
the  value* ;  then,  the  value  of  every  clai'm.tnt's  (hare 
it  (buod,  by  dividing  the  whole  vjI  ic  arronr'  t)  em 
in  proportion  to  their  eflaMi  i  wdi  Mlyt  by  toe  a4tb 


article,  a  quantity  ii  laid  out  for  each  perfinii  that  Aal 
be  of  the  table  w  hi*  fluuc  befoc  fimnd. 

JJ,  //  I'j  r:juiieJ  Io  lUv'i^/-  any  given  ^antilr  rf  Crrxiif, 
tr  itt  y^Jat,  inle  any  given  A'um&cr  tj  tant^  and  im 

Divide  thcpiven  piece,  or  its  value,  35  in  tlie  rule  of 
FeUowfhip,  by  dividing  the  whole  content  or  vaiue  by 
the  fuin  of  the  numheii  exprelling  the  proportiongof  the 
feveral  (harea,  and  multiplvingthe  quotient  fi  vcrallr  by 
the  fiud  proportional  oumDCrs  for  the  rcfpcctivc-  fhrirca 
requircdt  when  the  Lnd  »  all  of  the  lame  quality.  But 
if  the  dnrci  be  of  difleicBt  qvaStici^  dira  divide  the 
nunbcn  eipidCog  the  pfoportioM  or  traluea  of  the 
lhai«%  by  tbe  winben  which  czprela  the  qaalttict 
«f  the  hod  in  each  fhare^  nnd  nlie  the  qnotientt 
mllead  of  the  fenner  proportiomA  niidihcnk 

Ex.  t.  If  tbe  total  vahic  of  a  common  be  i^oo 
pound*,  it  it  required  to  determine  the  valuet  of  the 
Iharet  of  the  three  daimantt  A,  B,  C,  vrhofe  tC» 
tatcsare  of  thcfe  values,  10000,  and  15000,  and  15000 

pounds. 

The  eftatca  bcin^  in  proportion  aa  tlie 
<*  3»  $•  whofe  fum  it  to,  we  ftall  have  ajOO  •{•>  10  1 
ajO}  which  being  fevcrally  multiplied  by  S,  «,  the 

"     "     of  the  " 


pcodufia  joo,  750,  1150,  are  the  values 
te^uicd. 

2jh  2>  It  it  required  to  divide  303  acres  of  land 
amon^  A,  fi,  C,  D,  E,  F,  G,  <uid  li,  whofc  claima 
Upon  It  arc  rcfpeSivcly  in  proportion  the  nun:iber» 
3»  J»  8,  10,  15,  jcj. 

The  fiim  of  thcle  proportioi.al  uumhcr*  is  f>4,  by 
which  tlividin^^  300,  the  quotient  is  4  ac.  2  r.  50  p.  wliich 
being  multipLcd  bj  cacb  of  the  numbers,  i|  ^1  $t  kx^ 
weootaia  farthe  wvenlflitret  aabelowl 


A  =  ♦ 
B  =  9 
C  =  14 

D  =  23 

E  =  37 

G  s  70 
H  =  93 
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f 
« 

S 
I 

S 


30 
30 

■o 

3» 
00 

ao 
10 
00 


1 300 


00 


i?r.  3.  It  i.5  required  to  divide  ySa  acres  atnon^f 
A,  B,  and  C,  whole  ellateri  are  icc3,  v^co,  nnd4^:C'.') 
j)o»uhI5  a  year;  the  ground  in  thmr  (harct  being  worth 
5,  H,  and  10  Ihilliugsthe  acre  rcfpcdively. 

Here  their  clalnts  are  as  1,  3,  4  ;  and  the  qnahtics  of 
t!i;.ir  ijad  are  aa  8,  10 ;  therefore  their  quantitiea 
muft  be  as  {,  J,  },  or,  by  reduftion,  as  8,  i  j,  iC.  Nov* 
the  fum  of  thcfe  numbers  it  39  ;  by  which  dividing  tbe 
780  acres,  tbe  quotient  i*  xo}  which  bdng  multiplied 
feverally  1^  the  thtec  nomhert  8, 1 1,  t6k  the  three  pta> 
du^ii  are  160,  JOO^  JMs  brthc  |^  A,  C, 

rcfpcflivcly. 
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14.  7"-  CmS  of  fiem  a  Plan  a  Civea  Nmaicrof  Acrti^ 
i^c,  hy  a  Luu  drimm  frm  «ay  PaAif  i»  tit  Sidi 
./  i/. 

Let  A  be  the  given  poiat  in  the  annesed  fiUiH  frott 
iiliicb  a  Uhc  n  ta  be  drawn  ciiuiii|B  off  fiippofe  5  m* 
sr.  l4p. 


Dr.iw  AR  cutltng  off  the  jjart  ADC  as  near  as  cau 
bejuil^ad  cq^iw!  to  the  quantity  propofcd  t  aad  let  the 
true  quantity  of  ABC,  when  calcdated,  be  only  4  ac. 
3  r.  JO  p.  which  lski>  lUfin  ^.ic.  2  t.  lap.  tltc  true  quan- 
tityt  by  oac>  2  r.  34  p.  or  712^0  iquare  linki.  Then 
mftiftire  AB|  which  fuppofe  —  i2  54link«,  and  divide 
7i»50)by  617  the  fuilfof  it,  and  the  quotient  li<  link* 
^rillbetiie  altitude  ot  tlic  triArdc  Co  be  addea>  aad 
nlMiCe  bale  '»  AB.  Therefore  if  upwi  the  centze  B| 
witb  tbe  ndiiu  1 1  c.  an  arc  be  ddcrUied  |  awl  a  liae  ba 
drawn  parallel  to  AB.  twwUag  tbe  aie,  aad  aittung 
BD  in  D  (  and  if  AD  be  diawa,  it  uriH  be  tbe  Kne 
cuttiflg  off  the  required  quantity  ADCA. 

Note.  If  the  firft  piece  had  been  too  much,  then  D 
muft  have  bcenfet  bt!>nv  B. 

In  thi»  manner  tli .  icvcral  lltaret  of  commons,  to  be 
divided,  :ivi\  be  1  Jcn-n  upon  theplBB»aBdtfaQ«leind 
from  thence  to  the  ground  itfclf. 

Alfo  for  the  greater  ejfe  and  pcrfedion  in  thilbllfi> 
ntb,  tbe  foUomng  probleou  nay  be  added. 

35.  Frm  an  jingle  In  a  Givat  Triojf^  r#  Amo  Una 
to  iht  ofp-fitt  iiiJe,  dividUu  tie  Tfui^  wtt  tuf  Num- 
btr  of  Vartt,  which  JM  it  m  «ny  ^fymJ  PrtfoF' 

titn  to  catb  vbtr. 

Divide  tbebafe  into  tbe  fame  number  of  parts,  and 
ta  the  lame  proportion,  by  article  xt\  then  from  tha- 

fevcral  points  of  divifion  draw  lines  to  the  propofcd  ui' 
glc,  and  they  will  diwde  the  trianjrle  as  required.— 
Tor,  the  fcviral  pans  arctrianghsof  the  fame  ahitude, 
and  which  therefore  arc  a»  thttr  bafcs,  wliidi  bafes  arc 
taken  in  th;allig«al  proportion. 

Ex.  Let  iri;inp-le  '\DC,  of  20  acre*,  be  sliviilctl 
into  five  parts,  which  (hall  be  in  propurlion  to  the  iium- 
bcn  ii  a«  if  5>  9>  theiiitesoi  divifion  to  bcdjrawn 
flOB  AtoCBt  whale  length  ji  i6aoIak«. 
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C  V  ^  c     U  St 

Here  i  +  2  +  3  9  »  20,  and  1 600  -f  20  ~  "  o ; 

whicli  being  multiplied  by  each  of  thr  propDrtiouiii 
number*,  we  h.ivi  ^n,         1^0,  400,304]  7:0.  There- 
fore make  V.a  —  He,      =  if-o,  l,c  =  2^0,  cd  ss 
4C0,  and  </b  —  7:0;  ttifii  by  drawing  the  line*  A«,. 
A-S  Ai,  Ai^,  tiic  tiia.iijlt.-  IS  divided  a«  required^ 

36.  From  any  Palm  in  one Jtilt  of  a  Giwn  Tr!anj;lf,  ta 
draw  Linttl*  iIk-  other  I'mo  Sit/rj,  divWiu"  tht  Irian- 
git  wto  awf  K talker  ^  tart*  wiui JbaU%t  imMjaf- 

Ffoa  thegitren  ooint  D,  draw  BB  to  the  angle  op- 
polite  tbe  fide  AC  tawhkh  the  point  is  tiiken  :  it.n  c  i  ' 
rfdc  the  fame  fide  AC  into  at  many  parts  A  I" ,  E 1 , 1  G, 

CC,  u:d  in  the  faiiir  [.n.poi  tiun  with  tin-  ikquirtxl 
iiuiis,  of  the  triangli-,  like  .15  \v,;i(lain;  m  ilic  IjU  pio- 
blcm  ;  and  from  clu  points  of  divilion  draw  lines  EK, 
FI,  OH,  pariKyl  to  thff  line  I'D,  and  meeting  the 
oti.a  lidLS  L<f  t'r.t  tri.in;;li;  in  K,  I,  H  ;  hlftlv,  dniw 
KD,  ID,  HL>,  ia  Hull  AUK,  KDI,  iDHB,  HDC 
be  the  parts  required.— The  tlttljJe  to  tbil  wiU  bck 
done  cxa&ly  aa  ibc  laiL 


For,  the  trianrU?  ADK,  KDI,  IDB,  being  of  th« 

f.inif  hti^lir,  r.rc  as  their  b^f^.-^  i\K,  KI,  IB;  wliiili, 
hy  nu.it. j  (.f  ihc  p;irnlkli  LK,  11,  DD,  .irt  as  Ai.,. 
EF,  ED  ;  ill  Itke  manner,  the  triantjlis  CDH,  HDB, 
arc  to  ckVi  nthor  .is  CC,  GD  :  but  tb-.'  tuo  tiiiin^lr* 
IDB,  BDH,  (laviirT  tlic  fiii:u  hM<:  IjD,  ,ii  to  i.il1i 
Other  as  the  diibuici^  of  I  and  11  Irtiin  iUJ,  or  ks  FD 
toDG;  confcqijcntlv  thcpaiT^  DAK,  DKI,  DlBHf 
DUC>  areto  eack  other  as  A£,  £F,  FG,  CC. 

The  method  of  Surfeyiogbarhoon,  aad  of  Ibimiing- 
mnps  of  them,  as  alfo  of  the  adjacent  coaftt,  bmAt, 

cVl-,  di  juT.  is  ill)  tilt.  finiL-  principles,  and  is  chiefly  con- 
ducted like  liiat  ill  cotiiiiioo  Sui  V(.ying.  The  opvia- 
tiim  ii  indeed  uu>rc  complicated  and  labui,  ls;  .is  it  is 
uectlijrr  to  ereCl  a  number  of  fignals,  ;uid  lu  luirk  a 
variety  u!  L.'jjecls  along  the  coall,  with  different  bear- 
ingtfromone  another,  and  tlu:^i.vc»l|>ait»  of  tlieluir> 

bQiTj  HidlikewiletoiMaluic  >  great  number  of  anglei 
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»f  diflpcrent  ftation*.  whether  on  tHfl-mH  or  the  water.  For 
this  purpofe,  the  l>cft  iiiflrumcnt  is  Hidley's  quadrant, 
as  all  thtrfe  opcraitun«  may  be  porforaed  by  it,  not  oaly 
with  greater  eafe,  but  alio  with  mudi  jbok  precifioS) 
dten  caabe  hoped  for  any  ether  ibcimh  ,  m*  tt  U  the 
Mil  J  inftnment  hi  wfei  tm  «nicb  ncUhcrtbe  cnfiwia  of 
the  oUenratiom,  tior  iTir  eafe  with  which  tbey  may  be 
m»ie,  aw  fenfiUy  aficAed  by  the  iBotmn  of  a  vefll-l : 
and  hence  »  Tingle  obfsivcr,  in  a  boat,  may  geiumliy 
dttrrminr  the  fiiiiatmn  <jf  any  phcf  at  pleafur  ,  with  a 
fuliici  iit  ucj;ier  of  cxa Mivfk,  by  Liking :1k-  ■i;.,;lcsfub» 
tended  h>  Iccrtil  pairs  <if  object*  projHTlv  c'l  licii  upon 
filores  ru;iiid  ^bi>'.;;  Litf,  :  b  i'.  i:  will  be  "ull  l>f.tL.'t  ta 
have  two  ulik  rteis,  or  the  i.ime  obferver  at  iliikn  nt 
ftatinns,  to  wke  the  like  im^letto  the  fcveral  ol>jcd,s 
•od  atfo  to  the  (lutions.  By  litis  means,  two  an^Iesand 
ose  fide  are  given,  in  every  triangtc,  from  whence  the 
fikuation  of  every  part  of  theov  wiU  be  known.  By 
iueh  ohfiervationt,  when  c^rirfuUy  nMdc  with  good  m> 
flraaKMa»  the  fitoation  of  placet  may  I  e  cilily  deter- 
mnwdto  10  or  30  feet,  or  lefi,  upm  every  3  or  4  milM. 
Sec  Philof.  Tmaf.  vol.  55,  pa.  70  }  alfir  Maebewuc'f 
MaritltBC  Surveying. 

iSl  ?.vEyiNc  C'i/}.    See  Caost. 

S u  K.  V  I  ¥1  NO  ^Ijadram.    Sec  Qu  *i>a  ant. 

.SrK\  EyiNO  Scilf,  the  fame  will)  RcJiicin^  Scafe* 

SvnVI  YINC  y/h-el.      Srff  Pe-S  AMMJLATOt. 

SUk  VIVORSHIP,  the  <icc;r:ri.:  of  revcitioriiry 
payment*  that  tU-pL-nd  upon  certain  coiuingtuciei,  or 
CODI  indent  circitmltanceR. 

Paymenu  which  arc  not  to  be  made  till  fooe  futore.' 
periodi  are  temed  nvtr/hai^  to  diiHnguifh  then  kom. 
payments  that  ate  to  be  made  iauMdiatcly* 

RcTcrfioot  are  cither  ttrttht  or  turimgnU*  Of  the 
fimncrfiNt.  aieallfiiauaraiiaaklce,  payable  ortataly 
or  abfdttitely  at  the  czpintionof  iny  tcma,  or  on  the 
extindlion  of  any  lives.  And  of  the  latter  fort,  are  all 
ftich  rcvcrfioos  as  depend  011  any  contingency ;  and 
particiil\Tly  tlie  Stirvivorfhip  nl  ^uv  lives  beyond  or  af- 
ter  otiicr  livts.  An  accomit  ot  the  former  may  be 
found  under  the  article*  A I^uranci.-,  Aiitiuitlrs,  and 
Life-annuit)e«.  But  the  latter  form  tiie  o)uU  iutncace 
aad  difficult  part  of  the  dodrinc  of  rcveriiona  and  life- 
annuitie:^ ;  and  the  books  in  which  thia  fubje^in  treated 
mofl  at  large,  and  at  the  fame  time  with  the  moii  pre- 
cifion,  are  Mr.  fiimpfon't  Seleft  Exenifn  ;  Dr.  Friti'» 
ReverTionaiy  PhynMDt« ;  and  Mr.  Moi^iu'*  Atiniiltiea 
and  Aiiarancea  on  Liwea  and  StnTivorihipa.  The  whole 
likcwife  uf  the  |d  rolnrae  of  Dodfon'a  Mathematical 
Rqwfittvy  iaan  thia  fiibjed  t  but  his  inveflig.itioni  are 
fbtlDdcdon  DeMl^m'i  falfehypothcflst,  viz  of  an  equal 
decrement  of  life  throujrh  all  its  li ;'.;_'i.s,  <iri  i  \.  ]\  d:  is 
expKnixJ  andiT  Life-amninitt ;  but  a.  iJus  i.yputliilia 
di-Ls  ii.it  :ij'rcij  '.car  tnnuy^b  lo  fail  and  expciici'Cf,  the 
ru!<.6  dd'ufcd  irum  itc.ir.iini  !  c  T'lfiicienilj'' Correct.  For 
this  re:r'<iii,  Ih  .  Pi  ite,  an(l.i'f. ■  tlif  tn^rcnioua  Mr.  Ma- 
fercs,  cuiliicH  biirori  of  the  cactiajuer  (in  two  volumes 
lately  jmhiilhed,  fiititled  the  Pnticipleaof  the  DoCtimc 
of  Lite  Annuitiea),  have  difNrd<id  the  vjluaiiuns  of 
livei  gtoundcd  upon  it  (  and  the  foimer  ia  particular, 
in  toraer  to  obv' tte  all  occalioo  foi  u&ng  tbeot*  baa 
lubib'totrd  in  their  (lead,  a  ^rrat  vancty  ofnew tahk-a of 
the  pn^bilitict  aad  valtiea  of  lives,  at  every  age  and  in 

cvei;  fitwtMNLi  cafcuhted,  not  upon  aay  'hypvUtcfis, 
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btu  in  ftrict  conformity  to  tlu-iicft  obfcrvrlont.Tlicra: 
tables,  added  to  uilur  new  : Mt  Ji  tit'  riic  1  cne  killdt  in 
Mr.  Jkirou  Ma&rcs'k  work  jull  mentioned,  form  a  c->m- 
plete  let  of  tables*  by  which  all  quellions  relating  to 
anQuitica  on  litnea  and  Sumrarlhipa,  may  be  aafimrad 
with  aa  .anch  GoneADcft  aa  the  aatiue  «f  the  fubjeft 
allowa*' 

Ruto  for  calcidatiDi;  conedly,  in  raoft  eafci,  the 
values  of  rererfionii  depending  on  Suivivorlliips,  may  be 
found  in  the  three  treaiifci)  jjlt  mcationid.  Mr.  Mor- 
gan, II)  ji-niicalar,  h  is  ^<iiii.  1  ):;d  way  towards  <.x- 
liauiUii^  liiis  fiihj(;&t,  aii  ^ny  quelliunt  can  include- 

in  them  any  Survivor(hips  bm^eeii  two  or  three  livcif> 
eiiht  r  for  terras,  or  the  whole  duration  of  tiiv  lives. 

'i';ii.-re  is,  however,  one  arcumtiaacc  necciljry  to  be 
attended  to  in  calculating  fooh  valuen,  to  which  no  rcv 
gard  could  be  paid  till  lately.  '1  hiscircumltaaceisthe 
ihorter  duration  of  the  lives  of  mjicstiian  of  fcmalci;- 
aadtheconfeque  It  advantage  in  favo.ir  of  females  in  alt 
cafes  of  SuiTtvinflkip.  Jo  the  4th  cditionof  Dr.  flrioe'a 
Ti  eatifc  on  Rcterfioaary.  FaymeaUy  thi*  &d  it  aotoidjr 
ateeruuBcdt  hut  Iterate  tablet  of  the  duiation  and 
value*  of  Urn  are  given  for  maleaattd  (e«ale«. 
•  SUSPENSION,  in  MechaBic«,  as  in  a  balance',  ai  - 
tbofe  points  in  the  axis  or  beam  where  the  sveij^utj  art 
applied,  or  from  which  they  are  fulpended. 

SU  r  rON's  ^t^uirMt,   ike  QuAoaaiiT. 

SWAN,  in  Ailronomy.  8ce  Cvouvu.  . 

SWALLOW^eTAtt,  !n  Feetificatloa,  m  a  fingle- 
Tcnailte,  which  n  nazrowcr  towjide-tbe  pliee  than- 
toivards  the  country. 

SWING- fj'/W,  in  a  royal  pcndalaiM,  ti  that  wiwd-' 
w!iich  drivc^  t!ir  jj.i.duluni.    Ia  a  watch|.or  balance 
cluck,  it  is  caiied  the  crcivr-vjier/.  " 

SYDEREAL  Day,  or  Tmr.    Sec  Sii>rnc4lH 

SYMMETRY,  the  relation  of  parity,  both  in  «• 
fpe^  of  length,  breadth,  and  height,  of  the  parts  ne> 
c^fTary  tocnimpofra  lieautiful  wliolc. 

Symmetry  arifvs  from  that  proportion  which  the 
GrL-iki  call  ■;' ubich  !"■  the  iLlttiuii  ut  crnfor- 
iBiiy  ul  all  the  p.^ifi  of  a  building,  and  of  tlie  whulc» 
to  fomc  cciiiin  iTuafuiei.  opov  whkil  depend*  the 
nature  of  >yramctry. 

According  to  Vitruvtus,  Symmetry  confills  in  thfr 
union  and  coufonuity  of  the  feveral  mcmhcis  of  a. 
work  to  their  whole,  anil  of  the  beauty  of  each  of  the 
fcpaiate  parts  to  that  of  the  iutire  woik  ;  regard  being 
hadto  funic  ceitainineafure :  fo  the  body,  for  inflnncc. 
i*  framed  with  Symmetry*  by  the  due  rebttien  which  the. 
ami.  dhow,  hand;  fiiigen,  S;e,  have  to  each  other, 
71  r.  I  tti  liijir  whole. 

iV2»ii'iiONY,  !«  a  confonar.cc  or  concert  of  fcveral 
founds  agreeable  to  the  ear;  vljctlicr  tliey  be  vgcni  or 
inftmmei'tal,  or  b<ilh  ;  called  .nllo  Lirmony, 

The  Symphony  of  the  Ancients  ncnt  no  farthcj 
than  to  two  or  move  voicrs  "r  inHriiiictits  fct  to  iinifrm 
for  they  had  wi  fnch  thu>^'  .is  nvullc  111  parti ;  as  n  v:iy 
well  proved  by  I'enault:  at  k^il,  if  ever  they  knew 
fuch  a  iliinj,',  it  mull  Lave  beeo  early  loll. 

It  i»  to  lluitlo  .-\ik:ll«e,  ;ibuu;  die  ycir  IC2>,  ihac 
imid  wiitcrii  agree  in  iilk.i  bii)g  :hc  iinxn'ionof^comptt* 
fition  :  iiwa*  he,  they  fay,  who  (irfl  joined  tn  one  har- 
mony fcvetd  diftind  metodicas  and  bnraght  it  ev«.u  la 
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Ihe  length  of  4  parts,  viz.  baCi,  tenor,  coun!er»tcni)r, 
and  trcLlc. 

The  tirm  Symphony  i»  now  apr!i;i?  Xn  inftrumental 
nulic,  both  that  of  pircc*  dcfij^  ^  I  "iily  for  inllru> 
iu«nu,  M  tatautu  and  copccrtoH  ai>«l  that  in  which  the 
inArumeuu  areaocoopaitied  witb  the  vqioc,  n  in  ope> 
fait  <ic. 

A  piece  » iatd  (obeinirnTid  Symphonr,  when,  be- 
iidct  the  bnfs  aod  treble,  it  h:-.',  atf.j  two  nther  inftnt* 
inctital jnrta,  nr.,  tenor^nti  5111  ot  the  vitilii-.. 

SVNCHKON'l  M,  the  hc'npr  or  happrniiig  flf  fe* 
vriit!  thiiif^";  lo^L-lher,  at  cr  in  the  (.\nsr  time. 

TIk-  h  p])cniiig  or  p.rlurmfng  cf  fcveral  thin;?!  in 
r()nal  tiirt-^,  as  the  vibraitous  of  peudulums,  ttc,  it 
n.oTc  ]iro)K  riy  called  ffieinuifk:  thougrh  Ibme  antbon 

tonfoiimi  tilt-  two. 

SYNCOPATION,  in  MuAc,  denotes  a  ttrlkinff  or 
breaking  of  the  time )  by  which  tttc  diftiaftneft  of 
the  fcvcial  timvi  ta  jraita  of  the  mcafure  u  inteiv 
rtptcd. 

SvncorATiON,  or  8TircorE»  ia  pnt)«uhriy^ 
uteA  far  theconne^linj;  the  laft  note  of  one  neafufe  or 
tnr  with  the  fiiftof  the  fbUowing  nearinre}  fi>  as  to 
make  only  one  note  of  both. 

SrscorATiDK  ti  alfo  ufcd  when  a  note  of  one  part 
er.J^  on  tf.i-  xnu],]]eo(  a  note  of  the  Other  part.  Tttda 
is  tiliicrvvi  !(.■  cal^r  d  Hnjin^, 

SYN013ICA1,  Mtntb,  \%  the  period  or  interval  of 
time  to  wliLcii  L 111- moon  ^flcs  from  one  conjundion 
with  the  iu  i  to  aimtli^.  This  period  is  alfo  called  a 
LuBOiion,  ilncc  in  this  period  the  moon  puts  on  all  her 
phafes,  or  appcarancxii,  as  to  increafe  and  decreafo. 
— Kt  ;i!rr  fa  iiu!  the  quantity  of  the  mean  Synodical 
montli  to  b  -  :^  d.\ys,  12  hrs,  ^4min.3fec.  II  thirds. 

SVNTii£t»lS  denote*  amcthod  of  compofitioo,  aa 
oppo&dtonnilvfii. 

Is  the  Syntoefia,  or  fynthetk  method,  wc  purfue 
the  truth  by  reaibn*  drawn  from  principle*  before  cf- 
tahlflhed,  or  affumtcl,  :ith1  piuiKifitiui.j  Tni  Tv.frlv  proved  ; 
thii«  procccdinp:  hy  n  n  -uUr  d.3.ln  till  wt.  coi;ic  to  the 
conclufioii  ;  arnJ  (.(.lue  ca!!«d  alfo  the  tiinil  nu  tlnii!, 
and  campnfilkn,  i;i  oppolition  to  atialyfis  cr  icfulu- 
Uon. 

Such  it  the  method  in  Euclid's  Elements,  and  troft 
demon(lrritioh»  of  the  ancient  maihciiinticians,  which 
proceed  from  definition*  and  aiionUf  to  prove  thea« 
remi  &c,  and  from  thofe  theorem  pnmdi  to  demon* 
irate  other*.  Sec  ANiiLYait. 

SYNTH£T1CAL  MyMtbcmetbod  by  SyntbcTia, 
orcoaapofiiiooiortbedirfftiBcdiod.  See  SrHTJiBaia. 

SYPHON.  SeeSrrHoM. 

SYRINGE,  in  Hyt! 
fenftng  firft  to  imbibe  or  fuck  in  a  quantity  of  water,  or 
other  ^ii;d,  and  tlien  to  fqvirt  or  expd  tlie  fane  with 
violence  in  a  fmall  jet. 

I'hc  Syringe  ii>  j  ll  a  fmall  fingle  fuckinjj  pump, 
without  a  valve,  the  water  afcending  in  it  on  the  fame 
principle.  It  conlilh,  like  the  pump,  of  a  fmall  cylin* 
rfi  r,  with  an  embolus  or  fucktr,  moving  op  and  down 
in  It  by  means  i  f  a  handle,  and  fittir.jj  it  very  clofc 
w  iihin.  At  the  lower  end  is  either  a  (mall  hole,  or  a 
finallcr  tube  fixed  to  it  than  the  body  of  tbe  NiftnilBent« 
through  whkb  the  fluid  or  the  water  i*  dnwn  up,  wd 
liqiuitedoBtagaia* 


Thus,  the  emboiui  being  firft  pollied  dole  down,  ia« 
troducc  the  lower  end  of  the  pipe  into  the  fluid,  then 
draw  up,  by  the  handle,  the  fucker,  and  tlic  fluid  wiU 
immediately  follow,  lb  a«  to  fill  tiic  whole  tub<;  of  tlie. 
Syringe,  aiul  will  remain  there,  even  when  the  pipe  if 
taken  out  of  the  fluid  ;  but  by  thrudin^  forward  the 
embolui,  it  will  drive  the  water  befiiMic  it  }  and»  being 
partly  impeded  by  thcfmailaeb  of  the  bole,  or  pipe* 
It  will  hence  be  cxpdled  in  a  fmart  jet  or  fquirt,  and  to 
the  greater  diflance,  i«  the  fucker  is  pulhcd  down  with 
the  greater  force,orthe  g.^atcr  velo.  ity. 

Th«  afcent  of  the  water  the  AjilicoI;;,  w'ao  i'ap- 
pofcd  a  plenum,  •.ii!ribu:ci!  u  .  turc's  abhorrence  of  a 
vacuum;  httf  the  .MoiUtHif,  iiioi*.- f'^fonahly,  as  well  a* 
tn.'ii.-  iiiulli^ iMv,  ittuibute  it  to  tht  /rclTure  of  the  at* 
mr.lpUcrc  on  the  exterior  furfacc  of  the  f.jid.  For,  by 
drawing  up  the  embolus,  the  cavity  of  the  cylinder 
would  become  a  vacuum,  or  the  air  left  there  CKtremely 
rarefied  ;  fo  that  being  tio  longer  a  counterbdlanoe  to 
die  air  incumbent  00  tlie  futface  of  the  fluid,  this  pie* 
vaik,  and  ibrcci  the  water  through  the  iitdt  tube,  or 
hok*  up  iato  the  body  of  the  8  jnoge. 

SYSTEM,  in  a  ^neral  Scnfc^  denote*  an  afleai* 
blagc  or  clain  nf  pi  iactples  and  cuiicluiiuns :  or  the 
whole  of  any  do^rine,  the  feveral  parts  of  which  are 
boUBil  tn^ctlicr,  a:i>l  tull<,s^  or  (i'.pciid  (.m  c.icli  other. 
As  a  Sj  ili:m  of  .i;truuijiny,  a  iiylkm  of  plau^t^  a  Syl* 
tem  ©rpluiuloi  ln  ,  a  Syftero  of  motion,  &c. 

Svs  rf  M,  in  .\i;;o»omy,  denotes  an  hypothcfts  or  a 
fupp4  r;tio:j  of  a  ix-rtain  order  .^-lui  airan^cmtiit  of  the 
feveral  parts  of  the  univerfc ;  by  which  atlronomo^s  cx« 
plai.i  all  the  phenomena  cr  appcaraoCCt  Of  the  bCftWCIllp 
bodie»,  their  motion;,  changes.  Sec 

This  is  more  pccuharly  called  the  Sj/km  ^  tit 
ntrUf  and  fomctimet  the  StLr  ^Jt/kth 

Syftem  and  hjpothefi*  haw  muchtfae  fime  figmlia* 
tion  I  uolds  peHiap*  hypothcCs  be  a  more  partiadar 
Syflem,  and  Syftem  a  more  general  hypothrfis. 

Some  late  authors  indeed  make  another  dill  in  Aion  : 
an  hypothdis,  fay  they,  is  a  mete  fuppoGtion  or  fi^on* 
tiiLinded  rather  011  iitiagiuation  thun  rcafon  ;  while  a 
Svdem  is  built  c-u  the  firrrrft  grounJ,  acd  miftd  by  tbe 
fevL-reft  rulen  ;  it  is  fiui^dtd  oil  .illi'uiiomiCjl  ohirrvatioiis, 
and  phyficul  epulis,  and  conlirmtd  by  geometrical  dc- 
mnnllrations. 

The  moft  celebrated  Syftem*  of  the  world,  are  the 
Ptolomaic,  the  Coperoicaii  or  1^}  iliagorean,  and  tlie 
Tycfaonic :  the  economy  of  each  of  which  it  as  fol* 
Ibwa. 

fittbmak  Ststkm  ii  Co  called  froift  the  celebrated  as- 
tronomer Pldoeny.  In  this  Syftcot*  tbe  earth  i*  phced 

at  rell,  in  the  centre  of  the  unireHe,  while  the  heaven* 
are  conlldercd  as  revolving  about  it,  from  eait  to  well» 
and  ca/Tying  along  with  them  all  liit  htavcniy  bodteSy. 
the  llartsnd  nlanets,  in  the  fpaui-  ot  ^4  liour*. 

Xfir  [■rim'i[/nl  allcrtons  of  tliis  SyiUni,  ari  AiiHiit!!-, 
Hipparchus,  ir'tolomy,  and  many  of  the  old  phiioio- 
pher*,  followed  by  the  whole  world,  for  a  great  number 
of  ages,  and  lung  adhered  to  in  many  univcrGlies, 
and  uiher  pbces.  But  the  late  improvemeuis  'i  phi* 
lofopliy  »nd  reifoning,  bane  utterly  eapkkkd  (ii>s  ct» 
roneou't  Syftetn  Aom  tbe  place  it  tb  lel^  held  in  tbe 
minds  of  mea. 

Ce/muetM  fivsTSM,  k  thtt  Sjtm  of  the  woiU 
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wlitcli  places  ttie  Sun  at  reft,  (il  tl|»  MMIC  of  tlie  world, 
and  ihe  earth  and  planets  revoiWi^  round  him,  in 
Ihcif  fcfctal  orbits.  See  tbi*  mere  particuUrl^  explained 
UHdertbc  artlcU  Copirhican  S^^tm. 

Solar  or  Fbmefarr  Ststem,  i»  ufualljr  confined  to 
narrower  !inunc!'i ;  the  i\<irH,  by  their  iramcnfe  dillancc, 
Slid  the  lifli!  relation  they  fccin  to  bear  to  us,  being  ac- 
counted  no  part  of  it.  It  is  highly  pi  obnble  that  each 
fixed  ft.ir  is  itfcKa  .Htm,  and  the  centre  of  a  particfilar 
Syftcin,  iiirniuiuicJ  \yil\i  a  ciiipjiiy  nl  ril:i-r-;H  cv-c, 
which,  111  d:ilc(cnt  periods,  and  at  diii<:i't>iit  diltances* 
perform  their  cuurfcs  round  their  rcfpedlivc  fun,  which 
cnligbleiti,  warmi*  and  cherithct  ihenu  Hence  we 
hnt  %  veij  msgnificcnt  idea  of  the  world,  and  the  im- 
menfity  ot  it.   Hence  alfo  ari£e«  a  kind  of  Syflem  of 

The  Ptenetarjr  Syfttm*  deferihcd  noder  the  article 
CorCRirtcAN,  it  the  inoft  ancient  m  the  wodd.  It  was 
£rlt  of  all,  as  far  ar:  \sc  know,  introdoccd  into  Greece 
an<f  ItaTy  by  Pythni^or  i;. ;  from  whom  !t  wa»  called  the 

Pytli  .goik'lii  Svltrm.  It  was  fi^U  w-d  '!}y  Phil  ,hii,>, 
PUlu,  Arcljinicdfi,  &ic  :  b  jt  it  was  Ijil  uuiicr  tiic 
rei^  of  the  Perip  otitic  pliilofophy  ;  tiU  happily  re- 
trieved about  the  yeiir  i  o  j  \<y  Mic.  Copcrniciii. 

Tycbonic  Svstem,  vii:,  uiii,;!it  liy  Tvilio,  a  Dane; 
who  was  born  An.  DoQi.  15  46.    It  fuppulc*  that  the 
Ctlth  is  fixed  in  the  centre  of  the  univeife  or  6rmament 
of  ftarsii  and  that  all  thcftats  and  planets  revolve  round 
the  earth  in  a4liOUra ;  but  it  difTcr*  from  the  Ptolomaic 
Syfleait  as  it  not  only  allows  a  nenttruai  oiotion  to  the 
noMi  nrand  the  eanh«  and  that  of  the  rntcUitci  about 
Japiter and  SatinOf  in  thdr  wopcr  vtmitm  but  it  make^ 
the  fua  to  be  the  centre  of  the  otoits  of  the  primarv 
plaaeta  Mercury,  Venus,  Mara,  Jupiter,  &c,  in  which 
they  are  carried  round  the  fun  iu  their  rcfpeAive  years, 
as  the  fu;)  revolves  round  the  earth  in  a  fnlat  ycjr  ;  and 
all  thefc  plduets,  together  wiili  tS.c  iun,  art  fiijjpokj 
to  revolve  round  the  earth  in  ;4houi'4.     This  hvpotho- 
fis  wa»  fo  embarrafll'd  and  perplexed,  tlwt  very  ri  w  pcr- 
fons  embraced  it.    It  was  aftcrn'ards  ahtnd  by  i.ongo- 
montanus  and  others,  w!ia  allowed  the  diurnai  motion 
of  the  earth  on  its  own  axit,  but  denied  iti  annual  mo- 
tion  round  the  fun.   Thit  hypothelis,  partly  true  and 

efalfe*  »  called  the  Smi-  Tydome  Sj/lem.    Sea  H» 
and  economy  of  theft  Ajtmi,  in  pblea  jo^ 
3«»  32»  33* 


SrsTIM,  I'u  Mufic,  denotes  a  conipoumJ  interval  j  or 
an  interval  contpofcd,  or  conoctvcd  to  be  compoled  of 
feveral  lefs  intcrvala.   Soeh  is  die  oAavc^  &c> 

SYSTYL£,  in  Architeaim,  themnner  of  da. 
rin;;  columns,  where  the  fpace  between  the  two  ^ufts 
Con  fids  nf  2  diameters,  or  4  inoduks. 

SYZYGY,  a  term  etjiially  ufed  for  the  conjunflion 
and  cppiii'.tiui!  of  a  planet  nh\\  ir.ir  fun. 

Ou  ilic  phenomena  and  circumAances  of  the  Sy%y« 
gics,  a  great  part  of  the  lunar  theory  depends '  See 
MooK.  For, 

I.  It  ii  (hewn  in  the  phyflcal  nflronomy,  that  the 
force  which  dimini(hes  the  gravity  of  tlic  moon  in  the 
Syzygies,  is  double  that  which  incrcafcs  it  in  the  qua- 
dratures ;  lu  that,  in  the  Syzygies,  the  gravity  of  the 
moon  isdimtniftied  by  a  part  which  is  to  the  whole  gra* 
nity,  as  1  to  89*36  j  for  in  theouadri^ur  j,  thcaddi- 
tion  of  granty  is  to  the  whole  gravnv,  aa  1  to 

*.  10  the  Sjy.ygies,  the  diftnrbtng  force  is  dfreftlyis 

tfio  (lifluncf  (it  t!iL-  mr  oii  fti>m  the  c.irtii,  anil  InAxifcty 
is  tht  cube  the  Jillanco  of  llic  e.irth  fii-m  th-.-  fun. 
And  at  the  Syzygies,  t!it  ;;ravity  of  the  mr>on  ti)ivard» 
the  earth  recediii;f  troin  its  centre,  i*  more  dirr.iiulh- 
eJ  tiiiiii  aoc-ori5i:i;^r  {  <  liic  ir;vci  fc  ratiu  uf  tliu  fqnarc 
of  tlic  dilliufci:  irom  that  centre.— Hence,  in  the 
moon's  motion  from  the  Sy/ygies  to  the  quadratures, 
the  gravity  of  the  moon  towards  the  earth  is  continually 
increafcd,  and  the  moon  is  continually  retarded  in  her 
motion  ;  but  in  the  moon's  motion  from  the  quadm* 
turcs  to  the  Syzygies,  her  gravity  is  cootinoallv  diati* 
uiihed,  and  the  n^olion  in  her  orbit  is  nccdcnted* 

3.  Farther,  in  the  Syzygies,  the  moon's  oibb,  or 
circuit  round  the '.li  t I',  in  more  convex  than  in  thv:  qu.i- 
dratures  ;  for  whieh  icafon  Ihr  is  left  difhuu  from  tiie 
caith  ;it  t!»e  former  than  the  latter — Ah'o,  when  the 
moon  is  in  the  Syzygie*,  her  ajjies  gu  backward,  or 
arc  retrograde.— Moreover,  when  the  moon  is  in  the 
Syzygies,  the  node«  move  In  antecedcntia  fafteft; 
then  .lower  and  flower,  till  they  become  at  reft 
when  the  moon  is  in  the  qiudratures.— -Laftlyf  when 
the  nodes  arc  come  to  the  Syzygies,  tlie  iHcKnadoB  of 
the  plane  of  the  orbit  is  the  leaft  of  aU. 

However,  thefc  feveral  trregularitica  are  not  equal  M  ' 
Mcb  Sysygy,  being  all  (omewoat  gicnter  in  toe  con- 
jiKifiioA  ifiiB  w  dm  opfolitian. 


TAB 


TAB 


'T^"' ABLlv.  In  Arcliitcflure,  a  fmooth,  fmr '  mem-  •pcrfpeftivc    plane,    or  the    trnnTparcnt    plane  upon 

X    Ler  or  omaincnt,  of  vatiuu*  form?,  but  laoit  com-  whieh  tlit  object*  art  foriiitu  iu  tlu.r  relpcLtivc  appear- 

lOon'if  iu  tlut  01  a  parailclogram.  aiice. 

Ta»i.s,  ia  ferfpcdiref  ia  lomcunes  ufed  for  the  TABito/^jtbagoraii  istbe  lament  the  MuLTiPtf 


L^iyui^od  by  Google 


TAB 


r  \Tio.<i  T«Ue|  wHch  fee)  ai  alio  PrTaioiwAt't 

'r.\;-.  Lei  of  I/aujh,  among  aftrolrfqcis,  jirc  certain 
Tabl«»i  ready  diav  n  u|<,  for  the  aiTtitance  of  pradi< 
tionm  in  that  ait,  Lr  tliecicAing  or  drawing  of  fi- 
gnmurfclietnes.  Sec  tlousi:. 

TaXLSC,  ill  MitliciiLitici,  arc  fjftciT".  or  fcrics  of 
nombcnt  calcdaicd  to  bu  ready  at  hand  fot  expediting 
auy  fort  of  calcwIilSain  iu  the  tarious  bnnches  of  ma* 
iLcmatict. 

JJ!nmt!ufat  TftBtEs,  are  wofM^&om  *iX  tht  mo- 
(iuns,  pUcc's :  id  other  plicnoucna  of  the  planeUf  both 

pritnary  and  i^conJjry. 

TJic  allmnomiral  Tabic?,  now  cKlanf,  are 

tliofe  of  l'u>I<>m}',  found  in  Alinagcil,  TLefe 
luiwcvrr  src  not  now  of  much  ufc,  a3  tncjT  nO  loDger 

Jgree  with-lnc  motiuMof  heavens. 

In  1251,  Alphonfo  XI,  kiiip  of  Caftlic,  undertook 
l?ie  correftiu^  of  tlicnj,  c'lictly  by  the  affiltanec  01  I:"aac 

'UaxciH  a  kariicii  Jcv,;  jnJ  fpcot  400,000  crowrs  on 
1I1C  bofiocia*  Thus  ■arole  the  A^tt^nt  TMttt  to 
wbidi  that  prince  fctnlclf  piefixcd  a  pR&K>  But  the 
diSaency  of  theic  bITo  waafiMn  pcnxivcd  bf  Pliiliaidi 
«n«l  MiiHer,  or  Rcfiionjontantu ;  apftn  wliirh  ttiehttrr, 
Htid  after  tii-n  W  ultlitr  \V,iijifr,  .ijijilici  t!i'.-mfi Ivi  s 
>0  cclcflial  oLiUrvuUiiii«,  for  farther  impruring  them  ; 

hut  dcatli,  or  various  diffieuliiei,  prevented  theedbft  of 
tbefc  good  tlcfigns. 

.Ci^cnucus.  in  \m  booka  of  the  cetellial  rcvolutior>«> 
give*  other  TaUea,  calculated  by  himfelf,  partljr  from 
bia  oiwn  obierTatwna,  lod  portly  from  the  AlphoniGae 
Tablet. 

"From  Copernicus*,  obfcrvau'ona  and  theoreim,  Exaf- 

muF,  1\' iitln'.i!  aft'jrwa.ds  cDirj'  l'-'  l  iht-  Vi  ut.,..^  T'.ilJn, 
whicli  bive  been  jiriiUt'd  Il-vlm!  l.ir.c^,  .iiui  iji  ieverai 
pUce*. 

Tycho  Bralic,  e vtn  in  his  youth,  became  fcnfible  of 
the  dencicncy  of  the  Prutenic  Tables :  whieb  deter* 
mined  him  to  apply  himfcif  u  tUi  (b  much  vigour  to 
cdeftial  uhfcrv-itions.  From  thcfe  be  adjulled  tTie  mo- 
-tions  of  tlic  fun  and  moon }  and  Loiwomimtaani(  from 
the  fantc  obfervationii  made  oot  TaoKaoF  the  motiona 
of  the  plancta,  which  he  added  to  the  Theoriea  of  the 
■fame,  publiflied  to  hta  Allrooomia  Danlca  { thofe  being 
called  the  Damjb  TaHn.  And  Kepler  »!(<>,  from  the 
faioe  fibfci-v-alion*,  publiflied  in  \<ji-]  hi*  RuaJj,iint 
7a^'.-j,  v\h;ih  ari'  iniicli  i  ileeuicd. 

Thclc  wtic  iifurwards,  vi/  in  1650,  changed  into 
another  form,  by  Marm  C«iu:ia,  \k-hL;i<.  Allronomical 
Tables,  coraprclundirr  the  cBci't  of  Kepkr'a  pbyfical 
hypothefiR,  are  very  c^ify,  fatisfying  alt  thepheoomcna 
without  any  mention  of  logarithm^  and  witb  little or 
no  trouble  of  calculation.  So  tliat  tbe  RodolpluBe  cat* 
eulu4  it  here  greatly  impfoved. 

Mcicalor  andeatikeetteBiptia  hit  Aflronomwal  In* 
fiitutioa,  pnUiflied  in  (676.   And  the  h'ke  did  J.  Bap, 
Morini,  whole  abriilgment  of  the  Rudolphine  Tablet  wat 
prefixed  tu  a  Lar!r.  vi  In  n  of  Stnet'a  Alironomia 
loiina,  publifhedin  i^cj. 

Ltnfberpjs  indeed  endeavr^ure d  to  difcrcdft  the  Rti- 
d-dphine  Tablro,  and  fratred  Ptrfxlu^i  Tabittf  M  be 
calls  tSem,  of  the  heavL  !v  motir  nt.  Bat  bia  attempt 
iraa  nercr  much  regarded  by  the  aOtvnoiners ;  and  oar 


co  iiitrrrcan  Hi>-iov  .varmly  attacked  llilit  Salh  2c< 

ftnrc  of  the  Kepi  ri  in  allromimv. 

Since  tbe  Rudolpln-ie  r.i!)L-»,  many  others  have  been 
framed,  and  pi  b' T a>1  :  as  the  P//:f-l'i-  j  of  Bol- 
liald  ;  the  Jiri.'.irtnic  T-i^'ij  ot  Viiitcnt  Wing,  Cilcuhlted 
on  DuUuld';;  hypothcfi*  ;  the  Hrilavue  Tui'ej  ol  Jobo 
Nevto);  the  Ficnth  onciof  the  ONint  ra;;an;  tbe 
Cantiite  TaUtj  oi  Street,  all  calculated  on  Ward'i  hy- 

KtbeRat  and  the  Ktvalmijifije  TaMn  of  Riceioli. 
moog  thcfe,  however,  the  1'hilol.iic  and  C.iroline  Ta- 
ble* are  tllrcracd  thr  bell  ;  infonuich  that  Mr.  Whifton, 
by  tti,-ac:vice  of  Mr.  Fl.ninlfeeJ,  thought  fit  to  fnbjoUl 
the  Caroline  Tablc-i  to  his  agronomical  ledlurci. 

The  LuJ'.a'iian  Talfla,  piiblil!:. il  m  I  -Qj,  by  De  ht 
Hire,  were  coiiflnifted  wholly  from  liis  ovnj  obfmatioos^ 
and  without  the  aflillancc  of  any  hypothefis;  whieb* 
before  llic  invention  of  the  mieromcicr  tikfci^'^e  and 
the  peiidul  im  clock,  was  held  impoffiblc. 

Dr.  tialley  alio  long  bibourcd  to  perfcd  another  let 
of  Tabh  s}  wbidi  wtit  printed  ia  1719,  but  oot  mib. 

lil?  cd  till  1751. 

M.Monnier,  in  1746,  publllbed,  in  hn  Inllitutlont 
AAronomiqacf^  TaUeaot  the  motions  of  the  iuii  and 
nit>on,wflhthefBteIlite»,  asalfo  of  refiaCiiona,  audilie 
pUces  f.f  the  fixed  (latb.  I.  i  Tlire  alfo  publifhed  Ta- 
bles of  the  planets,  and  La  Calllc  Tables  of  ihc  fu;i : 
Gael  Morri>publi(hcd  Table*  of  the  Km  .J  r;:oon,  and 
M  iyrr  conftnii'.ed  Tables  of  the  moon,  which  wcrepub* 
lifljcd  hy  the  Board  of  Longitude.  Tables  of  the  lame 
have  alio  been  computed  by  Charles  Mafon,  from  tJie 
pni.clples  of  the  Newtonian  philofophy,  which  are 
found  to  be  very  accurate,  and  are  eoipioycd  in  com* 
puling  the  Nautical  Ephemeris.  Many  otbcr  fett  of 
allrontimicd  Tables  have  alfo  been publiflicd by  nrhu* 
perfonf  and  academies  ;  and  divert  ttH  of  them  may  be 
found  io  the  modern  books  of  aOronomy,  naviVation, 
Ar,  of  which  thofe  are  eReemed  the  bell  and  moli  com. 
plete,  that  are  prinu.r  In  I.  dande's  Allmuomy;  Foran 
account  of  feteral,  :u,  '  <  i  ,  .  daily  of  thofe  puUijbcd  ao- 
noally^  ui.V-r  ihc  dn-ai  11  ct  tli.-  Cumu-ilTIoiRri  of 
Longitw'.o,  kc  AtK.iN.'kc,  Ei  HVMLRi.,  jnd  Loucu 

Fer  Tables  of  the  Stan,  fee  Ca  rALocuE. 

Tablks  of  Sintj,  Titn^nit],  and  Seaiati,  \iftJ  In 
tri^'onometry,  &c,  are  ulually  called  ^Ca.voks.  See 
Sine. 

Taolis  of  l^wrUbmty  RttmiAtt  tge,  nfed  ia 
geometiy,  oatrgatioB,  &c»  fee  Looakithm,  and 

Rhumb* 

TABLBt,  ttxodrtm'ie,  and  0/  Djfcrtnte  tif  Latitude 
tad Htfattttttf  are  Tables  ufed  in  coinputii  );  the  vtray 
andredioningof  a  Ihip  on  a  voyaf  e,  and  art  pubiiihtd 
n  molt  books  of  navigation. 

TACQL'ET  (Andriw),  a  Jvui:  of  Antwerp, 
wtM)  I'.ui;  n:  J  </_iO.  He  was  a  moU  laborious  and  voUi- 
mintius  writer  in  matiiematica.  Hit  worJu  were  col- 
hacd,  and  printed  at  Antwerp  in  one  large  idiime  in 

folio,    I  (  f\C). 

r.ACTlON,  in  Geometry,  the  fame  aitaageacT, 

tourhinf.     See  T,\  SCFMT.  "  ' 


or 


TALUS,  or  TAum,  in  Artbiteaure,  the  incli' 
ration  or  flonc  of  a  woik;  as  of  the  out  fide  of  a  wall, 
when  its  ihicknefs  is  diminifhed  by  degreet,  aiit  rifea 
io  height,  to  make  it  the  firmer. 

Taluc^ 


T  A  N" 


r  1 


TAN 


Tiirs,  ill  FortiP..:,-!;!  in,  T  ir;  a!fo  tin;  flops  of  a 
work,  uliitlitr  oft:)!!!!  or  n-.ii.nry. 

The  E.yttrior  Talui  <if  a  wo.k,  i«  iit  flupe  on  the 
fide  outwards  or  toward  -  li.c  ouittcy  ;  which  is  always 
inaHe  a«  lit'le  is  poflible,  to  prevent  the  €0007'$ c(cal«<le» 
niilcr»  the  earth  Ik  bad,  fortlwD  ittt  aeodfovtiO  ullaw 
ai  conluk-r^le  Talu»  for  its  pinpett  and  rometimet 
to  Tuppart  the  eaitk  widi  >  0|glit  walC  aOed  •  revcM* 

The  imriar  Ttku  of  s  ««tkf  .n  iti  flope  «a  tiw 
nCdct  bnraidi  tbc  ptaec  Thlt  is  larger  t!ian  tlie 
former,  and  ft  has,  at  the  mneleB  of  the  g^r^T,  and 

fomctitrici  in  iniJi!!*  of  tne  curtains,  rarnp?,  or 
ilopinf;  roadu  for  mjuulni;^  upon  the  tcrrcpLiio  ot  tlic 
tan-.part, 

Huferkr  Talus  «/  /' -  I'untixt,  is  a  Hope  oo  ihe  lop 
of  the  parapet,  that  nllow,  uf  the  foldiers  defending 
the  cuvert-way  with  fmaii-^liot,  which  they  could  not 
do  if  it  wen*  level. 

TAMBOUR,  in  Architraure,  ■  term  «|>plt«d  to 
the  Coiinthiaa  and  Corapofite  capitdl,'«tlicaiiiig  fftmc 
TcfaaUmce  to  a  tambour  or  dnm. 

TAMOZ,  tn  Chramolog^j  the  4th  month  of  Ac 
Jewiih  ecclcfladical  year,  anfwCfiW  to  put  <^  OUT 
Juneaad  July.  The  17th  day  of  Uiii  month  h  ob- 
ferviJ  by  the  |ews  asafaft,  in  memory  of  the  deilrui  - 
tion  of  Jtriifalcm  by  Nebuchadnezzar,  in  the  lltli 
year  of  Zedekiah,  and  the  jSHth  licforo  Chnfl. 

TANGENT,  in  GLt-,i--try,  is  a  line  thjt  toi:c-l'L-s 
a  curve,  Ac,  that  i»,  M-hich  mctti  it  in  :(  point  wi:iioii; 
cutting  it  there,  tlioii^h  it  be  produced  both  way*  j  at 
the  Tanrcni  All  of  the  circle 
BD.  The  point  B,  where  the 
Tan(»ent  touches  the  curve,  it 
called  ih«  fcmt  tf  ceniaf}. 

The  dire£lion  of  a  curve  at 
the  poiBt  of  ceiKad,  ia  the 
CuBc  aa  the  direCUon  of  the 
Tangent. 

It  ia  demonRrated  in  Geo- 
jiKtiyt 

f>  That  a  Taugcsit  to  a  circle,  as  AB,  i^  pcrpmdi- 
dilartothe  radius  BC  drawn  to  tin-  point  o/"  1 'iiiii  ^. 

2.  The  Tangent  AB  is  a  mean  pniportiijnal  between 
AFand  AE,  the  whole  fecant  unci  the  external  part 
of  it ;  anft  the  fame  for  any  other  fecant  drawn  froo 
the  lame  point  A. 

3.  The  tw  t»  Tangents  AB  and  AD,  drawn  from  the 
fame  pdiiii  A,  aiL-  always  equal  to  one  another.  And 
therefore  alio,  if  a  nomber  of  Tangeata  be  drawn  to 
diCercnt  poiotf  of  the  Cuttc  quite  around^  and  an  c«}val 
lengdi  BA  befttoir upon  each  of  them  from  the  points 
of  conlaift,  the  local  of  all  the  points  A  will  be  a  ciicle 
l.j'.  j;;:  'he  fame  l  eiitre  f\ 

4.  The  angh.  cf  tuuuct  A3£,  formed  at  the  point 
of  contad,  between  the  Ta:i?cnt  AB  and  the  arc  B£f 
iilefsthan  any  rertilincal  angle. 

5.  Tilt  'I  anoi  nt  oi  «n  j:c  is  the  right  line  that  limits 
the  pofiiiou  [if  ail  tlic  frcatiis  tiiat  can  ^afs  throngh  the 
point  ol  contad  ;  though  ftrii'^ly  fpeaking  it  it  not  one 
of  the  fccants,  but  only  the  limit  of  ijjcm. 

6.  As  a  right  line  li  the  Tangent  of  a  circle*  when 
it  touches  the  circle  fo  clolcir*  that  iM  right  line  cao 
be  drawn  through  the  point  «f  CQPtaft  bettrccn  k  and 
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the  arc,  or  widito  the  8n.!»!e  of  contaA  that  is  formed 
by  them  ;  fo,  in  gcner.  1,  v  i  i-j  ii  y  n  ',t  line  to'.^chca 
an  arc  of  any  cur>'c,  in  luch  a  manner,  that  no  ri^ht 
line  can  be  driwn  through  the  pcmt  of  contad,  be- 
tween the  n^ht  line  and  the  arc,  or  within  the  anele 
cif  COnta<ft  that  is  formed  by  tHetn,  th^in  is  th»t  line  tne 
l^ngentof  the  curve  at  the  laid  ponit ;  aa  AB. 


7.  In  all  till.'  conic  fcAtonsi  If  C  be  the  ccriiie  of' 
the  figure,  and  BG  an  ordinate  drawn  from  tbc  point ' 
of  conta^  and  perpendicular  (0 
the  axi*i  then  ia  06  i  CE  s; 
CE :  CA«  or  the  feminTt  CB 
it  a  mean  propoctintial  between 
CO  and  CA. 

Takgekt,  in  Trigonometry. 
A  TAJiOfiXT  of  an  arr,  is  a 
I  ight  line  drawn  touching  one 
i  vttemity  of  thearc,  andlimit- 
et!  by  a  fecant  or  line  drawn 
throD^h  tbc  centre  and  tbc  other 
extremity  of  the  are. 

So.  AG  b  the  T.mgcat  of  ihe  are  AB,'or  df  thcMe  JUtD^ 
and  AH  is  the  Tangent  of  the  arc  AI,  ovoltheare  AIDK<' 

The  Lm.-  31C  alf.i  theTaugcnts  of  the  nn^^tfaHt' 
are  fubtcndcd  or  mrafured  by  the  arcs. 

Hence,  I.  The  Tangcn»6  in  the  ill  and  3d  q;i3dra!»t»' 
are  pofitive^  in  the  2d  and  4th  negative,  or  drnwiAie 
contrary  way.  But  uf  o  or  180"  the  femicircle,  the' 
Tangent  is  o  or  nothing  ;  while  ihofc  of  90°  or  a  qm*' 
draut,  and  270°  or  3  quadrants,  arc  both  inlitiitei  ihc 
fonner  infinitely  poDiivet  and  the  hitter  infinitely  ne^' 
tfve.   Tint  Ut 

Between  0iii4to*.wbrLl9»*an4i70*,ihf  Tanrcntiateporitiic 
B:i.  9-*anit  i^o*,  or  bet.  J72*in<  J*j*,  the  Tangeui  jre  tte^juvr. 

J.  Tin- Tnni.;cn"  oi  .in  .ii -■  ;i^t.i '.111-  1  ".ii' mk  ui  its  fup- 
plciacnt,  are  equal,  but  of  coutrer][  aSc^ons,  the  one 
being  pofitivet  and  the  other  negative  1 

as  pf  ii  nnd  l'^^"  —  .1,  where  ,7  is  any  nrr. 
A!fo  iho*  -\-  .1  1    lnw  ihef.in.r  T.ingcnt,  anii  ufliie 
and  a  J       fame  aircotio:). 

Or  1 80°  -f  A  2  have  the  fame  Tannest,  but  of 
and  t8o^^«  }  diffeKotaflediom. 

3.  The  Tangent  of  an  arc  I»  a  4th  proportional  to 
the  cofmcthc  fine  and  the  radius;  that  is,  C'N  :  NJ!  : 
CA  :  AG.  Hence,  a  canon  vf  fuies  bclrij;  mn«l.-  nr 
given,  the  canon  of  Tangents  is  eafily  conlltiitted  Irom 
tbcm. 

Ce-TASGixT,  contra Acd  from  complemcMt-iaiigem, 
it  the  Tangint  of  the  complement  of  the  arc  or  angle, 
«r  of  what  it  wants  of  a  quadrant  or  90*.    So  LM  if, 
ilic  Cotangent  of  the     AB»  being  the  Tahgent  of' 
ita  oompli,  mcnt  BL. 
The  Tangent  is  itciprocaDy  m  the  cotangent ;  or  the ' 
4  C  Taifcat 


!— .r  CD 


=  the  ful- 
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Tangent  and  cotangent  are  teciptooDy  pioportional    ^j.^     ^  "*  -* 

with  the  radius.  That  J»  Tang,  b  »  ^»  or  Tm£.    ^^^^  ^j^^  .  j^,,  . ;  j,^  ^ 

:  radiua  :  s  radlu.  :  wtaa.  A«l  tlie  irdingk  of  the    P^pertf  of  the  eii«]e  m  alfi)  know  fton 

Ti.ngentand  c.  t  r    L   1:  c<iusl  to  the  ^twe  of  the    8«<5»«'7-  •     1^  •  ,  u 

y/r/^jVi/  'I'ancints,  or  I  .'iirnhm'u-  T/i\"r«!TS, 
aijc  the  lo};3i ithina  ufil.c  lan^^t  iUi  uf  «it;»  ;  fo  csHcd, 
in  contradifllrAion  fr  irn  iiatuisl  Tan>;eflt»i  or  the 
Tanf^rnt*  exprelTcd  by  the  natural  nurnJur*. 

/,/nf  •/  Tangents,  u  a  line  ufiulU  ;  be cd  on  the 
fcctui,  :u.d  Gunto'a  tales  the  dcfcriplion  and  ufe«  of 
vrliuli  frr  undcrthe  article  Sbctok* 


of  the  geometry 

W  AT  B  j»%  a  beug  the  Dwnnuter,  and  x  ant 
«Uieift  Md  ordiiMtc  in  an  cafc«.   lite  llanon 


3.  Thee<^uationdcfiiiiiig^comai<> 

M  ««*  c»9  M>    J*  lMin«r  rlii*  lUHntmi^M-  Aitfl   v  and  ^  thC 


of  thii 

,1 


it «»  a  « W  J  hence  —  = 

7  a 


2/»< 


TD  ;  t!wl  i«,  tbc  fiibianjcnt  TD  i» 

a 

_  ,  ,_   ,.     ,  .     ,       .1  .1 .  T,„„,„»     double  the  aWcifn  AD,  or  TA  is  =1  AD,  which  is  a 

Ski- Tan GEiiT,  ■  line  WiuK  beneath  the  J  angent,        ,,  ,  .     r.i  11 

.       ,  Vr       .   '    °      ...     .t,.  T.nL»..»     well-known  tToperty  of  the  paraboh. 

ing  the  part  of  the  axis  intetcepted  by  the  Tangent  «    »    .     .  w  /■  •    .  ; 

-         -         •    ■■  jEr.3.  The  equation  denning  an  eUipfis  IS  t*.a«jr—«* 

:        wlicre  .1  ;i))>1  f  m  the  fcntMiicti   Tlie  fluxiott  • 


being  the  part  i 

aiulthe«raMiatc  mthc  paint  of  oonl«Ai  as  the  line 
AG  in  the  xd  and  3d  fig  urea  abotcb 

.!  0/ Tanoexts,  ii  a  method  of  determining 
ihc  iiu,.iiiiiy  of  the  Tangent  and  fubtangent  of  any 

algthiiiic  cur-ii  ;  iqustion  of  the  cmve  being gi\tn, 
Thi-i  mtihod  is  one  ut  the  frr«*l  refultl  of  the  doc- 
trine crriiixion?.  It  is  uf  great  ufc  in  GfOiiiftry  ;  bc- 
caufe  tint  m  dctcrraiiili  1;  ihi:  Taiigciiu  of  i:iirM> ,  we 
detcmiirn-  at  fame  limc  the  quadrature  of  iKc  cur- 
viiificar  fpacct:  on  which  account  itddierTci  to  be  here 
yanicHhalir  titat^  oa. 


of  it  isi'.aav  —  a  i*  =  ^"*yy  •  hence 


thefiibtaagcnti  or  fay  :iiIdi:;gCD  which  iis«—j;,itbe> 
__     tax"x>-  .  «•  CA» 


or  CD  :  CA  t:  CA  x  Ctt  *  vtlDtaown  pnopettj  oT 

the  cltipfe. 

£v.  4-  The  eqnatJbB-deSiiing  diit  hyperbola  ie. 
t\7irx  +  X*  =  a*j*,  whxA  b  fiaulir  to  that  for  the; 
^     elli])fc,  having  only  +  *»  fcr  —  *»|  heaoe  the  Cott^f 

chijjon  it  cxaiiti)'  limilar  aUb»  WSf 

+  %  wUcfa  tikcn  f»m-. 


CA» 


roDiTM  Ot  rmyn'*  «*  M  jGn^  fA*  Sukt^,.  of  • 

ciir»e. 

If  AE  Ik  any  curve,  and  E 
Moy  ixiir.!  Iii  it,  to  which  it  i* 
aeouircd  to  draw  a  Tanjtcnt 
TE.  Draw  the  ord  inat  e  D  E : 
then  if  we  can  determine  the 
iiil^ngcni  TD,  by  joining  the 
point*  T  and  E.  ilic  line  TE 
will  be  the  TangLiit  t.jught. 

Let  J(if  be  anolhtr  ordinate  InJtlinUcIy  rHfartO  DE, 
meeting  the  curve,  or  T.iri^t  i.t  protluced,  in  ei  and 
let  Ea  bcparalkl  to  the  axis  AD.    TI         the  ;h- 
atientary  triangle  Em  iinutur  to  the  liianglc  TD£ ; 
and  tbetefoR  *  m-t  «E  »i  ED  t  DS  1 

but   M  : eEr: s  flux.  ED  s lbtx>  AD t  .        ^     3*    m^.  ^  t-       r      n  r 

therefore  Hot.  ED  j  «ia.  AD  J 1 DB  iDTi     ffami  cxpeffio"  y*  «»  «  »«•  of> 

-V,,  J,  «  :  ;r  : :  •  ;  £t  «  DT,  omeei  .then  the  equation  reduced,  and  the  fluento- 

J  uklea,  «UI  gitc  the  flucntial  cqwtieo  of  the  cuivt. . 

which  is  therefore  the  tdoe  of  the  fubtangent  fcM^ht  J  fioght. 

whcre-ristheabfcifs  AD,  and  jr  the  ordinate  DE.  jr^^      To  find  the  curve  Unc  tnliolie  {ubtangent  ik- 

Hence  we  ba»e  thii  general  ruh: :  By  mean*  of  the  .            ar*            .          ,  ... 

d«cnc«natMm  «f  thecom,  fnd  the  wfaw  either  of  s  -2..  ■  Hoc         ■y-i  hence  ^ffSZMf,  andthc 

flocr.ts  cT ih^s  give y*  =  ar,  the  eqnatiOB  lo  »  pnbohy 
which  thcrtfore  i»  the  currc  fought. 
Ejt,  z.  To  find  the  curve  whole  fiditngent  ir 


CDwrtf +  *,gi»aCT=?-^r  or  CD  t  CA 
CA :  CT. 

Andfoon,  for  the  Tangent*  to  other  curves. 

T/.'f  Invtrft  Method  of  Takoehtj.  Thia  is  the  re. 
Ycrfe  of  tbcfbregoing,  and  confilli  in  finding  the  nature 
of  the  curve  tb»t  hna  a  given  fnbtangent.  The  method. 
«rUiitioaj«to  pnt  the  given  IbbtuigeDt  equal  to  iht 


or  of  4-t  whicbwdne  fUbftlinte  for  it  in  the  «s- 
Xjrr     ^1  wdt  vhcA  itdoced  to  itifioiplcft 


termi, 


it  will  he  the  value  of  the  fubUngent  fought.  ss 


,  or  »  third  proparlioml  to  m  ^^k  waA 


TTui  we  mOT  ilhiftiate  in  the  following  examples-  za  —  x 

'  Ejt.  U  The  equation  defining  a  ctrcle  is  zax  ~  _Jff_  _        hence  w  «  la* the  Inert* 

SS;*f  where  a  is  the  radms ;  and  the  tluxion  of  this  is  ij—x  j 

.    .         *         V        ..       ...  of  whichgive  T»  a:  «r  —       the  eq;nrtS0Bto»eilde> 

4*j  -  art  «  2jt?  J  hence  J  =  —  i  thia  muki.  ^^.^  j,^^  i»th«  «r»e  leiught. 

▼  TAN-. 
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TANTALI^iTs  Cu*,  In  Hydraulics,  b  tcip,  M 

A,  with  a  hole  in  the  Dottom,  and 

the  longer  Iti;  of  a  fyplioii  BCEl> 

cemented  into  tht  hoJc  ;  fo  that  the 

<nd  D  of  the  l)i<iittr  leg  DK  may 

always  touch  the  bottom  of  the  cup 

w-ihin.    Tlten,  if  water  lie  poured 

'lat*  thia  cup,  it  will  rife  in  the  fliortcr 

leg  by  it*  Hpunrd  pitflure,  exirudiug 

tke  ur  befoie  k  Uinnigh  the  longer 

>lq^wd  when  tbc  cop  n  filled  above 

llie  bead  of  the  fy^on  at  E»  the 

"prvflitre  of  the  water  a  the  cop  will 

•foicL- it  over  the  bend;  fmiii  wfu  nfc 

at  will  (Jcfcend  in4hc  longer  Ic^;  1£B, 

■and  tlmmgh  the  bottotn  ;it  G,  till  the  cup  he  quite 

■<nijjti<<l.  I  he  Ices  of  thi4  fvptu)ti  arc  almofl  clo(e 
together,  Luid  it  is  loincliit  ci  ciuiccali-d  by  a  Imall 
hollow  ftatue,  ur  fi}<ure  ut  a  man  placed  over  it  ;  the 
bend  E  bcxu)^  within  the  neck  of  the  fijjure  as  high  as 
the  chin.  Ho  tiiat  poor  thiriljr  Tanlaluc  Hands  up  to 
the  chin  in  water,  according  to  tbeftblci  imagining  it 
will  rife  a  little  higher,  M more  water  is  poured  in,  and 
he  nyiy  drinii ;  but  inflead  of  that,  when  the  water 
coaM  up  to  hu  chin,  it  imincdhtely  hegint  to  deiimid* 
iHid  thetcfere,  u  be  cinnot  Aoop  to  toUow  it*  he  it 
left  at  much  tormented  with  thiril  MCver.  Poguibii't 
Led.  p.  'i,  4to. 

TAKRANl'Il'S  (Li'fius),  fumamt;!  Firmaaat, 
becaufe  Le  «ai  a  native  of  firmnin,  a  town  in  Ituly, 
floui  ifliei!  at  the  fame  time  with  Cicero,  at;  i  w;is  one 
of  Hi's  friends.  He  was  a  mathenuiicil  pliilotopticr, 
and  iherctuit-  wai  thoii^!  ti>  l.avc  great  ikill  in  jud:cial 
afttnlogy.  He  was  partlrularly  famous  by  two  lioro- 
icopes  which  he  drew,  the  one  the  horofcope  of  Romu- 
liu,  and  tbe  other  of  Rome.  Plutarch  Uya,  "  Varro, 
who  WW  the  moft  learned  of  the  Romans  in  hiftory, 
bad  a  particular  friend  named  Tanrantiut,  who,  out  of 
«wriofit7t  applied  biniclf  to  draw  hora&apn,  hf  neau 
of  ■SroAonnctltriilea,  aadwwcAeeaiedaie  moft  eni- 
MBthfawtiaie."  HiBeriamomitMvertliBatepmtKahr 
drcumllancci  of  hit  cilcalationa  {  but  all  agree  in  con- 
fcrrinfr  on  him  the  honorary  title  Prirue  »f  ajh«hgfrs.  j 
TARTAGLIA,  or  Tartalia  (NitKOLAh^,  a 
noted  mathematician  whn  was  born  .it  lin  fcia  in  lialy, 
probably  towards  the  cont-hjfion  of  tlic  1 ;  th  century,  aj 
we  find  he  was  a  cor.fuicrable  mancr  or  preceptor  in 
mathematics  in  llie  year  1521,  w!i»n  the  firft  of  hij 
CoUetlion  of  qurlliont  and  aniwer^  was  wtiltcn,  whicJi 
he  afterwards  publiflied  in  the  year  I3'46,  under  the 
title  of  ^gffi"  "  Inveniioni  divfrfr,  at  \'cnicr,  where 
hcthen  Muded  at  a  public  IcSurer  on  mathematies  he 
hmiiig  lemoved  to  this  plaoe  about  the  jear  t  Si^. 
Tbitirark  confifit  of 9  ch^pten,  foattlong  aofwcra  to 
»  anipber  of  qiielUoiw  eo  all  the  dWeitat  nodchea  «f 
masheniatiea  and  philefo^ by  then  m  wg«e.  The  laft 
or  9^1  of  thele,  oontauii  the  qucftiont  in  Algebra, 
among  which  are  thofe  celebrated  letters  and  com- 
liiunications  hitunn  T,iit.,l<:a  and  Cardan,  by  which 
our  author  ^ui  the  latter  in  poU'dfion  of  the  rules  for 
cubic  equatioa%'  whkh  be  m  diCoo«erad  in  the  year 

tlut  the  firft  work  of  Tartalea'a  that  was  publiflied, 

wat  hi*  Utrva  ikitniia  wwiiM,  ia  410,  at  Vcaice  in 


15J7.  Tli'F,  .1  ;iT3ti'V  on  ilic  thfory  snd  praAIcc  of 
gnnnery,  and  t'l;:  r-iH  of  the  kind,  he  b(inj;  the  firft 
^vriter  on  the  flijriit  and  path  <if  balls  ami  fh<lls.  Thii 
work  was  tranflated  iiitr>  Englilb,  bj  Lucar,  and  printed 
at  L  (jndon  in  in 'folio,  With  BMuqr  note*  and 

additioni  by  the  traollatur. 

Tartalea  publiflied  at  Venice,  in  folio,  I  $4],  the 
whole  books  of  Euclid,  accorop.inicd  with  many  curiou* 
notes  and  cucr.mentarie<!. 

But  the  hft  and  ehief  work  of  Taitalea,  va*  hit 
Traiialt  di  Namtri  it  in  fcUo,  ij{6  and 

1563.  This  is  an  univerial  treatifeM  arittuMtie,  at 
gcbra,  geometry,  meofuration,  &c.  It  eonanm  many 
other  curious  particulars  of  tbe  difputes  between  our 
author  and  Cardan,  which  ended  only  with  the  death 
of 'r.irta!^.i,  bcfiirij  t!:c  laR  part  of  tM  WOlk  Wai  pvb* 
lithcd,  or  ,ihout  the  year  1558. 

For  many  other  circumilancei  cuncemiagTMrtaln 
and  his  writings,  fee  tlie  article  AtGKaaA,  voL.I» 
pa.  73. 

TATIUS  (Achilles),  an  ancient  Greek  writer 
of  Alexandria  ;  but  the  age  he  lived  in  i*  uncertain* 
According;  to  Suidas,  who  call*  htm  Statius,  be  wa* 
at  lirll  a  Heathen,  then  a  Chriiian,  aud  afterward*  a 
biflwp.  Uc  wrote  a  book  npon  the  Sphere,  which 
fiwBM  to  have  been  nothing  awre  than  a  ooaaoieniaiiy 
upon  Aratna.  Flitt  of  it  i*  extant,  and  wa*  tranflated 
into  Latin  by  father  Pctavtua,  trader  the  titk  of  tfagoga 
in  Pbtncmetiit  /Irnii.  He  wrote  alio,  0/  the  J.wu  i.f 
Clipiupbtn  and  Lntcippt,  iu  8  books.  He  is  well  I'lKikrii 
of  by  Pholins. 

TAURUS,  ikf  null.  In  .\llronomy,  one  of  the  11 
figns  in  the  zediac,  ar.c!  ihr  fcCDiid  in  order. 

The  Greeks  fabled  that  thia  was  the  bull  which 
carried  Europa  fafeacrofs  tbe  fea*  to  Crete;  and  that 
Jupiter,  in  reward  for  fo  fignal  a  fervtce,  plaAd  tbe 
creature,  whofc  form  he  had  aflamed  on  that  occafion, 
among  the  dan,  and  that  thi*  it  the  conftellation  formed 
of  it.  But  it  it  prabable  that  the  EgA  ptians,  or  Babv- 
hmiaaa,  or  whoever  invented  the  conQcOationt  fiC  the 
sodiac,  phced  thi*  figmv  in  that  part  of  It  arMck'the 
fun  entered  about  the  time  of  the  bringing  fonh  of 
calves  ;  like  as  the)'  placetl  the  ram  in  the  hrft  part  of 
fpring,  as  the  lambs  ::ppcur  htfiice  tbetn,  and  the  tu'O 
kids  (fur  thiit  w:is  tlic  original  ti^urc  of  the  fign 

Gi.mi:>i),  uftctvaiJ,  to  denote  the  tMte.of  the  goata. 

brini^in^'  forth  lh(  ir  yoitnp. 

In  the  c^jiiili '.].ili.in  'l"a  iriis  there  arc '^ijrne  remarkable 
flars  that  have  naineii;  as  AiJebarun  in  tiie  fouUl  or 
right  eye  of  the  bull,  the  chiilcr  called  the  Pieiade*  ia 
the  near,  and  the  cluHer  called  Hyades  in  the  face. 

The  ftaia  b  the  conlleilation  Tauni*,  in  Pii^lomy** 
citalogne  are  44,  in  I'ycho'*  catalogue  45,  in  Hevc- 
Uu*** catalogue  ;i,  and  in  the  BritnniuceBtiifegue  i4i. 

T£BET,  or  THivar,  the  4th  month  of  the  ei«a 
year  ofthe  Hebrew*,  and  the  i«th  of  their  eockfialUeal 
year.  It  anfwered  to  part  of  our  Decembor  and  Jaaa> 
ary,  and  had  otdy  ii^  days. 

TEETH,  of  vanoiii  foits  of  machines,  as  of  mill 
wheels,  &c.  Thefe  arc  often  callcj  cogs  by  the  work- 
men ;  and  by  wurkiiig  in  the  j  inions,  rounds,  ortfUBp 
die?,  the  wheels  art  made  to  turn  one  another. 

Mr.  Emerfvu  (in  hi&  Mechanics,  prop.  35),  treat* 
of  the  theory  of  Tocth,  and  Ihcw*  that  tbcj  ought  10 
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f»vt  tfir  f!),'ii.'C  of  epicycloid!,  for  properly  working  ia 
4)11/ ;in  iiKcr.  C<iiii;:»  t(>o  ^jii  h'lM  Couri  de  -Mathtma- 
J  »;  :l,  loin.  2,  p.  3^y,  iwc,  £dit.  17''")  ire»ts  more 
lull  ,  oil  tl.t  l^mu-  liibjcft  ;  and  dcir.i  ■r.itraus  that  the 
IfL-iU  uf  ilic  ti*i>  whcclt  Ihould  have  iJie  fl;;ui«  of 
epicycloids,  but  that  the  (generating  circles  of  tliefe 
»piC)olottJ»  fhouid  h»vc  theirciamctcrs  only  the  half  of 
what  Mr.  I  merion  makr>  them. 

Mr.  l.inirfon  oLfervca*  th.it  the  Teeth  ouj^ht  not  to 
id  upoB  one  aiMthe^  brltre  they  arrive  at  the  Ime 
vht'eh  kMD*  tbvir  cctttret.  And  though  the  inner  or 
.  lUKln-  nd««  of  the  Tmh  mn  be  of  anf  form  ;  yet  it  !• 
hctter  to  tulie  theiu  both  fidct  alike,  which  will  fem 
lo  ttake  ittc  wbeelt  turn  btckwunli.  AUb  a  part  nuf 
becutaway  aotlw  back  of  mry  Tooth,  to  iraLe  way 
for  thofeof  the  other  whc«1.  And  their,.ire  Tecili  that 
work  ti>..'ft!,ir,  the  I'l-Hit  ;  :it  I  .^i-  .  'ir  Tooth  fllould 
•  al.vay*  he),'-n  bifore  the  r.ihLr  batj  .$i»ne  working.  The 
Tcctli  «u  fht  to  be  difpofed  iu  fiKh  mannrr  M  iint  to 
IrKiblcci  hindtr  one  ariother,  Lvfore  they  bcppn  to 
work  i  and  there  (houtj  he  a  convfi'trt  Ktiijth,  drptU 
and  tiiiL-kncri  given  t^  thcin,  ;is  well  for  llren^ih,  a« 
that  ihev  mjv  more  cafilv  difenjjajTf  thcdifilvej. 

Tl-Lr  GRAPH,  a  machine  brought  Into  tife  by 
the  lic..t.h  iiJiiion,  ill  the  vear  1793,  coiitrirrd  to 
oommi  uicatc  wtrtdi  or  fi^oaW  from  ixie  perfon  ta  an- 
other at  .1  ii;reiti;iilj5ce,  Ida  Very  Imall  fpace  of  time. 
Tdc.fiaph  tt  fceiMwaaorigiaally  the  infcntion 


the  telcgtaphic  laogttaf^c  of  fignaltia  prepared  ia  fuch  s 
marsiu  ,  tii.-t  .1  c jncfpomleiice  may  be  coiidu&cd  with 
Lifle  upon  every  fuhjefl,  and  that  every  ihin^,  nay  CTtJi 
proper  names  '"•J'  he  exprtfTcd;  an  anfwcr  maybe 
received,  and  the  corTefpon?!*;"''?  ihiib  be  rcDcwid  fcvtral 
times  a  day.  The  maciiir;  s  ,11  c  t!ie  invention  o.'^Citi:zeu 
Chnppe,  and  were  conliruticd  under  h>«  own  eye  ;  he 
a!fo  diriftt  tlieir  eAabhlhmcot  at  Pari*.  They  have  the 
adv;intu^'e  of  rcfifting  the  changes  in  the  atmorpherc, 
and  the  inclemcncicf  of  the  fezfoii!.  The  only  thing 
which  can  intcrnif  t  their  cfi'cCi  is,  if  the  weather  it  fo 
very  bad  a»lliurbul  that  tfae.ofajc^  aixl  fignali  cannot 
be  dilUiMoiftctL  By  tfaia  ioacntioiik  twoMtcndi  and 
diftanee  almoft  dibpfiear ;  and  all  the  coaoMnieatioiis 
of  ccrrefpoRdencc  art  cffe&ed  with  the  rapidity  of  the 
twinklin^t  o^ati  eye.  The  operatlona  of  Go-vernmctii 
c.iii  \:<  •.■<  ■.■;  fi.' liit .it- ' !  h\  tf:ii  t<-:.' rivarce,  and 

li.c  uui:y  uf  liic  Rtp-bl'i:  ran  l>c  the  r.-.orc  coafoltdatrd 
by  the  fpcedy  corrmunitr/.iun  v  ill'  itspurta.  The 
j;rcil(.ft  adv-anlaj;e  which  c;iti  diiii^cd  from  thiscor- 
rcfpoodcnce  i»,  tli.it,  ;i  oneiluwfes,  ita  objijct  fhall  only 
be  known  to  ccitain  indiriduali;,  or  to  one  iiidividtul 
alone,  or  to  the  cxtremiti'  t  til  any  diftanee  ;  fo  thst 
theCoatmittcc  of  Pabhc  Wcliat  c  may  now  concfijoii J 
with  the  Rejirefentattve  of  the  People  at  Lille  witliout 
aoy  other  per(uDt  ^:tin^  actjuaintcd  with  the  abjeA. 
of  the  correQmndraoc.  Hence  h  foilmn  tint*  wcie 
Lifle  even  bcfirged*  we  ibouid  know  every 


of  William  Amontona,  an  in^emoiw  pliilofapher,  bon»   <fMi  that  miffht  bappca  in  tfaatpkwet  and  cwdd 


in  Noinundy  in  the  ycir  tfOj.  See  his  life  io  thia 
piftionary,  wA.  i,  pa.  i.j  ;  wltere  it  ia  related  that 
he  pointed  out  a  method  to  acqtiuint  people  at  a  great 
diflaaee,  and  in  a  rery  little  time,  with  wh.Ttever  osc 

plciiltd.  I'liis  method  was  .1  *  t  illiuvs  :  h  t  |icrli)ri .  be 
placed  ill  fcvtral  ftationt,  at  iuch  dillance*  Isom  cacli 
(j-.hcT-,  til  t,  by  the  help  of  a  tckCcope,  a  man  in  one 
ilitijtj  r.jiiy  fff  a  fit^t'tl  madr  hv  fhe  next  before  him  : 
this  pet/oa  i  i  u  i  '  nt.lv  r^p  n;;  li  e  fame  ftgnal  to  the 
liiirel  man  ;  aim  tin  j  t^ma  10  a  iuurtfa,  and  fo  on  through 
aD  t.  <  Uatu  r,»to  the  la(l. 

I  with  coiifiderKble  improvemeutt,  it  f*em«  haa 
lately  been  brought  into  i»fe  by  the  French,  and  called 
a  Tekgraph.  It  is  faid  they  have  availed  themfelfei 
of  thi»  cotitrivadce  to  good  pHrpdfc,  in  the  prcfcnt  Wsif  j 
aod  from  the  utibly  of  the  inventioo,  it  hai  alfe  jirft 
btcn  br(uii;ltt  iato  tili-  ill  tliii  cotiatry. 

The  following  aeoouM  of  this  ciiriooa  inlttirmpnt  ia 


thnc  at* 
auhTfefid 


copied  froiD  Btrrere**  report  In  the  fitting  of  the  French 

Convirntioo  of  Augali  1,-,  i;94  *•  Th  -  n  u  1  wi  tt  1 

telegraphic  laii)»ua^'c  ot"  <ignal«  i«  xn  arttnl  lui  trl-,;  ice 
til  tiantinit  thf!u;;htf,  in  a  peculiai-  Im  ;ii:ii'c.  Irr  r-  one 
dilbnce  to  another,  by  meani  of  machliie»,  whiLli  are 
jiaceii  at  dilTen-nt  diflfltice«,  of  from  12  to  15  n.ilc* 
from  one  another,  fo  that  theexpredion  reaches  a  very 
diltant  pIjM-  in  the  (pace  <.f  a  few  minute*.  La(l  year 
an  crpciivicnt  of  th:»  invention  wa*  tricil  in  the  prcfr.tcc 
of  levtnl  C.jramifticr.rrs  of  (be  Convention.  V:on\  the 
frcurablc  report  wl  i  h  the  lalttrmadc  of  the  eftcacy  of 
tht  iontMk.i«ce,  the  Ccnwiittee  of  j^Mic  WeKarc  tried 
e»ei  y  effort  to  ettabhfh,  by  thi»  mrar  ii,  ,i  i orrefirfinde.-vce 
belMttn  ?ari«  and  the  frontier  plarct,  btginnin^f  with 
I>ille.  AJnofta  wfaolatwdvfeaonthhaabcenffieni  in  col< 
kaing  the  neca&iy  iuftranenta  Ibr  tlieaiBchin(»,aiKl  10 
teach thepeofkcBjilpfnlhowlon&thcfli.  Atpvefcat,. 


tbifher  the  Decreca  of  the  Convention  wirimtit  the 
enemy  '>  being  able  to  difeover  or  to  prevent  it.**— The 
defcription  and  hgure  of  the  Trench  madlinet  aagivan- 
in  fbme  EngNlh  print*,  ate  a^oUow. 

Ext^Aaatiin  oflht  Mach'inr  (Ttlfgrafh)  platrd  m  ttt 
'Mt.H»iam 'J  BrlvrL-,  r„.v  Pmritf  far  Utt  furfifi 

of  comtnmw\ttin7^  Inttliigtnct. 

A  A  t*  a  hctm  nr  mail  of  wood,  placed  upright  on< 
arifiog  (iroijud  (tig.  3,  pi.  li)  which  ii  about  If  or 
t**!  feet  high.  BB  it  a  beam  or  balance,  moving  upon- 
the  centre  AA.  Tbi»  halance-bcam  ma^  be  placed 
vertipallyi  or  horiaoBtaBy,  or  any  bow  laebned,  by' 
nwana  «f  Aroog  ooida.  which  ni«  6Kad  to  the  wheel 
Di,  on  the  edge  of  whieh  ia  a  double  jpnove,  to  noeivct 
the  two  diotda.  Thit  babmce  ii  about  1 1  or  u  ^fcet. 
k>irg,  and  9  inchea  broad,  h.ivingat  the  end«  tu*o  piecci^ 
of  wood  CC,  which  lihcwifc  turn  upon     fleshy  mean* 


cords 

may  t)< 

r:]i|.?VL-  1'. 
the  con 


ttii    rixia  of  th« 
ikl  licr.ingi-  the 
C  .lie  lii'  h  about  3  Util  '  in^,  and 
f  itliff  to  tin  lipht  or  icil,  rtr;iii;ht  or. 
b:il.TtK-c-bcam.        tf  t  ans  of  t  in  It  three, 
.itian  of  movctneiit  is  faid  to  be  very  catena 


nf  t"'.jr  otlirr  cords  that 
tiViiri  balanti-,  dtherwik 


pl.Jl  c 
ithth 


five,  remarkably  fimple,  and  eafy  to  perform.  Below 
a  fmall  wooden  gotige  or  hut,  in  which  a  petfoo  ta 
employed  to  obfcrve  the  movements  of  the  inachtne. 
In  the  raeuntain  ncarefl  to  thia,.  another  pctfon  ia  to 
repeat  tlitfe  mowmcotty  and  n  thiid  to  wriw  them 
down.  The  time  takco  up  for  each  movement  t*  ao 
ftoond*:  of  whieh  the  motidh  alone  ?«  4  fccondt,  the* 
other  16  the  machine  i*  ftotionary.  The  liatiuna  of 
tbia  machine  are  about  3  or  4  Uaguea  diftanee ;  and 

«h«fe  1*  'an  oUamMfy.  near  the  Cwwnitte*  of  Public 

;  Safety 
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Safety  to  oLftrve  the  mot'on*  df  the  laft,  w!i;cli  ;4  at 
BcIIville.  The  fign«  arc  iortKtimcs  mace  in  words, 
aod  fotnetiroe^  in  I'-tters  ;  when  in  words,  a  (mail  flag 
it  boiSed,  ant!,  as  the  aljjhabtt  may  be  clwn^xed  at 
pteafurc,  it  t«  only  the  corrcfpnnding  perfon  whokn<>w« 
the  mming  of  the  flgnft.  In  general,  newj  »re^.^  L-n 
e*eiy  day,  about  11  or  u  o'ctM;k  »  but  the  people  in 
tbc  woodn  Konge  obferte  Aum  t!in«  to  t'me,  aod,  ai 
•Iboa  a»  ■  «cttaiB  ligBal  n  ntcn  ifid  aoTiKKd,  thej 
.bqpn,  from  one  end  to  tbe  oner,  toBowtkeiatcbiiic. 
It  n  p^iitted  oi  a  daHc  brown  colnur. 

Such  it  the  accotifit  ^««n  of  <hc  Piendi  lawMioo. 
Variou*  impr.wed  contriTiHncM  hace  been  fioce  made 
in  England,  and  a  pi.npbK-t  ha«  lately  been  pnblilhcd, 
pi-ini;  ati  account  of  (ome  of  them,  by  the  R-^.  J. 
G.mihlc,  under  tbc  title  of,  OMrVtUMu  auJ  Ttlegraphtc 

from  iriMMe  tlie  liaUo«iM|g  tcmaiki  ne 

extracted. 

The  obieft  propofcd  is,  to  obtain  an  intell',,!'  Ic 
figurative  language,  which  may  b<  dillill|.'uilh(tJ  at  a 
ditlance,  and  hy  which  tlic  ohvlciuadclayia  the  tlifp.iirh 
of  ordm  or  iofonnation  by  rodrm, '  r  may  be  avoided- 

On  fiiA  •reflection  we  find  ihc  practical  modLS  of 
focb  diftant  contilUinicatkNi  muft  be  confined  tu  Sourtd 
aod  Vifiea.  Each  of  wMoh  isCn  a  gre«t  degre*  uibjcct 
to  the  Rate  of  th ;  atno^im  i  a«»  kkkpendcnt  of  tbc 
winil'*  direction,  it  k  known  that  the  air  it  {bntctlmca 
fo  far  deprived  of  its  clafticity,  i)r  whatever  other  qua- 
lity the  con\T)'awcc  of  found  depends  on,  that  the 
htavieft  ordnnncc  i«  fcarce  heard  t.irthcr  tli.m  tSc  fn  it 
flits  ;  it  isalfu  well  known,  tha?  Jii  ilntk  !i.i/y  ui-.itlK  V 
tbe  largeli  obje£tl  becoriK-  tot. illy  i-tifr:ircd  at  a  Iht-.t 
diOance.  No  iiiftrumeut  tUtrtfure  dciigntd  tor  the 
purpofc  can  be  pcrfv:^>.  \Vc  caa  only  eiuic.iv.nu  to 
dimuifh  thcfe  irremcdinble  defers  as  much  as  may  be> 

It  Item*  the  Romans  h:<J  a  method  in  their  wdkd 
aitie8«  citbcr  by  a  hollow  formed  in  the  mafonry,  or 
hf  tnbe*  affixed  to  it,  fo  to  Ooafioe  ami  augirient  lound 
a*  to  Convey  taformatioa  to  part  they  wilbcd )  and 
in  loftf  hanfea  it  ia  m»«r  fanwiimea  the  euftom  to  have 
a  fbgitt  by  way  of  rpcakmg  Inispct,  to  g!«t_  orders 
from  the  upper  apartments  to  the  lower :  by  thi't  mode 
of  confining  foond  it4  volume  may  be  carried  to  a  vciy 
great  di  (lance  :  but  beyond  a  certain  extent  the  found, 
loAnif  artiaiiatioiif  wowd  oaly  coarey  atanii  aot  giie 

direc'ilons. 

KvtTN-  ri(y  ononc-thc  .incirr.rs luid  i: s watch-tower* ; 
and  tlic  i-ai';r.i  ititivi  iif"  x\:c  lloiiiniH,  h.id  pJ.vavfi  fome 
fpot,  cVvHttd  rillicr  I'V  tiaturr  or  art,  frum  '.vhcnrd 
tigii..I»  wxrc  i^-ivro  to  tiie  troop*  clotonetl  or  foraeing 
in  the  nci;;hboiirhood.  Btit  I  believe  th«j  had  not 
arrived  to  greater  refinement  thait  that  on  (eciag  aoer- 
Inn  fignal  they  were  immeduteljf  lo  n^air  to  their 
^pointed  ftaiions. 

A  beacon  or  bonfire  made  of  the  trft  inftimindile 
mteiialithato^cd,  aatheimMl  obvious,  is  perhaps 
the  omA  anticnt  mode  of  general  alarm ;  and  by  being 
previooOy  cotK.'eft''d,  the  number  or  point  where  ti  e 
firea  appeared  might  ha«e  ha  particular  intelligence 
affixed.  Tiu-  r-iriH:  obfrrrationt  may  be  refetred  to  the 
lhro«  inj;  up  <it  r<Kkel%  whofc  number  or  point  from 
vlitru  c  tlinnvi;  may  lia\c  it;i  affixed  fignihcalion. 

Flags  or  cnfi'^:!*  with  their  var?mts  dt-virrs  g-e  of 
earlieft  invention,  efpecrally  at  Ita  ;  where,  fri:r:-i  tiic 
^■rft'idca,  wliicb  moit  f  robaUy  wu  that  cf  a  vaac  to 


fhew  the  direAion  of  the  wind,  they  have  !>cen  lontr 
ad.i[i;cd  ri=.  tti::  <ii;ii-:;';>-!i;:ij  rm;"'\  ■">•  n,i:':_>;:s,  -iin;  arc 
now  I'o  iKatly  Kiinbtrttd  Ly  the  irigcinal)'  i  f  a  ^'tat 
navL'!  e  )iniiia  .der,  that  by  his  fyftem  tveiy  reqnilile 
order  and  quctlion  i»  rec  ivfd  and  anfwetcd  by  the  o^ft 
ditlant  fhip«  of  a  flrn. 

To  the  adoptingthii  or  a  fimilar  mode  in  land  fervicv, 
the  following  arc  objections :  That  in  the  tatter  cafe, 
the  variety  of  matter  iKCi-nary  to  he  conveyed,  is  fu 
fafinitely  greater,  thnt  the  cumhinationi  would  become 
too  comphcated.  And  if  the  peiibn  for  whom  the  in- 
fonaatton  U  intended  ibould  be  ia  the  dire^ion  of  the 
wind,  the  lag  would  then  prtfest  a  flitniriit  Uae  «iif» 
and  at  a  tittle  dlftaoce  be  (carce  «if:ble.  llie  Romaa* 
were  fo  well  aware  of  this  inconvenience  of  flagt,  tlmt 
many  of  their  llandards  were  folid,  aitd  the  name  oiaili* 
pi:I::!i  de  -ote<  'cH  of  chev  modcH  wfaick  ytn  a 
ttuU  oi  hay  iixed  on  a  pi>ie. 

The  princijilr  of  water  always  keeping  its  own  level'' 
hii  been  fuftjclled,  a«  3  n  jJc  of  conveying  intcUicrnre, 
by  Mr.D.r^'i  I  Brent,  i  •'  R.  rheihithe,  and  put  in  [iraCtiie 
oD  a  fmaii  ic.de.    As  tor  example,  fuppok  a  pipe  AU 
to-nach  ffom  Loadoa  to  Dover,  aad  to  lm«  a  per* 


r 


perJieuIar  tube  connefted  to  each  extremity,  a»  AC 
and  13D.  Then,  if  the  pipe  be  conilandy  filled  with 
water  to  a  certain  lieij^rtt  aa  AE,  it  will  alfo  rife  to 
its  level  in  the  oppoiite  perpendicular  tabc  RF;  and  if 
one  inch  of  water  be  added  in  the  tube  AC,  it  will 
almoft  inllantly  produce  a  fnnilar  elevntion  of  the  tube 
BD  t  lb  that  by  corrclpoiiding  letters  being  adapted- 
to  the  tubea  AC atld  Bli,  at  dtfiercat  height*, UhmK- 
ecixe  might  be  con?eyfd.  But  the  method  it  Ivible  to 
filch  objeftlonn,  that  it  i»  not  likely  it  can  ever  be 
adopted  to  faciliUie  the  objecl  of  very  diilant  com-- 
muntc^tion. 

Full  as  many,  if  not  prta;er  obieL^Iuns,  will  pcthapt  - 
operate  againrt  every  Divide  of  electiieity  heir;;  ufid  a» 
the  vehick  of  information. — And  the  requilitc  magni- 
tude of  painted  or  illuminated  letters  <  fferi  an  untur- 
owuntsble  oUlacle;  bcl\  )es,  in  them  one  oLjcd  would 
he  loft,  that  of  the  latiguagc  being  figurative. 

As  to  ibe  French  machine,  it  ia  evident  that  tO' 
eveiy  angular  change  of  the  greater  beam  or  of  the ' 
leller  end  amis,  a  dtffierent  kstcror  figure  matp  he  an- 
nexed. But  where  the  whole  dilEercncc  coniyia  ta  the 
variation  of  the  angle  of  tbc>grirt(rorleffiirpieoc«,miKll 
error  may  be  cxpefled,  from  the  Inaccuracy  either ofthe 
Djieralor  Or  the  obfervcr  ;  befide*  other  tiiconveniencea 
uidiiig  from  the  great  magnitude  of  the  machinery. 

Another  idea  is  pcrfedly  numeicea!  ;  wh:i  h  Ls  to 
raife  and  deptifs  a  flat;  or  cuitain  a  ctriain  numlu  r 
times  for  each  ktti  r,  ai  eording  to  a  previoiii'y  corct  i  ted 
f>'!!em  :  a<,  fiipp'ulc  one  elevation  to  mcun  A,  t«<) 
to  menn  K,  and  (o  on  thrini^l;  iKe  al]di;-,bet.     ."i  t  lu 

this  calc,  the  kaft  ioaccuracy  ia  j^tving  or  noting  tlie 

nuBibcr. 
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-number  dutijfc;  thf  letter ;  and  hi  *'^es  t^e  laft  kttcn 
-ui  tin:  alp'.i;i!>„l  \.o.:ld  be  a  tedious  opts^ilioii. 

A.ioilicr  lucdi'jd  th:it  ha  bicn  propofed,  i»  an  in- 
|;eui«)u*  c-ii.iL,ii,;uion  of  the  niitgiuiiciii  cupcrimcnt  of 
;in.ui,  tlx  U'.clcopic  mitromctcr.  But  as  tl;ti 
is  otil)  .v.)  idiperL'ift  id<;a  of  Mr.  Garnet's  vcrj  hij^eniou 
iiuu  li'iic.  d  icribed  in  ttic Liter  part  of  thttaitide,  no 
tartlirr  nclict  n.-i.ci  he  taken  gl  it  licre. 

Mr.  G.taiblc  then  propofcs  one  ort  a  new  idea  of  lits 
.own..  Tnc  ptiaciploof  u  is  Ampty  that  of  a  Venetian 
.blindt  or  ratUcr  what  are  called  the  Icvet  b'laidn  of  a 
WwlvHtlvt  wkiidi,  vhca  horisontad,  prcfent  fo  linaU 
v>  fiiiftce  to  the  diflant  ofafcmrt  u  to  be  loll  to  bit 
.vuw,  but  arc  capable  of  being  in  an  tiinant  converted 
into  a  firrtcn  uf  a  magnitude  adapted  to  the  required 
diliaucc  of  virion. — t  t'.  AR  aiu'.  CD  ( i:     4.  pi.  28), 
two  UpligUl  po(l»  in  t!u  j;fuUiid,  and  joined  by 

the  bijce*  lU)  »ti  1  c.V,  !  i-  confidcrtd  a«  the  franic 
work  for  9  lever  bu4id«  woiking  upon  centres  ill  El\ 
nitd  DF,  and  opening  in  three  divifiont  by  iron  rods 
cunneflcd  with  tjch  three  of  the  lever  board?. 
ahcJ  ami  i-J\h  be  two  UlTer  frames  fixed  to  tlic  ^r^n 
one,  having  alfo  three  lever  boaids  in  each,  aod  movinjr 
by  iron  ituU,  in  ihi:  fame  mariner  as  the  othcii.  If 
all  thcfe  loiii  V>e  broiijjhi  fo  near  the  ground  as  to  be  in 
the  management  of  the  operator,  he  will  then  Lave 
fiwj  of  what  may  be  called,  keys  10  pkjr  00.  Now 
as  each  of  the  handlet  iilmm  conunandi  ihi-cc  lever 
boKuU,  by  railing  any  one  of  them,  and  fivine  k  in 
Its  pbcc  by  a  catch  or  book,  it  will  give  a  dinnrcDt 
appearance  tu  the  machine ;  and  hy  the  proper  variation 
of  ili<  )V  five  moveraenti,  there  will  be  more  than 

<if  'ii  'i.'.;  1h'  c.ill  r!  :riii",.''i  ii-,  !".  f:icli  rf  wliii/U  tlit 

ciiiLiuiit.  (.x.uljUj  .'.  tjulcrc'ii!.  appcaiauce,  aiid  to  whjvb 
any  'ettcr  or  figure  may  be  annexed  at  uleafurr. 

Should  it  be  required  to  give  intelligence  in  more 
tl.aa  one  dirrciion,  the  whole  machine  may  be  eafily 
tiiiulc  to  turn  to  different  ifuints  on  a  ftrong  centre, 
after  the  manner  of  a  fingtc-poll  windmill. — To  ufc 
tliis  machine  by  ni^ht,  anoihtr  frame  muft  be  con- 
nected with  the  b.ii'k  part  i>\  the  rc'cj, niph,  forfBlfitlg 
live  lamps,  of  different  coloiu^i  behind  the  openinga 
of  the  lever  boaid«i  thelcltfi^  by  night  anfwcr  nr 
the  opening*  by  day. 

M.  Gamble  give*  aUb  particular  dtfcAioM  for  placing 
and  ufing  the  maehinf^  aad  Imr  wrillBf  down  tbe 
Several  figtuea  or  movements 

I  Oiall  now  conclude  thit  article  with  a  flwrt  idea 
of  Mr.  John  Gatnct't  moil  (imple  and  ingenious  con- 
Irivaoce.  This  is  merely  a  bar  or  phmk  turning  upon 
a  centre,  like  the  fail  of  a  windmill,  and  bclii^  moved 
into  any  pofition,  the  ilill.mt  (ibfcrvrr  1urii>  thf  tube 
of  a  ttlefi'opc  into  the  f;iine  poiitiuu,  by  biiuging  a 
(iked  wire  within  it  to  coincide  with  or  parallel  to  tbe 
bar,  which  it  a  thing  extremely  cafy  to  do.  The  cen- 
tre of  moi  ion  of  the  bar  has  a  fmall  circle  about  it, 
with  kttcn  and  Cgurcs  around  the  circuntfcrencc,  and 
an  index  moving  round  with  tbe  bar,  pointing  tu  any 
Jetter  or  maik  that  tiie  operator  wilhcs  to  fet  the  bar 
Xo,  or  to  cummuoicate  to  the  obftrrer.  The  eye  end 
of  the  tdc&ope  without  haa  n  liltc  iadcx  andciide, 
with  tlie  oorrcfpDiiding  Wttctt  Of  Other  marka.  I'lie 
coafequence  is  obvious:  the  tclefcopc  being  turned 
lound  (ill  its  wire  cover  or  become  paraUei  to  the  hao 
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tin:  index  oTiIk'  furnicr  _-c:T.in!)'  points  OBt  the  fan>C 
leutr  ur  tuaik  in  iu  <.:ri.:ii:,  thai  ui  the  latter,  and 
the  commi'.iiicjiion  ni  fcntimcnt  h  immediate  and 
perfect.  The  ute  of  this  machine  is  fo  eafy,  that  [ 
have  feen  it  put  iniu  tlkc  bands  of  twucommoa  labour- 
ing met),  who  had  never  fcen  it  befove,  and  tbcj  have 
imraediatdy  lidd  n  qHtefc  and  Mant  ooovcrlation  lo> 
gethcr. 

The  more  particular  defcription  and  figure  of  thit 
in.-ichine,  take  as  follows.  ABUE  (lig.  j,  pL  x8), 
is  tbe  Telegraph,  on  whofc  centre  of  gravity  C,  about 
which  it  fiMolvci,  it  a  fixed  pin,  which  goea  thiotigh 
a  hole  or  fiickct  in  the  firm  npright  pm  G,  and  «a 
the  nppofitc  fide  of  iriiich  x*  fixed  an  MCS  CL  C«a> 
ccntnc  to  C,  an  the  lame  pml,  is  fixed  a  wooden  or 
biaU  circk',  of  6  or  8  inches  diameter,  diviut  j  'nt  u  j  ^ 
eqii.il  [j.uts,  24  of  which  rcprcfent  the  letters  i  :  the 
al|jlia!jtt,  and  hit\vc:tn  the  ictttrs,  nuv.iHcTs.  lS  1  th  it 
tilt  iiiJei.,  by  means  ut  tin  :irin  Aii,  may  hi  i^o^cd 
to  any  letter  or  nunibi  r.  The  length  of  the  arm  fhuuld 
b<'  2 '  or  3  feet  for  every  mile  of  diliancc.  Two  re- 
vulun^  bmpi>  of  different  colours  fulpeiided  oecafionaliy 
at  A  and  D,  the  cuds  of  the  arm,  wotdd  fer>'c  equally 
at  night. 

l.ct  II  (fig. 'i,  pi.  rtprefect  the  fedion  of  the 
outward  tube  of  a  telcfccpe  pctpcrdlcular  to  its  axis, 
and  XX  t&e  Uke  fcCiion  of  tbe  tliding  or  adjufling  tube, 
on  which  ia  fixed  an  index  II.  On  the  part  of  the 
otttwaid  tube  next  to  the  ohfcrver,  there  it  fixed  a 
circle  of  lettcra  and  ntnnben,  fiotlarly  divided  and 
fituatcd  to  tbe  circle  in  figure  jt  then  the  index  II* 
by  meant  of  the  Aiding  or  adjulling  tube,  nur  be 
f.imd  1?)  any  letter  or  nitralir. —  Nuw  thtic  bt'ng  a 
eiDl!.  lijif,  or  fine  fiber  wite  j^,  h.'.td  in  liie  fotui  of 
the  tye  ^'lais  in  the  fame  dirediun  as  the  index  II  ; 
fo  that  when  the  arm  AB  (tig.  s)  of  the  Telegraph 
is  viewed  at  a  diRunce  thr<ni^ii  die  ickioipe,  tlie  croft 
hair  may  be  turned,  by  means  of  the  Hiding  tube,  to 
the  fame  direClion  of  the  arm  AB;  then  the  index  II 
(fig.  6)  will  point  to  the  fame  letter  or  number  oa  iu 
om  circle,  as  the  index  1  (fig; 5)  poiata  to  On  the 
Telegtaphic  circle. 

If,  inttead  of  iiiing  the  lettcri  and  nDmbcra  to  form 
words  at  Icogili,  they  be  ufed  at  l^gnali,  three  inociona 
of  the  arm  wul  give  above  nhmdrcdtlioaraad  diftrent 
fignahu 

TTELESCOPfi,  art  <^tical  iafiramcat  w&ich  fern 

for  difcovering  and  viewing  diAant  objcAt,  either  di- 
reAly  by  glaficj,  or  by  retlcdion,  by  means  of  fpccula, 
or  r'nrrori.  Accurdii.gly, 

Tcklcopes  arc  eilLtr  refrafling  or  rcfltfiting  ;  the 
former  coafiiliiig  of  diflirtnt  ItiiftH,  tUrciugh  which  the 
ubjcd\»  are  fcen  by  rayi  tef:in:i<.d  ihiou;',}i  them  to  the 
eye  ;  :ird  ti.c  l.ittt  r  nt  iy.  ru'a,  trorr.  which  the  laysare 
rcfleded  and  paiTcd  tu  tiie  eye.  llic  lens  or  glaft 
tuincd  towards  tlie  ul]je(t,  is  called  the  olytti-gLifi ; 
and  that  next  the  eye,  the  tyt-^lafu  and  when  the 
Telefcope  confills  of  mure  than  t  wo  Icnlei^jdl  battlwt 
next  the  object  are  called  tyt-glpj^ti. 

The  invention  of  the  Telefcope  is  one  of  the  oohleft 
^and  moll  ufeful  tbcfe  agct  have  to  boafl  of  x  by  meaaa 
'of  tt,  the  wonder*  of  the  heavena  wc  dift'evcied  to  ut, 
and  afiioooniy  ia  biyuf bt  to  a  dqp«e  «f  perlcAioB 
whkfa  fnnncr  ^gca  could  haie  ao  idea  A 
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The  ^honrf  indeed  vni  omug  ntbcr  to  tkmea 
tibn  defifii  I  (b  tint  it  n  tbe  gmid  fortune  of  Ou  dif* 
eo^erer,  lAtber  dun  U«  ftui  ar  abDi^y,  we  we  in* 
debtcd  to:  on  tUt  accouDt  it  couoenu  u>  the 

left  to  know,  who  It  wm  that  firft  hit  upon  this 

admirable'  invcntii  u.  Be  that  a  .  ii  ti  Mv,  it  i»  CL-rtiin 
it  muft  hue  bcLii  cifual,  Cnce  llic  lUcuiy  it  dtp.ud* 
upon  was  tibl  tlun  knuui. 

John  DaptilU  Porta,  a  Neapolitan,  acconling  to 
Wo!fiu«,  firtt  made  a  Tclefcope,  which  he  iiiUis  irunv 
this  paflaf^e  in  the  Mapa  Katuratlt  of  that  atithor, 
printed  in  1560:  "  If  you  do  but  Icnow  how  to  join 
•*  the  two  (»i*,  the  concave  and  convex  ghnica)  ripnily 
"  together,  you  will  fee  both  rriTiuCe  and  near  objedlt, 
•*  miiefalar(;cr  that)  thc^  otherwife  appear,  and  withal 
*•  teiydWin'^.  In  this  we  have  bteo  of  good  bdp 
**  to  many  of  our  friends,  who  citlier  faw  vemole 
**  things  dimly,  or  near  one*  confufcdiy  \  and  luw 
**  made  then  lee  eTcrr  thlny  perfedlj." 

But  It  it  ccrlern,  tut  Porta  did  not  OTderflaad  bis 
own  invention,  and  therefore  oeither  traubkd  liimfitf 
to  brin^  it  to  a  greater  perfcAion,  nor  ever  applied  it 
to  (lUlcrvation.    Bclulcs,  tlic  Bcr.uint  ;;'-vcr.  by 

Parta  of  liia  cdplmvc  and  convtx  Iti.'.i.'t,  ij  lo  ti:iik  atiti 
indi;iinA,  ttiat  Ktplcr,  wlio  cxLimiiii-J  it  by  dcfue  of 
the  otupcror  RLidolpli,  ditUrcd  to  that  piince,  that  it 
WaR  ptrfiilly  iiiMnti.-nigib!r. 

Thiity  years  aftciwolds,  or  in  1590,  a  Telefcope 
16  inchei  long  was  made,  and  prefented  to  prince 
naniioe  of  NuTau,  by  a  fpcilaclc  maker  of  Middle- 
burf :  but  Wthora  are  divided  about  hit  name.  Sir- 
IUYH^  ta  tt  tltatife  ua  the  T«-kTcope,  printed  in  1 6 1 S, 
WOl  B>Te  it  to  Ik  John  Lip^^ci  Ihcim :  and  Borclli, 
'  in  a  volume  atpicAk  on  the  tnveoiar  of  the  Tde- 
icopc,  publifltod  m  tosf*  Ae««  that  it  «a«  ZacliatiM> 
Jaiden,  .01^  aa  Wolfim  > writca  it*  .Haain. 
'  Now  the  invention  of  Upperflieim  Ja  fixed  by  Ibme. 
in  the  year  1609,  and  byothtrt  in  1605  :  Fontana,  in 
bis  A'bti*  Obferviitlontt  C^Ieftiiim  el  TcfT(ftnam  RtrutHy 
pitnted  at  Nr-iiks  in  i''i4^',  tl  iiins  the  irutr.'.iiui  111  tl  ^- 
year  l6o3.     Uin  Burilh''«  nicoiu;t  nf  tlie  ddcovery  of 
T'  V  K     I's  is  fo  (  ii  cuniil.Tiiti.il,  :ui'.i  fi>  well  authcnti- 
Caud,  M  to  rrn  Itr  it  vcr>  probable  that  Janfen  waa- 
tht  or:,:Mi.il  mveiilur. 

Ill  1610,  James  ^^L^lll9  nf  Alcmaer,  brother  of 
Adrian  Metios  who  w.is  proFcflcir  of  matheinatic«  ar 
Frauckcr,  came  with  Drcbel  to  MidJIcburg,  and  there 
boaght  Tckfcopes  rif  Janfcn's  children,  wIju  huJ  mutle 
them  public  ;  aM  yet  this  Adr.  Metins  haa  eiven  hia 
brother  the  honour  of  the  iovcntioiii  in  wbioi  too  he 
it  miftakcnlr  Iblbwad  by  Dcfeaitca. 

But  none  of  ihefe  artificeia  made-  Tctefbopet  <^ 
above  a  foot  and  a  half:  Simon  M-triii*;  in  Genuaity, 
and  Cableo  in  Italy,  it  il  fard,  jirfl  rr.adc  long  ones  lit 
for  celcftial  obfervations  ;  thou};h,  from  tho  rccciiLv 
dlfcovtrcd  aflrunomical  papers  of  f!.c  itkbratcJ  Hj:- 
riot,  aiili  or  th-  Aluhta,  11  ,\y.wr,  that  \v.:  muft 
have  made  ulc  of  'i'ctrlcijpci  in  vh  ivmi;;  tl^c  f  ihirma- 
cu  a.",  wliich  he  did  ile  a^  early  as  they  w  e  re  ulift  i-  - 
td  by  (JaliUo.  Whether  ilarriut  made  his  own 
Tc!<:1lo>»-..-8,  <ir  whcihcr  he  hid  them  from  Ilulbnd, 
does  not  aj'piar  :  it  fcems  however  that  Galileo':!  were 
icade  by  himfelf  j  for  Lc  Roffi  relates,  that  Gili'.eo, 

being  thea  at  Veaicck  wat  toid  of  a  foit  of.  optic  giaft 


made  in  HolUnd*  which  brought  o(g«Aa  Bcaitr  :  opoit 
which,  fiettiu^  bimfclt'  to  thfok  Immp  te  OwuU  be,  be 
gnxnid  two  piceet  of  glafs  into  fonii  a*  writ  aa  Ik 
couldt  and  fitted  thetn  tu  the  two  end*  ot'  aa  organ- 
pipe  ;  and  with  thefe  he  (hewed  at  once  tlvr  won* 
dcrs  of  the  invirntion  to  the  Vcic-ti.in^,  •m  tKp  t>f 
the  towci  of  St.  Mark.  The  i-iiKc  aiithur  adds,  lliai 
fr  im  this  time  Galileo  de*i>ted  himfelf  wholly  to  the 
in3[m>v!Hjj  and  pcrfc6Linp  the  IVIefcope  :  and  that  he 
lii  lu  c  .^Imotl  defcTved  all  the  honour  iifaally  done  hin, 
o<  h-  in;;  reputed  the  invmtdr  of  the  inftrumem,  a-id 
of  it:i  ''f^i^h'  from  him  cil'cd  Galilto't  lu''r,  GaMeo 
himfelf,  in  his  Nuiciuj  Siti.-*fui,  publilhed  in  1610, 
acknowledges  tint  he  firll  heard  of  tlie  inllrumcnt  front 
a  German  ;  .wd  that,  Ix-ing  merely  infuriin- 1  of  it» 
cfTctls,  fir.l  by  common  i;epi>rt,  arid  a  fe*  diyi.  .ifter 
by  letter  from  a  French  genticmadt  Jamct  Badovcre^ 
at  Paris,  he  himfriFdifieovend  the  mnHrufiUon  by  coa> 
fidering  the  natore  of  refraAioa.  He  add*  ia  Iiia  Sts^ 
gMtorrt  that  he  wat  at  Venice  when  he  heard  of  the 
cflcfit  of  prince  Mnuriirc'ii  indrumfDl,  but  nothing 
of  its  c«n(!nifti<>u  ;  that  the  firll  night  after  hl<  retufo 
to  P.idu.i,  he  folved  tiic  ^ruoh-in,  .iiiJ  iii:>dt'  i  idiu- 
llicut  tlic  i.txt  djy,  and  iooii  after  p;clVnted  il  to  tbe 
Doge  of  V\r':ce,  ulio,  ill  honour  o!  fiis  i^rand  invea* 
tion,  pave  him  the  dai  ;d  litters,  w hieh  K'ttied  him  for- 
life  in  his  leorurclhip,  ?.t  t'idn.i,  an  1  d.jul>lfd  his  falary, 
which  then  became  treble  of  what  any  of  his  prcde- 
ceiTnrs  had  enjoyed  before.  Ami  thus  Galilea  may  be 
cuofidered  as  an  inventor  of  the  Tclefc«>pe,  though  ' 
not  the  firA  inventor. 

F.  MabiUon  indeed  relates,  in  li's  trsvds  through  ' 
Italy,  that  in  a  monallery  of  his  u  «  n  order,  he  faw  m 
oiaoWcript' copy  of  the  work*  of  CatmB«ftor,  wititea  ' 
1»  one  CooiadiH,  who  lt«ed  in  the  13th  ccntDry  t  ia 
the  3|d  page  gf  whidi  waa  focn  a  jponrait  of  Ptowmy, 
viewing  the  ftan  tbioogh  a  tnbe  <>t  4  joii.is  or  draws: 
but  that  failirr  do<s  not  fay  (hat  the  tube  had  glares 
in  it*  Indeed  it  is  more  thaii  prubabic,  that  fuch  tubes 
were  then  11. r  J  \<>\  u-j  uliicr  pur^ofe  but  l.i  d.  urid 
nnd  direct  tht  Lf^lit,  01  to  teodcr  it  fiiore  diliii.-l,  by 
fingh'nt;  <  ut  the  paitiudai  olijrci  looked  at, and  ihutting 
cut  all  the  f')Tfn;u  rays  rcliecttd  inun  oihirs,  wli-ifc 
prnximity  rr,]^'\.:  have  rendered  the  iii.;i;j»:  Ids  ptti  ife. 
A-nd  this  conjecture  is  vcilf.cd  by  experience;  fur  we 
have  often  obferved  thst  without  a  tube,  l>y  ordy  look- 
in;r  through  the  hand,  or  crco  tbc-fingCrtf  or  a  pii>> 
hole  in  a  paper,  the  objcdt  appear -vtore  clear  and 
diftinct  tlian  otheru  ifc. 

Be  thii  at  it  may,  it  is  rertain  that  the  optica!  pria* 
cifies  upon  ivbicit  Tclefcopct  arc  founded*  are  con* 
tamed  in  Eudid,  and  were  mvM  known  to  the  ancient 
rromctn'cianj )  and  it  hat  been  for  tvant  of  attetKieO  to 
ihcm,  that  the  world  was  h  I.mg  without  tliat  ad* 
mirable  invention  ;  as  doiibllefs  there  arc  niAny  others 
lyinfj  hid  in  the  fame  principles,  only  v.altiiig  fr)r  rc^ 
flifiidn  or  accident  to  briii^  them  lorth. 

To  the  forrjjofti)^  ahfttnilof  tlis  hiilury  of  the  inven* 
ti-  n  1 the  Teh-ftopc,  it  may  bo  proper  to  ad^  fome 
parlictrais  reiatiirg  In  the  claims  of  our  Oivn  c«lebr»(ed  • 
cotinttynnn,  friar  Baron,   who  died  in  1294.    Mr,  . 
\V.  Molynei^x,  in  his  Dioptrica  Novti,  pa.  2^61  dc«.'- 
clarcs  his  opinion,  th.tt  liacon  did  pcrlc6\lv  wt'l  underw  - 

flaud  aU  jiwtt  of  optic  gfaflei^  and-knew  likcwili  iho 
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n-av  r  f  rorr.!il:i!nrT  tlirm,  li>  '^ri  compofi-  fomc  fiich 
inr.iumait  as  m  r  T-lcfrnM-  :  and  hi$  fon,  ttamacl 
Molyncox,  n'.krt^  m.  ic  -j  liiti  clr,  lhat  the  invention 
of  Tclt  fcojH's,  ill  il  i  liril  original,  was  certainly  put  in 
pni<^iice  Ly  nn  En^lifhman,  friar  Bacon;  although  its 
iirft  applicatinn  to  ailronomical  ptirpofcs  may  ^nmuMjr 
be  afciibcd  to  G.iIi!i-o.  The  paflagcs  to  whidi  Mr» 
ftiolfaewx  reStr:,  fuppon  of  Bacon's  ctaioMb  «ecttr 
■m  hn  Ctetiit  Mi'jus,  pa.  ^8  3"<^  3n  of  Jcbb't  edit. 
I77J,  The  lirik  ii  as  fiiilows :  .SV  vtro  non fnl  corftrm 
fttinrtt  fer  qut  vi/u:  xu/.-i,  Jtd  fphtcria,  l:mc  e/1  m.'pna 
fr':-;i  ;  ttunl  tv/  -i;vj'.'r  ,  ■  w.  ,//  r/i  irr/-:t  ".-ijjrn 
\  .!  .  ;. v/'/.w  .•  whcntc  It  1}  iiuvi  ix-J,  thai  he  knew 
what  a  concave  and  a  convex  gl-f»  was.  The  fccond 
is  coinprifed  in  2  whol'  c)iaptcr,  where  he  fays,  De 
vi/I(uir  Jnitf:!  ir'.jf  rd  fun:  ;  Mm  dr  faeili  patet  ptr  eanO' 
Itfi  Jitpra  /hill-,  ifui'ii  in^.-iim^i  po/Funi  appartre  minima^  tt 
fnKtra,  et  loni'r  J'sjliuitta  vuitlitntur  prvpinquiffmt,  tt  t 
etmK>frp>.  Nam  p.JjMnut  fir  Jigurart  perfpuuii,  et  lalittr 
ta  QTj'mart  rtjp^Su  a-iflri '•jil'tt  et  rerum,  quod frangti^W 
tt  ^Stmtur  quarfmntunmu  valuerimm,  ut  fub  }av> 
cirwfiHr«ff{»J!i  mfamnicrf  vidAimu/ rem  prope  vtHongtt 
Sfe,  Sk  tlhm  fummat  ^tm  et  lunan  a  JidUt  i^a»- 
Art  fitmubm  ttfp^miiUtn  hit  inftriut,  &e  i  tint  it, 
Gmtvr  things  ilian  thefc  niay  be  perfotmcd  by  re- 
Frad^d  vifion ;  fur  it  is  eafy  to  undcrftand  by  the 
Cnnuiib  L'l.i  '.f  ir.fnliourt;,  dint  t!ie  f^ri'atcfi  tJuiif^:;  rv.ny 
appear  tailing  ickui,  ikttd  the  contrary  ;  aho  tbal  llic 
mi>il  remote  ohjt  tln  may  appear  jtid  at  hand,  and  the 
convcrfc  ;  for  wc  can  give  iVich  figures  to  Iranrpirvtit 
bi>die5,  and  difpoi't  ti  ir.i  ii;  fuch  order  with  rcfpctfl  to 
the  tycandlhc  ohjtdli,  that  the  rays  fhall  be  refracted 
and  bent  towards  any  place  wc  plcafc ;  fo  that  wc 
fhall  fee  the  objcCl  nc  ir  it  I'  md  or  at  a  diilancci  under 
■any  aogk  we  pieafc,  £.  c  that  thus  the  fun,  ruwhi 
mad  ttm  mm  be  imde  to  defend. hither  in  appeanncet 
Ac.  Mr.  Molpenx  hn  cited  another  palTage  ottt 
«f  Bacoo'a  Epiflle  ad  Panfienfem,  of  the  Secrete  of 
Art  «t>d  Nature,  cap.  5,  to  thia  purpofe,  Peffual 
ftiam  p.:  f.  i.iritr'i  ;:  i  ff,  :-iu2,  kI  Icni^jjlme  h:.i  nfP'irrunt 
frop'mqua,  tt  i  Ci-,:/-ii!-tii ;  itj  quad  ex  lacreJihtU  lit/itn' 
tin  Ir^rrtmvi  literat  m'mui'fjjimai,  et  numeraremut  ret  quan- 
timqui)  pur^'as,  et  flellat  fucertmui  apparert  qu7  tx/le- 
mm;  rh:tt  is,  Cliill?,  f  diaphanous  bodict  ntay  be  fo 
fonnid,  ihnt  the  moll  nmote  obicft»  may  appear  juft 
at  hand,  and  the  contrary ;  fo  that  we  may  read  the 
fmalkA  letters  at  an  incredible  diftoncci  and  may  nuin- 
thiogathoi^h  aefcr  fo  fmall,  and  nay  nuke  tlw 
i)ar»  .-ippear  as  near  as  we  deale. 

Moreover,  DoAor  JcU)*  in  the  dcdicattoa  of  hU 
edition  of  the  Opus  Majti%  prodiMet  a.  {MiEtte  from  it 
nuntifertpt,  to  Ihew  that  Ba£on  aduany  apfdM  Tele- 
fcopesto  aflroiioniical  piirpofcs :  Sfd  hnge  mii^it  qu<im 
hjttf  Tats  he,  tpcrlerct  L^nJnrj  iaieri,  qui  lene,  immt 
ift<limf,  fiirtat  JttrJpeBwans  rt  snjlrumcnla  e';ui — ■/uia  ir,- 
J^ntventij  afiranoma  nm  vaflunl  :,ifi  per  ■vjmnrm  ftciaulum 

hrom  ihcie  paiiagcs,  it  is  not  unreafonahic  to  con- 
cludr,  that  Bacoi^had  aftually  combined  gl.iiTcs.  io  ai  to 
hnvc  pTortiiced  the  effefts  wlm  h  he  mcotions,  thou}<h 
he  dt(l  not  compl-te  the  l  iii:!rudIon  of  Telcfcopes. 
Dr.  Smith,  howe»rer,  to  wliole  judgment  particular  de- 
fcrmff  dn<,  h  of  op'iiion  that  the  ctlLbrated  friar 
wrote  hypothcticaUyt  without  harag  made  any  iftml 


trutl  of  the  thin,'^^.  h^'  nicn'.in  i- :  to  wli'ch  parpofe  he 
(^ftrvcs,  lli^t  thr>  ,T:;thni  ilncs  nt)t  ?.!\r:t  one  linglc 
trial  or  obferv.nion  uprm  tlic  iwn  or  n-,aun,  cir.iny  thing 
dfc,  though  he  m;(tuons  ihcm  both  :  on  the  other 
hand*  he  imagines  fotne  effeds  of  Tclcfcnpes  tliat  cso* 
■Ot  poiftbiy  be  perfoinncd  bv  them.  He  iidds,  that 
perfoos  unexperienced  in  looking  through  I'elefcopes 
exped*  ia  viewios  any  objeAt  as  ibr  iauaoce  the  hce 
ofm  mm,  at  the  diftance  m  one  hnndred  yards,  through 
a  Telefcope  that  magnifies  one  hundred  times,  that  it 
will  appear  much  larger  than  when  they  are  clofc  to 
U  :  tiiri  !ic  :••  laLiiiicd  v.  3^  L'liocn'i  r.'jtioii  of  the  mat- 
ter; .lijJ  hcucc  eotii.liideJ  lliit  he  had  iicvei"  looked 
through  a  Tclefct  pf. 

It  IS  rcmaikablv  tint  ilicre  i«  a  pair!<»?  in  Tl^omai 
Digcfs's  Str3tiotifti5,  pa.  359,  where  he  nffiin.,  t/ml 
his  father,  Leonard  l>i^.;e3,  among  other  curio. is  prac- 
tices, had  a  method  of  difcoveiing,  by  pcrfpe^ive 
l^ffes  fet  at  due  angles,  all  oljeds  pretty  far  ditUat 
that  the  fua  flione  upon,  which  ky  in  the  country 
round  about  {  and  that  this  was  by  the  help  of  a  tnanU' 
iieript  book  of  Roger  Bacon  of  Oxford,  who  he  con* 
cctved  was  the  only  man  befidethis  fiithcr  (fio«e  Archt' 
ncdesy  who  Itnew  it.  Tbii  h  the  more  nmarkable, 
bccaufe  the  StrattotlcoB  snt  firft  printed  in  157a,  m«rc 
than  30  years  before  Metius  or  Galileo  made  their  dif. 
(  cj  .ery  uf  tliofe  glaflcs;  and  therefore  it  hat  hence  been 
llioUjjht  t!i,i!  Rotter  Bacon  was  the  firft  i-^ivctttar  uf 
Telefc 


COl  L-5, 


.iiul  l..Mnanl  1> 


lie  nc>.i  reviver  of 


them.  liiit  from  wlirA  'I'Ji.iiiia*  Dig^m  fays  of  this 
r^iatter,  itwu  iklleeni  tlul  t!ie  inllr'nnnit  of  Bacon, 
and  of  his  father,  was  fomething  of  the  nature  of  a 
camera  obfcura,  or,  if  it  were  a  Telefcope,  that  it 
was  of  the  rLfi;  ftiiij;  k'-nd  ;  Jthougb  the  term  ptrfpK- 
linifglafs  ft  c  ;T> to  favuiit  a  i-ontiary  opiuiost. 

There  ia  alfo  another  pailagc  to  the  Jantv  effed  in  the 
prrGiec  to  the  Pntametria  «f  Leonard  Di^'gcs,  but 
puUiihed  h»  Ion  ThoilMlDlggcS,  fame  time  before 
the  StratlottCM,  ami  a  fecond  time  ia  the  year  1591. 
Tlie  ;  ,ifr.if;e  runs  thus:  Mj  father  by  hit  eonl'muall 
paiiijuH  praH[feif  affijled  v/ilh  dem'irifiratlont  malbema- 
ticaf,  tvat  able,  and  fundrie  timet  hath  by  Profor' 
tioittd  Glitffts  dut'j  fituale  iit  convetiieni  angfrj,  n'4  only 
difiOXtred  thin^r  j.,rr(  >■■!■!  Itllert,  nun:''  rrJ  f  ^ectj 
of  money  tviltJ  •  '.•.■ry  i  .yn.-  and  fuperfcriptt',n  tbireaf, 
cafi  by  fame  l-'n  frern  lj  ,./  purpofe  upon  downet  in 
open  ficLlt,  but  aifo  feven  mylet  0^  ac.  lxrtd  what  hath 
becne  doone  al  that  inflant  in  privet  placei  :  He  bath  filfo 


/ludirUtimt*  by  the  fuant  ieMiti  JSmI  (fliouid  be  £rtJ) 
ftndittt  ami  difchargtit  or^»Mtt  kt^  C  Mijft  «if  tn 
t^lmnttt  fte. 


But  to  whomibe«er  we  afcribe  the  honour  of  iitA 

inventing  the  Telefcope,  tlie  rationale  of  tliis  admi- 
rable inflrument,  depending  on  the  refra^lion  of  li^'ht 
in  piiifirig  tlnoii  Tti  mi  diumsof  diflfercnt  forms,  was  hrft 
cxpUiiicd  by  ti<c  eelehrated  Kepler,  who  alfo  pointed 
out  methods  of  coiidrtiiting  others,  of  fupcriur  powers, 
and  mure  commodio-JS  application,  than  that  ftrtl  ufed: 
though  fomething  of  (he  fame  kind,  it  is  faid,  was 
alfo  done  by  Maiirolycui,  whofe  trCBtiiie  Dc  Luminc 
et  Uinhra  was  puhliOud  in  I57J. 

Tit  Friticipai  MJiS-t  of  TkLiscont,  depend  upon 
this  plain  masim,  viz,  tint  ohjcds  appear  larger  iu 
proplMtiaB  to  tbe  aaglea  which  they  fuhtcnd  at  the 

eye  I 
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^  •  And  tlie  tSeA  u  the  Ume,  whctlier  the  peocib  of 
ray»,  by  wUsth  olijrtl*  »re  »ilihle  to  ua,  come  dllcMf 
from  t)>e  objt-cls  themfclvcs,  or  from  anr  place  nearer 
to  the  eye,  where  thc-y  may  hare  hita  united,  To  a«  to 
Am  w  iuMge  of  tbe  *^A  t  becuafe  the^  iifue  is>« 
Iratt  tknCe  pwnti  in  eertim  direAievit  m  the  MOie 
imnner  as  they  did  from  the  eomlpMi4HiepoiRt*  f*  tbe . 
objeds  themfclrc*.  Ill  h&  thcfeferc,  tn«t  ft  effefted 
hr  a  Telffcope,  U  firft  to  ninkc  fudi  nn  imajjc  (if  a 
tJilbnt  ohfctt,  by  mean*  of  .1  Iciis  or  in'rtnr,  airl  tlicn 


Hook'. 


to  give  the  eye  foniL-  iitli'lanc,'  Iit  Ticwiii'T  t!.:it  as 
near  a»  putRbie  t  fo  that  ihc  anjrle,  whii  li  it  fhall  iuh- 
tend  at  the  eye,  maybe  very  large,  cotiijart  J  witli  the 
•Tigle  which  tlie  object  itfclf  M'otild  fubrciid  in  the  fame 
fituation.  Thi*  i<  done  by  means  of  an  eye-^lkfa,  which 
fb  icfra^s  the  pciu-'ls  of  ray»,  as  that  they  may  after- 
Vtldl  be  L  rijU  ;■  t  Ui  rl.t-i;  (cvcral  foci,  by  the  natural 
humour*  of  the  eye.  But  if  the  eye  had  been  fo 
formed  as  to  be  able  to  fee  the  im.ige,  with  fufficicnt 
^ftwiAM£s  « thciuM  diAaBce,  without  m  tje-gUb^ 
htrouM  appear  to  bimM  tttuA  tmenified,  M  kdat» 
to  another  perfon  vbo  makct  liTc  of  •  gU«  l«r  tbat 
IMirpofe,  though  he  would  not  ta  dl  cafe*  have  fi> hrge 
•  field  of  view.  , 

Although  no  im»ge  be  a^iially  formed  by  the  frwi 
of  the  pLii  .il  A  ithoiit  the  cy.,  ye  t  l!,  hy  the  help  oF 
an  eye  ^I.iU,  xhc  pencils  of  r^y:^  (liuii  ciucr  the  pup  !, 
ju'.t  ajttiiy  wdu'il  !iav<:  tlunr  fintn  plsce  without  t.,f 
eye,  tlic  vtfuiil  ain;k  wiii  ha  iJtc  Umc  a*  if  an  iraaec 
had  been  aaually  formed  in  that  pfaioe.  tlkUcf* 
Hiftory  of  Light  &c,  pa.  69,  &c. 

ytt  to  the  CrindtHg  »/  Tcltfcctic  Glrjfti,  tlie  fifft  pcfw 
font  who  diiritiguifhixl  ihem(elvc»  in  that  wa**  were 
two  Ifafiaoti  Eutiachio  Divini  at  Komc,  and  Cbmjwni 
•t  Bolopil^  wboie  ham  «m  iBVch  fupenor  to  tbrt  of 
Divrai,  orthM  olmf  other  wrftmerBia  timt  tbougb 
Dhini.  bimfdr  ptttcnded,  that  in  all  the  Criab  that 
were  made  with  thmrj^lalTct,  his  of  a  great  focal  dir> 
taiice  ptrformed  better  than  thofc  of  Cainpaiii,  and 
thut  his  rival  wa«  not  wilh'ng;  to  try  them  fairly,  vir, 
with  t  r,ii.il  c:  >j.f;lufri.-i,  Ir  !s  ',(nv»  vi-r  fjrr.t  rally  fuppofed, 
that  C;iirp,itii  rt.i'.'v  oittllctS  Diiirti,  hvih  in  the  food- 
Befsand  tlie  tnril  1 -  .  th  of  hi» ohjeft-gLifle*. 

It  wa»  with  Campani'a  Tclefcopes  that  Caflini  dif- 
covcied  the  nearcll  fatellitcs  of  Saturn.  Thty  were  made 
■t  the  rxprefs  dcQre  of  Lewis  XIV,  and  were  of 
86,  100,  and  ij6,  P^rb  feet  focal  Irnj^th. 

Caattpani's  laboraiory  was  purcliafed,  after  Jiii  dtri",!!, 
by  pope  Benedidt  XIV,  who  matle  a  prcfent  of  it  10 
tm  academy  at  Bologna  called  th^  laftitote  i  and  bj 
the  aeoDHit  which  Fdurtoux  hat  g'wn,  we  Warn  that 
(except  a  ■achinc  whidi  Caonpani  coitllrtiek  J,  to  work 
the  bnons  on  which  he  ^ironiid  hii  ^lalTc-s)  the  ^uod> 
nefs  of  his  lenfea  depended  upon  the  cicarrefs  of  his 
gbfs,  his  Venetian  tripoli,  the  paper  with  whii-h  he 
pnUltirJ  liii  glaJTo,  and  his  great  I'l-.i;"  n  •(!  K'  Jrcfs  sa  a 
wurknuir..  it  i!oe«  not  appear  that  he  made  tnany 
len!t5L>t'  a  vcrv  j^^rt-.-.t  foc.il  di'.tance.  Accordingly  Dr. 
H«vjU,  w'.f)  probably  Ipi-  iki  w -tS  the  partiality  of  au 
Er.^Uftiman,  fays  that  fjmt!  j:';ilTi-^  maiic  by  Divini  and 
Campani,  of  36  and  50  feet  tocal  diftancc,  did  not  excel 
Tehfcope^cf  ra  or  I  j  feet  made  in  England.  He  adds, 

that  Sit  P.tul  Netlli  made  TcleCropea  of  36  feet,  pretty  ^  ,   

good;  andcHMof  50tbittiratofpriipwtiittdiUgog4iiefit  .  Tckfcope,  fo  that  philofophcrrsiay  now ttcQ  woadcr 
Vox..  IL  X  4  X>  i» 


Aftetwardt,  Mr.  Reire  firft,  and  thert  Mr.  Cox,  wh« 
were  the  moft  celebrated  in  England,  as  prihders  of 
optic  ghflea,  made  fotne  good  Ttlcfcope*  of  50  and 
bo  feet  local  diftance  ;  and  Mr.  Cox  ma^le  one  of  I00» 
htt  hoar  good  Dr.  Hook  ooold  not  aflcrL.  BcyvUi  alfo 
in  Italy,  timdc  ohjea-|^aflca  of  a  gmr  focal  len^h, 
eae  of  which  beoitfieaMd  tertbe  Royal  Society.  Bat, 
with  refpcft  to  tae  .Ibeal  lenefth  of  Telefcopet,  thefe 
and  all  others  were  far  exceeicd  by  thofc  of  Aur.o.it, 
who  made  one  obJed  jirUfs  of  600  feet  focuj ;  but 
he  was  ncter  able  to  mana^jc  it,  fo  as  to  make  acy  ule 
of  it.  And  HartfiH-k  T,  it  h  faid,  made  foine  of  .1  f  ill 
fvcA  l<-n^;ti..  Plrl'-jf.  Tt.mf.  Abr.  v,,!.  i,  p  ,9;. 
>  Eikpcr.  by  Di-riism,  p.  zbi.  PncUlcy  a« 
above,  p.aii.    Sec  GaisBiNC. 

TeleftMpe*  are  of  fevtral  kinds,  diilingniflird  by  thc 
number  and  fotm  uf  their  lenfea,  orglaffcs,  and  deno* 
minated  from  their  particular  ufes  tta  fttch  arc  the 
terrrfirtj  9t  UutdTflifccfr,  the  cet^M  or  ^rmotdtdl 
Ti^Hf*  t  to  wbtcb  miy  be  added,  the  Gun/ran  of 
Ihki  Ttlifblfrt  the  refitning  Tshf  o^,  the  rrfracitng 
T^Uttt^  the  tStiti  Ttifi^t  Mimmatic  Teltfa^^  tff. 

GarnwV,  or  the  DtOth  fde/fopc,  is  oae  Cod- 
fitting  «r  a  convex  ol^eft-gU^  aad  a  coacne  eye* 

I  :iis  IS  tlie  triofl  CTirir.'iit  fjnn  1;'  any,  tjcmg  dic  uijy 
k:ril  made  by  the  invcnturs,  Gai'Ico,  ice.  or  k;,own, 
bul.  re  Huygens.  The  firft  TclefinjiL-,  L  niflruHccl  l.r 
Ciaiileo,  fna'^nidrd  ontr  3  timc»  f  but  Jic  iooij  uudc 
aiiL>t!)tr,  wIulIi  ma'Tn;htd  18  times:  and  afterwards, 
with  great  trouble  audexpence,  he  condiuftcd  one  that 
magnttied  33  tifflca;  with  which  he  difcovrrcd  the 
fatellitcs  of  Jupiter,  and  the  fpot?  of  t?ie  fun.  The 
conflriiiSion,  properties.  8tc,  of  it,  crc  a.  follow t 

Ca^fmAiM  ChdiUv't,  or  the  Datti  TBLMCO?t> 
In  a  tube  ptcpwed  for  the  piirpofe,  at  one  end  b  fined 
a  COBVeVflljeft  lens,  either  a  plaia  convex,  or  convex 
on  both  6det,  bnt  a  fegment  of  a  my  large  fphere; 
at  the  other  end  is  fitted  an  eye  glafs,  concave  on  both 
fnles,  and 
to  'jL-  at 

irr..i^;c  of  ttr' convex  Iciu. 

J.ct  AB  C  j;.  10,  :  t)  be  a  rliitatit  objcfl,  from 
every  point  ot  wliiili  pcni  lL.  of  ra)»  ilTuc,  and  falling 
upon  the  convex  glaN  01",  tend  to  theirfbci  ai  FSCr. 
But  a  concave  lens  HI  (xhc  fdcus  of  uhich  is  at  FG) 
being  interpofed,  the  converging  rays  of  each  pencil 
are  iftade  paralUl  wl;en  they  reach  the  pupil;  fo  thjt 
by  thc  refractive  huninurjof  the  eye,  thry  can  eafity  be 
brought  Co  a  focoi  on  thc  retina  at  PRQj_  Alfo  the" 
pencSs  themfclTCa  diverging,  as  if  they  came  fiwn  X* 
MXO  » the  aittic  uodcr  which  the  iitiaec  wtR  appear* 
which  i»  mnch  uirKer  than  the  angle  under  which  the 
objcA  itfcU  would  have  appeared.  Such  then  is  the 
Telefcopc  that  was  at  firft  Uiitorcred  and  ufcd  by  phi- 
lofopl'v:!  ;  :  tli'  ^'iLut  ir.i.onvenience  of  which  is,  that 
thc  field  ol  view,  which  depends,  not  00  thc  brradth 
of  the  eye-^afs,  a^  in  the  agronomical  Ttlei -rpc,  but 
upon  ^he  brwlth  of  the  pijpi!  of  thc  eye,  h  i:\cccdiag' 
ly  hiiall  :  for  ti'  ci-  thc  pinclls  of  tlif  r.ivs  enter  the 
eye  very  much  Jivcrjnn;;  fVum  one  nnfjihcr,  but  few  of 
twjBieaahettttcrcci.ird  by  tt.c  j.-.-.pU  j  and  thk 'iacoii- 
mtence  incrcales  with  the  magnifying  power  of  tho 


and  the  fegment  of  a  lef*  fphcrc,  fo  difpufcd  aa 
u  tlir  di:t.r:LC  of  tf^e  tnitnal  fbctta  b«W  th« 
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at  the  pitlfocc  and  addrefs  with  which  Galileo  and 

oiHfri,  witli  fuch  an  inftrument,  made  thr  dii'covfnv* 
tluy  j  J.  And  yet  no  otbcr  Tclcfcop,;  wa-;  ttmught 
ot  for  many  years  after  the  difn^vcry.  Dcftartci, 
who  »Ti)tc  30  ytart  after,  mtntioiis  no  other  as 
ittually  coiiftruftcd,  though  Kiphr  liad  fiiggelUd  lome. 
Hence, 

I.  In  an  inflrament  thus  fiamcd,  all  iKople,  except 
myope*,  or  flM>rt-%hti:d  peri'ons,  mull  foe  objco* 
diftinAly  in  an  tna  fituation,^  and  iiicnalcd  in  tlx 
ratio  of  the  dillance  of  ihe  wrtital  focM  of  the  eye* 

glafs,  ti>  iIk-  d';b"',cc  of  tilt  fociii  of  the  ob]<.ft  K^-'^^s- 

J.  Biit  for  fr.yoj:t»  10  fcf  o^jt  'ls  diflincli/  th:-oil(ih 
fucli  Jii  inllrumeiit,  the  i\r  -lal.  miift  be  fci  iiMrcr  tlic 
objtiil  ;^lafs,  fo  that  llic  r.iys  itl  ciicli  [)iiiiil  may  lii>t 
enKT^;i;  patalLI,  but  may  fall  div-tr|^irg  itr.'in  '  ; 
in  whicli  cal'c  the  apparent  magnitude  svili  be  iiiut«.d  ^ 
liltlc,  tlioiigli  ftarce  feiifibly. 

3.  Since  the  fijciii  of  a  plano-ronTcx  objefl  Icn», 

ai;il  tl.J  v^riicil  ti;ru»  of  a  pLuo  i  c.;  .ivc  fyt-lci:::,  arC 
at  the  diU.ini  c  >.l  ttie  diameter;  aud  llie  focus  of  an 
«bjcA-gh.h  criiv.  x.  on  both  fide*,  and  the  vcitical  fociw 
«f  an  «vc-glaf>  concave  on  both  fides,  arc  at  tlu-  dif' 
tance  of  a  IcnidiatDctcr  t  if  the  ohjeti-gbfi  be  pl  jno- 
md  the  efe-ghbp]atio-o(mnvc.  iIk  Tdcfeope 
win  tbcreal^  the  ffiamcter  of  tbe  fibjeO,  in  Ac  ratM>  of 
tl.c  diameter  of  tbe  concavity  to  that  of  the  convexity  : 
if  tlio  i  bjttt' glafs  he  convex  on  both  fidci,  and  the 
c\"e-j;1af»  concave  on  both  Qdei,  it  will  magiiif)'  in  ih* 
ratio  ol  the  foj5i!dia:i!cteT  of  the  concavity  to  that  of 
lliL-  coi.vexity;  if  the  objcft-glafs  be  plano-ctmvt x, 
and  the  eyc  j;laf*  concave  on  both  dda,  the  fcmidiamc- 
tc-r  of  the  ohitfl  will  he  increafcd  in  the  ratio  of  the 
(liami'lcr  of  the  convexity  to  the  fcniidiamcter  of  the 
concavity  :  and  laiUy,  if  the  objcA-glafi  be  convex  on 
both  iidca,  and  the  cye-t^*  pIano>concavet  the  incrcaA; 
wiU  be  in  the  ratiu  of  the  diameter  of  dM  ooaotrity 
to  tlic  femklianicter  of  the  convcxiiy. 

4.  8inee  the  ratio  of  the  fcnidianirtef  •  !•  the  Gmic 
1*  that  of  the  diameters,  Telelcopcs  magnify  the  objed 
in  the  fame  manner,  whether  the  objeft-glaf»  be  platio> 
t:iinvex,  and  the  tyc-^lafs  plauo-concave ;  or  whether 
tiie  one  be  convex  on  both  ftiiet,  and  the  other  concave 
OD  both. 

5.  Since  the  fcniidiamcter  of  tbe  concavity  lias  a 
lcf»  ratio  to  the  diameter  of  the  convexity  ih^ii  its  lia- 
nieter  ha«,  a  'I'elelVopc  ma^'nifie*  uiorc  if  the  obiect- 
jrlafi  be  plano-convex,  iliuii  it'  it  be  convex  on  hoth 
lidc«.  Thccafe  tithe  fame  if  the  eyc-glafit  be  concave 
un  both  fide*»  and  not  plano-concave. 

6.  Thcgreater  the  dJaDCter  of  the  cb'cc^-^taff^and 
the  left  that  of  the  cyc-ghli,  the  Icfs  iauu  has  the 
dtainiiter  of  the  «b)ed»  viewed  with  the  naked  eye, 
to  itt  fbnudiamcter  whco  viewed  with  •  Tekfcopc. 
and  confcqBCnUjr  the  more  it  the  ohje&^iBaigaiacA 
by  it. 

7.  Since  a  Tilcr.jpc  ..\L"jiti  fn  mucli  n  li-fs  p:irl. 
of  the  obiftt,  as  it  i;;ctc.i1c5  iU  diarottcr  nvorc,  fji  iUn 
riiirr,  ri  jiiit  r»i  .tLLi..iis  wotc  determined  to  look  out 
{i,r  anoiJitr  Tvltf*  ojK,  aitcr  having  clearly  found  the 
impcrfidion  ijf  the  firft,  which  wa«  difcovertd  by 
clunt'c.  Nor  were  their  endeavours  vain,  at  ap- 
jieart  from  the  aflronouiical  Tclcfcope  defctibed  below. 

If  the  fctDidiajnetet  of  the  cjc-glaCi  have  too  foali 


a  ratio  to  th it  of  the  ohjcA-glif  ,  r.n  o'jjcft  through 
the  'I'eli-fcoiic  will  not  appeal  ioflkitiitly  clcaf,  be- 
caufc  the  great  divergency  of  the  rays  will  ocealion 
the  fcveial  pencil*  reptcfcwtinj;-  the  fcvcral  poi:itS  of 
the  objc£l  on  the  retina,  to  cunlid  of  too  few  rays. 

It  U  alfo  found  thit  equal  objuct-lenfes  will  not  bear 
the  fjme  eyt-k-iift«,  if  they  be  dllTereutly  tranTparent, 
or  il  there  be  a  djifeieBCc  in  tlair  poiifn  ;  a  left  traal^ 
pamit  objeA-glafs,  or  one  left  accurately  gronnd»  re* 
^niriog  a  ina«e  fpitcncnt  cyc-ghla  than  anolher  more 
ttanfeMtntp  fte. 

ITevelHltreGOniMnendaan  objcd-;;Ia£i  convex  c:iboth 
fi  Jes  whole  dtamerer  it  4  feet ;  and  an  eye-^^Lif^  can- 
Cii.e  iiii  lijlh  fidet,  whofe  diameter  is  45  tciithii  of  a 
fiL»ot.  i'uj  ob;ift-gUf*,  e4|Lia!1y  cou-.-ex  on  both  fidct, 
whofc  iliamcur  it  5  ftct,  he  obfcrves,  will  rtijuii-c 
an  cyc-Kliilt  of  J  |  tenths  {  and  aJdt,  that  the  iaipe 
cye-gfartt  will  aUb  fcne  an  tAjfeSL-gUft  of  S  or  ir 
feet.  • 

ILnce,  at  the  dlftancc  h-.twccn  the  o'ljcA-glaf*  ard- 
eye-glafj  i«  the  diBcrci:ce  hiiwcen  the  diila;-.c;  of  tl  e 
vertical  focu*  uf  the  eyc-jiljfi,  and  t!ie  diilai.cc  of  the 
focus  oi  the  objcft  guf  .  ;  tl»c  Icu^h  of  the  tcicfcopC' 
is  had  by  fubtra^ing  ti)at  from  loit..  That  iff  the- 

length  of  tbe  Tclcfcope  ft  the  diibtenee  betmneen  the 
diameter*  of  the  obje£t-gIaf«  and  cTe-glaft,  if  the  Ibiw 

roer  be  plano-convex,  ami  the  latter  phmo-concave j 
or  tlie  diCerviice  between  the  fetnidiamctei»  of  the 
objrci-glaf*  and  ri  t;-j;l^rj,  if  the  former  be  CDRvex. 
on  both  fidef,  sn  i  IU<:  latter  cnncavc  on  both  ;  op 
the  (liff.  ri  111  ••  between  the  fcmidianu'itr  of  ilic  uS. 
jcct-giaft  and  the  diameter  of  the  cye-gUf«,  if  the  for- 
mer DC  convex  on  both  tides,  and  the  latter  plan*- 
ctnicave ;  or  laftly  llie  dilfercncc  between  the  diameter 
of  the  obie^-glaft  and  the  fcmidiametcr  of  the  eye-- 
gbfi,  if  the  former  be  plano-oodveKi  and  tbe  latter 
concave  on  both  fide*.  ThiUt  for  {nftaneri  !f  the 
diameter  of  an  ohjed-glaf*,  convex  on  both  lidci,  be 
4  feet,  and  that  of  an  eye  glaf«.  Concave  on  both  fidn». 
be  4'j  tcmhf  «f  t  foot  {  then  the  Icfagth  of  the  Tdc" 
fcupe  win  be  'I  fool  and  7  \  tctitht. 

A'lr  natfLf:!  Tfi  t-coi-r  ;  this  ii  nnc  thnt  c onliU* 
of  au  ubjcCVglafs,  and  an  eye-glai's,  both  convex.  It. 
it  fo  called  mm  being  vhoUy  uiied  is  attronomkak  ob> 
fcrvations. 

It  wat  Kepler  who  firft  fuggeftcd  the  id.j  1  of  thit- 
Tclefcope  ;  having  expliincd  the  rationale,  and  poinicth 
out  the  advantages  of  it  in  his  Catoptrics,  in  i6ii* 
But  the  fiifl  pcrfon  who  actually  trade  an  inllrumcnt  oP 
this  conllrudion,  was  father  Scheincr,  who  has  given, 
a  delcription  of  i^^  in  his  Rofa  Urfma,  publiihcd  in- 
16^0,  To  tbia  purpofe  he  fays,  If  you  InCert  tWDn 
fimilar  coiivei  lenfea  m  a  tube^  and  place  your  eye  at 
a  convcnietit  diilauoe»yau  will  fee  all  tcrrrltml  nib- 
jeA^  inverted  indeed^  m  minified  and  very  diflioft^ 
with  a  conCdcniblc  ettcnt  of  view.  He  afterwards 
fubjoincd  an  acco-int  of  a  T,.!rrcope  uf  a  iii!fr:\-nt  c  in- 
ftn:£b'on,  with  two  coavt-\.  LVf  -pUifli.s  v.)iii.h  aL^iiii  ic- 
vcrfcsthe  images,  and  makci  tl  im  appear  in  ilit  r  un. 
tural  jKiTition.  Father  Kcila  however  foot)  after  pro< 
p jIllI  a  I  ctter  coBftruAuBt  ufiug  thite  eyeftnfln  ift> 
llead  of  two, 

CoaJIrufJicH  of  ibt  A/hmmitdt  T«l,ESCOP5.  The- 

tobc  being  [^cpured,  u  ohjeS-f^aCih  either  plaao«on* 

V«k 
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YUt  or  convex  on  hoth  fidc»,  but  a  ft  cmr  it  of  a  large 
f^CKt  >s  fiUcJ  in  at  one  end  ;  and  an  <.  j  t  iilari,  convex 
on  both  tidctf  wliidi  it  the  fegmcnt  of  a  Jmoll  fphcre, 
»  fin^  inio  tlie  other  end  }  tt  the  common  diftance  of 

l^itt  the  nyi  of  each  pencil  iiTiung  frum  every 
point  of  the  ol)jccl  ABC,  (fig.  3  jjl.  30)  pjfTjn^r 
through  the  objccl-glafa  DEF,  become  convciyiiig, 
and  me^t  in  tlun  t.jci  at  1HC"»,  wlinc  an  l?>:agc «)t  the 
object  u ill  l)e  fLiiiurl.  If  iljcu  auollier  convex  lent 
KM,  of  ;i  ftjoiici-  fo  :?J  Icnrth,  be  fo  placed,  as  that  iu 
focut  (h.:ll  Ik-  i;i  IHG,  the  rayi  of  each  pencil,  after 
pafTiug  tliuni^li  !;,  \m11  bccnnc  ntarly  parallel,  foatto 
meet  upon  the  retina,  and  form  an  CDlargcU  iaiagc  of 
the  objcd  at  RST.  If  the  procefs  of  the  raya  be 
traced,  it -will  pniftntly  be  percei»'<d  that  this  image 
rauil  be  inverted.  For  the  pencil  that  iiTuet  from  A, 
hm  iu  fbcw  in  G,  and  aeaio  in  R»  on  the  Dime  fule 
with  A.  Bat  as  there  it  Shnjt  one  invcilioB  in  limple 
Tifniiy  thh  want  of  infCfiia  Modueee  jofttheKterle 
of  the  natural  appearance.    "The  fieU  of  view  in  thit 


id  I 


Jur>fi:,  becaufe  all  the  pencils  that  can 
Le  riceivtd  un  tiiL-  fui  facc  of  the  lcn»  KM,  being  coit- 
verj^iiig  uftLi  p::n.np  through  it,  nic  tlirown  into  the 
pupil  uf  tl)c  cyr,  jjlaccd  in  tlic  coamioti  iiiterfciflion  of 
the  pcm'ib  1'. 

Theory  tf  il/t  /IJirm«mii:,il  Telescopk. — An  e)'e 
placed  near  the  focus  of  the  eye-glaf»,  of  fuch  3  Tc- 
klGOpC*  will  fee  objcdn  diflin^ly,  but  inverted,  and 
magnified  in  the  ratiu  of  the  dillance  of  the  focus  of 
the  cye-ghfs  to  the  diAance  of  the  focus  of  the  objeA> 
giafs. 

If  theftihieie  of  oonenritf  in  the  cyc-ghb  of  the 
Galilean  Tekfoope<  be  cqml  to  the  fphere  oF  con- 

vcsity  in  the  eye-glaf*  of^  another  Ttlefcope,  their 
magnifying  power  will  be  the  iame.  The  concave 
Ijlal's  hijwcvrr  briii^r  placed  between  the  t'bjrct-jjl.iU  ajiil 
118  fucu*,  iIjc  Culilti-u  Tclcl'iijpt  will  be  Ihorttr  than 
the  other,  by  twice  tlie  focal  length  of  the  eye-glafi. 
Confequeutly,  if  tbcLuj^th  of  the  Telefco'-cs  be  the 
fame  ;  the  Galilean  will  lijvo  tin-  ;  rcaicr  rnjgnifying 
power.'  Vifion  i*  alfo  inorcdillind  iii  thtfc  Tckfcopes, 
Swi^B  in  part  perhaps  to  there  being  ntj  intermediate 
Image  between  the  eye  and  the  object.  Bcfidc*,  die 
cyc-jjbl*  being  very  thin  in  the  centre,  the  ray»  will  be 
k&uaUeto  be  diiWcd  by  irKgulwritice  inthefub* 
fiance  of  the  gUfiu  Whatever  be  the  cttlfe»  we  can 
Ibmeiinei  tee  Jupitcr't&tdUtci  voydcarh  in  a  Gn* 
likaa  Telefbopc,  of  so  incbca  or  >  feck  w^Zt  when 
one  of  4  or  $  feet,  of  the  oomooii  bit,  wtU  hardlf 
make  them  vifible. 

A»  tilt  aliioii  iiTiical  Tc!ercope  cxliibitl  obicClt-  iu- 
TerieJ,  it  lirvts  coniir.uriLO'jI.v  cuough  tor  obferviiig 
the  (lars,  as  it  ij  iiut  ttiaiciial  v.  !ict!ier  jZtv  be  fccn  eicft 
or  invcttetl  i  but  iur  terrcitiial  objctls  It  i»  much  Ictl 

£ roper,  as  liic  iovcriini^  otiei.  prtvcuia  them  from  being 
flown.  But  if  a  plane  weU-poliIhe<l  metal  fpeeulum, 
of  an  oval  figWCk  wd  about  an  inch  long,  and  in> 
dined  to  the  axis  in  an  angle  of  4}^,  be  placed  be- 
behind  the  eye-gl<ifs;  tlico  the  eye,  coBTenieutly 

ecd,  wiU  Cue  the  imge,  hcnoe  itcfleaed,  in  the 
t  aagmtHde  m  bcfbrei  but  b  w  •r<i#  ititiBii  1 
midtlicnMic,  by  theaddiuoit  cf  Judi  B^cciiliiB,  tbt 


aftronomical  Teklcopc  ia  thw  rendcicd  fit  to  obferfC 

tctreflrial  objeQa* 

Since  the  focui  of  the  gUfa  convex  on  both  fide* 
it  diftant  from  the  glafs  itfcif  a  fcmiJIatr.  tcr,  anJ  tliat 
of  a  ptano-cor.vcx  glafs,  a  dlcmcttr  ;  if  the  uLj.ct- 
glaf«  br  convex  on  buth  fuki,  the  'IVlcfcope  will  nug. 
I  ify  tlie  f.  •v,;,iia':v,-tci  .it"  i.".,c  o!j<.£4,  in  the  ratio  of 
llic  disaster  of  the  tye-glafi  to  the  diameter  of  the 
objca-glafs  ;  b-.U  if  the  t.bjea-glafs  be  a  pla^iii  -convex, 
m  the  ratio  of  the  f»..T.iii:imcter  of  theeyc-|;bri  lu  the 
d ia  met  ,-r  of  the  object  glaf*.  And  ihciefurc  a  Ttle-' 
fcope  magnities  more  if  the  objed.gtefi  be  a  piano, 
convex,  than  if  convex  on  both  fideS*  And  f.ir  the 
fame  reafon,  a  TciefoDpe  msgaifiea  more  when  ilie  cv«< 
gbb  in  convex  on  both  lidcc,  than  when  h  n  ptano* 
convex. 

^  A  Tclcfcope  magnifiet  the  more,  •$  the  cbjcft  gl.ifa 
M  aCqgptent  of  a  great  fphcre,  aud  the  cyc-gUij  c  f  a 
Wi  one.  And  yet  the  e\e  glaf«  inuft  not  bc'tn  1  fm:.!! 
in  re^eft  of  the  objcct-glafs ;  u.r  if  it  L; ,  it  -.uA  not 
refraft  raya  enough  to  the  eye  tVo.^l  cacli  uu'mi  of  liic 
object  i  1101  will  It  fcparatc  tuRiciently  thole  that  come 
from  tliffciciit  points;  l)y  which  means  tf-e  vjfion  will 
be  nrodcred  obfcurc  am:  cQafufcd. — Dc  C.alc-  obfcrvcs, 
that  an  obie^-leni  of  ;|  fcit  will  require  an  cye^glafa 
of  1  i  teutli  of  a  foot  j  and  an  objea-gLfs  of  8  or  10 
feet,  an  eye  glaf*  of  4  itn\\',%;  in  which  he  iacuoQim. 
ed     Eunacliio  Diviui. 

To  Jhvttn  tit  Jfirmmnical  T^beicopt  {  that  tt| 
to  cooftroA  I  Tddieopc  to,  aa  tihat,  though  (hotter 
than  the  conom  00^  b  Ihall  magnify  as  much. 

Having  pnifidBd*  gtnnng  tube,  fit  in  it  an  objefl- 
len«  fiO  whkb  ii  »  legmcat  of  •  nodfiratc  fpkcici 


let  the  lirft  e}  e-;;!afi  BD  br  rr,n.-av-c  on  both  fjilcl,  and 
fo  placed  in  the  tube,  -ii  that  ihc  focus  of  the  fllje6l« 

S'afi  A  may  be  bchii.d  it,  but  nearer  to  the  crntrv  of 
e  concav.ty  Cr  ;  then  will  the  imaqe  be  thrown  in 
Q^fo  a*  that  GA  :  Gl  :  ;  AB  ;  QX*  l^ftl/i 
another  objcd-clafs,  coanx  on  both  iidcL  nd  %  ((ww 
meat  of  a  Cnalkr  fpheic,  fii  aa  that  its  new 

Thit 


■nay  be 


Tdefcfipe  will  magnify  the  diaT>elcfrof  the  oh- 
jeA  more  than  if  the  objeft-glafs  were  to  icprcfrnt  it* 

and  confequenily 
led  tiiia  way,  it  eqitiva* 
SecWdte 


iiiiHgc  at  the  fame  diflance 
a  (hortcr  i'l k-fcope,  conftru^^ed' 
lent  to  a  longer  in  the  coiamM 
£iciB.  NUth.  vol.  3,  p.  >4{. 

Sir  I&ac  Newton  fumifbes  ut  with  another  method 
of  conftru^ting  the  Telefcope,  ia  bii  cMoptncai  or.re- 
fleAing  Telcfc-ope,  the 
below.    See  ylJ.romatie  Telescope. 

jftrial  TbLCicoPE,  a  kiad  of  afliononucal  Tde> 
fooM»  the  Icsfta  of  wfaick  41c  ufalwitlMat  a  tube.  In 
iiiaaera  however,  -  the  «&M  TeMfaope  i»  father  a 
yvticalar  maimer  of  motratinf  md  duaaging  bug 
4l>  <  Tcfcicopca 
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TclcfcopCT  for  cclellial  obfenration  in  the  night- 
tinie,  by  whicfi  the  trouble  of  long  unwieldy  tubes  it 
(r  v<\,  th.«n  a  particular  kind  of  Tclcfcopc  ;  and  the 
V  •  ;v3n:'c  was  onf  o{  Huygcns'ii.  Tliis  invention 
Ti  j^  iiic:c<'sAilly  pradil'ed  by  tnc  inventor  himfcif  and 
^•■uii,  particularly  with  us  by  Dr.  Pound  and  Dr. 
rvdJlcy»  with  an  objeil-glafs  of  ftct  focal  dif- 
f  iiice,  and  an  apparatus  belon^nng  to  it,  made  and  pre- 
£ented  by  Huyj^ena  to  tiie  RojfalSocictr,  and  dcfcnbcd 
in  hif  Aftrofcopia  Compendwrn  Tub;  Optid  MoUmine 
Ltibcrata,  printed  at  tSe  Ha^e  in  16:^4. 

Tlie  prini:i[)al  parts  of  this  TcScfcupc  may  he  com- 
prehended from  a  view  of  f,;  4,  :  !.  ;  'a' vrc  AB  is 
a  I0115  po!f,  or  a  mart,  or  a  Uit,  6^^,  us  a  fjToo»c 
of  \,  iiiob  flidei  a  piece  that  carrivs  a  fmatl  tube  LK 
m  which  is  fixed  an  ohicft  glaf* ;  which  t>ib«  U  cwn- 
neHcil  by  a  fit  jru,  xith  another  liOMU  tube  OQi 
which  contains  tlic  c;, c  ;:;lafs,  &c. 

L^a  Hire  coiiui  '--li  a  little  inacliiiic  for  rtTiTi;;jj'np;  the 
objed-gkilii  which  is  Uefcribed  Mem.  de  I'Acad.  tjij. 
See  Siiiitb'a  Opticsi  boolc  3,  ehsp.  Io> 

Haitl'oeker,  who  made  Tclefcopcs  of  a  very  con- 
Bderablc  focal  length,  contrived  a  meiho4  of  tiling 
them  without  a  tube,  l)y  (\\\uj  tiit.v.  t:>  the  top  of  a 
tree,  a  high  wall,  or  the  sooi  ol  a  houfc.  Alifcel. 
BooK  *oL  f(  p.  t6i. 

tbygens's  great  Tdefcope,  with  which  Saturn'* 
true  face,  and  one  of  hit  ratelKtea  were  firil  dif> 
co^L'^ed,  coofilU  of  an  objcft*glaft  of  is  feet,  and 
an  eye-glift  of  a  link  more  tlian  3  inchet ;  though  he 
frequently  ufcd  a  Tclefcope  of  13  feet  long,  with 
two  cyc-gbJes  joined  together,  each  ioch  dia* 
meter ;  fo  that  the  tm  were  equal  to  om  cf  3 

niches. 

The  Ctine  author  nbferve*,  that  an  objefi-gtafs  of 
30  feet  reqiu're*  aft  eje-gUfs  of  3-^  inches ;  and  has 
given  a  table  of  proportions  for  coitflmfthiE  afiro- 
somical  Teiefoopc«r  «b  ■bridgnent  of  whxh  ia  as 
Mhiwt: 


foe.  of 

Diameter 
of 
Apert. 

Dia.  of 
Foe.  of 

£ye-gbf$. 

Power  or 
Magnitude 
of  Diam. 

Feit. 

Iiic)ics 
and  Dcuffl. 

Indies 
and  Dccim. 

I 
i 

3 
4 

1 
I 

9 
10 

'5 

30 

05$ 

077 

f09 

raj 
«-34 
«*4S 

»-55 

1  64 

173 

3'I2 

2-  45 

2'74 

3'cx} 

3-  '/' 

o-6i 

0-  85 

1-  ©5 
rao 

«-47 
I '60 
171 

J->jpO 

a-33 

2*70 

yo  I 
V 10 

:8 

34 
40 

i 

49 

60  \ 

63  ^ 
77 
89 
100 

109 

!  JO 

Dift.  of 

Diameter 

I   Dift.  of 

Power  or 

For.  of 

of 

(  Foe.  of 

Mag^nitude 

Objr''  1 

Aptrt. 

ol  Iti.l,"!!. 

feci. 

I.lch^^ 
and  Dcciin. 

and  Dccim. 

50  . 

4-26 

141 

60 

4'24 

4-66 

'54 

7« 

4'j8 

5-04 

I  Ob 

90 

4-90 

S?9 

ijS 

90 

'  5-72 

1S9 

100 

6-03 
6-5o 

too 

1  JO 

t'OO 

2l8 

140 

(•4S 

7-1; 

160 

6-93 

7-6j 

807 

180 

7-35 

^'7  i 

2->a 

7"75 

S-53 

2S1  >f 

2:3 

S'li 

29J  1 

a. 10 

8"  (8 

3°^  J 

30o 

8-^3 

321  N 

x8o 

333 

9*40 

t044 

345 

400 

10^5 

12-05 

4C0 

12-29 

'3-47 

441  . 

000 

ij-41 

14-76 

4d8 

Dr.  Smith  (Ran.  p.  78)  obferves,  that  the  mazni- 
fyiiig  powers  of  this  table  are  not  f)  great  a»  Huf» 
gei>s  himfelf  intended,  or  a>  the  bed  oltj*<ft-gIaiT-;3  no»» 
made  will  admit  of.  For  the  author,  in  his  Aiirjko- 
pia  Compesdiaria,  mention*  an  objcd-dafa  of  34  feet 
Ibeal  diftance,  which,  ib  aaroMmka]  oUmationa,  bort^ 
an  eye-gkfs  of  at  inchetfocal  diftancc,  and  cooftqucat* 
ly  magnified  1 63  tivtc*.  According  to  this  Aaodard, 
a  Telcfcope  of  35  feet  ought  to  magnify  166  t>nic.*, 
and  of  1  foot  18  times  ;  whereas  the  table  allows  biOl 
iiS  ti;ni-?  to  the  farmer,  and  but  20  to  the  latter. 
Nov.  j;  ^  or  15  =  1-4;  by  which  if  wc  multiply  the 
ruui'.Kri  111  till!  given  column  of  magfiifjing  powers,  ^ 
we  IhaU  gain  a  new  column,  Aiewing  bow  much  tbof« 
objea-glaffes  ought  to  magnHy  if  wrought  up  (o  tb» 
pcrfrdton  of  this  ikaadard. 

The  r>cw  apcrtoea  «m|  cjegldRn  uraft  aUb  bs 
taken  in  the  fame  proporUont  to  one  Mother»  «•  the 
old  one*  have  in  the  table;  or  the  e^e^hflie*  m»f  h6 
found  by  dividingtthe  kiwth  af  each  Tclefi-opc  by  it* 
magnifying  power*  And  thu*  a  new  table  may  be 
ealily  made  for  dii*  «r  tutf  other  nwe  perfoft  aaudw d( 
when  offered. 

The  ruic  for  coffiputiag  tiiij  tr.Me  depend*  on  i(ie 
fsilowin);  -.henrem,  vis,  that  in  refrading  Tcld'copol. 
of  diircreiit  Itn^'tlis,  a  given  objeft  will  appear  equally 
brigbt  and  equally  diiliii^l,  when  their  linear  apertures 
and  the  focai'diltances  of  their  eye^glaffes  arc  fcverallT 
in  a  fitbduplicate  ratio  pf  their  lengths,  or  focal  dif- 
tancearf their  objca-glalFrt;  and  then  alio  the  breadth 
of  thrir  aperture*  will  be  ia  the  lubduplicate  ratio  of 
tlicrr  length*. 

The  rideu  this  :  Multiply  the  number  of  fret  h  the 
focal  diAallM  of  any  propofed  object-glafs  by  jcOft,  and  • 
tliC  Cqoare-ntot  oHht  j;rodiirt  wi:i';ivc  the  b'i.„'ltli  of 
its  apcxturc  iaceuutms,  or  lOath  paiu  of  so  inch  ;^ 
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jlist  ti,  ^/3->ooK  i»  \ht  1irr»Jihof  the  aperture  in  cen- 
tefnM  af  an  inJt,  vvUctc  I  i*  tl»c  local  dtiUito:  of  the 
i>b'^ot-);liri  in  feet.   AMb,  the  (umt  breadtli  of  the 

»p«itiir<:  in/rca'Vd  br  the  tPth  psrt  uf  itfelf,  gi»M  the 
foCdl  dil^"ii^'0  ot  trlv'  r.e-gbrs  i:i  iXTitr|-in  oi  an  inch. 
And  die  niiii;iu Tying  poMxrt  ate  a*  tbc  breadth*  «»f  the 
aperture*. 

If»  in  di&Bcnt  Tclefcope*,  the  ratio  between  the 
cli}cA-gbb  and  eyerglafi  be  the  fame,  the  object  will 
bctnagaiiiedtbe  fame  in  btith.  Hewn  ftmt  mqr««a> 
clade  tte  naldng  ot  large  I'clefcopea  a  wcdlditraiiblew 

But  it  miiH  he  rOBemhcred,  that  an  LTe-giaft  inav  be 
in  a  Icfs  latio  to  a  greater  obieO-KUfttban  to  a  rmaller: 
thu»,  forex  vr.]ili',  in  Hii\ if.-u  \  l't4cfcoi>e  of  25  fccti 
tlie  eye-glafs  i»  ?  inclif  s ;  r>.'«,  Lctping  tfiii  proportion 
ill  a  Tclcfcope  of  jo  ;c-ci,  the  eye-gUf»  thoul  1  Ix-  6 
iiichn ;  but  the  uhle  ihe^vs  that  4^  arr  fuirnic  nt. 
Hence,  from  the  famo  t.<Mi-  it  .^p ;  ^  iis,  i}\.n  a  I  -'lc 
icope  uf  fi)  Wet  HMgni&ca  in  tlic  ratio  of  I  to  14.1  ; 
vrhereu  that  of  «5  foA  «Af  Mf  niik*  in  Ute  nkia  it  t 
to  100. 

Sinoe  dwdiAaaceof  tb^  lem  itc^al  to  th«  agg>e«tc 
cf  tbe  diftaHCtt  of  the  foci  of  tbeobgcA  and  crc^flei; 
and  litKe  tbe  fbnw  of  a  ghfa  cdoivi  oa  ca<n  Me  li  a 

fcmidiametcr's  dillance  from  the  lens,  and  that  of  a 
plano-convex  at  a  diameter's  tfittatice  frnm  the  fiTne ; 
the  ler  ^ili  of  .:  "Id:  n-  >ri.'  f  jiial  to  the  ajjgr  'i;  itf  of 
the  fcmi<iij,;uvtfi;i  uf  iLc  kiilc<i,  if  the  ohjed-i,!  if.,  be 
convex  o!i  both  fides ;  and  to  the  fum  of  tlie  femtdia- 
mcter  of  the  eyc-fjUfi  and  tlic  wh-ile  did.nctc^  of  the 
object  glafa.  if  tlic  objv'ft-;;!  ifl  be  a  plano-convex. 

Bat  a»  the  diameter  of  the  eye-glifs  i*  very  fcinit  in 
rrfpctV  of  that  nf  the  objcd  glafa,  the  length  of  the 
Telcfcopc  is  ufuallv  cllimatcd  from  the  ditlancc  of  the 
obje^-glafs ;  i.  e.  from  its  feniidiameter  if  it  be  aoma 
DQ  both  lidei,  or  its  whok  diaotelcr  if  plano'Camex. 
Thu%  a  TcklfiOK  w fdd  to  be  it  lc«t»  if  the  fcid- 
lahmeter  of  the  ob|e&-gfad*k  oonaex  on  botb  fiJci,  be 
IS  feet,  ke. 

Since  tn)  iipn  fee  r.c  nr  u^;'  Tt'i  li. H  ;  ft) r  them,  the 
eye-glafs  i«  to  be  removed  nearer  to  the  ubjeA-gIalji« 
that  the  rajt  itfiafi«d  through  h  mj  be  tbe  nwie 
diverging. 

Tu  take  in  the  larger  field  at  one  vicv,  foire  make 
■fc  of  two  cye-;;Ianc»,  the  forctnoll  of  uhich  {<^r 
mcnt  of  a  larger  fphcrc  than  tJiai  hchir.d ;  to  thi»  it 
,  noJl  bcaldcd*  that  if  two  Jcn&t  be  jwaed  immediate 
'  tcfcther,  fo  w  the  ooe  may  touch  the  oibcri  the  £ac(u 
k  retnovcdto  doable  die  diflufcc  which  that  of  ofM-of 
them  woiJId  be  at. 

Land  TtLKSCOPF,  or  D  :v  Tk  :.K '  c.-i  i>  f,  k  one 
adapted  for  vicwinj?  oojcdj  1::  iI.l  d^y  cu  or 

wbout  trie  i.irtli.     'IJiis  c.iiiUini  inert  ti,a:i  Iwo  lfi,f(.«, 

mIuaUt  it  h.i»  a  convex  objvtl-glafi,  aiid  three  c-jovex 
cye-glalTes ;  cxhifajtiDg  Cit^  jet  4iflbrnit  finm 

\Mt  of  A^liKo. 

lif  thi*  Tdefcope,  aflf  r  the  rayt  have  pafled  the 
prft  eyc  ){liifs  HI  (Og.  :j  pi.  30),  as  in  the  iormcr 
eonllif.dioi),  inftcad  of  being  there  received,  by  the 
jyc,  thejrpaft^on  to  anotlier  ecn.illy  convex  leofi  fitu< 
p(ud  |t  tW|C^  Its  focal  diOance  from  the  .Otbefi  io  thaf 
tbe  niya  of  each  pencil,  beiag  pmlkl  w  whole 
btipalf^  thoC:  pendb  mb  oMwoiher  HithecMMMM 


focus,  and  tbe  ny*  conllituting  them  are  tmCwttcA 

pnrallc!  to  the  fccot>d  cyc  gLis  LM";  after  which  the 
la?*  of  e;ich  pencil  convcr;;e  tooO>er  iioci  at  N0«  whcf*. 
•  tecond  iniage  of  the  objeQ  n  fbmKd,  but  ioverted 
with  refpecl  to  the  former  image  in  EF.  Thii  imige 
then  Iwir.g  viewed  by  a  ibiid  cye-glafi  OR,  is  piintwd 
iipi  n  t'lc  retina  at  XYZ«  oiaAly  aabciMet  omyia  # 
tuiitrjiy  polltioni 

Father  Reiti  was  the  author  of  thi<  conflru.Tlon  j 
which  ii  efftdted  by  fitting  in  at  one  end  of  a  tube  an 
objcd-glafi,  which  is  either  convex  ou  both  fide*,  or 
plano-cnnvx.!,  and;*  iV^.xeut  of  a  large  fphctc  ',  to  this 
add  ihicc  eye  glatTk-i,  iiU  convex  on  both  fides,  and 
frgmeatl  pf  equdl  fiiht-rrs  ;  «iif|>ofu)g  them  in  fuch  a 
manner  aatbi^t  the  'ii;lancc  between  any  two  m.iy  be 
the  aggrcg^itc  of  the  dtlUncc*  uf  their  foci.  Thc» 
will  an  eye  applied  tu  the  lent,  at  the  diftaoOe  of 
it4  fo«i«,  fee  objccla  very  di.1isd]y,  crcdt  and  nag* 
Dified  in  tlie  ratio  of  ibe  diftaacc  trf  tbe  focu*  of  one 
^l^^aia*  to  tbe  diJiaaoe  of  the  fbcu*  of  the  objeA- 

Hcnce,  I.  An  a'ir'j  Tmical  Ttlefo:;'.'  is  :  I'^'y  fi"!'- 
verted  into  a  Las:,!  1  i'.ic  ij.e,  by  u  ui^'  iU.l^  i.yt- 
glaffe*  for  one  ;  and  tlie  Lan  i  Til^ftope,  ou  tiie  con- 
trary, into  an  altramiifiicitl  one,  by  ukiug  Aiivay  two 
eye-t;liire.s  the  facility  of  magnifying  ftul  rcm»mng 

th.  larni-. 

2.  Since  the  diftance  of  the  eve-irbiT,*  i*  very  f  naH, 
the  kni^th  of  iLc  TtlcU-Ljp;;  is  mi.tti  iL.;  fattu-  as  if  yua 
only  ulrd  one. 

3.  Tiic  length  of  the  TdefcoDe  i*  found  by  .i-ldiiig. 
fire  time*  tb?  femidisaec  of  the  cye-^lalTe*,  to  the 
diameter  of  the'  ol^ed-^Uft  when  tbw  it  a  pUnO' 
coDtex,  or  to  ita  {eaudunMter  wbea  eooves  on  bctk ' 
lidr»- 

Huygen*  fiift  obf^rv.],  Loth  in  the  nftronomical 
ami  l.jnd  TcLieo,''-,  ii  ii.  t  j-rr'lvit,  s  cu;, i  .  hly 
lij  lin.  pviTtctu);!  01  liic  iiiiLnimci.t,  to  ttavi  a  tiu^  of 
wood  or  lurlal,  with  an  aperture,  a  little  lelt  than  the 
brc.idih  of  the  erc-xlai»,  lixed  in  the  place  uhcic  the 
ima:^c  ii  fjttnd  tu  radiate  upon  the  len*  next  the  eye  ; 
by  mcaiait  of  wliich,  the  roiuiir*,  which  ate  apt  t.>  ilif- 
turb  the  ciearncfs  and  dlllir.£tiiefii  of  the  objcd,  arc 
prcA'ented.  ai:d  the  whole  cumpaf*  taken  in  ac  one 
view,  pcifcctly  dclli>'.J. 

Si>me  make  Land  Tclcfcope*  of  three  lenfci,  whicjk 
yet  icprefcot  objc^n  erect,  and  magnit'ird  aa  much  an 
tbe  iumeu  But  fucb  TclcTcopcs  arc  fuhjeft  to  lerf 
Ipat  iaeoo«mtcnce«,  both  aa  the  obicut*  in  them  aic 
tugcJ  with  fdlfc  cobiunt  and  a*  they  are  diftoit^. 
about  the  m.irgin. 

.  'i.ric  ^^-^In  ulV  fi'.c  ler.fii,  anj  even  more;  but 
a»  iunie  pitrts  c(  tUc  i-y*  arc  ictLXCepted  in  paJi:ig 
every  lens,  objects  are  thu*  exhibited  dim  and  feeble. 
•  Ttlefciipes  of  thi»  kind,  hini;cf  than  zQ  feet,  wiil  be 
of  Ijinily  aay  ufe  in  obferving  tnrcltr'al  olijcdn,  oa 
accouut  of  thc.continual  motion  of  the  paiiit.iea.or  the 
atmofphcre,  which  thcfc  powerful  Tclcfcope*  render 
villble,  and  give  a  tccmulona  motion  to  the  cb-cfu 
themfelves. 

Ti|e  gKcat  length  nf  dioptric  TckCcopc*,  adasted 
to  any  important  all  ronomical  purpofe,  icndcred  them 
CKUMtdy  inconvenient  fiBrnfci  a*  it  waft  oeceSwy  to 

^MKife,  their  IcDgtlnia  M  left  a  propoiUoa  dmn  th« 

dvjilivte 
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"O'ipUk.'atc  of  !i:crc."i''j  of  l\w' i  irsrn'fying  powtr  j 
ft)  tii.il,  i^i  oriltr  l  i  liiJiMiify  twi^^^:  ai.  sniH.;i  ;i«  before, 
Vith  tL-  fjmc  liglit  anil  diilincliiib,  'IMifci  jk-  rc- 
•q-jin  J  to  bi:  kiii;tl)ctic<l  4  lluu'*  ;  nnJ  in  m.iTnify 
tliric  Si  niiicb,  9  ir.T.f.  I'.c  a:. J  i.t  ^  n.  Tliil 

Uinvieldinefi  of  rc'T.iciiiij;  Tcklcopci,  poifcfTinj;  any 
woiiriclcn.t!>le  ii  a^ifyiiifj  power,  wa»  one  catifi-,  why 
tht  iiTifMiou  ut  aim^iiHncr.i,  uai'dlrccked  to  the 
-iJifcDvx'ry  ai.il  cunftniQitm  df  leflediilg  Tcklienpiii* 
And  indeed  a  rcrmctinj;  TcUfcopt,  even  irf"  Jooo 
feet  focu*.  fuppofiii^  ii  pufiibic  10  make  iifc  of  fuch  »a 
i (.(knimmt,  couM  not  b«  mudc  to  mqgnify  with  dilliad- 
nrb  awrc  -than  1000  timei;  wherru  a  rtlefinf 
"I'dvlbopc,  of  9  or  10  ket,  'r.  t.:n'''y  12  htindnM 
ttmca.  tie  jMrfcdion  of  (cfnic.  ii  i\-kfcopcs,  it  U 
uiii  i(no«vn,  n  very  much  Umitcd  by  the  aberration  of 
the  rays  of  Wf^ii  fiom  the  ;»eemctrical  focus  :  and  this 
arifcs  titi'ii  t>*ii  Jiflc-  111  ca.il.i,  viz,  from  the  (lifltitr.t 
litprei;.  nf  u  ftuiigiliiin)  cif)ig)it,  a.ii)  from  the  fi;;tirc 
tif  tl)c  fjihcrr,  Mhic'a  is  no*  tf  a  proper  cnrvnt.iic  for 
c^llcdin^j  tliL  ri' i  III  a  point.    Till  the  tunc  of 

Nevton,  nil  ipliuiiii  !iud  i  naj^IiiL-J  ilut  tlie  i/l  ji-ft 
>;l.iire«  of  Tilcfcopcs  weie  ful>jcCl  10  any  other  ciror 
bdulc  that  which  arufc  ficm  tncii  fpheri;:^!  Rgare,  and 
thcrcf'ire  all  their  cfl'oits  were  tirrtdlcd  to  the  cunftruc* 
tiun  of  tliun,  with  other  kinds  of  cuivature  :  bot  that 
author  had  110  fiiMDer  dtmonftratcd  ihe  difTcrent  rc- 
fraogibillty  of  the  riQrsbf  tisht*  than  be  dtfcovcied  iu 
tbia  dfcwniftaitee  a  aev  and  a  mack  gnater  canle  of 
error  in  Telefcopes.  ThM»  Race  the  pencils  of  each 
kind  of  tight  have  their  foci  tn  different  pUcvt,  foine 
nkarcr  and  feme  farther  from  the  knt,  it  i«  evident  that 
the  whole  beam  cannot  be  brought  into  any  one  {M>int, 
hvt  that  it  will  be  dnnvn  the  nwcfl  t<i  a  point  in  the 
middle  phicc  between  the  focus  ihc  1:  olt  uiul  Irad 
refrangible  r^ivn  ;  fj  that  the  ioc.-.i  will  be  a  circular 
fpacc  of  a  ronuJcr.iblc  dijimtt-r.  Ncwti  n  :";.f.vs  llut 
tliit  fpacc  is  nbiiut  ti.e  5  ;th  part  of  the  :ip'Tt\irc  of  the 
Ttlcfcopc,  and  that  tlie  focus  of  the  moft  lefran^'iblc 
ny*  i»  nearer  to  the  objedl  fjlafj  tban  i!ic  fitcus  of  ihc 
lead  refrangible  ones,  by  about  tin-  2;!  part  of  the 
diilance  hetvi-vcn  the  obi<:A-t;l=fs,  and  the  focua  of  the 
ireau  refranj^lMc  rays.  Lui  lie  fjys,  tliai  if  the  nyi 
flow  fiom  a  lucid  poiait  at  fmc  from  the  kaa  on  one 
fide  at  their  fbd  ave  on  the  other*  the  foeoi  of  the  molt 
itfiraMihIerayt  will  be  nearer  to' the  lens  than  that  of 
diekaft  refrangible,  by  move  titan  the  14th  part  of  the 
whole  dillance.  Hence,  he  concludes,  that  if  all  the 
raya  of  light  were  equally  nfrangiblc,  the  eiror  in 
Telefcopes,  aiifing  fi^om  the  fpherical  figure  of  (he 
|;l.tft,  ucuM  be  mMij  hujidied  times  Icfs  clian  it  now 
Ui  hcciufe  the  eitor  arifing  from  the  fpiicrical  fijuic 
of  the  i;Ufs,  i«  to  that  arifing  from  the  diflcrent  re- 
fraii^'ibiiity  of  theHjraof  li|M,  u  1  to  5449.  Sec 
Aar.tKATiON. 

Upou  the  whole  he  obferrrs,  that  it  is  a  wonder 
that  Tckfoopce  rcpreCrnt  objr^s  fo  dillinAly  as  they 
do.  The  (Cafbo  of  which  is,  that  the  difpcr&d  rays 
are  not  fcattcred  nnifetiBly  over  all  the  circular  fpaoe 
abave-nKationed,  but  an:  infinitely  more  deafe  in  the 
centre  than  in  any  other  part  of  die  cirda  (  aod  that  in 
•the  way  from  the  centre  to  the  eireuntleicnce  they 
grow  coatimnlly  rarer  and  rarer,  till  at  the  cimimfe<- 
TCncc  ihey  bceomc  infinitely  rare :  /or  which  reabot 


tlicfc  t3irp<rfej  rays  ar^-  not  copin!:-  enonpf'i  rnbc  vlfiblc, 
txcjpt  abi  iit  tile  emtii:  of  the  circle.  He  alfo  men- 
tions aiiiithcr  aiftnaient  to  prove,  that  the  dificrcnt 
nfranijibility  of  the  ray*  of  l-fj!it  ii  the  trje  caiife  of 
the  impulcflion  of  I  ilcfc  pcs.  Kor  the  elilpcrfiunt 
of  the  rays  arifing  Irom  tlie  (plicrical  figures  of  onjf  A- 
j;la(T»5,  are  as  t lie  cubes  of  iliiir  i-.peiliiits  ;  and  lliere. 
tore,  to  caufc  Teiefcopis  ofdificreiit  Icagiht  to.magnify 
with  cqudl  diftintlntfa,  the  apcriyre*  of  the  objcd- 
^lufTci),  ami  the  chaiyet  or  nagnifying  po^vcis  auj4Ut 
lu  be  ab  tlie  cubes  of  the  fi|nare  rouU  of  ibeir  lengtht, 
tftbich  docs  not  anf«-er  to  eapyrigncy.^  ^Bui  the  cnun 
of  the  rayi,  ariCng  from, .1^  .4Hlmil  i«fnikgibiliiy» 
m  a*  the apertum of  thcjpljc^rlUj^jt. apdtbcnoe, 
to  awhe  Telefaipcc  of  dinerait  Irnjpht  to  niaf^nify 
anth  equal  diiiinAnefs,  their  ap«uure»  and  cl>.<rgea 
ought  lobe  as  the  fqujre  roots  of  theij  hi.gths ;  and 
till'  aiif'.vcri  tn  cxpcii;  i.cc. 

Were  it  not  for  thii  diiTvicnt  rcfraiigib  !i;y  of  the 
rays,  Telelcopts  [iii;;!ii  be  bioii^bt  to  a  fufiicicnt  de- 
gree of  perfciftiij;!,  l>y  cornp.jf'ii;;  lli  -  ol '■  ct-jjlafs  of 
two  glalies  with  aaiei  betucen  ii.w->>.  For  by  this 
inean.s,  the  rctra»liunj  on  the  concave  fi  Ic*  of  the 
glaflies  will  very  iraicb  eurrect  the  cirurs  of  the  ut'rac* 
tions  on  the  convex  fiJes,  fo  far  as  they  anfc  from  their 
fpherical  figure:  but  on  account  of  the  ditTcreut  re» 
frangtbility  of  diflcrtnt  kinds  uf  lays,  Newton  did  nut 
fee  any  other  means  of  improving  Tetcicope*  by  itftac^ 
tioiiouly,  except  by  increalingthcir length.  Nt^aMa'f 
OpUo,  pa.  73,  83,  119,  3d  edition. 

This  importiint  delideratum  in  the  conRrudsoo  of 
dioptric  Tcltfcupcs,  hat  been  fincc  difcoveicd  by  the 
inecnioui  Mr.  Da|loBdi  an  ■ocottnt  of  which  gifc^ 

IhIow.  • 

^'A//-oBij//V  Ti.Lf.tcoPF,  is  a  name  given  to  the  rc- 
friictiii^  Telelcpe,  invented  by  Mr.  J.ihn  D.ilIo:id, 
and  fo  connived  as  to  remedy  the  aberratio::  nr.ring 
from  colours,  or  the  e"i(rc!«  iit  refrangibility  of  the  ray» 

of  lifrht.      Sec  AcK  S  OM  AT  IC. 

The  principles  of  Mr.  DoUond's  difcovcry  and  oooo 
(IruAioni  have  been  already  explained  under  the  article* 

AasRRaTiON,  and  Achromatic.  The  ifflproveroent 
made  by  Mr.  Dollond  in  his  Telefcopes,  by  making 
two  objed-glaOe*  of  crown*glab»  and  one  of  flttti, 
vdiich  wai  tried  with  fncccfi  when  concave  eye  glaifea 
were  ufcdt  was  completed  by  bb  fiw  Peter  DalToiiJ  { 
whoi  conceiving  that  die  Ikme  method  mi^hi  be  proc- 
tifed  with  fucccfs  with  convex  eye-gkfles,  found,  after 
a  few  trials,  that  it  might  be  done.  Accordln^'ly  he 
finifhcd  an  oIj] .  li^  r'ufs  of  5  feet  focal  Itngib,  with  an 
apcitiirc  of  3i-  iiieiits,  compofed  of  two  convex  Icnfes 
of  ciown-j;IarB,  and  one  ci-.  vnvc  of  white  flint  glafs. 
But  apprehciulin;'  aitcrward  tluit  the  jipcrtnrci  might 
be  admittrj  liill  l.iT^^cr,  \,z  eoinpLtcd  i<:.c  of  feet 
foi-.il  liv.^-th,  with  the  fame  aperture  of  3J  iiichet. 
Hh.l.if.  Tr-anf.  vol.  JJ,  p.  j<J. 
le  the  olilig: 


But  be  fide  the 


ation  we  are  under  to  Mr.  DoU 


lond,  for  correding  the  aberration  of  the  rays  of  light 
in  the  focus  of  objctt-gla/ris,  atifing  from  their  dilbreat 
refratigibility,  he  made  an  >thcr  con  fide -ahic  improve* 
meat  w  TdefcoMa*  ns,  1^  comdiof ,  in  a  fitnt 
neafiKt,  both  thii  kind  of  abenadon*  ud  atb  thtt 
which  arifet  from  the  fpherical  fim  of  lenfes,  by  au 
eapcdieot  of  a  very  different  mtiua,  viz,  iocrcafing 
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the  number  «f  ^rv^glaflrs.  If  any  perron,  hy^  he, 
■  woald  htfC  the  vifiial  angle  of  a  Ttlefcope  to  contain 
fo  jqpreetf  ilie  nctrcmt  peaciU  of  ttu  field  muft  be 
Vnt  orverraded  in  an  aii|^  of  iodcgreett  which^  if 
k  be  pcribrmed  by  one  cyo-glafs,  vrill  caufe  sn  aberra- 
tion from  the  figure,  in  propnnion  to  the  cnhf  of  that 
an^lc:  Iiiit  it  twr) pilalTwbc fo pri>:>(irtioiio(l  ani'.  fitiintid, 
as  \\\nX  the  retract. oil  maj  bc  e^a:;l]y  dividtil  bct  .v;;Ln 
tlcm,  they  will  ciich  of  tliem  proditcc  a  refraft' m 
trqua]  to  Imlf  t!iC  required  anrle  ;  ->id  therefore,  the 
aberration  being  in  th't  cafe  |.r  )p.Htiunsl  r  >  double 
the  cube  of  half  the  an^c,  will  bir  but  a  4th  part  of 
that  which  is  in  proportion  to  the  cube  nf  the  whotc 
Mgk ;  becaofc  twice  the  cube  of  1  it  hut  I-  of  the  l  ube 
fif  a;  fo  that  the  aberration  inm.  the  Bj^'.ire,  where 
two  eyC'Slaflca  are  rightly  proportioned,  t»  bpt  a  4th 
j)art  of  uraac  it  muft  unavoidably  be,  wlw  re  the  whole 
M  pcfforoMd  by  a  lintfle  cfe^aw.  Bf  tlw  finne-inqr 
of '  rtafoniiig,  wben  the  itfraflioa  ia  divided  among' 
three  glalfes,  tlie  al»erration  will  bc  found  to  be  but 
the  9lh  part  of  what  would  bc  proJuced  from  a  rtngle 
glaf'i ;  Vc  ^umT;  3  times  the  cube  of  1  ii.biit  iho  gtli  inrt 
of  the  cubi;  oi"  3.  Whence  it  ap}>cartt  that  ov  increafir;^ 
the  numb<'r  of  eye-glaflcs,  the  tr.JtiHnitneU,  near  il.  - 
borders  of  the  field  of  a  Tclc'cope,  tnar  be  verj-  much 
diminifhed,  though  not  entirely  taki  n  :.  .vr%- 

Tiio  method  oFcorrc^lliic  th^'  erixirs  aritinsj  from  the 
different  refrangibiliiy  of  lit;la,  i«  of  a  d  ETef ent  COB* 
iideration  from  the  former :  for,  whereas  the  furors 
from  the  figure  can  only  be  rjiminifhed  in  a  cettsin 
proportioi)  to  Um  nnmber  of  glaflcai  is  thia  tiiey  bbs/ 
be  entirelf  coireftcd,  by  ttie  adoUm  of  onfy  ow 
gbfa  {  as  we  &nd  in  the  aftrraomioil  Tekfaipe,  that 
tivq  eTe-fiflaflei,  rightly  proportioned,  wHl  eanfe  the 
edges  of  objcAs  to  appear  free  from  col'nirs  quite  to 
the  borders  of  the  field.  Alfo,  In  the  day  telctcupt, 
iif>  more  than  two  eye  glafles  are  abfolutely  ne- 
ci'ilary  fcjr  eredtiii^  the  object,  »vc  find,  by  the  addition 
of  a  third  rightly  litiuuct!,  that  the  cotourB,  w)ilc!i 
would  othcr\»'iftf  confute  the  iniage,  are  entirely  rc« 
moved  :  but  this  mull  be  uiidcrituod  with  forne  limita- 
tion ;  for  though  the  diffnent  colours,  which  the  ex- 
trcme  pencils  muft  necifi.irily  be  divided  into  by  the 
edges  of  the  cye-glalit»,  may  in  this  maoner  be  brought 
to  th;:  eye  in  a  diredlon  parallel  to  each  other,  I'o  ss, 
by  iu  buinoun,  to  lie  contcrgied  to  a  point  in  the 
retina,  yet  if  the  gh&i  exceed  a  certain  length,  the 
Culoura  may  be  fpread  too  wide  to  be  capable  of  Ixing 
admitted  tnrougn  the  pupil  or  aperture  of  the  eve ; 
which  is  the  rcaftni  !h;.t,  in  Ici-  ;;  1  .  Icfcupc^  cuu- 
tttutied  in  the  uiunnuu  vvay,  with  tiiiec  <-yc  fj!;:l;i.3, 
the  field  is  alw  a;  s  very  much  conlracled. 

Tliefe  conliiJcrations  firflfet  Mr.  DoUtind  upon  con- 
triviog  how  to  enlar^'c  the  fu'lJ,  by  iiiciLuling  the 
number  uf  eyc-glafles,  without  axiv  hindrance  to  the 
diltindinefs  or  briehtncfs  of  the  image  v  and  though 
Others  bad  been  about  the  lame  work  before,  yet  ob- 
fcrving  that  the  five-glafs  Tcklcope*,  fold  in  the  fhops, 
would  admit  of  farther  improvement!  he  endeavoured. 
Co  coaftruA  one  with  the  (ame  number  of  glaflca  m 
s' better  oMlUier;  which  lb  fiv  anfwered  hit  expe^ 
tiona»  as  to  be  aHowed  by  the  bell  judges  to  be  a  con* 
fidcrable  improTeineBt  or.  tlic;  furnitr.  E:;;;aur;ijM.i;  1  v 
tbia  fucccfs,  he  rcfolvcd  to  uy  \i  bc  cuuld  nut  nuke 
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fomc  farther  cnlai^gctnent  of  t&e  fiekl,  by  t!ie  adJitioQ 
of  another  glafa,  and  by  plariog  and  pre^orti<Miiug  the 
gfaUIe*  m  fueh  a  manner,  as  to  correftthe  abeimtiona 
a*  much  at  poiShle#  without  any  detriment  to  die  dtl^- 
tiflAnefs :  and  at  lail  he  obtained  as  br^  a  field  a*  \% 
convenient  or  neceflary,  and  that  even  in  the  longeft 
Tc'Icfcopes  that  can  be  rr.ciile.  Thrfe  Telefcope% 
with  6  glafles,  having  been  wl-II  rcccivcJ  both  at  home 
;i-id  ;ibitMii,  iIic  .iii'.Iiot  fiv:  f^ulej  the  date  of  thc.in> 
veiition  in  a  letter  addrclL-d  to  Mr.  Short,  and  read 
at  the  Royal  .Soctety.  Blarch  t»  175}.  PhhaH  Txad'. 
vol.  48,  art.  14. 

Of  the  Achromatic  Tclefcopes,  invented  by  Mr. 
DwUond,  there  are  ft vert-l  J  tT  re'it  fizei,  from  one  fuot 
toS  fctt  'In  length,  n-.,i  le  l  i  Ijld  by  his  funs  P.  and 
It  Doilond* '  In  the  1 7  -  inch  improved  Achromatic 
Tcfeiboprt  the  objed-giaTs  is  compofed  of  three  glafles^ 
v{ct  two  cmiex  of  crawH-giaib*  and  one  eoncii«e  of 
white  flinVglab :  the  focd  diiance  of  this  oombtned 
objeA  g^r.fs  is  about  i"  Inches,  and  the  diameter  of  the 
aperture  ?  inches.  There  are  4  eve-glaffes  contained 
11  th  :  tuLL",  fj '1;; '.ifci!  fur  IimJ -iVji.  "tb ;  [hi:  in<j,.'iii!ying 
[vn  ti  v.  ltli  tlivlc  is  ncir  50  times  i  aad  the?  arc  ad- 
julV'i'  [o  (liiTLicnt  i";j,ut5,  and  to  different  diitanccs  of 
thf  o'liirt,  !>v  t  lm^l^r  a  linger  fcrew  at  the  end  of  the 
'juiLi  tube.  ThcT-  is  another  tube,  Containing  two 
tye-glHfes  that  magnify  about  10  times,  fi>r  iillruuO' 
tnical  purpofes.  The  Telefcopc  may  be  directcfl  to 
any  objett  by  turning  two  fctcws  in  the  lUndun  which 
it  is  fixed,  the  one  giving  a  vertical  niotion,  and  the 
Other  a  horizoanl  one.  The  Ikaad  may  be  inckfi»l  in 
the  inlide  of  the  brafs  tube. 

The  nbjca-glafs  of  the  z\  and  jj  feet  Tdefcopea  is 
Cfjrr.pofcd  of  two  glaffes,  one  convex  of  crown  glafs,. 
.u;i':  liic  othtT  iOiic  jvt  uf  white  fint  f;Infs  ;  nnci  thc 
diamtlen'  it  ttnii  uperturcs  are  3  ::ufiv:i  ,Tid  rj  lucJus. 
Each  of  £'n-i  15  Furnirii.ll  with  two  tijbrj  ;  one  fm  l;ind 
objvuls,  ct-ntaiiiing  four  eye-glafl'  ,  anJ  .iimifKi  with 
two  eye-glaffes  for  aftru  ioiuitiJ    ilcs.    They  are  nd- 
j«(led  by  butt(>n!^  on  the  outfidc  of  the  wotxicn  tube  ; 
and  the  vertital  and  hori/onlal  stutlons  are  given  by 
join's  in  the  Ibitnl?.    The  magnifying  iiower  of  the 
lealt  of  thefe  Tcicfcopcs,  with  the  eye  glafs  for  laud 
objccl.'i,  is  near  jO  timc^,  and  witti  thofe  for  a(lroiia>' 
[n1c.1l  purpofcff  80  timej }  and  that  of  the  greaiell  for 
land  objcas  is  ficar  70  timesi  but  for  aftronomic*!  oil-* 
ferrations  80  and  i}o  times  t  fsrthis  has  two  tubes,, 
either  of  whioli  may  be  nfcd  as  occafion  requires.  This- 
Ttlelccpe  i*  aifo  moved  by  a  fcrew  and  rt»CKwork,  and 

the  h:i   \v  i»  tiir  '  .(1  ijy  means  of  a  1  Iiii.V'i  ■  jiiK. 

Thvie  (jptitijr.s  alio  conUruft  nu  AcLi.iraatic  pocket 
perfped^ivc  glafs,  or  Galilean  Telefcopc  ;  fo  contrived, 
that  all  the  different  parts  are  put  toj;ethcr  and  con- 
tained in  one  piece  4'  inches  lorg.  This  fnwll  Ttle- 
fcope  is  furiiifhed  with  4  concave  cye-gkffcs,  the  mag- 
nifying po.'.ers  of  which  arc  6,  iz,  18,  and  times,. 
With  tilt  grcateft  power  of  this  Telefcope,  the  fatellitea' 
of  Jupiter  and  the  ring  of  Siitur;;  miiy  be  esfily  feeil.. 
Ther  have  alfo  contrived  an  Achromatic  Tcki«opr». 
tbt  wi^Bg  tabes  of  which  are  made  of  very  thin  Vaft^ 
wUcb  pan  throiwh  fprings  or  tubes )  the  outfide  taho 
bein^  either  of  mahogany  or  brafs.  Thefe  Telefcope*,. 
^  i.i..:  rom  thiir  ro:^vci>icncc  for  jiiiil/iiKn  in  thc- 
ormy  src  c»lkd  luiutary  Tclefcopes,  iiavc  4  convex  q-c- 

j^affct. 
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pliTt  -,  ukifc  fiirfacri  an<l  r<x»l  length*  are  fo  prupor- 
tioiKii,  a»  to  render tb-'  hrlr' »icw  vory  large.  They 
aic  of  4  diffcTtnt  lenptka  aiul  rt/.e«,  ufually  called  one 
f<io«,  3,  3,  and  4  fcit!  ihe  firll  i»  44  inches  when  in 
liTi-,  r.iul  5  inrhf*  wlir-t  (hut  Invin^  the  Hptrtuie  of 
tlic  obj'dtfrlHii  1/,  inclr,  .ind  masoilyiiii?  12  limes: 
llic  f-f.  1;  '  2?  imliis  for  ulf,  0  uiciiC*  ftitit  lip,  tHr 
iip'.rtiltc  I  J.',  inch,  and  magnifying  3?  timet  {  ilic 
ihir.i  40  inctus,  aird  lo  iiit  fit*  (h>;t,  with  the  •pcnure 
2  iiiLl  >:        1  n'.ii^nt:y'ii[;  4;  ttnici ;  aild  the  fixilth 

tochc,  :in(!  14  iochcf:  thut^  vitbih£tpertutes(iBehc«f 

ir ,1  :iiif\ iii^  Vjtiines. 
'  Mr.  £uler,  «ho,  in  s  memoir  of  tbe  Academr  of 
Berim  fcr  tbc  jnr  17^7,  p.  323,  had  ctletlatcd  tbc 
elWU  of ril  pollibit  conibmatiuivii  ollr  if  t  in  TelelG«i]wa> 
tod  inicmfcupes,  publirhod  anollicr  \,i,-r^  memoir'OO 
the  fulijtfl  of  thtfe  Tt  lil^uf  r «,  ll.c  v.  jn^  w  i'l;  prtLifinn 
of  wtmt  advanlu;Tt«  tln-v  .iic  nitu;;i!ly  cjpablc.  Sec 
Mil-  l-  ru:in:;.  vol.  5,  p.ti  .       pajj.  qi. 

?kit.  Cakl>  Siniili,  hr,w:ig  paid  much  «l!tr-tii.n  to 
the  fiihje^t  <>t  iliurtL'ii  r and  improving  Tel  ici  pc*. 
tlnnffst  he  had  found  a  poffihlc  to  rcdtify  the  crroi* 
vlii.-;-.  aiiie  from  tlic  different  degrcea  of  refrnn^bility, 
OD  the  principle  that  the  finL4i  of  refira&ion  of  t»j» 
iiSareMf  refninglble,  are  to  u}^c  another  ill  m  gkn 
froporttOD,  when  their  fine*  of  incidcoce  arc  eqnal ; 
aiad  the  method  he  ritO|>ofed  fur  thit  ptirpofe,  \v»i  to 


imporUnl  tAd  oTeM  Teicfcope,  it  M  fblWi.  Thi> 

io^enion*  Mr.  Jd;n<.s  Cn-^orj-,  cf  AL'jrJten,  has  been 
coiTiiiionly  conli'jir(.(i  i'.-.  tlic  inll  iuTtntisr  of  this  Tele - 
fcope — But  it  i  in'i  t!;:  hr[\  tho»!)(ht  t;{  a  itfloCtor  lf»d 
been  fuggefted  by  Mertcniie,  sboisr  ?o  years  lKr:t>rv:  the 
date  of  Grepory's  invention:  a  l  int  Ut  tlii-  pMr[<ofe 
ncciirs  in  the  7ih  propofiiion  ot  hia  Catoptrics,  which 
w.n  printed  in  1651  :  and  it  appejra  from  the  3d  and 
2Qth  letter*  c/f  Defa»itc»,  in  v»l.  »  of  hi»  Letters, 
wiiicli  it  is  (aid  ncre  written  in  if>39i  theuch  they 
were  not  ptiWiflied  till  the  year  i666,  that  Mcrfenae 
propcfed  a  Tckfeope  *  ith  fpecuta  to  Defcartes  in  tfutt 
ooRcfpoodeiRC » though  inead  im  a  manner  fo  vei^ 
uaMbh&mf,  xhu  Dnciftcfr  had  pven  |)arta> 
ChW  attentumto  the  iaijirovemcnt  of  the  T^fteoft, 
wn  fo  hr  from  approrin;;  the  pmpuTJ,  Hrat  he  ««•■ 
deavourcd  to  convince  M  iiturif  of  ju  fjllacy.  Tlii*- 
point  has  been  l.nr),'cly  dik  jlku  by  Le  Roi  in  the  Jiu» 
cyclopedia,  art.  Telefcopc,  and  hy  MontHcb  hi  hm 
Hid.  de»  Mathem.  torn,  s,  j*.  64J.  ■ 

Whether  Gregory  hnd  fiui  Merfentit's  treatife  on 
optict  and  catopirii>,  and  whctiier  he  availed  himfelf 
uf  the  hint  there  fu£gefttd,  or  not,  peihaps  cannot 
DOW  be  determined.  He  wm»  led  honorrr  to  the  in- 
<cmiM  by  feeking  to  coirc^  two  imperfedions  in  the 
common  Ttlefcope  :  the  tirft  of  thcfc  was  its  too  great 
lengih,  which  made  it  trouUKfomc  to  itiinage  ;  ar:d 


ptojioted  lor  tins  p 

tnake  the  f^ecul*  ot  glttt,  I'aAead  ot  nctalp  the  tw  the  teoond  trat  the  iiKnrredncfa  of  the  imace.  It  had 
futfiMcs  having  dMeicitt  dwmt  of  concavity.  But  it    been  already  detnonfttited,  tlitt  a  pencil ««  rayi  cooU 

J  .  .t—    •   •  J  r-.-    not  heeollcoiod  In  a  £agle  point  by  n  fphoiol  Icni} 

and  aUi^  tlut  the  hmge  trsnfinittcd  by  fueh  aknt 

would  be  in  fome  dcj,'ree  inciirvatcd.  Thefe  incon- 
veniences he  thought  might  be  obviated  by  fiibftittiting 
for  the  obji'd-glafKa  metallic  i;  i  ciilum,  of  a  paral'oiit  al 
figure,  to  receire  tl»c  fmajje,  iiod  lo  reflect  it  tounT'Jj 


doea  BOt  appear  tbu  thit  »t<Ric  was  ever  earned  into 
praAicc.    S«c  Pbilof.  Tranf.  number  456,  pa.  316,  or 

Abr.  vol.  8,  ).a.  1  1  V 

The  itig^enious  Mr.  Ramfllcn  ha*  htely  defcribed  a 
ii;v.-  loiilSmftion  of  e  w  I  Inl  I »  fi  1  ji  .  Ii  Tclclcopes  at 
may  be  applied  to  niJili.Liiiau£iI  Ir.ll. iiments.  The 
«onflrufiion  which  he  pioiK>fcs,  it  tli  i:  m  t\\\>  phcin- 
Cf'T'.vey.  k-nfes,  both  of  them  placed  btlween  Uic  1;,  <  .:nd 
the  t't  kr.x-.l  niajje  formed  by  the  abjrcVglal-,  ol  thu- 
ililtniuKrit,  uiij  tliiis  conct^ing  not  only  the  aberration 
aiifing  from  the  fphtricnl  figure  of  the  Iciifct,  but  alfo 
that  aiifing  from  the  difTi-rcnt  refrangibility  of  light> 
For  a  more  particul."!r  account  of  this  eonftniftion,  tta 
principle,  and  its  cficCtir  (i:c,Pbiio(.  TranC  vol.  73t 
art. 

I  A  cooftniftiaa,  fimifar  a^  leall  iir  its  prindale  to 
that  above,  ri  aferibcd,  in  the  Synopfis  Optica  Hono- 
rati  Fahri,  to  Eufiarhio  Divini,  who  placed  two  equal 
r.arrrv  plano  convrx  lenfes,  inftciid  of  one  eve  lens,  to 
hii  Telcftoptd,  which  tcticlied  at  ihtrr  vert  lets  :  the 
fc^ciis  of  the  objcft-jtlau  roinridin^  viitl-,  Civ  c_<  ritre  of 
the  pliU!".»ronvcx  k-ns  noct  it.  And  thi  -,  i;  ii  fuid, 
wa«  di  nc  at  once  both  tn  mnke  ths*  r.l^  :  tlirt  ccrr.c 

'  piLiIlct  from  the  objri'*  t,il[  [i:ir-ll:-i  -  j  in  tlic  ryt,  to 
c\du<.lc  the  culoutsof  the  rainbow  liom  it,  toalijrmetit 
the  ai'  Jc  of  li<;lit,  the  field  of  view,  the  brit;htneia  of 
ul-  i'^.  iVc.  This  was  alfo  known  to  Huygmtf 
■who  iunivti:n;H  insde  ufe  of  ihf  fame  condni^lon,  and 
vim  the  theory  of  it  in  hb  Dioptric!*  See  Hafeaii 

.Opera  Variai  vol 4*  cd.  I7i8> 

TvLBicora,  SrfiOmg,  or  Caftflm,  or  CUad^^lfitt 
h  a  Telrfcnpe  which,  inllead  of  lenfeis  cooGDa  chiellj 
ut  mirrr.is,  and  exhibita  icnoce  cbjcitl  by  rcflcAion 
Juiltad  of  refradion. 

A  brief  account  «Ctb«  iSUoty  «f  (he  tAfCBliiw  ^  thit 


a  Imidl  f;ji.c«lum  of  the  fame  metal;  this  again  \va>  to 
retuiti  tlu-  iiTiat^p  to  an  eye-ghjfs  pLicrd  behind  the  great 
fpeeulum,  wlilcli  vras,  forthat  purnofe,  tobc  perforated 
in  its  centre.  This  con(lru6ii<m  be  pttblilhed  in  1^3, 
in  hit  Optica  Piromota.  But  at  GTegory,  .iccording 
to  his  own  accotn^t,  pofTeired  no  mechaniril  Oiill,  aud 
could  not  find  a  workman 'capable  of  resizing  his  in- 
TCblton,  after  fome  fniitleft  trials,  he  was  oUjfed  to 
gi*e  up  thethoMghts  of  bringing  Telefcopei  of  ^mJpM' 
ia(o  uM. 

Sir  Ifaac  Newton  howmr  interpofed,  to  faw  thia 

cxcelknt  invention  from  perifhinp,  and  to  bring  it  fo*- 
ward  to  tnatuiity.  llnviug  applied  hin^fclf  to  the 
im|-niviir>  iic  of  the  Ttltfcope,  and  imri|  :iii:ig  that 
Gr.)  iy"s  rj>ecula  were  neither  very  sitttlLry,  nor 
likely  to  b  -  executed,  he  br^an  with  profccuting  the 
vte  .is  uf  Defcartes  I  who  aimed  at  making  a  more 
pfrlrft  impure  of  an  objcft,  by  griiniin/  Iv  Mlr':,  m  t  to 
the  figure  (it  a  fphere,  but  to  that  foniied  from  utic  of 
die  conic  fcdiuitt.  But,  in  the  year  i6()6,  having 
didcovered  tho  diDerent  refiangibiuty  of  the  rays  of 
light,  and  finding  that  the  cirora  of 'rdefcopet,  arlfmg 
fiom  that  caufe  atone,  were  aiiuch  inore  confidetabte 
than  fiinb  at  were  ocn^wcd  by  the  (pberical  figure  «f 
Icnlin,  he  was  conflrained  to  turn  hit  thoughti  to  re> 
lIcAora.  The  plague  ho«etcr  itrterrupted  hie  pro.'reit 
in  this  buljr.efB ;  fo  that  it  W«»  toward*  tit  i  •.>( 
166B,  or  in  tlte  beginning  of  1669,  when,  dci;  irir^.g 
«f]MifaaingT4MNf<«  if  mnm  of  icAnAcd 
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tiiil  rccurniij^  ti)  llic  conftruc^ian  of  refl«£iotj,  lie  fct 
-tdiout  tnaivi;!);  liii  own  fpccul?.,  anJ  early  in  slif  yrar 
1671  cotlipkud  two  IniaU  rcnL-ciing  IV-Ii-fL-iipcs.  in 
thctc  he  ground  the  large  (ptcuKiin  into  a  Ijihctical 
concave,  bcuf^  unable  to  accompiifli  ttie  pantbolic  furtn 
.propufed  by  Grrgury  ;  but  ihougli  he  then  defpaircd 
o(  |Krforining  (U<M  v^ork  by  geometrical  rules,  yet  (•• 
he  write*  in  a  Utter  that  accompanied  oik  of  thefc 
iidknuatattf  which  he  prtfiaucd  to  the  Royal  Society) 
'•he  doubted  aot  but  tint  the  thia<  mi^  in  fone 
met&fe  be  aGcbmplUbed  by  mechanical  devices.  With 
•«  ^r««enoce  equil  to  his  ingenuity,  he,  in  a  ^at 
■DeaTurc^  «vercumr  aiiutlier  ditficuhy,  which  wai  to 
£ad  ■  met:Jlic  fuLiljnce  that  i^tMild  be  of  a  proper 
hardacl'  ili  i^k  t<  a  cJl  ,irjfr:>,  a:iJ  ivi'i  ivc  tlic  linoiilliclt 
polifh  ;  til.  :  .l.llK.ilty  lit  u.-crat^  u'.:.Mlt  iM!'iit  iHiHiutiiLle, 
v,\i<:-A  lie  L()nli.!r.r..'i  I'ljt  ever)- irrtgllJarity  in  a  rcfirding 
lurijivc  w<jiil'i  tuj'Li:  i!k  rays  of  I'ght  dtviaie  e  or  6 
times  iiiort  <jut  of  tl'clr  due'couric,  than  the  like  irrt- 

fuUritits  in  artfra^titgi'urface.  After repeat<-d  tii^U, 
e  at  lift  /blUld'a  compofiliufi  that  anfwrcred  ni  K>n;c 
■degree,  Icuviu^  it  to  tUofc  who  fnould  come  after  him 
CO  Hod  a  bitter.  Tliefc  difficulties  ha\e  accordingly 
<l)een  fmce  obvuitcd  by  other  artilU,  particularly  bv 
iDr.  MuJge,  the  re«.  Mr.  Eusvard..,  and  Dr.  Hcikliel, 
Ac,  Newtmhat-ing  ruoGcedcd  £a  £ar,  he  coi-.imunicated 
<o  tlie  Kojral  Sodety  «  full  and  fatiafadory  account  of 
the  eoofiruc^ion  aud  perfonnanoc  «f  bit  Tddeopc. 
.The  Society,  by  their  fiecreUry  Mir.  OMnburgh, 
tranfmittcd  an  account  of  the  dilcuvciy  to  Mr.  Huy- 
gens,  crlebiated  at  a  didinguifhed  improver  of  the 
■  ri.!iaclor  ;  ^^hl)  nut  (inly  replied  to  tin  ^^ll  icty  iiitfrms 
<xpuiiJiJg  hi^li  approbation  of  tiic  iiivtiuitju,  Lus. 
drew  up  a  favouribic  account  of  the  ncv  Ttkfcopc, 
which  he  raufrd  to  be  puulilhcd  in  the  Journal  ilrs 
ii^avans  of  the  year  1677,  and  by  this  mode  of  comniu- 
uicadoii  it  was  fuon  known  over  Europe.  Seelliiy* 
,gt-nii  Opera  Vaiia,  torn.  4. 

Nolwithllandiiig  the  excellence  and  utility  of  this 
contrivance,  and  the  honourable  manner  in  which  it 
Vas  ."xnnounccd  to  the  u'orU,  it  iecow  to  hare  been 
greatly  neglected  for  neatly  half  a  century.  Indeed 
when  Newton  had  publidico  an  aocount  ot  bia  T«le« 
icopei  m  the  PhibC  IWC  M.  Caflcgnin,  a  Ffench< 
man,  in  the  Journal  dca  S9K«nnaor  i  '7z,  cUiinedthe 
honour  of  a  timilar  !oTention«  and  kid,  that,  before  he 
!n-3u!  ot  NV-w-tiri's  traproveinent,  he  had  hit  upon  a 
Lcf.cr  ninllriictuin,  by  ufing  a  iVnall  convex  mirror 
inlleaJ  uf  iih  ivrirctiiijr  pHtir.  This Teltlcapt',  uh.ch 
«ai  the  tifcgoriaii  oiic  diiguifed,  the  iir^jc  nunor 
l»cing  perforated,  and  which  it  is  faid  was  ntvur  tx- 
ccuttd  by  the  author,  Is  much  (hortcr  than  the  N'cs\  - 
loiiian ;  aiui  tiic  c  jmv.  x  imn-or,  by  dilpt  t'in^  the 
laya,  krvct  greittly  tc  iucrcafe  the  image  made  by  the 
laicc  concate  mirror. 

Newton  made  many  ohjcfliooa  to  Cafle^^rain't  Con> 
ftruAHMt  but  fevcral  of  them  equally  affet^  thnt  ut 
Cregnryt  whrdi  hat  been  found  to  ulwer  remarkably 
well  tn  the  banda  of  good  artifta. 

Pr.  Smith  took  the<pab»  make  many  cakuktiona 
of  the  magnifying  power,  both  of  Newtonli  and  Caf- 
tegrain's  rclL!'co])c.';,  in  order  to  their  farther  ira- 
piovement,  which  may  be  fcca  in  his  Optica  ilco. 


Mr.  Short,  ir  ?» aao  iiud,  mid^  {c  ,-:r.il  Tclcfcoaea  od 
the  plui  i)f  Calii^';niin. 

Dr.  Hook  condructed  a  ReSeCting  Triefcope  (ijttn- 
tiooed  by  Dr.  Birch  in  his  Hill,  of  the  Royal  Soc.  vol. 
3,  p.  I*/)  in  which  the  great  mirror  was  perforated^ 
fo  that  the  fpe^otor  looked  directly  towards  the  ob* 
jcd,  and  it  wa»  ptoduccd  before  the  Royal  Societj 
,  in  167^  On  tbia  oocafion  it  was  faid  that  this  coa* 
Ikrnftiwi  «M  firH  propofed  by  Mcrfewie,  and  nftei^ 
wank  repeated  by  Gregory,  but  that  h  acfer  bad 
been  adualiy  eiteciMcd  biefnre  it  wjs  done  by  Hook> 
Adefcription  of  thfa  iailru^eut  mar  LcfecQ  in  Hook'a 
Experiments,  by  Derba.n,  p. 

The  SiM-5ety  alfo  made  an  unfucccist'ul  attempt,  Uf 
emriluvl.iij  an  artificer  to  imitate  the  Newtonian  con- 
ftruCtion  ;  ho*ever,  about  half  a  century  after  the 
inrention  of  Newton,  a  Refleding  Telcfcope  was  pro- 
<!ucrd  to  the  world,  of  the  Newtonian  coollrudion, 
which  the  venerable  author,  ere  yet  he  had  finiflied  his 
very  diftinguifhed  courfe,  bad  the  GMisfadion  to  find 
executed  in  fuch  a  manner,  as  left  00  room  to  fear 
that  the  iotenltoo  wonU  htagor  contiaue  in  •bfcuritjp. 
Hitaeftanal  fenioe  to  fcieocewM  aoeampiiihcd  bv 
Hr^  John  Hadley,  who,  in  the  year  t^ajt  prelrntrd 
to  the  Royal  Society  a  Tcltfcope,  whwh  henad  cou- 
flrufKd  upon  N'.wt<iir>  pVin.  Tlie  tiv.i  Tclefcopcs 
which  NtWtun  hai  nn'i'c,  were  but  ^)  ii.clifs  lony, 
were  held  in  the  hand  fur  viewing  o!i\£l(i,  aaid  ill 
power  were  compared  to  n  6-teet  retractor:  hut  the 
r  i  l  It  ;  of  the  fpherr,  to  which  the  principal  fpecuiiim 
of  Irludlcy's  was  ground,  was  10  feet  inches,  and 
confcqoently  it?  focal  length  wa<  6; {  inches.  In  the 
ttitlof,  I'ranf.  Ahr.  vol.  6,  p.  ijj,  may  be  fcen  a 
drawing  and  dcfcripcion  of  ihiaTclncope,  and  alfo  of 
a  very  ingenious  but  compIeK  appatatus,  by  which  it 
wa<>  mannged.  One  of  there-Telefoopea,  in  which  the 
foral  hntgth  of  the  large  aftirtw  wna  not  qaite  5  j  ftett 
was  compared  with  the  cdehtated  Hojfenian  Tdc« 
fcope,  which  had  llie  fecal  legwth  of  tta  tA^B&-^ia& 
1 2  3  feet }  and  it  wM  foimd  that  the  fiirmer  wooM 
hear  fuch  a  ch?rge,  as  to  make  if  magnify  the  objecl 
as  mar.y  tinr.es  as  the  latter  wiih  its  due  charge  ;  and 
that  it  ri-pTrntc.]  i.l>r:f>J  a^  <:i;;iiiflly,  though  not 
altoi^etber  l\j  clc.tr  ani!  bri^-'it.  With  this  RcfleAinjj 
Tct--iVop<  might  be  fcen  wliatcvt  r  ImJ  been  hitherto 
dilcovered  bv  the  Hjyi^irni;ir,  pirticiLiily  the  tranfin 
of  Jupiter'ii  iir-.l  t1ie:i   (luidcs  over  ihc  dili: 

of  Jiipitrr,  the  black  lill  in  datum's  lin^,  and  the 
edge  r>{  the  {had*  of  Saturn  caft  upon  his  ring.  Five 
fntellitcs  of  Saturn  were  alfo  obfrrved  with  liiis  Telc- 
fcope, aoJ  it  idForded  other  obfervationt  on  J  ipitcr 
and  &tum,  which  cottfirmed  the  good  opinion  which 
bad  bceo  conceived  oTit  by  Ponad  and  Bradiejr. 

Mr.  Hadley,  after  finifhintj  tw  o  Telefcopet  of  ihr 
KcAtoninn  rimftruflion,  applied  himfcll  to  ni,i!cc  tlicru 
ii.  l  ie  CliL-T  )rin  form,  in  whidi  the  lir^tf  mirror  ta 
perforated.    Thi*  fchemc  be  completed  tu  the  year 

Dr.  Smith  prefers  the  Newtonian  cor.ltru^ion  to 
that  of  Gregory  ;  but  if  long  experience  be  admittetl 
as  a  final  judg<:  in  fuch  matters,  the  fuperiority  mud  b« 
adjudged  to  the'latter ;.  as  itja  now,  and  baa  been  for 
many  ycara  the  oulr  inftranKBt  ia  nqucft, 
^  £    '  Mr. 
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-  Mr.  llaJIcy  fparcd  no  paini,  aft<r  luvitlf  CmdietCd 
hh  cmiilruAioa,  to  inAru^k  Mr.  MotfMus  ma  Dr> 
Bkidky  \  md  wliCd  tbefie  gimloiieQ  liM  nade  1  nol 

praficimcjr  in  llicttrt,  being  drIiratM  tlm  ihfh  fde- 
fcopet  ihould  beeoae  more  pvbKci  \lkej  iibcmliy  cam- 
mutiicsitd  to  fome  of  t!ic  cliicf  inflroiDettt  raakcri  of 
i-ondji],  the  knowledgi:  tUty  had  atquireJ  from  lilm  : 
and  llivi»,  as  it  is  renUir.i! ■"(•  lu  inuijini;,  rillixinrs 
wrrf  idmpktcd  by  othir  iiiU  hclUi  iiitu.wJt  tiiiii  even 
tlii)fc  in  which  ihcy  luiJ  bcrii  inftiuiied.  iMr.  James 
yii!>rt  in  patlicnlar  li^jnali-ccd  hliafelf  tm  early  i  »  !he 
xc.irlT  ?^,  by  his  vrork  liilliiixvav.  lio.ii  ti:it  maiie 
kii  fj>vC'iij  of  j?Ufs|  but  fwniinp  that  the  li^iit  reticCieJ 
from  the  bcrt  jjiafs  \)HXvh  much  lefs  tliaii  the  ligbl 
»cflctied  from  metallic  «nc»,  and  that  -^litU  was  very 
liaWe  to  I'htngc  it»  form  by  it«  own  weight,  he  ap- 
;  [:  1  alcU'  to  improve  metaUic  fpccuia;  and,  by 
^ni  ;  articular  attention  to  the  Ciirrature  of  tii^n, 
he  «aa  able  to  gUe  tliem  mater  npcftuics  than  other 
wurlunoa  ooold  60  i  and  oy  a  more  nocittatc  idjiift* 
neot  of  the  fpecuk,  &c,  be  grcetty  iai[wonwd  the 
whole  inftriimeut.  B_v  fume  which  be  made,  in  which 
the  b  jrtfr  mirror  vrit  l(  iiichci  focd  djllaiice,  h:  und 
foTie  oihir  pcrfnns  wtrc  able  to  read  in  tlu;  Philof. 
Tnmf.  at  the  dillance  of  500  feet;  ai  1  -.hy  fcvcrsl 
limes  fiiw  ilie  five  fairllitcs  of  Saiiini  tOj^iiSu;,  which 
grca-  )v  I  ji  t  r^fcd  Mr.  Macljuri'i,  '■^  h  i  gave  this  account 
of  it,  tiit  he  found  tliat  Cafllni  h*d  fometimi-s  fcen 
ibeih  all  with  a  17  feet  rtfraitor.  Short's  T  Jiks.pc  i 
VKieailof  the  Gregorian  couHrucilon.  It  is  aippoied 
that  be  dUbomed  a  ir<£thod  of  giving  the  jLTraholic 

Sm  to  hi«  great  fpeculum  |  a  degree  uf  pcrfcdion 
ieh  Gregory  and  Newton  def()ai(td  of  iCtahiiagf 
and  wbicb  Undler  H  iccBW  had  never  ittcmptcd  la 
either  of  bia  Tclefoopeit  -  However,  the  fccret  o( 
working  that  configiuatjoik  triMtc^cr  it  was,  it  focm» 
died  with  that  ingenious  artlll.  Though  lately  iu  teat 
degree  liifcrivered  by  Dr.  Mudge  and  other*. 

On  ihc  Hiflory  of  Reflecliog  Telefcopcf,  iVe  Dr. 
David  Gregory's  Elem.  of  Caiopt.  and  Uioptr.  A;  | 
dit  by  DcTajrulieis :  Smith's  Optxs,  L>in)k  3,  ^ 

Rem.  on  art.  :  ami  l^ir  Ju!in  I'r. uj^lc's  cxcelltiit 
Dilcourlc  on  the  Invcnuon  tvc  of  lUe  K.^.■ll^:ili^^;  l\lc- 
Icopc. 

Cta^ruSiv  of  R>fl.ciing  Ttkfcepe  if  thr  .V-u.'iv;/,7« 
Jfew.— Let  ABCD  (i'g.  z,  pi- 3*)  .'>'^  '^'K'-  '^'-J''. 
open  at  AO»  and  doled  at  I\C,  and  its  length  at  leatt 
cqnid  t*  tlw  dillance  of  the  focus  from  the  mctaltlc 
UMried  ooBcavc  fptculum  GH  phceJ  at  the  end  BC. 
The  !»•  £0«  Fill  prucccdmg  ftooi  a  remote 
oUeA  PRr  Interftft  one  another  toowwhcn  bcfiire, 
they  enter  the  tnbc.  fo  that  EG  Md  «are  thole  that 
come  from  the  lower  part  of  the  objeB^  and  fh  FH 
from  iia  upper  part:  vhefe  ravs,  after  filling  on  the 
ipcculum  OH,  \^  II  be  rtlkfted  fo  a*  to  converge  and 
ncct  in  inn^  v-'hil-  lin  y  will  form  a  pcrfeA  imaj^e  of 
theobje£l.  lint  aa  ili'i  image  catuiDt  l>c  ftcn  hy  tlic 
{p<ft<tor,  they  art  ii.tercepted  by  a  lai«U  plane  metallic 
ipeculijm  KK,  interftaing  the  axis  at  an  angle  of 
by  which  the  rays  tending  to  m,  n,  will  be  rc- 
flcAed  towards  a  hole  LL  in  the  Ude  o!  tlu-  inbe,  and 
thcinnge  of  the  objcd  will  be  thus  formed  in  qf> ;  which 


OM  intarecpted  by  the  plane  rpecnHwt  ft'wfll' 
neentbdWa  appear  pntiy  diiUod,  bccaufe  tlte  apeitnrb 
AD  of  the  tnbck  nnd  the  fpoeahim  GH.  are  hir;;e. 
In  the  lateral  hole  LL  i*  lixed  a  ecu  s  ki  s,  u  !,o!  - 
focus  is  at  Sq  ;  atid  ihcrcfure  this  loiiS  v.  ill  rcirart  tlic 
rays  that  promt!  fM  -ni  .in y  point  of  the  imr;i  i  ,  !o  a» 
at-their  exit  they  will  ,ppt,u  jurjlUl,  ant!  tht  lc  !h»t 
proceed  fnm  the  extn-me  points  S,  7,  v.  ,ll  coi.v;  r-yj 
t  fier  refra^tinn,  and  form  an  anj^le  at  U,  vihcrc  the 
eye  it  placed;  which  will  fee  the  jin^^r  Sq,  a»  if  it 
were  an  obj;tt,  tlirough  the  lens  LL:  confcqucotly 
the  ohjeft  Will  appear  cnbrgrd,  inverted,  bright,  aiM' 
diliintt.  lit  LL  may  be  phwed  Irnfes  of  difiereot 
confesittes  which,  by  being  moved  ocarer  to  the 
itjij^c  and  fartiicr  fjoni  it,  will  repiefent  the  otjeft 
inorv  or  lef«  iii.igiiified,  if  the  fiirface  of  the  fperttWNi 
C>1I  be  of  a  figure  imly  fpliecicaL  If,  inftcadof  Q«e 
Icps  LL,  three  Icnfta  be  difpoicd  in  the  fame 
■with  the  three  C7e.giallb  of  the  rwfraaing  Telefcopc, 
the  ofcjrA  will  appear  enfi^  but  tefn  dillinct  than  when 
it  isobfcrvetl  with  one  lens.  On  a  (.oi'iit  of  the  pt>li  ■ 
tion  of  tlic  eye  in  this 'relefct>|iL-,  i;  u  extremely  dif- 
ficult to  <r..  :  i',rc  'nil -iiinriit  tii'^.tiji  any  ci^/fect : 
Hiiygciis  therci.jre  lirlt  lin):i;;lit  ol  ati.lisvr  m  ii  »  i>r»a11 
refracting  '1  ilelcope,  hivin^^  i;<  axij  iMiallil  !>.  il.nt 
of  the  rflifrtor:  this  is  called  a Jia^er  or  dirta»r.  The 
NrwMni.iti  'IVit  fcopf  Is  alfo  furiiilhed  with  a  fuilablc 
<ijipii:ati]i  ri;i  tbe  coiomodiuus  ul'c  of  it. 

To  dttcnnine  the  mrt^nifyiug  power  of  this  Tele- 
fcopc, it  ia  to  be  conrsdcrcd  th.it  the  plane  fpeculum 
KK  ia  of  M  Itb  in  thtt  refpcd  :  let  us  then  fiippofc 
that  one  tay  Draoecding  from  the  objed  ooincidca  withi 
th<a»a  GLIAof  the  lew  awl  fpcMhmi  j  let  »  ha 


t 
t 


ano;l;cr  ray  prtKcedinf;  frtim  the  lower  extremity  o? 
tl.c  ohjtOt,  iifd  ]>anini;  through  the  fwii?  I  of  ihc  fpc- 
culiiiii  KI  i  ;  tlii*  will  he  refle^ed  in  the  direction 
p.ir.ilKl  to  t 'ic-  rsis  GLA,  and  falling  on  the  lens  </L</» 
M  ill  be  refracted  to  G,  fo  that  GL  will  be  ec^uol  to  LI, 
and  dG  =3  ill.  To  the  naked  eye  the  objed  would 
anpcsr  under  the  angle  lit  =  HA;  but  by  means  of 
the  Telefcopc  it  Kppean  Under  the  angle  JGL  =  /ilt,. 

T</r:  and  the  ant;le  L/r  is  to  the  angle  Hi  as  II 
to  It!  i  confcqueiitly  the  apparent  magnitude  by  the 
Telcfoooe,  is  to  that  with  the  nsled  eye,  as  the  dif' 
tanoe  or  the  focus  of 'the  Ipceulun  from  the  fpeculum, 

to  the  diflauce  of  the  focus  tif  tin,  I.  ns  from  the  lens, 

Con/lruSi'9  of  ibt  Grtgcriait  R.JUSing  Ttlrfcopt.— 
Let  TYYT  (fig.  3,  pi.  32)  be  a  brafsti.hr,  ili  which. 
hlJD  is  a  metallic  concave  fpeculnin,  poior.it<d  iii 
the  middle  at  X  ;  uiid  I'.F  a  li  Is  connive  mirn/r,  fo. 
fixed  Ly  thi;  ,ii  rr,  or  flroiijr  wire  R  i',  wliicli  ii  moveable 
by  iiifaiis  t)f  a  l<inp  iVrew  tin  theoutfidt;  of  the  t;.hr,  as 
to  be  moved  luarcr  to,  or  farther  from  t)ic  larger  fpe-. 
culum  L,IJD  i  its  a:<i5,  being  kept  in  the  f.^nie  line  with 
that  of  tiic  great  one. 


 ^  ^  _  Let  AB  reprcicnt  a  very  re- 
image  wUl  be  lefi  dillinf^,  becaufc  fome  of  the  rays  mote  objed,  from  each  part  of  which  ifluc  pencils  of 
wbioit  tamild  otiierwife  £dl  on  the  coMaive  fpccntuai   nj$f.  u  cdt  CD,  from  A  the  ttppoc  aircnuty  of  the 

•hjeft^, 
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xkjeA,  aeA  iL»  ilt  from  the  Umtr  part  B ;  the  raja 
IL,  CD|  from  the  ntremkin,  crolTmg  one  another 
before  thejr  enier  the  tube.  Thde  raytt  laHnig 
tlw  htMr  MBTRir  LD,  m  itfleficd  Mm  it  'nto  the 

focin  KH,  whtrc  ihcy  form  an  inverted  image  of  th* 
<*>jeft  AB,  as  in  the  Newtonian  Telcfcopc.  From 
lhi»  imaf^the  rays,  ifli  lnpns  fruin  aiiolijtCt,  full  uyon 
the  fmtii  iniiTPr  1;V,  ilic  ceiurc  of  wliich  is  at  /,  fo 
th.1t  atUT  icflix'tion  th<-y  woiilii  meet  in  tlxir  foci  at 
( ,  snd  t  hiTC  form  aiifixf't  ini35C  But  finccfltif.c 
,TX  licit  place  could  li'c  L'lt  3  Imall  part  i)f  an  objtCt,  m 
order  tu  briag  raya  from  more  dtttant  parts  of  it  into 
tiic  pupil,  they  are  iMiieipeed  by  the  plaao>con«ex 
lens  MH,  hj  which  mean*  a  fmaller  etc&.  image  i» 
formed  at  PV)  which  is  viewed  through  the  nK-nifcus 
as,  bfM  rye  at  i\   Tbi$  memicw  both  make*  the 


theref.  G^F 
«r  X  TK. 


ltn««c  «aeh  pencil  paiaUd,  Md  magniici  the  «M(e 
PV.  At  the  dace  of  thif  image  all  the  fercin  ma 
are  iativcepca  by  the  perforated  partitkm  Zz.  For 


But  G:F 
ami  nIN 
and  «K24 


if; 
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:  SOT  : »  DI  X  oK  X  TO 
Mitncheobrock'a  Introd.  vol.  2, 


GA  X 


In  Reflrdiag  Talclcopcaof  diiferent  lengtha,  a  rivc« 
objcd  will  appear  eqiMlIj .bright  and  equally  diOiitj^ 
vAca  thtitmeutfertim^  aad  alio  ihdi  tiaear  braadthi{» 
are  aa  the  4th  i«ot*«f  the  cvlm  af.thdr  IcMtbit  uA 
cnnfeqnently  when  the  focal  didaacea  of  tketr  eye- 
glafles  are  rifoastlie  4(h  niota  of  their  Icagtha.'  9ep 
the  ucmonilradooof  tliiipnipofidaamSwtbVOptiei* 

art.  j6i. 

HfiiLC  hf  has  jcdncril  a  rule,  'ly  »hfch  he  li»s  com* 
pritt  d  tlir  following  ubie  tor  I  cicle  opts  of  ilificicnt 
Icn^ttiJ,  taking,  for  a  (landftd,  tlie  middle  cye-glaft 
and  aperture  of  lladle^'i  RcAc&og  Tdefcopci  de- 
fcribed  in  VlitloC  Traoi.  number  376  and  37S  :  the 
iipcaldiiUana  and  linear  apettocetbeiag^hrGBjA  loooth 
paitaef  aa  iadb 


the  fime  rcafpn  ihe  bole  near  the  rye  O  n  very  narrow. 
Wtifii  nearer  o(>j«^  are  viewed  by  this  Tilcfcopr,  the 
fm.rll  f|icr\iUiin  El"  i^  removed  to  a  greater  dillance 
fr.im  the  lorgrr  L  D,  fo  tl-at-  the  fecond  ima-je  may  be  , 
aJ\vivj  forRitd  in  PV  :  ard  lt-,in  diilancc  i»  to  be  adjillled 
(by  raeau*  of  tiie  kre»v  on  the  oiitliJe  of  the  jl'cat 
ttibe)  sccording  to  the  form  of  the  eye  ofthr  fpcttator. 
it  ia  aMbiiectffary  that  tlx-  <  ( tht  l'clefco|ie  (hould 
pafathtmugh  the  middle  <  -  rcidum  Eh,  and  its 

Cintre,  the  centre  of  the  fpt^iilum  LL,  and  the  m-dillc 
of  the  hole  X,  the  centres  of  the  Iei>fcs  MN,  S^,  nml 
the  bote  sear  O.  As  the  hole  X  io  the  fpeculum  LL 
.caoTvIcA  oofie  «f  the  iay>  tfluiag  from  die  objeAi  that 
^rt  of  the  ia>«|M  whkh  eottc^oml*  to  tiw  middle  of 
the  objcdi  muK  appear  to  the  obTcrver  more  dark  and 
c(  nfuled  than  the  cxticmc  parts  of  it.  Dcfidc!,  the 
ifceuhim  EF  will  alfo  intercept  many  rays  proceeding 
from  the  ol)}cft  ;  and  therefore,  imlef*  ilie  aperture 
TV  be  large,  the  ol^jccl  muft  appear  in  fume  degree 
■ablctne.  , 

'  l^e  magnifying  power  of  tbia  Teiefcope  is  cilimaud 
in  the  foUowing  manner.  Itct  LD  be  the  larscr  Rtitror 
(f^g.  )•  bavutt  iufiMttt  at  G,  aod  aperture 

in  A ;  andrP  the  fmall  rafTror  ivtth  iLr  fnetii  of  parallel 

rays  in  I,  and  the  .ixis  of  lt/t!<  tlic  fjjec  ila  iriiJ  kiifei 
MN,  SS,  be  in  the  light  line  D:(;,'\0K.  Let  6!>  be 
a  ray  of  light  crminp;  from  tlic  levser  c/tumity  of  a 
■ver'"  ililt^nt  vifiblc  ohjti^,  pafTing  ttijoi.'gh  the  fncus  G, 
ami  t  ili'n;;  upon  ttic  (lointi  of  the-  fpeculun;  LI);  uh!c!i, 
after  beiiig  rcfledled  from  i  to  F  in  a  diru'lion  (>ar.;;".:l 
to  the  axis  of  the  triirror  DAK,  is  reflected  hy  the 
Jpcculiim  F  fo  2<>  to  pafs  ihtoii^h  the  focus  I  in  t'ue 
dircfftion  FIN  t"  N',  at  the  exttciiiity  of  ll)r  lens  MN, 
by  which  it  wovW.  iisvc  iKeu  rcfraCtcd  to  K  }  b«t  hy 
the  int'crporiticii  of  :,i  uthei  lens  SS  U  brought  to  (), 
fu  that  the  eye  in  O  fees  half  tlie  oUcAander  tbc  angle 
TOS.  ^  The  angle  G^F,  or  AGtfL  under  which  the 
objeA  w  Ti'eared  by  the  aiked  eye.  is  to  SOT  under 
which  >t  !i  vieiwd  by  thcTckfcope,  in  the  ratio  of 
(;/F  to  IFf  =  alK,  ofilN  to  Nktt.  aadofNKa 
to  SOT. 


TMt  fir  Td^ifit  ^J^firm  hii^. 


Length  of 

the  Ti  l.  Dr 
fucaldil^cif 
the  C'lrC. 


Focsl  did. 

ct  th- 
Iiy«;-gUl». 


Linear  ant- 
pllfyiav  or 

powert 

f 


f.ct 

i 
a 

I 

3 

3 

4 

S 
6 

7 
8 

9 
10 
II 

I  2 

'3 
>f 
IS 
16 

•7 


inclits 

OM67 
O-lyy 

C'2  131 

0-3J4 

0-3  J  3 
0-^67 

0-391 
oi97 


Linear  a- 

i^erture  of 
*he 'concave 
metal. 


36 

t,8 

>;t 

JO 


J  60 

1 


287 

4'4 

4V< 

4'.,o 

483 
506 


itic'if J 
0-864 

2-  448 

3-  312 

4-  104 

4843 

556-i 

6-  2.;o 
6  8S3 

7-  536 

8-  160 
8-760 

-  9  i'^>i 

10-4158 
1  i-ojo 

12-143 


Mr.  Hadley*a  Tele£eapet  above  mentioned,  magni- 
fied 31^  ftr  times;  D«t  vre  are  ialormeti  that  sn 
ohjcv'^-iri.  t  il  r>f  3i  feet  fncol  diftance  was  wrtnight  by 
Mr.  ILiukiLcc  tii  u/gitJt  a  perfcdtion,  as  to  magnify 
026  times,  and  therefore  it  was  frarccly  ii.fitiiyr  to 
Hadley'sof  J?  feet.  If  Haakflxc's Telcfcopc  be  taken 
fur  n  new  flai>datd,  it  follows  tliat  a  fpeculum  of  one 
fbot  focal  diltaiKe  oiaght  to  magnify  9^  times,  whereas 
the  above  table  iUowa  it  but  60.  Now  Jf^  =  1  -55, 
and  the  nven  column  of  m^oifyiiw  powers  multiplied 
by  this  ffiimbcr,  gives  a  new  ecdamd,  f^Kfinnf^  heir 
imtcb  the  o^eA'inctale  ought  to  augaffy  If  wrought  up 
to  the  pcrttftiom  of  HaukibeeV.  And  thua  a  new 
table maj  he  ealily  «i»de  forlhiiorasty  other  8K>re 
per4eA  ftandtrd,  taking  alfo  the  new  ere-glafre*  and 
apertures  in  the  fame  ratio  tn  tn-  nnnihii  the  old 
ones  haw  in  this  table.  Smiik'ti  Upiics,  Kcw.  p.  70. 
4E»  The 
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TIic  mafftiiryiaj  pwrer  of  3:iv  Te!  -pe  may  be 
"eafily  found  by  citperiwieiit,  by  looking  witlt  oue 
eyt  through  the  Tolcfcopf  ui.ton  an  objefl  of  knovra 
tlimcnrtons,  and  at  a  Rwax  d'iUnce*  md  throwing  the 
image  upon  another  object  fc«0  whh  the  nKcd  tjtm 
Pr.  Smith  has givcBapMtkuhraeiBoaiiK  of  tlie  praecf^.. 
Hen.  p»  79. 

Dot  tlie  ctficft  imtllod'of  all,  i>  to  meafiwe  dw- 
diainewr  of  the  •yertttfe  of  the  obj^fct-glafi,  aod  that 
oFihe  irtile  image  of  it,  which  is  fortncd  at  the  place 
of  the  eye.  For  the  proportion  between  thtff  f?iv^f 
the  ratio  of  the  tmgnlfyii./  piv.  tr,  pumiJtd  no  p.;rt 
of  the  origtaal  pencil  bt  iuii iiitrd  ihc  bid  coa. 
llniftioii  of  the  TeU  fri'jK-.  l-\ir  in  all  cafes  the  niig> 
nifj-Ing  power  of  Tclcicopts,  or  micr.li  ii])c*,ia  infafdri^tl 
by  the  proportion  of  the  dii«n»cier  of  ihc:  .11  ■  ()rncn, 
to  that  «{  the  pencil  which  enter*  tUc  eye.  rnelUey's 
Hift.  of  Light,  p.  747. 

But  the  mofl  coiifidcraWf,  and  inik'cJ  tr  .Vy  nrt!>nifh- 
jrtg  inagqifyioj;  puwers,  that  have  ewr  lucn  uKiJ,  are 
tbofeof  Dr.  Hcifchel's  Reflc'fling  Tdcfaopck  Some 
account  of  thd'c,  and  of  the  (lifcoveriea  maae  br  them, 
has  been  alrtadj  tDtnHiDccd  under  the  article  Star. 
For  hii  method  of  ilceitnoW  them*  fee  Philof.  Ttanf. 
«oL  72,  pib  173  Ike.  See  alio  fevenl  of  the  other  late 
voluRiM  of  the  PhibC  Trsnf. 

Dr.  Hc  TJil!  t-bfervcs,  that  though  C^tticiaot  bare 
provtJ,  tluit  tw  o  eye  glaflcB  will  pve  a  more  correct 
image  tli.m  one,  he-  has  al'A.tys  (liur.  cxj-nTieiKc)  per- 
liftcd  in  Ktiiitir^  the  afTi^UtiKC  ot  a  1.  t-onJ  ;^laf«,  which 
i*  fure  to  introduce  ctrois  i/rrp.tcr  i!kiii  tliotc  lu-  \vi:uld 
COrre£\,  "  I.fC  m  rclijjn,  l.iys  hi",  the  double  eyc- 
glafi  to  ihofe  who  view  obje^tj  merely  for  cntci  talmieiU, 
and  who  tnull  iiave  jm  esorbitaot  ticid  of  view,  'io 
a  phil.)fophcr,  ihi*  ii  an  unpardonable  iodulirence.  I 
have  tried  btith  the  fingle  and  double  eye-glals  of  equal 
powers,  and  alwayi  found  that  the  fingle  eye  glafs  had 
much  tlie  fuperiority  in  point  of  light  and  dimnAnciiu, 
With  the  double  cyc-gUfs  I  could  not  fee  the  beha  in 
&it«m,  which  I  vary  fiwAj  ttw  with  the  fingle  one. 
I  woaM  homrer  except  atf  thofc  cafct  iriicre  «  hi|;it 
field  it  abfolutelf  neceflary,  and  «hei«  power  |abfld  to 
diflinflncfi  is  nut  the  folc  objeA  of  otirnew.** '  Philof. 
Tranf.  voL7},  P*  OS* 

Mr.  Green  of  Deptford  h^t  htely  added  both  to  the 

reflcfting  and  refrafting  'rclelenpc  an  apparatus,  wliieii 
fili  it  for  the  purpofes  ui  iuivtyiiig,  levelling,  nJca- 
furing  angles  atid  diAauces,  &c.  See  his  Delcription 
afid  Uie  of  the  improved  Rcflc^ling  and  Refracting 

Telefco^es,    and    .'^ealc   cd    Siirveyi[|^    Uc,    1 778. — 

Mr.  Ramfdcn  too  ha«  Utely  adapted  T clefcopes  to  the 
like  pnipofe  of  meafariagi  diflancet  fiom  one  ftMion* 
He* 

MerktmTtttsco?K,  is  one  that  is  fixed  at  right 
angle*  to  an  exilb  end  turned  about  it  in  the  plane  of 
the  mendian  and  ia  otlierwifc  called  a  Iran^t  injlru^ 
tuiU. — The  eommon  ufc  of  it  is  to  corted  ue  aotioa 
of  a  clock  or  wateh,  by  daily  obfervin^r  the  wA  tiflie 
when  the  fuo  or  a  Ibr  come*  to  the  mcniiuw.  It  lervci 
alfo  for  a  variety  of  other  tifes.  The  tnmlierle  axU  it 
jdaccd  itorirontal  by  a  fjiirit  level.  For  the  farther 
defcription  and  meili  .d  uf  fixing  this  inftiumcnt  by 
means  of  its  levels  ,  l  ee  Smith'a  Optk^.p* 
6et  ait<t  Tui»nr  I'l/^ruHieiii, 


TELESCOPICAL  Slars^  are  ftitlt  as  arc  not  vifible- 
to  the  Naked  eye,  being  only  difccraible  by  means  o£ 
atdefoopc.  See  Stak. 

All  itars-  lefs  than  thofe  of  the  fith- aMgiMtade»  arft.' 
Telefcopic  to  an  ordinary  eye. 

TEMPERAMENT,  in  Mafic,  dballf  deMto  «. 
ledifying  or  amending  the  faHe  or  imperii^  cedCOnd**. 
faj  tranifcrring  to  them  past  of  the  beauty  of  the  per^- 
ftR  oaeu 

TivNAGlTV,  in  Natural  Pl  il  -.'oFlir.  tl'^t  q"^- 
lity  of  bodies  by  which  they  a  conl.dcri jI^ 

pnffure  or  foroc  without  IvtakiiiLT ;  and  ii  the  oppoTite 
quality  to  fragility  or  brtitlctttb.  Mcoi.  Acad.  Ber- 
lin. I  74S,  p.  47-  . 

ThNAlLLE,  in  FortiBcation,  a  kind  of  outwork, 
r(,:iii.t  .1^;  .  f  two  parallel  lides,  with  a  front,  havinjj 
a  rc-vnirriiig  angje.  In  faft,  that  angle,  and  lUe 
faces  which  coro)»ufc  i:,  are  the  I'enaiUc. 

The  Tenaille  is  of  two  kinds,  JimpU  and  douhle, 

Simph  or  Single  Tekaille,  is  a  large  outwork^, 
oonfiliiog  of  two  faces  or  fidei,  including  a  le^eBtcrin^, 
angle. 

jDwMb  or  /Wn'Tknaillb,  it  a  lar{fttoMworile*v 
eonfifti^g  of  two  Gmple  TenuHcq^  or  ume  fidtantt 
Md  two  re-enterhit  anglkt.. 

The  great  defeat  ofTenaillet  are,  that  they  take 

up  too  much  room,  ."snJ  on  that  account  arc  advan* 
tageoiM  to  the  enemy  ;  that  the  tc-tutcnng  angle  ii- 
Tiot  >!cfeiided  ;  tl  c  heit;ht  ot  [he  parapet  [Hewininj, 
tl.e  feting  down  ii  to  it,  v>  that  the  enemy  can  lodg?. 
there  uiH!cr  cover;  and  eIic  ftdes  are  not  UifTicicritlf' 
flunked,  tor  theic  reaiijns,  'IVmilles  are  now  rrintUy. 
excluded  o'll  of  turt:licii;io[i  by  tin.'  hell  enj^niccrs,  and 
never  made  but  where  tiaic  does  not  ierire  to  form  a>. 
homwork. 

Tenaills  of  tbe  Place,  ii  the  front  of  the  place,^ 
compieh*nded  Letwccn  the  points  of  two  neighbouring 
baiUoQC  {  including  the  curtain,  the  two  flanks  raifed 
«a  the  curtain,  and  the  two  fides  of  the  ballions  which, 
face  one  another.  So  that  the  Tenaillf,  in  ibia  fenfep . 
k  the  fine  with  what  ii  othenrib  called  the  fut 

TtXAfLtE  of  the  Ditch,  "ie  a  Idw  work  raifed  before 

the  curtain,  in  the  middle  of  tlic  fof*  or  ditch  ;  tlic 
parapet  of  which  is  only  2  01-  3  feel  higher  tlian  the 
levil  cTround  ottlie  r.ivelin. 

1  ije  ufe  of  Tenaillefs  in  general,  in  to  defend  the 
bottom  of  the  dltcli  by  a  gnzm^r  fnc,  andlikewifc  the 
level  crround  of  tlic  ra Vila n,  vvhicii  i.'amkui  be  io  con- 
vciiiinily  defended  from  any  other  place.  The  firft 
fot^t  do  iiut  defend  the  ditch  fo  well  as  the  others,  be*- 
caufc  tSu-y  .ire  too  oblique  a  defence  ;  but  aa  they  are  - 
not  fubjcdt  to  be  enfiladed,  Vauban  has  generally  pre- 
ferred ihein  in  the  fortifpng  of  places.  Thofe  of  the 
fccoiid  fort  defend  the  ditch  much  belter  than  the  firft» 
and  add  a  low  llank  to  thofe  of  the  baftiOM  i  bat  M 
ihelie  Baaka  are  liable  to4>e  enfil^cdt  diev  have  not 
been  audi  ii&d.^  Thii  defcA  however  might  he  re> 
mdicdf  bf  making  them  fo  as  to  be  covered  by  the 
cxiremittca  of  the  parapets  of  the  oppofite  raveling 
or  by  fome  other  work.  And  the  lame  thlDg  onj  be  : 
faid  of  the  third  fort     of  tlie  I'econd. 

The  Rim's-hrjrn  \%  ji.  curved  Tcnaille,  ralfed  in  the - 

fu£»  hk-forc  the  fiankt,  and  prcfitating  iu  couscxtty  t»s 

the 
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way,  Tliis  Work  fMiiu  prc^rablc  to  either 
•f  lhcolhcrTci;nil!<.i,  botli  on  :iL'couat  of  its  iapKcrtf* 
and  the  defcoct  lor  whith  H  i»  conftrudrd. 

TliNAlLLONS,  in  FortificatioD,  «re  wotki  coo- 
flruitcd  on  each  fide  of  the  ravrlin,  m'Kh  hke  the  lu- 
nettci.  Tlicy  dili'cr,  as  one  of  the  face*  of  a  renaillon 
IS  in  the  direction  of  the  lavdin,  wlmeaa  tbtt  of  the 
kjiieitt  n  perpendicular  to  it.  ' 

I'JLKUR,  in  Mwfic,  the  fti  fl  mean  or  middle  Mft» 
•r  that  whiidi  u  dte  artlinarr  pitch,  or  Teiior*  of  the 
miee,  when  not  eillwr  niCc^  m  the  tfcUe»  or  loweicd 
■  to  the  hafi. 

TENSION,  the  ftatc  of  a  tiling  ttglit,  or  flrctched. 
Thus,  animal*  fullain  and  move  thcmfclvc»  by  the 
TcnCon  tlicii  rrnfclc*  and  nerxti.  A  chord,  or 
flrfrf ,  (fives  an  acutcr  or  d<,eper  fbuitd,  at  it  ia  in  a 
fTiatvr  or  left  degree  of  Tcnfion,  that  ia,  moireorkft 
lirc;thc(!  iir  tightened. 

TERM.  Hi  Geointtrj-,  »  t!.e  eatretne  of  any  raagw 
nitiide,  or  that  wbitJi  bounda  and  Umita  its  extent. 
So  tlie  Term*  of  a  line,  are  palntt  {  of  a  fupcrficic*, 
&De«;  ofa  folid,  fiipcificirs. 

TttMs,  of  an  equation,  o;  of  ..ny  quantity,  in  Al- 
gebra, art  llic  ii  v<  t:il  j.iiinci  or  [iirmhi.'r3  of  whit  h  i:  is 
compofcd,  leparatcd  fjinu  uno  anutr.tr  by  the  flgOi 
+  or  — .  So,  tht  quanfity  +  i.V  —  3M**'Coa> 
firts  of  the  three  Terms  arand  ik  and  yixK 

In  an  equation,,  the  Tcrin*  are  the  parta  which  eon* 
tain  the  fcveral  powers  of  the  bine  uokiuwa  letter  or 
quantity  :  for  if  the  faoie  utiknown  quantity  be  ibtmd 
in  Ceveral  members  in  the  £une  degree  or  power,  they 
ffrnO  pafs  but  for  one  Term,  which  u  caQed  a  compannd 
one,  in  diHin^tion  from  a  fimjjV  or  finglc  Ttrin.  TIiu», 

in  the  equation  j»i  +  a  -  ^,x*  —  acje  ^  i*,  the 


four  term*  are  «»  and  a —  ji .  .*»  and  tux  and  I* ;  of 
which  the  fccond  Term  a  —  3^ .     is  compound,  and 

the  othrr  three  are  fimjile  Tirms. 

TuiMS,  of  a  Prodi::;,  or  of  .1  Fraflion,  or  of  a 
Kaiio,  or  i>f  a  I'rv:i,o:ui.>:-,  i^c,  ar«  tht  fcveral  Muan- 
tiiics  cmpioj  tij  i[)  toraiiiig  or  compofing  tbcm.  xiuMa- 
the  Tei  »* 

of  the  predua  «i,  are  a  and  i  y . 
of  the  fndion  |»  are  ^  and  8 ; 
of  the  ntio  6  to     are  6  and  7  ; 
of  the  praponion  «  :  i  : :  y  :  9,  are  a,     5,  y. 
Ts«Ms  are  alio  ufcd  for  tht-  ft vtral  t-nif?  or  feafona 
of  the  year  in  which  the  public  colleges  or  nniverlitier, 
or  courts  of  hiw,  are  opto,  or  fit.    inch  are  the  Ox' 
ford  and  Cambridge  Terms  ;  alfo  the  Terms  for  the 
courts  of  King'fBeiich,  Common  Pleas,  at>d  the  Ex- 
chequer, which  are  the  high  court*  of  common  law. 
But  the  high  court  of  Patliament,  the  Chancery,  and 
inferior  oonrci,  4o  not  obietfe  the  Termiii— Tjk  leftt 
of  the  year,  out  of  Term-ttmr,  it  called  ndirariM, 
Tliere  are  four  law  Tonn?  in  tie  year;  viz, 
llilarj.Term,  which,  at  London,  begins  the  23d 
day  of  Jji.itjry,  Liitl  ends  the  12th  of  Fcbruar}-. 

Eafier-Ttrm,  which  bcaint  the  3d  VVcdnefday  after  • 
Enfter^y,  awl  cndion  the  Mteday  ncit  after  Alben* 
fioo-day.. 

Tnai^rfm,  wliicb  tcgtna  ttteVriday  Mik  after  . 
Tnnity-Sunday,  tnd  cnda  the  4di  WcdTncaajr  after 

Trir.ity-Sunday.. 

Aliih.ifi'mni  'Term,  which  brpiils  the.  Cth'Of  NoOCl^ 
ber,  nnd  ends  ibc-  aSth  of  Nuvcmber. 

All  thefe  terms  have  alfo  their  retnrns  the  days  of 
whi«^  are  exprefiini  ia  the  foUowiag  tabk  or  fynopfitk 


TM  9f  lit  iMm  Ttrmtf  md  AAr  HOmnu, 

Term  [  itc:;iii. 

111  Kci.,rn 

:J  Return 

3d  Rctarn 

4th  Return 

5th  Roiun 

Bod. 

Hilary    January  j  t 
Eaftrr  OVetl.af.Eaft. 
Tiinlty  i  Frul.af.TrM.S . 
Mjch.     Novemlxrr  6 

Jana:»ry  lo 
iWka.af.Eaft. 
TrinitjrMgNl. 
Novrntbar  j 

J,-iu;u>  : 

i  Wki.  if.Eaft. 
iWk.ar.Trin. 
Mwwharit 

Fchru  1:^/  ^ 
AWki.ai.EtA. 
*Wlu.af.-ntai. 
KofMBbtr  i< 

sWkj.  31.  Eart. 

]Wk»af.'nite. 
MovMslwrij 

Afcenf.  d*) 

:::: 

r.b;i,.<,y  It 
Moat. »(.  AfccaC 
4iliWfd.«(;Tflii.S. 
><tfvember  tt 

M.  B.  Whtn  th«  be{tmuii(  or  tadim  of  any  of  Utefc  Terms  happens  on  a  Sumlay,  it  is  heli  oathe  Monday  after. 


cnd^w  Wol?'**  T1«fcwfa».,wWa.b^««.d        CamlriJi^TE^u,.    Thefe  ar.  three,  as  belov: 


Termi 

Vcgin. 

Bad. 

Lent  Term 
Esiter  Term 
Tnaity  Term 

lantary  14 
Wad.  af.  Leir-Sund. 
Wed.a£.l'ria.9und. 
OAnbtr  10 

$41.  bef.  I>alin-S«nd. 
Tlmrf.  b«l.  WhitfuD. 
Sat.aft«  (be 

'I'ci  nr.  Ijcjiii. 

Lant  Term 
£alk*|-  Term 

JaWMIT  1} 

Wisd.akLiw4an<. 
OiMber  10 

rrid.kcf.i>«tai-«aiMl. 
Frid.aft.CswB«Bec 
OaacBker  i« 

N.A.  The  Cm 


N.  B.  The  vfS  is  I  (V  Monday  after  the  6th  of  July. 
— Wlicn  the  (ia^  :>t  t';i  bcpiiming  <n  :  nii  iL-;  happens    —Theft  it  no dilfovnec OB 
•H  a  Sunday,  the  Tcnas  begin  or  ciui  the  day  after.     or  cadili(beiaig.8udaj, 


itltie  tllTiielUay  in  July, 
of  " 
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■   ^.otit^  Tarm.v    In  Scotland,  CoHiUenMt  T«m 
gins  January  23d,  u:  '  ciul;  tVhni '.rv  th':  12th.  Whil- 
funtiilt-Trrfn  begins  jM.iy  l^ti  ,   "  d  Jiini  I  Jth. 

Limmat-ferm  bti^itt^  j"')  rtir  i  t-,  ends  Augiift 
the  8th.  Marlinii.tt-'Trrm  begins  November  the  ^d, 
and  e«d«  November  the  ayth. 

IrrJhTKKy.s.  In  Ireland  the  Tenni  arc  the  f*nie 
a%  St  London,  except  M charlmiti  Tfrm,  which  b^gir.j 
Oftobcr  the  13th,  .11]  adjourns  to  Nttvraiber  tbe  jd, 
and  theme  to  \\.:  otli. 

TERMINATOR,  in  AftnmoinT>  k  wwie  ftmie- 

«rtienniiMtii^  the  bounJanc*  of  light  mi  tbrkaefa. 

TERRA,  in  Geoi^ntphy.   Se«  EAfttK. 

TttmA^roiii,  in  Geography,  it  fomMiiiR*  nCsd  (br 
a  continent,  in  contradiAin^iun  to  idandi.  Thutt 
Afia,  the  Indies,  nnd  S^n  ih  Aiiicrica.  are  atoally  dif- 
rinTtiiflicd  into  Terra  liriii  ^  ,1    i  iihrfds. 

TE11RAQIM:oU.S,  in  (.eo-raphy,  an  epithet 
pNfti  to  m:t  gk>l)«  01  ^rth,  cwuliiittcd  su  confining 
oflind  jiid  uater,  which  logctherconftilule  one  mafs. 

TERRE-Pt-Kix,  or  Tb«AE-#1.ai V,  in  turt  Sca. 
tian,  the  top«  phitfurm,  or  borix«ni.il  furfjcc  of  the 
nmpart,  upon  which  the  cannon  arc  placed,  and  where 
the  dckiiikrs  perform  their  office.  It  h  fo  called,  hc- 
caufe  it  iia  ktrel,  having  onU  »  little  ilope  outwndl^ 
to  cMntcnift  the  fcooif  of  the  emnon.  ttt  bivAdth  u 
fivm  <4  to  30  ftttl  heiog  terminatcA  by  the  {Mirapet 
on  the  outer  fiik(  and  inwardly  by  the  inner  tahu. 

TERRF.LLA,  or  liitle  earth,  b  »  nwgnit  turned 
of  a  fpiierical  figure,  and  plitcd  lo  ai  that  in  poles, 

Cqtiator,  i\>  ct.i.-tly  in-uip  till  'c  I.I  '.lie 

world.  It  «ai  lo  !irlk  calkt!  (]itb<  ft.  .n  briu;:  a 
uft  reprefentation  of  the  great  i  i  i.;ni;:  •^\-<\yc  wt  1:1- 
labit.  Such  a  Tcrrclla,  it  w.i*  tuppoicd,  if  n  ci-ly 
poifed,  and  l",i''2  i^i  a  meridian  Kkc  a  jjlobe,  wmi;.  1  In; 
turned  rouad  like  the  earth  in  34  hourf  by  the  magnetic 
|»rticica  pcrvnding  it ;  but  experience  m*  {hewn  that 
this  is  a  miftake. 

T  E R  RES'l'R  I AL.  fomething  relating  to  iheewtb. 
A«  TcrtelLrialekibe*  Teirellriat  hnef  9x, 

TERTtAlT;  dtnotct  in  old  nieir«rr.  eontaining 
S4  j^loBi,  fo  called  becaufe  it  ia  thejd  put  of  •  tun. 

TER'I  IA'I'F.,  in  Gtinnery.  ToTerlinte  a  greet 
gun,  to  (.'xiTirir'  thf  tliL  Vneft  of  the  inctal  at  the 
riu//,lr,  by  wlr^h  t.)  'ii  of  fht  llrengih  of  the  piece, 
ai/J  ii'li:t!.kr  it       fntiio'' nt Iv  fi  t-ifH;!Mr  -.ot. 

~  TkTKACHORD,  in  Mulic,  called  by  tlic  m.AWjss 
a  fnurlh,  i«  a  concord  or  interval  ot  four  Miits. — Tin; 
Tetrachord  of  the  aircients,  wat  a  rank  of  four  Itiings, 
accounting  the  TetndMNd  for  one  tonet  la  k  k  often 
taken  in  mulic. 

TETRAD!. A  PA  SON',  nr  j;/:,./^.,//r  </;,,^_i/:o^,  i.  a 
mufical  chord,  otherwiic  called  a  quadruple  eighth,  or 
a  nine  aiid-t«cntieth. 

TETRAEDROJtf,  or  TcraAHSPton*  in  Geone- 
trr,  ia  one  of  the  lite  ttaMmie  or  regular  bodica  or  fo* 
lioi,  cooiprrhendcd  under  four  equilateni  and  equal 
trtan^ei.  Or  it  It  a  triangnlar  pyramid  of  four  equal 
JUkd  L<|iiilatenil  facei. 

It  i«  demonltrMied  in  ;;eometr)',  t!i.!t  tlif  lid-j  nf  ,t 
'IVtiaedron  it  to  the  diameter  of  m  circiiiiiii  , ibinj; 
fphtre,  a«  v^ato^j!  coofcqueaily  they  are  incuin* 
Beofiinblc> 

o 


]  TH  K 

If  «d«MletlMl!MMtcdfoor6de  of  a  Tcincdm* 

h  irt  whole  fuperBciei,  t  iu  Iblidftft  r  the  imUoaof  it* 

infciiltedfpiieie,  andR  themdiiwof  icadfcuailcribuf 

jfdirrt- ;  tbcii  iIk' t,<.iiui;tl  rcU'io:!  3iTi<>n  J  allthcfe  i(CK« 
prciictl  by  the  toiioM-iog  ccjuattan*,  via, 

t  strWl  =  i*,R V3  =       ^*    g»  ^t^a^i' 

r  =  JR      =,',<! =,'y2iV3  -i</jV3' 
See  my  Mcnlimttion,  pa.  246  &c,  ad  ed.  See  nUo 

the  articles  RtCULAK  and  BoDlts. 

TEIRAGON,  in  Gejmetry,  a  quadrangle,  or  a 
figure  having  4  anglci.  S;ii-ha9a  fi'j  *ri.-,  ;i  j  .  ulklo- 
gr4m,  a  rhombo*,  and  ?.  trapezium,  k  lu:).i;iiakct  al- 
io means  pecii!i-ilv  a  fquirc. 

TrTRAGON,  iu  Aitrolugy,  denotes  an  afpc  A  of  two 
planets  with  regard  to  the  eaith,  when  tbc)'  we  diflaut 
from  each  other  a  4th  part  of  a  circle,  ur  90  degree*. 
The  Tetragon  is  c^pcfied  bytlie  ch  uactir  nnd  ia 
oiherwifr       li  n  1  (<jarc  or  quartik  afptcl. 

TET RACK) MAS,  a  meteor,  whofe  head  ia  rf 
«  quadrangular  tigure,  ami  iu  (nil  or  train  ia  lon{(, 
tlucki  amruniibrin.  It  doe*  not  dilfitr  ouch  bom 
the  meteor  called  Tral/  or  hcnm* 

T£TRA(<ONl8M,  a  term  which  jbme  anthom 
life  tn  exprefs  the  quadrature  of  tbe  circle,  becaulc 
the  quadrature  is  the  finding  a  fquarc  ctjuiil  to  it. 

TL  I'R  ASPA.vrc  N,  in  Mccbuica*  •  MMehitM  id 
which       four  piillcvs. 

TJ.l  11  o  I  VLb,  in  the  AtiLant  Ar^lrti fture,  a 
bii 'ij  I  r:^;,  aud  particularly- a  temple,  wub  iuur  column* 
in  fn'iit. 

THAL.ES,  a  crlrhrstrj  Greek  pliilofophcr,  and 
the  firft  of  the  fcven  w'teircn  of  (Jrtcce,  was  born  at 
Miletitm,  about  f^'^  year*  before  Cbriit.  After 
quiring  the  ufual  learning  of  Itia  OWA.COunlry,  he  tr*- 
veUed  into  Egypt  and  fe\-eral  parta  of  Afiat  to  haam 
aftroDomy,  geomciri-,  myflicd  diviiitty,  natutal  knowo 
ledge  or  philofuphy,  &c.  In  E^vpt  he  tntt  for  funic 
time  great  favour  from  the  king,  A  malls  ;  but  he  loft 
it  ,11^:1111,  by  tlir  frcttjom  cf  his  rcfnatkton  titc condiii:^ 
iii  kir.j;;,  vsLich  it  is  faid  occaficnrij  !.is  retn.n  to  hi* 
own  country,  where  he  commu:  illiIi  1  i  !  •- knowledge 
he  hail  acquired  tf»  many  difeiplct,  niiK'Hg  principal 
ut  V  !io:n  u  (.ri  Anaxim.uidcr,  Anaxiincno,  and  Pytha. 
goras,  and  wa^  the  author  of  the  loniaa  le^of  plulo- 
ibphcis.  He  always  however  lived  very  retired,  and  re 
fnfc-d  the  proffered  favour*  of  many  grot  men.  He  wtt 
oUt  n  vifitcd  by  Solon  ;  and  it  is  laid  lie  took  great  jilta- 
fure  in  tbeoonnrfation  of  Thrafybttlua,  whofe  extctleoc 
frit  made  bin  Ibivet  ttiat  he  waa  Ty  iMt  of  Milciura. 

LMItltUi  aad  fetterul  other  wiitcm,  agrre,  that  he 
waa  the  fiither  of  the  Ortek  pbiloftphy  ;  bcinff  the 
firft  that  made  any  ref'Lii  xlK'.^  into  natural  knowledge, 
and  mathematics,  Wi-,  licctrine  wa*,  that  waCci  was 
tlic  priiKijjlt  I'l  v  liivii  all  tin:  budits  in  tin  iitilsLrk' 
coiiipofcd  ;  tint  tiJC  woild  "'sj  \  \-x  »uik  i  t  (JuU;  and 
tli.Tt  God  fees  ti  e  iwoll  fccrr;  tiimi^^hn  m  ll-c  heart  i>f 
man.  He  ftid,  that  in  uidcr  to  live  well,  wc  ou^^ht 
toafafiaiafiigaiwbatiivfiadfadt  wttb  in  others :  ti>at 

bbdtlj 
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bcKlIly  felicity  COnfifi  ir^  K  -altH;  and  th::t  of  t!ic  iT.inJ 
in  ktU"' ^  li.":.  'I'ti.il  nuiU  aiiticnt  <it  brjitij;';  ij 
Gill},  hrcziiie  he  is  uncreated  :  thiat  uotiiin^  is  more  . 
bca-ilifi:!  than  the- world,  l>tc«uf«  it  tilhf  work  ofG<idi 
poihin;^  tootc  «tenfife  than  ipacc,  quicker  thanfpirit, 
ilror.gcr  thM  ii>eeflity»  wiilcr  than  time.  HchM  t» 
ohi<rvCf  thatweoagnt  never  to  t'jy  that  tu  any  one 
whkh  0117  bc-tuntd  to  our  pTcjudicc  ;  and  tint  \rc 

Ihould  live  «id»  *m  fneod*  u  with  fcifuns  tbat  may 
become  our  euamea. 

loGeomelrj,  tt  has  been  faid,  lie  wai  a  conMei^ik 

ttivcnior,  aswc!lB»an  improver;  particularly  inlrftn- 

>.  <i  r.J  Till  v."iit<  r:-  ^ir^Tt  ^-i  t'l"-'-  (K  t'^c  fill', 
evttl  ill  tgyjit,  who  toutL  Uic  hciL;(i".  of  thi.-  pvt.i.k  ds 
by  the  Oiadow. 

His  knowlfdire  ant!  imprrivement*  in  ailronoirjv  were 
very  confidt  r.ililc.  11c  iliviil,  il  the  celcflial  fphtrc  into 
five  circle*  or  Koiic^i,  the  arctic  and  antarAic  lirclcs,  the 
two  tropical  cirelcf,  and  the  equator.  He  obfcrved 
the  apparent  diameter  of  the  fun,  which  be  made  equal 
tu  half  a  degree;  and  forcned  thecmftellation  of  the 
l^itUe  ficar.  He  ofaferred  the  nature  and  courfe  uf 
cdipfeii and ealaililed them  cxafiljr  {  one  in  particular, 
wemoraUy  recorded  by  Ho«datii»f  as  it  happened  on 
a  day  of  battle  between  the  Afedei  and  Lydians,  which, 
Inert it«  fay*,  he  liad  foretold  to  the  Ioni«n$.  And 
the  fame  author  inforniiui,'  that  he  divided  the  yeariti- 
to  36c  day».  PluUiiih  Mil  only  roijfiun',  his  f;L-i:fr2l 
knowledge  of  felijiTH,  lui!  thiit  bis  el<w'iiiiic  wai,  l\i..t 
an  iclij'lc  tifthi'  fiMi  is  <jccafiiiiiC'l  liv  tin:  v(^n;-(iii  of 
the  moot),  and  that  mi  cclipk  uf  iKt  nuxni  ij  caiili-d  by 
ihc  intervention  of  the  t:iiib, 

Hia  moraU  were  a»  jull,  as  his  ir)ailuiTi.i!ic^  well 
grounded,  awl  Ml  judgment  in  civil  affairs  ccua!  to  ei- 
ther. He  was  very  avcrft  to  tyniioy,  and  ellecmed  mon> 
arcliy  little  better  in  coy  »ape>— D!ngene<  Laeriiua 
whtei,  that  walking  to  contemphte  the  iuu  he  fell 
into  a  dttch  }  on  wfaicit  a  good  old  womii,  that  attend* 
cd  him,  exefadncd,  "  How  canll  thou  kmnr  wlMt  il 
doing  in  the  heaven*,  when  thou  feeft  not  what  u  at 
thy  feet  ?" — He  went  to  rifit  Ciccfus,  wtto  wa» march- 
ing a  powerful  .^imy  into  Cappadocia,  and  enabled  him 
to  pals  the  river  hlalys  \v;tlmut  making  a  bridj^e. 
Tliale*  died  foon  after,  at  above  yo  yeari  of  ?ge,  it  ib 
faid,  at  tin:  Olympie  games,  wlicie,  opprdTcd  With  hejt, 
tbtrll,  and  a  load  of  y«:ar»,  he,  in  public  view,  funk 
into  tbe  aims  of  liis  friends. 

Cottcerniag  his  vvHliuen,  it  remains  donbtful  whe* 
iher  he  left  any  behind  nim  {  at  leall  none  have  come 
down  to  u<t.  Auguftine mentions  fome  bookb  of  Natu- 
ral Philofophy  ;  Simplkiua,  fame  written  un  Nauiic 
Aftiolafy  I  Ijaierttua,  twotteatifea  on  the  Tropicaand 
Gquinoxea ;  and  Suidas^  a  trettift  ob  Mcteof%  writ- 
ten  in  mfe. 

THAMMUZ,  in  Chronology,  the  lOth  month  of 
ining  sydnyi^.  and  nnfweih 


hf  fiimeto 


tlie  y  .arof  the  Jc«%  OODttlilUP; 
itig  to  nur  June. 

THEMIS,  in  Aflronomy,.  a 
the  3d  fatillite  of  Jupiter.. 

THEODOLITE,  an  inftnitnent  much  nful  in  fur- 
veying,  for  taking  angles, diftances  altitudes,  i^c. 

Tliii  inftruinent  is  vanoufly  made  ;  dilTerent  pcrfons 
having  their  fcvenl  waya  of  contriving  it*  each  attempt- 
ing, to  mnke  it  nwe  fiiDskiDd  glKMik,  vm«.«c6uatte 


aiul  c.rpeditiaui,  than  other*.  It  ufually  cnnfitls  of  a 
br.ifv  eircl'',  about  a  foot  <liar.leli-T,  cut  in  fortn  of  fig. 
5,  r''i£  1  having  its  limb  divided  into  360  degrees, 
and  eaclT  degree  fubdiviJcd  either  diagonally,  oroihei>, 
wife,  into  minutca.  iJndcrneath,  at  «r,  arc  fixed  two 
little  piliai-i;  i&  (fi^.  6),  which  fu'ip.>rtan  axiti  bearing 
a  tdefeopc,  foi  virwinjjrBnjoteolijtrt*. 

On  the  centre  of  thccirde  move*  the  index  C,  whicb 
ia  a  circular  pbte»  haringa  compafa  in^he  niddl^  the 
meridian  line  of  which  anf«rer«  to  the  nducwl  tine  m  t 
at  Marc  fixed  two  liillan  to  fupport  an  axis,  beannga 
tekfcope  like  the  former,  whofe  liise  cf  collimation  an- 
fwer*  to  the  !'iJ  :ei:'.l  line  ,111,  A:  ■...ivli  Cf.i!  uf  eitiier  tt- 
Iffcope  is,  or  i;vjv  iie,  iixed  3  j-udtiJ  light,  ior  tlie  vlew- 
inj.;  tif  nr.H'  r  iib|tc;?. 

The  emi.  nf  ib.c  index  ,ift  a-e  ct;!  c'reiilzrlv,  to  fit 
the  Ji'.  i:)..in>,  ol  the  lirnli  V,  ;  ;in  J  w  lir;i  tb;it  Yiu.b  is  dia- 
gonally divided,  the  liducial  iiuc  iit  one  end  of  the  in- 
dex fhews  the  degrees  and  minutes  upon  the  limb.  It 
is  alfo  fmiillhed  with  crofs  fpirit  levels,  for  felting  the 
plane  of  the  circle  truly  horizontal  j  and  a  vertical  arch, 
divided  into  degrcei,  fii>r  liiking  angles  of  elevatmnand 
deprellioii.  The  whole  inllrumcnt  is  moontcd  widia- 
bail  and  fodcet,  upon  a  threc4eggcd  ttalL 

ManyThcodohtea  however  htTC  notelcfcopes  but 
onlv  four  plain  fighli,  two  of  them  fadened  on  the  limb, 
and  two  on  theeodt  of  the  index.  TwodiffcTcnt  one*, 
mounted  on  their  Aflnd*  ate  npreleiitcd  in  fig.  a  aiid  3* 

pbue^j,  - 
riie  ufe  of  the  Theodolite  is  abundantly  fhewn  in 
that  of  the  feraicircle,  which  is  only  h.ltf  .1  Theodo- 
lite. A:.'i  the  inries  r.nd  eornj.afs  of  the  Thco<lollte 
Icrve  alfo  for  a  circumfetenSor,  and  are  ufed  as  fuch. 

The  ingenious  Mr.  Ramfden  has  lately  made  a  moft' 
excellent  Theodolite,  for  the  ufe  cf  the  military  furvey 
now  carrying  on  in  England. 

TH£ODOSIUS.  acdebratedonthcmaticiaa,  who- 
llonrtlhed  in  the  times  of  Cieero  and  Pompey }  but  the 
tine  and  place  of  hi»  death  are  unknown.  This  Theo* 
dofina,  the  Tripoliie,  aimenltonedby  Suielas,  it  pro- 
bably the  fame  with  Theodofuts  the  philofopher  of  By* 
thinia,  who  Sfrabo  fays  excelled  in  the  mathematical 
fcieiices,  ai  allu  !iil  Ions;  for  the  fame  piifijii  niij^hl 
lnvc  travelled  irom  llie  one  of  thole  [I'ace^  to  the 
otl'.ei',  and  fpent  p.jit  <jf  bis  lite  in  each  of  tbem  ;  like 
as  Hipparvhu<i  wai  eailvd  by  Stiabo  the  Bytfainian  } 
but  by  Ptoloniy  anil  others  the  Khodian. 

Thcodofius  chiefly  cultivated  that  part  of  geomc- 
try  which  relates  to  the  dortrinc  of  the  fphere,  coa« 
cerning  which  be  publiflicd.tbree  b  ioks.  The  firft  of. 
thefe  contains  2  2  prupofitionn ;  ilie  .''econd  35  ;  andtbe 
thinil4{  all  demonttrated  ia  the  pure  geomctriol 
manner  of  the  Aaaenta.  Pioloroy  made  great  ufe  of 
dicft  prapofitiooa*  a*  wcO  aa  aU  fuccceding  writers, 
^efe  booht  were  tranflated  by  the  Arabians,  ont  of 
the  original  Greek.  Into  t!ie'r  ov.  i-.  lar'^uape.  From 
the  Ai.ibic,  t lie  v.-ork  was  again  trannr.itd  into  Latin,, 
and  printed  at  Venice.  But  the  Arabic  veilio:!  being 
very  defcetivf.  3  more  complete  editirjii  wjs  {oiUlilhed 
in  Greek  and  L.it:n,  Pans  ijj^',  by  I"lm  I'ena,  Re- 
gius Frofeiror  of  Allronomy.  And  Vitcilo  acquired' 
reputation  by  tranflating  Theodofius  into  Latin.  This 
author's  works  were  alio  commented  on  and  iUu(l  rated 
hf  Cbtntuii  Uclminin!,  and  Cauanmiv  and  bftly  by 
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Dc  Cbalcs,  !n  CurfA  Mullicmaticus.  But  tliat 
edition  of  TlK-vcluriUii't  S(>lieric»  which  i(  now  rooft  in 
■ufe,  wa»  tMnOiiU-tl,  and  |>ublt(hedi  by  our  countryauui 
-the  learn e<I  Dr.  Barrow,  to  the  year  167 illuAratcd 
tad  dananil  rated  in  »  new  and  concife  method.  By 
tbit  author's  account,  Tticodoijiit  spprzn  not  only 
to  be  a  great  maik-i  in  tb!«  mure  tiifilcitlt  part  of  gi'u- 
nactiy,  but  -.)  c  t'ltlt  loiiriiknible  author  of  wttiquKy 
who  hai  » I  iltcn  on  tli.it  f.-bj^rt. 

Tlicodot'iiii  too  wrotf  concemiiig  tlie  Ctlcflial 
Huiifes  ;  alfo  uf  Days  anil  Niglirs;  t  opick  of  wiiich. 
iii  deck,  3W  in  the  kii>;;'s  hliriiry  at  I'jri;..  Of  which 
tlicrc  was  a  Laiiti  rditiu.i,  .puuliil.cd  Ly  Pctct  Dafy. 
■pody,  in  the  year  1571. 

THl'ION',  of  Alexandria,  a  rcli-liratcd  Creek  philolo- 
and  itibthrmalician,  who        iHtcd  111  the  ^tli  ccti- 
ttiiryi  about  the  year  3^0,  in  the  timeofTiiCodoitui  the 
•Civat ;  but  the  time  and  maunei  of  hit  death  are  un- 
it Down,  Ui»  geniw  and  dtrp(>4i;ion  tor  the  flttdy  of 
philufophy  were  very  caily  iinpioved  by  a  clofc  appli* 
cation  to  lludy  ;  Jb  that  he  acquired  fuch  a  proficiency 
ifl  the  fetences,  as  to  rendet  hit  tianie  t-cnciable  in  hii- 
firy  ;  and  lu  piuctirc         the  hi>i  our  of  being  piefi- 
ili  ijt  ol  Ijihuus  A 1'. :  .aii'n.iii  UkiHil.     Or.c  of  hit 

piipiU  was  tbo  admirable  H;,patia,  his  daugll'.er,  who 
fut-cLcJcd  liim  in  tltc  priliucncy  of  the  fchool ;  4  truft, 
like  Innif  If,  f.c  difchar^red  with  the  giea'.tll 
bonoui  ar.d  ulctuli  cfs.  [S»-e  her  life  iu  its  place  iu  the 
"firll  vmI     v  »t  t'nis  Diaionnry.] 

Tlie  lludy  cit  ii;iti;re  led  T  hi  on  to  manv  jurt  concep- 
kioM  concei  M  Oud,  and  to  many  ufcfdl  rcflrdttonii  in 
the  fcicnce  of  moral  philofophyt  hencci  it  it  iaidj  he 
wrote  with  great  accuracy  on  divine  pnwidenee.  And 
he&enuto  iMve  made  it  hU  (taadinff  nde«  tojwSgt 
the  tratb  of  certain  principles,  or  ftnlimentat  from 
their  natural  or  ncccffary  tcndcHC}.  I  hus,  he  fays, 
tbat  a  full  perfuafioii,  that  the  Deity  fees  CVC17  thing 
r.  c  dr,  is  tfic  llrongcd  incentive  to  virtue  ;  for  he  in- 
fnii,  tii.it  ihc  molt  proli^jutc  li.n'e  power  to  refr.iin 
tSit  r  [j-iiui,,  ;i  ;d  hold  tiieir  toiif!;uc».  when  they  thi.ik 
tht  y  uri  oblLTvrr),  or  overheard,  by  funic  pcrfon  w  hom 
tbcy  fc.ir  or  rLlptft.  With  how  iruch  rnoic  reafon 
then,  fay«  he,  iliould  the  apprehenfioD  and  belitrf,  that 
God  ftCH  all  things,  rcdr.iiii  mcu  from  fin,  and  con- 
fianily  excite  them  to  their  duty  ?  He  alfo  rcprefeoti 
thtc  belief,  concerning  the  Deity,  ai  produAivc  of  the 
greaiell  uleafuic  ima^iflable,  cfpectally  to  the  virtuoa^ 
who  might  depend  with  greater  eoAfideaeeoB  the  6v«ur 
and  protcQioo  of  Proridmce.  For  thit  reafao*  be 
Tcoammend*  oothiAg  fo  much  at  meditation  on  the  pre- 
lenoe  of  Cod :  and  tie  reconmcndcd  it  to  the  civil  ma- 
gidntf,  at  a  rcilraint  on  fuch  ai  were  profane  and 
v...kcrl,  to  have  the  fol'. 'iv inlcrijilioii  vviittcii,  in 
large  tiiaraclcr?,  at  the  coriici  of  t^ery  tireet  ;  God 

JfcttS  TMtt,   i)  SiNMEIl. 

TKeon  wrote  notes  an<^  commcntarica  on  fome  of  the 
.^.iK'tetii  ni.iil.cinaticiana.  He  compofcd  alfo  a  hoolc,  en- 
titled Ptoaymnnfmula,  a  ihctoiical  work,  written  with 
frreat  jud)Tmr:<t  a!:d  i'ej;.ince  ;  in  which  he  criticifedco 
the  writings  of  f4>r  a  illuilrioiis  orators  and  hiflorianaj 

Kinting  out,  with  j;rcat  propriety  and  judgmeDti  their 
nitiea  ami  imperfe£\ions ;  and  laying  £iwaprap^ 
nilei  for  propriety  of  ilylc.  He  recomtncndt  eoncife- 
neft  of  exprefliMitand  pcrfpicuitfiaitbepriadpa]  otaa- 
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inents.  Tliisbook  was  printed  at  Bnflc,  in  tbcyear  IJ^T^ 
but  th<-bclt  edition  is  that  of  Leydeu,  iu  l6a6k  in  8ro> 

THKOPHRAbTL'S,  a  celebrated  Gteek  philofo- 
pber,*  wat  the  fon  of  Mckuthu«»  'wd  waa.  Dora  at 
Eretut  in  Beeotia.  He  waa  at  Arfl  the  difcipte  of  Lu* 
cipput,  then  of  Plato,  aud  laflly  of  AriRaUe ;  wlu  m 
he  fuccccd^d  in  his  fehool,  aboutthc  XitA  year  bd'orc 
the  C:-  .i{'  .n  r^.  and  tat^ht  pbiloiophy  at  Athana 
with  ;^T«l  .1^1,  i.;iif.;. 

llv'  l.lid  of  an  orator  withoirt  jue'gmrnt.  "  that  he 
u'3".  a  horfe  williuiit  a  brnlle."  He  ufed  alfo  to  fay, 
"  There  iiinoth'iij  fo  vrjhublr  n»  time,  and  th>)fe  wImi 
hvith  it  ar-;  the  nio!l  iiuxcufaMc  of  all  prodigils."— 
He  died  A'.  aiuiUi  100  yr.irs  of  age. 

Theophia.liH  wrote  in.my  woiks,  the  principal  of 
wltil^  are  the  follow  ;;g  — I.  An  ixcelleiU  njoia!  tiet« 
tife  cn'.illed,  Cha-.iSn,  which,  he  foya  in  the  preface, 
he  conipe^fud  at  99  )car&  i>r  age.  Imic  Cafauoiin  baa 
writtea  karued  comaeularieaon thia  foull  treatife.  It 
tiaa  been  tranJIated  from  the  Greek  into  French,  by 
firuycre;  and  it  hati  alfo  been  trenOaicd  into  Eiigli(h^ 
a.  A  rurious  niatifc  on  Plains  —  3.  A  treatife  on  fuffilt 
or  Ibmes  ;  of  wii;eh  L)r  Hi!;  b  ,  .  !  .\;n  a  );ood  id'iiollt 
w;tb  an  EniiU:'!,  tiin^.  li^n,  .liK.  ieaiiud  n.ites,  in  8vo. 

THLOiU' \1,  a  p:<ipi:4it.iun  wiith  teiiniiijite*  in 
theory,  and  wbieh  t.o  ifn'ei*  the  );r\  pevtits  of  things 
already  made  01  A  tnc.  0\ ,  ii  'Fliejrciii  i:^  a  fpcculali^c 
propiifttion,  liiviirid  from  ftv^ral  detitiitii«ns  eompartd 
tf)fether.  Tli.i .,  i(  a  lrian^'le  Le  ciniiiwred  w;rh  a 
paralhlogtam  lljr.l  n^'  on  t!ic  fame  bale,  ami  of  the 
iamc  altitude,  and  partly  from  tncii  ImniLdiate  lUfini- 
tioos,  and  partly  tri  m  other  of  their  pi  opcrtics  already 
determined,  it  ii  inferred  that  the  p  in  ilel  'gram  t*dou» 
ble  tlie  triangle  {  that  propofit  lOn  iti  a  1  iieorciii. 

Theofem  Hands  eontrBdillin>;>.iifhrd  from  problem, 
which  denotes  iometlit-.  ^  to  le  done  or  coii[\iiutii  <l,  ;is 
a  Tbrorem  propofes  fcuiahriig  to  Ik  piovvd  or  de- 
inou  Irated. 

There  are  tw  o  things  to  be  chiefly  regan^td  in  every 
Thi-urem,  vi/t,  the  propotuion,  and  the  dcincnfiration. 
In  the  firll  is  txprefleJ  what  agreci  to  fonie  certain 
thr.-L^,  -.jiuler  Cirt.iin  CDndivions.  and  wiiat  does  not.  Iu 
the  litter,  the  reafoat  arc  laid  down  by  which  the  un- 
dcrftinding  coincs  to  coueeive  that  it  doca  or  doea 
not  agree  to  it. 

Theorems  are  of  vnrious  kinds  :  as, 

Um-jtrj'al  THao«BH,  it  that  which  extcndt  to  anf 

auantity  without  idlridiaTi,  onmrTally.  At  this,  that 
le  rectangle  or  ^rodud  of  the  fum  and  difFeretice  of 
any  two  quantities,  is  equal  to  the  dtfFercuce  of  tlieir 
fquam. 

i'iir//(«/ar  Theoresi,  is  that  which  ixttuoi  only  to 
a  p.inic-ular  quantity.  As  t'l  ,  in  .m  equilateral  rtc\i» 
lif.ear  triangle,  each  angle  is  equal  to  60  dc;;rtes. 

A'V,'a//tv  THroiiEM,  is  that  wiiith  exp.i  i'Vi  the  im- 
pofijbility  of  any  aiTeiiioii.  An,  that  -hr  inns  of  tv.o 
biquadralcnuinbers  cannot  make  a  fqti  ,:e  n  ,  ;.ber. 

jM^jTHZOtHM  iathat  which  relates  to  a  luifaec.  An, 
tbat  triangles  of  the  fame  bafe  and  ahttude  aic  equal, 

P/a«f  THroREM,  is  that  which  relates  to  a  furface 
tbat  is  cither  n?ctilineur  or  hounded  by  the  circumfec* 
ence  of  a  circle.  At,  that  all  aogka  ia  the  6me  fc|^ 
tnent  of  a  circle  are  equal. 

&iul  T«SOa£M,  m  thatwluchxgBli^crt  a  fpnce  icr- 
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mmiicd  by  a  foTid  Use  1  that  i*,  br  any  of  the  three  conic 
<tdu>M.  At  tbn>  that  if  a  right  line  cut  two  afymp- 
totic  parabolaii  ita  tws  patti  beimlqaicd  hj  them  Ihali 

be  equal. 

AV/rAr  i.-a/TKi.oRrMf  iione  whole  cosTerfe  ittrac. 
As,  lliat  if  a  trijiigk-  lisvc  two  fides  cqcil,  it  ha*  alfo 
two  aiigict  Cijii.ll  :  tfiC  convcrfe  of  vvl;  v:i  'n  li'ci  n'r- 
truc,  viz,  f!ut  if  tlie  triangle  have  two  rijigkj  t.^u^l,  it 
hat  alfo  ttvo  liuc*  cqunl. 

TIH-.ORY,  a  doittinc  which  terminates  in  the 
fiilc  fjKxulanon  or  confijeiatioii  of  its  object,  with- 
out a;'v  vie*  to  the  piaclicc  or  application  <if  it. 

To  hi:  l«at  ncd  in  an  ait,  5(c,  the  Tlicory  i»  fiifiicient ; 
to  be  a  TT.allcr  of  it,  both  the  Thcpry  and  praciice  are 
MachtDCR  aften  praailfe  tieiy  well  {n  Tbeorf* 
but  fail  in  the  praCtiLf. 

We  fay  Tlici?  of  t!ic  r.-noii.  Theory  nf  the  ain* 
boWl  of  the  micmfcoDC,  ofihc  camet^obfcura,  &c 

Tutomt*  ^  tHie  rlaatU,  h^t  are  ffftenift  or  bypo- 
thefc*.  accoidtag  ta  wkidi  the  aAionomen  eapbia 
the  rcafons  of  the  pheDomciia  or  apporaioet  of 
them. 

THERMOMETER,  an  ii.lliumcr.t  for  nurafuring 
the  icnipcrattirc  of  tlic  air,  Sec,  as  to  heat  and  e;  I  I. 

The  Thirmoinctcr  and  thtrmofcope  arc  ufua.lv  il-- 
euunced  tlic  fame  thing,  liut  VVollius  nitikcs  a  di::cr- 
cncc  ;  and  he  alio  (hews  that  what  we  call  Theriituaic- 
ters,  are  rvally  no  more  llian  thrrmofcopes. 

The  invention  of  the  Thcrttiomctcr  is  attributed  to 
ffverai  pcrfolli  by  f'.iflcrciit  aiiliiors,  v'z, '  to  Kandorio, 
tiaLiIto,  father  Pu.ii,  a:id  t>>  Drebbel.  Thus,  tiic  in- 
vention is  afcribed  to  Ci>rnt.liiit  Dtchbc!  of  Alciaar, 


abont  the  beginning  of  the  17th  century,  bjrhn 
tjfmen  Doerhaave  (Chcm.  1.  p-i.  152,  156),  lod  Muf- 
febciibroeck  (Intnid.  ad  Phil.  Nat.  vol.  a»  ja.  — 
Fulgenjiio,  in  bS*  Life  of  father  f!aul,  mn%  him  the 

honour  of  the  firfl  difcovery. — Vincenxio  Viviani  (  Vit. 
dcTGalil.  pa.  67  ;  aifo  Opei^di  GaliL  pref.  pa.  47) 
fpeaits  of  GaUko  Hs  the  inventor  of  Thc.'momcters.— 
But  S.iiiclorino  (Com.  in  Galen.  Art.  Med.  p.i.  736, 
841,  Ci  rri.  i  i  A-'i  cii,  C.'.n.  Ftn.  I,  pa.  la,  7S,  219) 
exprcfily  atfiirit  s  to  i.imfclf  this  invention  :  jinJ  U«irei!i 
(I)c  Mot.  Ai:in,3l.  ;,pr  .p.  i',  ;  arid  Malpighi  (Oper. 
Fiillli,  pa.  30)  alcribe  it  to  him  without  rclVrve.  I'pon 
wiiich  l)r.  Marline  rco^ark.s  tliat  ihcfc  H(>ncii!ir.c  aca- 
demicians arc  not  to  be  fufpcdcd  of  partiality  in  favour 
of  one  of  the  Patavinian  IchaoU 

But  whoever  wa*  the  firS  inventor  of  this  inAruinetit» 
It  was  at  firfi  verr  nide  and  imperfici ;  and  as  the  va- 
nam  decrees  of  beat  weie  indicated  by  the  difl^cnt 
coatradwn  or  expanfio*  of  aifi  it  w»  atterirairda  found 
to  be  an  uncertaia  and  bmetinwa  a  deceiving  tneafure 
of  heat,  bccaufe  the  bulk  oftheatr  wjaafle^cdi  not 
(jti'.y  iiy  ti  c  di;Tcrcnce  ufhcaty.bvtaUo  by  the  tartitbie 
wtiaiil  oi  ihe  atmcfphcre. 

There  are  <  lit  ti-,  Xii.Ji  ■.F  Thermometer*,  the  cnn- 
ftru£lion,  defccu,  iIum  v,  c,  of  which,  rsre  m  f<*l- 
low. 

Tht  ^ir  THERMOMETKi. —  inlvumcnt  tle- 
{icnds  on  the  mrcfadtton  of  the  air.  It  conhlls  of  a 
glaf*  tube  B£  (%.  t,  pi.  }4)  cuanc^ed  at  one  cud 
with  a  laige  gbb  ball  A,  and  at  the  Other  end  im- 
nerftd  in  an  open  vefii;!*  or  tcrininatiog  ta  a  ball  I>£| 
with  a  nanow  mifiec  K  D  t  arhish  vefleL  or  ball. 

Von*  IL 


contain!  any  coIouroJ  liquor  that  w31  not  eilily  frceMb 
Aqnfbrtit  tinged  of  a  fuie  bhieeoiotir  withfiiuitian  of 
vitriol  or  ooppcTt  or  fpirit  of  iriiK  tinged  with  ooehi* 
neal*  will  aofwcr  thispurpofe.  But  the  ball  A  nuft  be 
firft  modmtcfy  \t  3r!!ii-J,  fo  that  a  part  of  the  air  con- 
tained in  it  tnay  be  cxptlletl  through  tiic  otificc  D  ;  and 
then  the  liquor  prcfTi-c!  by  ;  '  ■  - 1  '  t  i  tin'  .nmofphcre, 
will  enter  the  ball  DC,  a;iU  mc,  lur  c.\a;aple,  to  tl»e 
miUiiie  of  the  tube  ai  C,  n  mean  temperature  of  the 
weather;  snj  I'l  tli;j  ilstf  tiir  liquor hv  \Xi  weight,  at;. I 
the  air  inehidt<!  in  theb;ill  aud  tul>e  ABC,  by  its  elaltl- 
city,  will  ciiuiitcibakiiK-T  the  weijjhl  of  ihe  atmof|!hcri-. 
As  the  furro»indin,5  air  becorrn*  warmer,  the  air  in 
the  ball  and  the  upp;r  ;iart  of  the  tube-,  cxpandiag  by 
heat,  will  diivL'  liqt:.)rinlo  the  lower  ball,  aadoon- 
firqueiitly  its  futrKc  will  dclccnd  ;  on  the  coiitrarr,  a» 
the  ambient  ati  bL-cjnn s  coldtr,  that  iu  tlx  hall  \s  coH- 
dcufcd,  and  the  liajoor.  prtScd  by  the  weight  of  theat- 
moTpbcre,  anil  afecnd :  fo  that  the  liqtior  in  the  tube 
win  afceiid  or  ddecod  more  or  lcfi»  accoiidbg-ta  the 
Ihle  of  the  air  contiguona  to  the  inllrnnient.  To  the 
tube  i(  affixed  a  fcak  of  the  fame  hmgth,  divi<]cd  up- 
^^•ard»  and  downwards,  frotn  the  middle  C,  into 
c  j  .  tl  pArt',  by  mca:i«  of  which  may  be  obferved  the 
.ikcnt  and  dcfccnt  of  the  liquor  in  the  |jubc,^aa(i  con- 
fequently  the  variatioM  aMb  in  the  tcmpctatsre  of  the 

atmf'fph^rt-. 

.  V  iiin  'iir  Tlicrmij:ref'.r  tr'.ay  be  conflrufted  by  p  it 
tine  a  (mall  qiLintlty  of  rocrcury,  not  exceeding  liic 
balk  of  a  pc.i,  into  the  tube  HC  ['n^.  j^,  pi.  rj^,  betit 
Into  wreaths,  that  tikinp  up  the  Icfs  height,  •<rTnaj-  be 
the  more  manageable,  atul  left  liable  to  harm ;  divide 
thta  tube  into  any  t} umber  of  equal  parta  to  ferve  for  a 
feik.  Here  the  approachca  of  the  mercury  towards 
the  bdl  A  wjifl  ihew  the  locrcafc  of  the  dcnm  of  beat* 
The  reafon  of  wUdb  it  the  fine  as  ia  the  Mrnxr. 

The  defed  of  both  tbefe  iaftrument«  ccuifilU  in  this, 
that  they  are  liable  to  be  aftcd  on  by  a  double  caiife : 
fo-,  n  t  .  111  ,'  a  ri.  .*reafi  of  beat,  hut  alfo  arj  incrcnfi  .  f 
weight  tii  ihs  aliaofplicre,  will  make  tb.c  li<juor  rile  in 
the  one,  aiu!  the  mcscury  in  the  other ;  ami,  on  the 
cuiiti^irt  ,  either  an  increale  of  heat,  ordecreaieof  the 
weight  of  the  atnofphertt  will  caufe  them  to  de> 

feciid. 

For  thcfr,  and  o'lher  rcafoni,  Tln-rmomrriTs  nfthia 
hind  have  been  long  difuful.  H  iw-i  irrr,  M.  Aomnr 
toM,  Id  1702,  with  a  view  of  perft-^tiu^  tlie  a&ial 
Thcrimmeter.  contrived  bi»  UniT-'r/J  'I hfrmtmMtr, 
Finding  thai  the  chang«3  produced  by  heat  »nd  cold  in 
the  bulSi  of  the  atV  were  lubjcft  to  invincible  irregnla- 
ritiei,  he  fnbllitiited  for  ihcfe  the  vaHat]un«  pradifeed 
by  best  in  the  chRic  Awee  of  this  flu'd.  Thin  Thcr- 
morocter  confided  of  a  lungtube  of  jjI'atV  (fij.'.  3,  pi.  14) 
open  at  one  end,  and  rcetirvru  at  ilir  olhtrtud,  Aliitit 
terninaU'd  ill  ahull.  A  ccitaiii  quantity  of  air  wa<! 
coirrpirfied  ii;to  t''.is  ball  by  the  wei;(ht  of  a  eohirnn  of 
fTirrcnrv,  nn.l  alio  by  ihe  weight  ol  the  atinofplicr'*. 
T'l  1  ./  i.i  l.,i.at  on  this  indtidcd  Liir  was  to  make  it 
lutlaia  a  ^rcitcr  or  icf*  weight ;  and  thi»  elTed  wv-s 
tntwlured  by  the  variation  of  the  column  of  mercury  irt 
the  tubccorrci'lcd  hy  l!iat  of  the  barometer,  with  rrfpcA 
to  the  changes  of  the  weight  of  tiic  external  air.  This 
iniliumrTit,  thotigU  much  niorepetfe^  than  the  former^ 
is  ucrenbcle&  {ubjeft  to  nty  confiderablc  defeds  and 
4  F  ifleon. 
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tBwmtaienm.  Itt  length  of  4  feet  renders  it  unfit 
iov  a  ytcnvtf  uf  experiment*,  and  kt  conttru3ion  it 
diffieuli  and  complex :  it  it  csticmdjr  iDeoB*enicRt  for 
etrria^,  at  a  vrrr  fmal)  inclination  of  the  tube  trould 

fuScr  (h:  inclucicd  air  tocfcape:  atid  the  fiif^iun  of 
the  mercury  in  the  tube,  and  llie  ccmprcflibilit}' of  the 
air,  i  j:-.ir  :iu'.t  to  reniler  the  indications  of  this  inttru- 
mtiit  txiitmciy  unteitain.  IkrIiJcs,  the  dilatation  of 
the  nir  not  fo  regularly  pn>portioiial  to  itt  heat,  nor 
)«  itt  dilatation  br  a  ^ivcn  heat  neaily  fo  uniform  ») 
l.f  liippofcd.  This  dv  piiids  much  on  its  nioiHuvc  ;  for 
dry  «ir  doe*  ooi  expand  near  f-i  much  by  a  given  brat, 
at  air  Sored  with  watery  paiticLs.  Voi  thcfr,  and 
other  reaibni,  cnumt^ntcd  by  De  Luc  (Rcchercbet 
fur  tea  Mod.  de  I'Atmo.  torn.  1,  pa.  278  8ic),  tbta  !n« 
firumeot  wa*  imitated  by  verj  few,  and  never  came  in- 
to  general  ufe. 

O/iii  FtmnttHe  TttiaMOst»ria.'Tbe  academics 
dd  Cimrnto,  about  tbe  middle  of  the  I7lhcentiit7, 
C"iiri!cring  the  incuntreoiLncIes  of  the  air  Thennomc- 
iirs  ahavc  dcfcribed,  ttietr.ptcd  another,  thit  (hould 
Ranhue  heal  and  cold  bytiic  rirt;>  i  ,11  ,11-, 1  i  mi:  r.f;i- 
tion  (if  lpi;itof  wine;  thn:,,h  much  Irts  than  thoie  of 
air,  niid  Cunlct^ucntly  the  alteration*  in  the  dCgrcC  of 
beat  likely  to  be  much  lefs  :cnfibli . 

Tin-  fpirit  of  wine  coloured,  was  included  in  a  very 
Cnc  £1hI  cylindrical  ^'h'.i's  lulje  (ftj;.  ;,pl.  34),  exhaullcd 
of  iii  air,  liaviiijj  a  hollow  ball  at  one  oi  A,  and  hrrme- 
ticaliY  feAd  at  th<  other  ct-d  !>.  I'he  ball  «nd  tube 
•ic  filled  with  rcttihed  fp.i.i  u!  wine  t  i  a  convenient 
height*  aa  to  wben  the  weather  ia  of  a  mcaa  tern* 
p«atiii«»  wluch  may  be  done  by  invatting  the  tube  ia> 
tBUvdli:!  of  (l  agnant  coloured  fpirit*  under  a  nxeimr 
of  the  air  .pump,  or  in  any  other  way.  When  the 
thermometer  it  properly  filkd,  the  end  D  ift  Inatcd 
led  hot  by  a  lamp,  and  then  henncticaUy  ftakd,  leav. 
•  ii.^  I'.ii;  included  air  of  atdi;!  ',  uf  its  natural  dL'nfity, 
to  prevent  the  air  which  is  in  the  fpirit  from  dit'itliu;;  it 
\rt  its  expanfion.  tin-  lubc  is  applied  a  Icalc,  di- 

vided from  the  middle,  itilo  100  equal  parts,  upward» 
and  downwards. 

Niiw  fpirit  of  wine  rarefying  and  condcnfinjr  rery 
eonfidcrably  ;  as  the  heat  of  the  ambient  atmoiphrre 
ittcreafcs,  the  fpirit  will  dilate,  and  fo  a'^c^r  1  in  the 
tubci  and  as  the  heat  decreafcE,  the  11  a  will  dc- 
fccnd }  and  the  degree  or  quantity  of  the  motion  will 
be  fhewn  by  the  attached  Male. 

Thefc  Thrrmometcra  could  not  be  fubjt  A  to  any  in. 
convenijpcc  by  an  evaporation  of  the  liquor,  or  a  va- 
riaLli  ;  r.  w':  of  tlic  iricunihcnt  atmoii'i  i .  Iiii'i  i- 
incnt-.  i.i  U.iii  kind  « ere  ftrll  introi'uced  iriio  E:  ji  ii.d 
bv  Mr.  Baylc,  and  they  ft.i>n  came  info  gLin.u.1  ulc 
iirncnj;  pliilofojihcis  in  ijthcri.oiHitrii.s.  Tiiey  iuc  Ito*- 
evvr  fiibjtft  to  conlidcrablo  inciii!t\iiit;icc3,  from  the 
weight  oflhc  liquor  itlcll,  and  liiuii  tliC  elalt icily  ofthc 
air  above  it  in  the  tube,  both  which  prevent  the  free- 
dom of  its  ufrent  ;  bclidcs,  the  nrefaCtioot  arc  not 
cuafily  propi  riiuna!  to  the  furrouiuiin^r  heat*  More* 
over  fpirit  of  wine  is  iitcipablc  of  bearing  veiy  great 
heat  or^rcry  great  cold  :  it  bwiU  fooner  than  any  <Mbcr 
liqonr ;  and  thcieforc  the  degree*  of  heat  of  boiling 
flutdt  cannot  be  determined  by  this  Tbermomccer.  And 
though  it  retains  itt  fluidity  in  pretty  frverccold,  yet  it 
kcms  not  to  condcafc  very  iL^uI^rl/  iu  tUca :  aud  at 
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Tomeao,  near  the  polar  circle,  the  » iuter  cold  wat  Ar 
fevere,  as  Maupertuit  infonna  u,  that  the  fpiritt  went' 
fpozen  in  all  iheir  Thetmomelcn.  So  that  the  dcmca 
of  heat  and  cold,  whidi  fpsrit  of  wine  ia  captbie  of 
indicating,  ii  mudk  ttio  Smitcd  to  be  «f  very  great  or. 
general  ufs. 

AuothiM  :,--:'t  dcfeifl  of  tli'-'f-,  am!  ot^tr  Tlirrnii.rn  •- 
tens,  is,  tiwt  their  dci^rces  cittiio!  be  toisipareJ  wn'.i 
each  other.  It  is  true  they  maik  the  vanations  of  heat 
arxl  t"<>ld  :  b'!?  f  tch  marks  fiir  Itfclf,  and  after  its  o»'t» 
m.!!  ;  t>Li'  1  ,'  ■  they  do  not  proceed  fro-n  any  ^int' 
of  tetnpcrature  ibil  is  comniurt  to  all  of  ihcm. 

From  thcfc  and  vatiou;,  other  impcrfc^Kont  in  thefc 
Thcrmometcra,  it  happcos,  thii  the  comparifons  of 
ihcm  become  fo  prec.-triniiii  and  defective  :  and  yet  the 
moll  curioutaod  intcreflincr  ufe  of  them,  i»  what  ought- 
to  arife  from  fudi  cofflpanTon.    It  ii  by  this  we  flioukl< 
know  the  beat  or  cold  of  another  feafon,  of  another' 
tt-ar,  another  dimaie,  kc  ^  and  vrhat  ia  the  greatcft  - 
degree  of  heat  or  cold  that  meo  ud  other  •oimala. 
can  fubfift  in. 

Ri-.uu.-, .;r  cotltrired  a  nf.v  Tin  1 -..iirr.ttt:,  in  wLirh- 
the  iiuou.tnicnces  of  tSr  lurrner  are  propokd  to  be  it- 
medicd.  He  took  a  I  bill  and  tube,  the  content 
or  ditnenfions  of  u  inch  arc  knotvn  in  every  part;  he- 
graduated  the  tube,  fo  that  the  fpace  from  one  divifion 
to  another  might  contain  3  tOOOtb  part  of  the  liquor, 
which  liquor  would  coniaia  tooo  parts  when  it  Hood' 
at  the  frccxiiig  point  :  then  p-iltiiig  the  ball  of  hi* 
Thermometer  and  psirt  of  the  tube  into  boiling  irattrt 
be  ohlervcd  whether  it  rofe  80  diviConi :  if  it  exceed*- 
edtbele,  he  changed  bit  liquor,  and  by  adding  water 
towered  it,  till  upon  trial  it  (b-.iutd  juft  nfc  80 divifiont  |- 
or  if  the  liquor,  being  too  loiv,  fcllfliort  of  80  divifions, 
he  raifed  it  by  adduig  rec'iificd  fpii  it  to  it.  The  liquor 
thus  pieparetl  fuited  his  purpufe,  and  fetvedfor  making 
a  Thermometer  of  any  (i/c,  whofc  fcale  would  ngrcc 
»»ith  his  llandard.  Such  liquor,  or  Ipifits,  bcini^  about 
tilt  llrenjTth  of  common  brandy,  may  i  I'  V  f  ! 
any  wheii  ,  or  made  of  a  proper  degree  of  denhiy  by 
railjii';  nr  h'Wtnnj;  it. 

'1  in  J  (lit'  Nollet  made  nwny  excellent  Thermome- 
ter*  Dpi  tt  Reaumur'*  principle.    Dr.  Martiae  however 
exp^cTis  his  apprchrt;!!  >ns  thn  Thermometert  of  thi*' 
kind  cannot  ndinit  of  luch  aCCNTSCy  St  might  be  wiih' 
cd.    The  balla  or  bulbs*  being  tarije,  a>  5  or  4  incbea  - 
tndtameler,  are  neither  heated  norcootcd  focnrnough- 
to  (hew  the  vaiiatiunauf  hrat.  Small  bulbs  and  fmall 
tiibes,  he  ftys,  ate  milch  more  convenient,  and  may 
b.'   i   iii'-  :  1    '      '      )•  tiiiii 'it    i;^cliniL-v.     Ti>(Jiij;li  it 
iii.ilt  IK'  .»ti<>.v<;ti  unt  Rtsuuv^r,  by  his  txccllc'it  f..idc, 
and  i  y  dtpriv;ri;T  ihe  Ipiii;  <it  i:^;:  r,  and  exp5llii':,;tlic 
air  bytneatisul  iii-iit  hom  the  hall  .■,n?l  tube  (  f  his  Thcr- 
Dlonieter,  li  i»  brii'Jc"t  it  (o  as  r.-.in  h  pirf  i  lioi:  as  may 
be  ;  ytt  it  is  H.ibiv.  to  f^mc  cf  tiic  inconveniences  of 
{pirit  Thermometer:!,  ami  is  much  tnfitrior  to  mercu* 
rial  one*.    TluWi:  tvD  kirid^  dj  not  a;;ixe  tojrcther  \n 
tndieating the  fame  t'.igiee>f  f  i,  t:.."lc  ct>!J  ;  for  wntn 
(he  mercury  hat  Howl  at  2£H  below  o,  the  fpirit  indi- 
catcd  only  18*,  and  when  the  memry  Hood  at  28"  ot 
37*licknr  o,  the  fykk  icftcd  at  2  j»  or  2^*    See  the 
deCcription  of  Re!tuninr*a  Thermometer  at  large  in 
Mem,  <!c  r,\  >u.  if  >     itt. c.  an.  i':}c,  jia.  64J,  Htil* 
pa.  I  J,    ib.  an.  ijji,  l^>3>4>  ^it^.  ^>a.  7. 
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Meratriai  THmitemTW.  ■  It  it  amoft  import* 
«tt  circumftinoe  in  the  caiiltnjOibD  of  Tbiraioiaeten^ 

i«  procure  a  fluid  that  mcAfitrnc^ml  vwiatiam  of  bent 

'by  currcfpooding  equal TariatiiM»ro  fts  own  btilk ;  and 
tt>c  fluid  nhic'i  pone.Tes  this  cfTcntial  rcqnifllc  -u  'lie 
moil  poifeil  di-f^rcc,  i»  itieTCUry  :  llie  varuilioiis  ia  hi 
bulk  approachiii)^  ntartr  to  a  proportion  with  the  cor- 
refpotidin^  variations  uf  its  hcjt,  than  any  other  fluid. 
Bcfidrs,  It  is  the  moSl  cafy  to  purgi  i  t  i-i;i!r;  and  is 
■olio  the  niort  proper  for  meaAuina  very  cutihJerable  va- 
-riations  ofhc.it  and  cold,  u  it  will  bear  nioreculd  be- 
fore freezing.  And  more  hcot  before  bviiiii;;,  than  any 
•other  fluid.  Mcrcniy  i»  alfo  more  fennhle  than  any 
•Otber  fluid)  wrexecptcd,  or  cjiiforms  mure  fpccdilv  to 
■the  feveral  tariations  of  heat.  Moreover,  as  mcreuiy  !• 
'M  homoffeoeoat  fluid*  it  triU  ia  cmj  Tlienmiaeler 
cxIiibittEe  finae  dilatatioB  or  condeafatioBbjtlie  fame 
variationa  of  hrat. 

Dp.  Hallcy.  though  apprized  only  of  fotne  of  the 
Ttmark;.Wc  prujn  •tir';  of  intTcirv  n'lovi-  n-citrd,  fccms 
to  h.'ive  been  iJ;i;  iuit  »  lm  Ui);i;;cited  the  appiicatioii  of 
-thit  fluid  to  the  conflrudioii  of  ThcnBomcten.  Fhiiof. 
Tranf.  Abr.  vol.  2,  pa.  34. 

Uocrhaavc  (Chcin.  I,  p».  720)  fay»,  thcfe  mrrcii- 
j-Ial  Thcrniometcr-i  wrre  firft  contrived  by  Olaus  Koc- 
mer;  but  the  cIuiut.  of  Fahrenheit  of  Amfterdam, 
whoj^wean  account  of  hit  iii\-ention  to  the  Royal  So- 
ciety ia  '724,  (Philof.  Tranf.  nimi.  j8i,  or  .Abr. 
vol.  J,  pa.  49}  have  been  generally  allowed.  And 
though  i'rius  and  othen,  in  kngl^ind.  Holland)  France, 
aadoiber  ca«atrie*>  hare  made  this  inftmn»Rt  as  wcU 
as  Fabreaheit,  moft  of  the  mcreiwiil  Tkennonictcrs 
arc  graduated  accortJing  to  his  fcale*  and  ave  called 
J'''aireah(tl*t  7htrmom:lers, 

']'!]<'  K  ill-  or  c;. liv.Jcr,  which  thefe  TlieTtnomctcrii 
.irr  oucn  made  \vi;h,  ii.'.Wad  of  the  ball,  is  made  of 
5J.1I;  of  a  model  ,iti.-  il^ickni^fs  left,  when  the  exhnufled 
tube  is  hermeticaliy  iVaied,  its  interna!  i-tipai-'ity  Ihould 
he  diiiiinilhed  by  the  weight  of  the  ambient  atmo- 
fphcrc.  When  the  mercury  fs  thoroughl^y  purged  of 
its  air  and  moidui-e  by  boiling,  the  Thennomcter  is 
filled  with  a  fufRcient  qtiaotity  of  it  t  and  before  tV.e 
mbe  is  hermetically  IcaMd*  the  air  is  wholly  cxpditd 
frum  it  by  healing  t!ic  m«tcorY>  fo  that  it  may  be  rare* 
4cd  and  afcend  to  the  top  of  tn«  tube.  To  the  fide  of 
the  tube  is  annexed  a  ^le  (fig.  3,  pi.  which  Fah- 
nrnheK  divided  into  600  parts,  hegimiin^  with  that  of 
the  feverc  cold  which  lie  h,nd  ohfcri-cd  in  Iceland  in 
■'7"5i>  ♦"  '-'St  pro<liicod  by  fiirrounding  the  bulb  of  the 
Therp  •  i:  ;  r  v.  uli  a  i:-.i\tiire  of  fnov,' or  beaten  ice 
and  fai  ujn.i.uiii.ic  or  fait.  This  he  apprehended  fo 
be  the  f;rcatell  degree  of  col:l,  ;>ik1  .iccordin^lv  !■« 
marked  tiifa,  as  tlic  In-ginning  of  liis  feale,  with  o  ; 
tilt  point  which  mercury  begins  to  boil,  he  conctiv. 
<d  fo  Hiew  the  ;;rti;tcll  dc|rrce  of  beat,  and  ibis  he  made 
•the  Unit  of  his  fcale.  The  diflance  between  thefe  two 
oitn^  he  divided  into  6co  equal  parts  or  degrees  j  and 
y  trials  he  found  at  the  freezing  point,  when  water 
ju&  begins  tofrceae.  or  fnow  or  ice  juft  bnnnsta  tliaw, 
that  the  flMicaryftood  at  |2  of  thefe  dltiTioBat  there, 
font  ciOed  the  degree  of  the  iVccsing  point  t  and  when 
the  tube  wa*  iminerred  in  boiling  water,  the  mtrctrrr 
Tofeto  112,  h  J.kIi  tli'jrc''uii:  iit'it  hoilin;;_'  j.vifnt,  and  is 
jul  180  degree*  above  tbt  former  or  freezing  peiaU 
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But  the  preient  method  of  making  the  fcale  of  thei^ 
Thennomcters,  which  is  the  fort  in  moft  eamiiuia  ufe* 
i*  firft  to  immerpe  tin  b;!lhofthe  Thermometer  in  ice 
or  fnow  jutl  bfginuinff  to  tl.aw,  a;nl  irnik  the  place 
where  the  mficiiry  tlaiuli  wl:li  a  jj:  ;  then  immer|^e  it 
in  boilinf^  watei,  ;iii(t  a^i^liu  in.irl-i  die  place  where  ttic 
mercury  I'juilsiii  iho  ti.ji-,  u'lifeh  iiiatk  with  thcii  im. 
211,  excced-ii>;  jHl-  f.ir;ntrhy  iSa;  dividing  tbcrenjic 
the  iiitcrme<!Iati'  f;i.icc  into  i8a  equal  parts,  will  give 
the  fcale  of  the  Thermometer,  and  which  may  after- 
wards be  continued  upwards  and  downwards  at  ptea- 
fure. 

OthflrTlic  11  ■  tcrs  of  afimiljr  canilnr^ion  have 
been  accommo.-iated  to  common  ufr,  havjrg  hut  a  por- 
tion of  the  above  fcale.  Tliey  have  been  mode  of  a 
fmall  fi/.e  and  portable  form,  and  adapted  with  appen* 
dages  to  particular  pttrpoft^ ;  and  the  tube  with  its  an* 
nexed  fcale  has  often  been  enchfed  In  another  thickicr 
glif*  tube,  alfo  hermetically  fcakd,  to  preferre  the 
Thermometer  from  injury.  Aud  aU  thefe  ate  Cdlkd 
FiihrmheiC  I  1  htrmomelerf . 

In  1733,  De  rifle  of  Pcteributgh  conP.rufted  a 
mcrcurisl  Thermometer  (fee  fig.  3,  pi.  34^  on  the 
prinjiplc-s  of  R-aiir.iui 'i.  '^[■ii It  Thermometer.  In  h;i 
rhermometer,  ±he  whole  bulk  of  qtiickfilvcr,  when 
immcrgcd  in  boOing  water,  is  conceived  to  be  divided 
into  too  000  parts;  and  frotn  this  one  fixed  paint  the 
vaii.ii  '.  ('« i;rec»  of  heaf,  either  above  or  below  it,  are 
marked  in  thefe  parts  oa  the  tube  or  fcale,  by  the  rarious 
expanfion  or  contraAioo  of  the  quickfilircr  in  all  ima- 
ginable varictie*  of  heat.— Dr.  Martiae  appreheads  it 
would  have  been  better  if  De  I'Iflchad  made  the  mte> 

ger  100,000  parts,  or  fixed  point,  at  fnecr.ing  water, 
atld  from  thence  comfxited  the  dilatations  or  condeflfa- 

tions  of  the  quic?>  -l-  .r  l:i  ihofe  parts  ;  as  nil  the  com. 
mon  oKfcrvatio'19  of  tiie  weather,  &c,  woidd  have  been 
exprclTed  by  n-imbcrs  increalin^  as  the  hent  increafed, 
iille.id  of  di"rv.:ifui5j,  or  co-mtinft  tSc  contriry  wav. 
However,  iti  pi-xitVv  it  will  in  !  be  very  cafy  to  de- 
termine e\uc;iy  all  till.-  divitioiis  from  the  ri'.ieritii  n  nf 
the  bulk  of  the  conljiinrd  fluid,  .^nd  bclidep,  as  glais 
itlclf  ia  dihti"il  by  heat,  though  in  a  Icfs  propoition 
than  quickfilvi.-r,  if  ordy  the  excd's  of  the  dilatation 
of  the  contained  ditid  above  that  of  tic  glafs  that  ia 
obfervedt  ami  therefbn  if  difbtcnt  k.ind»  of  clifs  be 
diilerentif  afivArd  by  a  given  deme  of  hntt  "<fs  will 
make  a  feeming  dililcrcnce  in  tiie  dilatations  of  the 
qiiicklilver  in  the  Thermometers  coiflrufted  in  the 
Newtonian  method,  either  hr  Rc"<u;ri(ir*s  rules  or  De 
rifle's.  .Accordinjjly  it  h:is  Ki'ii  fjuml,  t^c 
qilickfdver  in  T)v  I'lllc'*  Tliermomifcrs,  h.ti  at 
different  doijrccs  t;f  the  fc^lc  «l..-c:  iir/n.  r^vd  in  thawing 
fnow  :  having  lh>ol  in  i''>:i!r  ;il  t  ; .vlnlc  in  others  it 
has  been  ;it  1  ^6  or  en  .1  !  >  . 

AL-tntlU  THFKMO^:^^  t    — Ttii^i  is  a  name  givi-n  to 
a  michiiic  corppofed  of  two  meuls,  which,  whilll:  it 
indicates  the  vjri.itions  of  Iumi,  fcrvej  to  conrtd  the 
errors  hence  rehiMnj;  in  the  ui'i:'g  of  pendnt:iia  clocks 
and  watches,   inftmtncnts  of  this  kioii  have  been  coo- 
.tiived  b]r  Gmltam,  he  Rny,  JEtlioot,  Harrifon,  and 
other  eminent  artiiU S^e  the  Philof. Tranf,  vol.  44, 
pa.  689,  and  vol.  ^c,  p.-*..  121;,  and  vol.  ei,  pa.  Sjj, 
where  the  p.v.tieu':.i      >• 'pti.j'--.  f.e  may  ii-  fcen. 
M.  De  Luc  iiasJikewiic  UvlcnbeJ  two  'i'hentio:r.et'  it 
4  Fa  af 
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of  metal,  wbicli  he  ufct  for  corrcfiing  the  efTcfl*  cf  licat 
ttpoo  a  barometer^  and  an  brgrpmctcr  of  lu*  cooiiiiic- 
tkm  conocAcd  whh  tbenk  oee  PhDoC  TraaC  vol.  6% 

V'  437- 

0:J  TiiE&HOMEreat.— To  thi'i  clal*  belong?  Ncw- 
ton't  TbemiD.ncter,  conilruAcd  in  tJOt,  wit£  liiilie«d 
oiV  infteail  i  f  fpitit  of  vtor.  Thia  liiid  haatbc  ad- 
vantage  of  being  fuffioemW  homogencaiMt  sn4  capa* 

ble  of  a  conQdmble  rarendiun,  not  kn  than  i$ 

tiiucj  i^rcau  r  ih^iii  tliut  cf  Ipirit  of  wine.  li  Ian  not 
I  cell  olif  ivtil  to  frcv/o  ivtn  i:>  very  ^rc.it  cUJ^. ;  and 
il  li:rta''r.5  a  jrreat  Irl;!,  alioiu  4  times  tF.rit  of  «attr, 
bt'toTt  il  li<iils.  Witli  tliiJ-j  adv.iiita^Li  il  v.t»  ii.rn'c 
ulc  ol  Ly  tiir  I.  Ncwtiiii,  who  I'.ilku.cKii  by  it  tijc 
con;parative  degree  of  heat  for  boiling  wateri  mtltiiig 
wax,  boilliij^  fpiril  of  wine,  and  mclti':  .; '.in  ;  bt.yoiiJ 
which  it  docs  not  appear  that  this  1  hirmunivtcr  wu 
applitj.  The  method  he  ufcd  for  aitjiuliiig  the  fcilc 
of  ibi*  oilTJicmiometer,  was  as  foUi>wt:  hipiKilin^  ihe 
bulb*  when  immersed  in  thauinj;  funvv,  to  cuiiti;in 
IO|OQO  p«tt«>  he  found  the  oil  cx^idcd  by  the  beat 
of  ttw  buman  body  To  aa  to  take  up  a  39th  more  fp«cc, 
or  101^6  hdi  pans ;  and  bf  the  neat  of  water  boiling 
fiio:>j;ty  icjJj  ;  and  by  the  heat  of  melting  tin  ilj'o. 
Sotbatf  ivckoning  the  freezing  |)omt  as  a  c  ominon  hmit 
between  beat  and  cold,  he  Ugau  his  fclfc  there,  mavking 
it  o,  aud  l!ie  heul  of  tlie  hiimr.;.  U  -ily  I.e  made  li"  ; 
and  confcqijcntly,  thcdegree»ot  u^:.;  bvtiijj  proportioiial 
to  the  de'jTccs  of  i-aicfailiou,  or  156  ;  /ij  ::  li  '■  34, 
thia  number  34  will  exprcfs  ihc  heat  of  boiling  water  ; 

hy  the  fame  rule,  72  that  of  mcliin)^  tin.  Fhiiof. 
'I  rarif.  number  J70,  or  Ahridg.  vol.  4,  par.  1,  p.  3. 

'I'hrrc  is  an  infupcrablc  iaconscniencc  atten<iiii;T  all 
Thtrmodicters  made  wi;h  oil,  or  iiny  other  vlfeid  tluid, 
viz,  that  fiicb  liquor  adlifrcs  loo  mueh  to  the  liiles  of 
tiie  tube,  and  fo  inevitably  dillurbl  the  regularity  and 
uuiforniity  of  the  Thcrrooiiieter. 

Of  tht  Jjetd  polnii  of  THkaKONftTilt.— VariotM 
newoda  inve  been  propofed  by  different  authon,  for 
fiRdias  «  fixed  point  or  degree  of  beat,  fiom  which 
to  reckon  the  ether  dcgrctt,  and  ndjull  the  feale  ;  fi> 
that  dificieot  obreivatiun»  and  inftnimeEiis  mij<ht  be 
compared  together.  Mr.  Boyle  wa»  very  feiilillc  of 
ilu  iiKi  I  u'liieticcs  .iri  II  f:  <u\  the  want  of  a  miiverfal 
ik.ik  _n.l  ir.ode  of  jfi  ailiiuiii  il ;  and  lic  propofcd  cllhtr 
the  freeiiiijf  of  the  cCclitial  oil  of  anifccd?,  or  of  dilUlled 
water,  as  a  term  to  begin  the  nuuibc;<i  at,  and  l.'Citn 
thence  to  graduate  thcni  according  li;  ti  n-  ;  1  uportional 
dilatations  or  contraiftions  of  the  included  Ipirilt. 

Dr.  Ilaiky  ( Philof.  TranC  Abr.  vol.  2,  p.  3^')  fccmi 
to  have  been  fully  apprized  of  the  Iwd  cltccts  of  the 
ini^cfmite  method  of  r<jn!)ruding  Thennomcters,  and 
wfbcd  to  have  them  adjulted  to  ftunc  determined  joints. 
What  be  fetm*  to  prefer,  for  this  purpoie,  is  the  degree 
nf  tcmpenturc  finuid  in  fub(ecr«n«an  pkceH  whcM  the 
Iwat  in  fomnier  «r  eald  ia  winter  appear*  to  have  no 
influence,  Bnt  thia  degree  of  temperature,  Dr.  Mar* 
lineflioim,  it  a  term  f<»r  the  unixerfal  conftrudion  of 
Thcrmotr.eJcr*,  both  iucimvenitnt  aid  prrcai'uu?,  a< 
il  tanne>t  Itc  e.iuiy  iifceruliiej,  and  as  the  diflertuee  ok 
foil*  and  depths  11. ay  oi\.i:lir>ii  a  conHiicrablc  vaiiation. 
Another  term  of  h.  at,  which  he  thought  migh'.  be  of 
nfein  a  f.rnji.il  );r:iJa.i;iijii  <tf  ThemiomcteTs,  is  that  of 
boiiibg  ipiitt  of  wioc  ibat  ha»  been  bigbly  rectiicd. . 
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The  iiril  trace  that  occurs  of  the  method  of  aAuitUy 
applying  fixed  points  or  teirr.s  to  the  Thcrmometer»- 
ana  of  gr.<dualiiig  i(,  fo  that  the  unc(|i)al  divitionsuf  it 
might  toneipond  to  etj;- 1  ile^rten  of  heat,  is  the  pro- 
ject of  Kciwljini,  pr^jtitT  r  -W  l'iidi:;i,  in  !(<>.;:  it  ia 
tkua  defctibcd  in  iltc  Acta  Krud.  JJpf.  ^  Take  a 
flender  tabci  about  4  palmt  long^  with  m  bdl  failed* 
to  the  bme  1  pour  into  it  fpirit  of  wiue»  enough  jnt' 
to  fill  the  half,  when  fuirnuoded  with  ice,  and  not  a  ■ 
dropovcr:  111  this  ilatc  fcai  tlie  <iriticc  of  the  tube  her- 
ir.itically,  ;i>id  provwie  13  veilek,  <nch  capable  ot  con- 
t.-in;i:g  a  peiuud  of  waur,  and  I  ,  v.liii;  r:.i.;(  ;  iir.d 
ii.to  the  fait  pour  11  oiiuces  oit  jlJ  ».»;«.r,  ii.su  the 

h.  ruud  10  c<i.necs,  ituo  tlie  third  9,  iico  ;  this  done, 

i. '-iiiiergt'  llie  Tiieimoiticter  itl  the  titl}  vtflel,  and  pour 
into  it  one  ounce  o)  hoi  water,  obfcrving  how  high  the 
Ipirit  rife*  in  tht  tube,  and  noting  the  point  v  if  h  uniiy ; 
then  remove  the  Viicrmomiter  into  the  fetiiaii  leucl, 
into  which  are  to  be  pLuiird  2  ounces  of  hot  watcrf. 
aud  note  the  place  the  tpiiit  liies  to  with  z  :  by  thga- 
proceeding  taU  the  whole  pound  of  water  is  fpcnt,  the 
wftiumcnt  wiilbcfiMmd  divided  into  12  parts,  denoting, 
fo  manj  tcruM  or  degrees  of  heat ;  fo  that  at  a  th« 
beat  is  double  to  that  at  t»  at  \  triple,  &c.** 

But  this  nctbodf  tbondk  plaufible,  Wollina  Ihew^. 
ia  deceitful,  and  buih  oolaire  tuppodtions  1  for  it  lahes 
far  granted,  that  u  e  have  one  dt;;rec  of  heat,  by  addijig 
one  ounce  of  hot  water  to  1 1  ot  cold  ;  two  deyrces  by 
adding  J  ounces  to  10,  5;c  :  it  fnppufcs  .ilfo,  that  a- 
linglc  degree  of  heat  ftCls  on  the  ipiiit  of  wine,  in  the 
ball,  U'tlh  a  fiiigk-  fuixc  ;  a  double  w  ith  a  double  force,. 
&c  :  lilily  il  fiippiife*,  thai  ifthccflift  be  pro»biccd  in 
th«  TJa.inometer  by  the  heat  of  the  ambient  air,  which 
in  )  rrt  priKluctdhy  the  hot  water,  the  air  has  the  fame 
t!c(i  I  CC  of  lieat  with  the  water. 

Soon  after  this  piojcct  of  Renaldini,  viz,  in  170l»x 
N^'vvton  conftrufied  hii  oil  '1  hermometer,  and  {Meed' 
the  bafe  or  lowest  fixed  point  of  hi*  £i:ak  at  the  le'mpe- 
rat  lire  of  thawing  taemt  aad  la  at  that  of  the  humaa 
body*  &c»  la rixm  cipfaibcd.— 'Oa  Loe  obfei  ves,  ihat 
the  ad  tcrmofthw  fcaW  fliould  hare  bcesi  at  a  grt«ecr 
dtll.ini  e  irom  the  lirfl,  and  that  the  heat  of  boiling 
water  kv.iiild  have  anlwcred  the  purpofe  belter  than  that 
of  the  hu  ;„iii  no  1 1 . 

In  170.:,  Aniniiti.ns  cemtrived  his  uniiretral  iiier-- 
moineter,  the  feaie  of  which  was  pratiuated  in  ihc  foU 
ir^  iviaiiiier.  He  ehofc  for  the  full  tcim,  the  weight 
lliat  eouiiteibulancid  ihe  air  iiichuUd  in  lii»  Thermo- 
liiettr,  when  it  was  lirated  by  1  uiling  watti  :  urd  iu 
this  ihitc  lie  lo  adjtilU'd  the  quantity  of  mercury  con- 
tained in  it,  till  the  fum  of  its  heij^ht  in  the  lube,  aud  - 
of  its  height  in  the  baroiortii  .u  the  inomcot  of  ubl^- 
vation,  \v3»  equal  tn  7-;  iiielies.  fixing  ibis  nnmber 
at  the  point  to  which  the  nuieury  19'  the  tube  rofe  \tf. 
plunging  it  in  boiling  water,  it  ia  evident  that  if  the 
UHMMter  at  this  time  waa  at  a8  inches^  the  height  of 
theeolnniB  of  mercury  in  the  Therrnvnietcr,  abore  the 
level  of  that  io  the  hail,  wai  4?  inches;  but  if  the 
hcj^hl  of  the  har'jiiit iLi  was  !e!s  bv  a  rrilain  quaiitily, 
tlic  column  of  the  Tiiernicir.etir  oiiglit  to  be  greater 
by  t!ic  fame  q^l.intll^,  iiod  rcciprociilly.  He  furmcd 
his  fcale  on  the  fiipii<jf;tii  n,  ih.'jt  the  weight  cf  tht* 
atniol|.heic  wr.s  alv  ajs  ti'ii::!  to  that  of  a  column  cf 
metuiry,  of  »3  iodiUi  and  be  diiided  it  into  iociut 
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ffomtlie  point  73  downwird,  mstking  tlic  divifioos 
with  72,  7  I,  70,  tic,  and  fuhdivitiing  ihc  inch««  into 
lints.  15ut  t' .  .  ght  of  the  annoljhr-rc  is  viriablci 
ihc  linromctcr  luuil  I'C  obftrvcd.4t  id.  lam':  time  with 
the  Thcrmoniclcr,  thut  the  mmibcr  indic^ti-d  l>y  thi» 
IaH  inftiumctit  may  bt  pntpcily  corret'id,  by  :(iidi>t!4 
«>r  fubtncting  the  cjuantity  wliicli  the  inert  :iy  li 
bclovk'  ot  above  iiithts  in  the  barometer.  In  tliis 
f^ale  then,  the  freeziti;;  point  19  at  ^i^  iiichin,  cor- 
refponding  to  32  dcfjrtci  of  i'ahreiihcit,  ami  the  heit 
of  boiling  water  at  73  inches,  anfwerinjj  to  2(2  of 
Fahrenheit and  tbut  ihcy  may  be  eilily  comimrctl 
together. 

The  fixed  points  of  Fahrenheit'*  Thetmonicter,  as 
lias  been  already  obfcrvc<l,  are  the  CoageUtiun  produced 
by  fill  animoninc  and  the  htat  of  lioiliiijr  water  The 
iiitenal  between  thrfe  points  it  divided  inin  »t»  equal 
parts  I  the  loimcr  of  tlxle  poibtt  bdag  marked  and 
the  other  »i  2. 

Reramnrifl  bit  Thcrmomctcri  tbc  cooflruflioB  of 
which  he  pubhihed  in  1730^  hqpm  hit  fcale  at^  aa 
artificial  congeiationof  water  in  warm  weather,  whKh> 
a?  he  i:f  ?  Lr^-c  hiilb*  for  hUgiaffes,  ;;ivef  the  frMajng 
point  mnth  i-igher  than  it  mould  be,  and  at  boiling 
water  he  marks  co  de^itef,  wlii.  1  ]  1  :.t  Ur.  Mariiue 
thinks  If  r.wre  v.i,f;:c  and  unccrt.ui.  ih^.i  his  frct/ing 
point.  In  order  to  determine  llie  correfjKKnicnoi;  nf 
hh  fcale  with  tli.'.t  of  rahretthiit,  it  it  to  be  conlidercd 
that  his  boiling  writer  heat,  i»  really  only  the  boiling 
heat  of  weakened  fpiiit  ofwinei  coiaciUing  nearly,  n« 
Dr.  Martiiie  apprvliej)(iii,  with  Fahrrahelt'a  I  So  de- 
grees. And  as  itis  I-i  di-grevi  is  lire  I'ciuiJ.int  heat 
of  tLe  cave  of  the  <jbfervator\  at  I'-ir-j,  or  Falirenheil's 
53%  he  tKcr.ce  iinda  hie  freezing  point,  inAead  of  an> 
fwcring  jutl  to  32 to  be  foinewhat  above  34". 

De  r'll-  '  i  1  l.cTmomcttr,  an  nccouat  of  which  he 
prefentcd  to  the  I'eteilburj?;!)  Academy  in  1-33,  hai 
enhr  one  fixed  point,  whiih  ti  the  hcnt  of  boiling 
watt:r,  »ad,  coniraty  to  tlie  common  order,  the  ftveral 
dii^iet*are  marked  ri.im  thi<  p  lint  downward,  accord- 
iu^  to  th'-  condenljtioni  of  the  contained  quickfiiver, 
ani  conl'rf^urntly  by  nnmbcn  increafiag  as  the  beat 
dcercafea.  The  (reeaing  point  of  De  I'lfle'a  fcale, 
Jjfr,  Marline  makes  near  to  bi<  1  ^o*,  conrfponditig 
to  Fahrenhrit'a  by'  meant  of  v.l^ich  th<.y  may  be 
oomparet! ;  but  Dacreft  fays,  that  thi«  point  ought  to 
be  marked  at  lead  at  i54''« 

Ducrcll,  in  his  fpirit  Thermometer,  conftrufted  in 
1740,  made  ufc  of  two  faxed  pointR  ;  tlie  firlf,  or  o, 
indicated  the  tcrr.perainii:  of  the  eaitbt  and  waa  marked 
on  his  fcale  in  the  cave  of  the  Paria Obdermtory ;  and 
the  other  waathe  h^at  of  boiling  i#ater,  iiriuch  that 
fpirit  in  hit  Thcrmotnefer  wa  made  to  endure,  by 
leawdff  the  tipper  part  of  the  tube  full  of  air.  He 
divided  the  interval  between  thefe  points  into  too  equal 
partt ;  calllnfj  the  diviliont  upward,  dc^jre.  :.  >  (  ]r.it, 
and  thofe  below  o,  degrees  of  cold. — It  U  UiJ  that 
he  hasfince  re;;ula;ed  his  Thermometer  bv  the  ikj^rtc 
of  cold  indicated  by"  melting  ice,  wliich  he  found  ti> 
be  10*. 

The  Florentine  Thermometert  were  of  two  Ibrtt. 
Is  «se  ton  tb«  Ireeaing  point,  deicmtncd.  by,  tbc. 


degree  at  whicli  the  fpirit  ftnod  !n  the  ordinary  cold  of 
iccorfnow  {p'i)b.ibly  in  n  th;i«  iiig  (late)  and  cjinciding 
witli  of  I'ahrcri'K  ;i ,  f:  I!  at  20";  and  in  \\uj  <i'.!ier 
And  the  tutural  heat  of  the  viatia  of 
cows  and  deer,  &c,  raiftd  the  f[>irit  in  the  latter,  or 
lefj  fort,  to  about  40",  Coinciding  witli  thiir  fiinimer 
heat,  ajid  nearly  with  102"  in  Fahrenheit'?;  and  iu 
their  other  or  long  Thermometer,  the  fpirit,  when 
expiifed  to  the  great  miiilumnier  hcit  in  their  COunttyi 
role  to  the  point  at  which  they  marked  t^O**. 

In  the  Thermometer  ofthc  Pkria  Obfcrtatory,  made 
of  fpirit  of  u  inc  h',-  Uc  la  Hire,  the  fpirit  always  (land* 
at  ^t^in  tlic  cavL-  af  the  obltrv.itory,  cotrtfpondin;;  to 
5  ^  degrees  in  Falu  r  ii'.eit'*  ;  a;id  Li  ,  ;  v'  .lirrcfpoiidcd 
with  51  inches  6  liaet  in  Aiuontoni' Thermuinctcr* 
and  confequently  with  the  freciing  point,  or  of 
Folureoheit'a. , 

Tb  Pbleni^  Thermometer,  made  after  the  manner 
^of  AmoDtoflt',  but  with  left  imrairy,  47  incbet  cor- 
refpondcd,  acc«>nJing  to  Dr.  Martine,  with  {I  in  that 
of  Amcntont,  and  5 s  «  't!i 

In  the  (landard  Thermometer  of  the  Royal  Society 
of  London,  according  to  which  Thermorr.eterj  wc;e 
for  R  long  time  conArudcd  in  England,  Dr.  Martine 
found  that  34^  degree!  anfweivd  to  64*  in  Fahrenheit, 

and  o  Lu  89. 

Ill  i!ic  Thermomete:*  g.-.idiuied  for  adjufting  the 
dcLTTi  f  i  of  heal  proper  for  exotic  plants,  &c,  in  (loves 
and  Kf<-cnhoiife«,  the  midtUe  temperature  of  the  air  is 
maiked  at  o,  and  the  i!rv,  c<8  of  heat  a:ul  i  <  Id  i  re 
numbcied  both  above  and  below.  Many  of  theie  are 
made  on  no  regular  and  fixed  principles.  But  in  that 
formerly  much  ufcd,  called  Fowler**  regulator,  the 
fpirit  felt,  in  melting  (now,  to  about  34*  under  o  ;  and 
Dr..  Martine  found  tliat  hit  itfl  abotw  o,  nearly  ooia*  . 
cided  with  64"  of  Fahrenheit. 

Dr.  M.ilrii  (Stiticnl  F.Tr,  v  1.  i,  p.  5S),  in  hit 
Tht rmoir.! trr,  ii:.,.lc  wilU  ipirii  of  wine,  and  ufed  in 
experit!  c:r. 3  -vi  vi.-<;tation,  begnn  his  fcale  with  the 
lowed  degree  ol  ftee/ing,  or  32°  of  Fahrenheit,  and 
carried  it  Up  to  too",  wliicU  he  mntked  where  the 
fpirit  dood  when  the  ball  ws<i  hf.itfi  in  hot  vvaier, 
upon  which  fome  waa  flo-ain  ;  lii  !.t  7.11  to  coagOa 
late,  and  thia  point  Dr.  Martine  found  10  corre- 
fpond  with'  142''  of  Fahrenheit.    But  by  experience 

it  it  found  that  Halet't  leo  £iUt  coofiderably  above 
our  14a. 

In  t!,'.  EJ'nb-.irgh  Thermometer,  inaiK- wiih  fpirit  nf 
w  lac,  and  ufcd  in  the  n  i-ti  onjogical  ohferv.it ions  pub- 
lilhcd  in  the  Mtdlcut  Ed'ays,  the  leale  is  divided  into 
inchct  and  t-r!''>:.  In  meltinj;  fnow  the  fpirit  flood 
at  8 and  lii.  !i;at  of  the  l.unian  (Tciu  raifed  it 
to  2  2  Dr.  Martine  found  that  the  heat  of  the 
perfofl  who  gradnatcd  it,  was  97  of  Fahrenheit. 

As  it  ij  oft  'n  of  life  to  compare  difTeie:.!  Thcnno- 
nicterf,  in  order  to  judge  &f  the  rrfsilt  of  fornK  i  oijUr- 
va;ii:;,»,  1  have  an'-un-.d  from  Dr.  Mjrrine's  hiT-vyi,  the 
table  bv  which  he  Compared  15  tUflcieiil  iherr.ioojtteib. 
See  I'Ute  J4,  fig.  3. 

There  i»  a  Thermometer  which  ha  u'ton  been  ufed 
ialAndaot.calkd  the TfacmKMietcr  of  Lyo<>,  btcauie 

M.Cr>ftiii 
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.Vt^rtftin  tirwgfit  it  there  into  ufc,  wh-ch  is  made 
oF  tw^iCHTy ;  tlie  fmzing  point  i»  niArkcd  o,  and  the 
.  ;rnteml  from  tint  point  to  the  beat  of  iMtlidg  water  it 
^^tvided  into  100  cqoa!  degree*. 

Frnm  the  sbllrad  of  the  hiltor^  of  the  conRntAfon 
of  Thermometeii  it  ap|Kar<,  iLit  freczin|raad  hollimf 
Mraterhnre  furnilhed  tlicdiftin^uinjing  pointithat  hii»e 
l.ecn  ir.arktd  i;p<ni  aljiioft  all  'i'lu  rnioinrteis.  TSe  iii- 
ft  rior  fixtd  V'i'\M  is  ihat  of  frctzin;;,  wliiili  fomt  li3\C 
clcK-rtiiinid  i'y  the  frcv/inj^  of  w  r  ,  ai; !  cilnrs  by  tlic 
Ji'illiiig  of  iiT,  |>!<'iij;i'ij^  I'lc  of  ilic  Tiu'imoraf- 
ttT  inlii  tlie  W3ti-r  ai'.il  ice,  v:W\\e  mcllini;,  vlilcli  i» 
'lite  I'lft  W1V.  The  fuprriur  lined  puiiit  uf  ^ImoU  ^il 
Tficrnuiimtcrs,  is  tlic  lirit  of  bcpiKnj;  warcr.  lint 
this  pcint  c»npiit  br  rimliikrcd  as  iixcd  and  ccrtjin, 
ttnlcit  the  hiM  he  produced  by  tbc  lame  dc;;ti-i-  nf  boil- 
ir.  ",  ?  A  uiidrr  iho  hnnc  weight  of  the  Btmnfpberc  ; 
fi.:  i-  i  Ijiiiii!  tint  tlic  lumber  the  baronu'lcr,  or  li  e 
licavlcr  tlic  .itm.ifplKrv,  liic  greater  i*  tbt  Iieat  ulien 
the  watir  boil-^.  It  i»  now  agreed  tbeieforc  that  tlic 
oneratiuu  of  plunging  the  ball  of  the  'Iltermomcter  in 
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Dii'ercncc. 

i  079 
I  o-8o 
OS; 
c-83 

o-  6 

o  08 


Daromctcr. 

Equation. 

3i'o 

_i_  1  • 

+  O-J'} 

300 

Q'OO 

~  o-8o 

ZCfO 

-  r64 

-  »  ti 

j8'o 

-  3-3' 

2  7-; 

-  4-'6 

27*0 

j  -5-°4 

The  number*  in  tlie  firil  columil  of  this  table  n- 

prefs  be;^dit4  of  the  quickfilrer  in  the  barometer  in 
"    ' '  .    •    •     >  pjrit:   the  jd  cul.iiaa 


K-^-crtifh  iiioIk'S  and  decimal 


fhe»'s  the  equation  to  l)c  ap|>Iii.d,  .lecurdingtu  thefitfB 
prtlixed,  to  212*  of  Bird"»  Fahrciiheit,  to  liod  (he 
ttoe  bo&iag  point  for  everr  fuch  fiate  of  the  htmnck 


the  boilinjg  water,  or  fofpending  it  in  the  ilean  of    ter.    The  boiling  point  for  aU  iiUeraiediatc  Aitet  of 


the  fame  m  an  inctoted  veflcl,  be  perfiirmcd  when  the 
water  bails  fiolenilfi  and  when  tlie  bsiameter  ftandaat 

50  Eii^'lilh  inchce,  in  a  temperature  of  55'  of  the 
atmufphi-re,  imrking  the  height  of  the  Thermometer 
tUcn  toT  the  deijrct  t>I  21;  of  fahren'ui:  ;  iI.l  ;i uitit  of 
mchii;;;  ice  beiiij;  31  of  llie  fame  j  thu;,  li.ivl.;^  i3o 
t!f{jiecs  between  llicfe  two  fixed  points,  f<>  determined. 
Ttiis  was  Mr.  Bird'*  method,  who  it  is  .ippiebend^d 
full  iiltciided  to  tlic  Hale  of  the  l«rometii,  11  1!  ■ 
tnakiog  of  Tlierinomttei-i.  But  thefe  inftrument*  may 
he  made  equilly  true  under  any  prefliire  of  the  atmo- 
fphcre,  by  making  a  projjer  allowance  for  the  dilTcrcnce 
in  the  height  of  the  barometer  from  30  inches. 
M.  l)c  Luc,  in  liii  Kecbeicbca  fur  lea  Mod.  de  I'At- 
inofphere,  from  a  fenea  of  espcrimrnts,  l>a»  f;iven  an 
cqtiation  for  th«  allowance  on  account  of  this  difference, 
in  Plaril  meafur^,  which  hus  been  verified  hy  Kir 
Ccorrt  Scliiickburgbt  i'hilof.  Tranf.  177$  and  •~7'-  > 
*  alfii  Uv.  Horfley,  Dr.  Maficeljnet  and  Sit  Geuige 
ShwekHurgh  have  adapted  the  equation  and  roletj  10 
£n;r1«<^t  n.iat'uic!.,  and  bavcrcdtieed  the  aUowaacca into 
taUr>  i  'l   lu-  iiic  of  the  artiil.   Dr.  HorOey't  ruk» 

ikUjccd  Hum  Dc  Lue's,  h  thit : 


the  bnro:netcr  may  be  had  with  IbfBcient  accuracy  by- 
taking  proportiotial  parts,  hr  ineJlM  of  the  3d  column 

of  diffnence*  of  the  rii  ii:oii  .  Philof.  TraiiL 

vol.  64,  art.  30;  alfo  Dr.  .^L;kvl)ac'^  pjpcr,  vcl.  64, 
art.  20. 

Sir  Geo.  Shuckburph  (riillof.  Tranf.  vol.  6<>i 
pa.  362)  has  alfo  {jivcn  fevtra!  tablet  and  rules  rchtin)( 
to  the  boiliniT  point,  both  from  hi»  own  obfcrvatiooi 
and  Dc  Luc'ti,  form  whence  is  cxtiaclcd  the  fellowing 
table,  fur  the  uiie  of  artiftt  in  conHru^ng  the  Titer- 
monetCTs 


—  92-804  =  /•, 


where  h  the  Iieif;lit  of  a  Thermometer  plunged 

{■n  boiling  w.rer,  ;il)'j- e  the  poin:  of  melting  ice,  in 
ilegtcia  of  IJiul's  I'.ihKMiheir,  .i;ij  ».  the  lui^lit  of  the 
barometer  in  (jtLs  of  an  ineh.  i'rom  this  rule  he 
lia«  nimptited  the  fullowing  table,  fur  finding  the 
)ieiglit«,  to  which  a  Bood  liird't  Fahrenheit  wiO  rife, 
when  phlBgcd  in  buifing  water,  in  all  dates  of  the  ba- 
mmclcr,  from  27  to  31  Enjjlilh  ineheii  ;  which  wiO 
ftrve,  a  r.oiij;  Dther  ufei,  to  direft  inlliument  makeia 
in  nukit^.x  •»  true  allDwa-ice  for  ibc  ellcdt  of  the  varia- 
tion 1;.  .■ :  ,  it  t'.iy  Hi'iiild  be  obliged  to 
finilTi  a  i'Uti Htujiiitef  a  li.sie  when  the  bummeter 
!«  aW.ve  or  IkIow  30  -inches;  thougl.  it  iv  bcft  to 
iix  the  boiling  point  whco  the  baiemctcr  is  at  that 
height. 


l^Ieijjht  of 

Corr.  of  j 

the  Baro- 

the Boil.  , 

meter.  1 

Poii.t.  j 

i6'0 

-  7-0  )  ' 

-  0  t8  j 

17  0 

-  s-'*;  1 

27-y 

-  4-i7 

rt-o 

-  3-48  1 

aS-5 

-  1-59 

290 

- 

2y  5 

—  0-85 

3  TO 

o-oo 

30-5 

1  +  o-ttJ 

1  +  i-tet 

Differ, 
encei. 


Com-a. 
accoi-d.  to 
De  Luc- 


O-rj ! 
C-.)\ 
0*90 
0-89 
o-8q 
0-S7 
0-87 
©•85 
0-85 
0*84 


-  6-;;3 

-  y  n 
~  4-04 
-416 

- 

-  ^ 

-  1-62 

-  0-80 

O'OO 
+  O-JQ 
-f  ■•57 


Differ, 
ences. 


0*90 
0-89 
c-88 

o-a- 

c-86 
c-''3 
O-Hi 
o-8o 
0-79 
078 


The  Royal  Society  tf>o,  fully  fen.'il)!^  of  tbeiApOlt- 
ance  of  adjulliag  the  fiacd  pointi  of  ThernKMnetcn« 
appoitited  a  comniittcc  of  K*en  gentlemen  To  ooniider 
ot  the  heft  method  for  thia  pufuofe  ;  and  their  repoit 
may  be  fcvn  ht  the  Phflof.  Tranr.  vol  67,  art.  ■»,•]. 

They  obferve,  that  although  the  buihng  point  be 
plaicl  fo  much  higher  on  fomc  of  the  Tliermometcrt 
now  made,  than  on  1  i] :m:<,  yc-.  tl.i:.  tU  i,  not  piouiuc 
any  tonlidcrabtc  error  iu  the  oblei  vilious  oftht  vvtillitr, 
at  le-ufl  ill  this  climate  ;  for  an  error  of  i  \  decree  in  the 
pofilion  of  the  boiling  point,  will  make  an  error  only 
cf  hdf  a  degree  ia  the  politioit  «f  92*^  aad  of  nut  more 

than 
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f  hot 
be  of 


thti]  a  qiiirffr  of  a  J'^u'rcc  In  the  point  of  62'. 
eilly  in  H'cc  (•\;n-tin-.i  nt;i,  nr  in  trying  thf  l.i  it 
ltquor»,  tiiat  tine  criur  in  itic  bviling  point  c.u 
much  ligniGcatiun. 

In  ailjulliojr  the  frw?.ing,  as  well  as  the  L<ii]in^ 
point,  the  quickfilver  in  the  tube  ought  to  be  kept  of 
the  fame  heat  a»  that  in  the  ball.  Wlieu  tiie  treez- 
ini^  piiiiit  ia  placed  at  a  confideniblc  diftance  from  ihe 
baUf  tbe  poumled  ice  (houIJ  be  piled  up  very  near  to 
k  t  iFitM  not  fo piled,  thru  the  obfervcd  p<)iti!,  «>  be 
very  iccwntct  flwuU  be  cone&ial»  accoidiag  to  the 
Sillowing  tabU:. 


HcJi  of  the 
Air. 

Com&um, 

5- 
62 

7» 
9» 

•00087 

■00  r  7  4. 
•00261 

•C0435 

The  corredion  la  this  tabic  is  exprc.Ted  in  losoth 
parti  of  the  dillanc*  between  the  freezing  point  and  the 
(urface  of  the  ice:  e*.  jrr.  if  the  fretzinp  point  Hand 
6  laches  shuvc  the  furfuirc  uf  the  ice,  and  the  heut  of 
ifae  room  be  6a,  then  the  point  of  32  IHould  be  pboed 
6  X  'oostir,  or  •015(6  of  aa  incb  Jower  doim  tlma- 
the  obfert  cd  poiat. 

The  committee  fafther  obfcm*  that  ia'  trying  the 
bent  of  liqtiorb,  care  fliould  be  takea  that  tbe  qtiielu 
filver  in  the  tube  of  the  Thermometer  be  heated  to 

the  fame  dcgrtc  :r;  tint  in  the  b  ill  ;  or  if  thi#  1  amiDt 
be  done-ccr,  .(.nivutly,  the  obl'cried  heat  (hould  be  cor- 
ledfd  oil  (li;t  account  ;  for  the  manner  of  doing 
which,  and  a  table  cakulatcd  for  that  purpofs-,  lee 
Plbilof.  Tranf.  vol.  67,  art.  37. 

It  w.i»  for  fome  time  thought,  cfjiecidlly  from  the 
expirimi^nlJ  at  Pttciilnirjjh,  that  qiiiclifilvcr  fi:Hticd 
a  ctild  of  federal  hundmi  dtgixc»  below  o  before  it 
eOOgeded  aad  btcamt  fixn!  a;id  malleable  |  but  IktCT 
ciperinent*  have  (hewn  that  thi<  perfuafioo  wat  nwrely 
owing  to  a  deception  in  the  eiperinentt,  and  later 
oaes  have  made  it  appear  that  itt  point  of  congdalion 
»  00  lower  than  —  40",  or  rather  —  39«,  of  Fahren- 
heit'5  i"t;ilt.  B;it  that  it  will  btar  however  to  be  coulcd 
a  few  (icgicf  briow  that  point,  to  which  it  It  ips  tip 
again  on  hr^inmng  t<'  ci::.,  r.il  ;  ni  d  'J.;!!  in  <]  t'c- 
fccnt  in  a  Tlitrn  omtitf,  tiir<iogh  many  bmuiii.;  ilc- 
i;rce»,when  it  liua  otiec  pafii'd  thcabovc-mcr.tioned  limit, 
proceeds  merely  itixa  ilt  great  cootrai'tiou  iu  th*:  att 
of  frecxlng..  See  Pbiloll  Tiaal^.val.  73*  art.  *20| 
20,  21. 

MftfciiUuuwt  (VJfrvathiu. 

It  i^  abfolutely  ncctff^ry  that  thofe  who  would  de- 
rive any  advantage  frciti  thtfe  intlruments,  fliould.iprec 
in  ofinj^thc  fame  lii:3tior-,  and  in  dctrrtr  □«.coitling 
to  the  fame  mcthtid,  the  two  fundaincnial  poiiits-  It 
fihKf  agree  in  thcfc  tixcd  |)oint»,  it  is  of  no  great  im- 
pnitsnce  whc'hcr  they  divide  the  intctvid  Wtwccn 
iliLin  into  a  greater  or  a  lefs  number  of  equal  parts. 
The  fcale  of  Fahrenheit,  in  which  tbe  fundamental 
iateml  bettiteco  zn\  tbe  potat  of  boili^  water, 


and  ii"  that  of  ratlting  ice,  is  divided  into  160  parts, 
(ho'.;l'l  be  retained  in  the  noithern  countries,  where 
Fahren  tit's  Tlicrmomcter  is  iifcd  :  and  the  fcale  irt 
»v4ivli  the  fi;n:Jamental  interval  is di  i  h  '  inra  do  [nits, 
will  feive  for  thole  countrie*  where  Kea'jm-jrS  Ther- 
mumctcr  i)  adopted.  lUit  no  iruonveniencc  in  lu-  be 
apprehended  from  vatyini^  the  fcale  for  particulir  uTes, 
provided  care  be  taken  to  lignify  into  what  number  of 
parts  the  futidamental  interval  is  Ji  .ided,  and  the  poidt 
wlierf  o  is  placed. 

With  re^^r^rd  to  the  choice  of  tubcti  it  icbell  tobatrc' 
them  exa<'^ly  cylindrical  through  their  whole  Icngthi- 
The  cj(.i.1jry  tiifaea  are  prvieraibk  to  gtbera,  ^cwA 
they  req'.iirc  rmallrr  bulbs,  and  ihey  are  alfo  more 
fcntibic,  and  lefs  brinle.  The  molt  coiiv<.-iii<  iit  iize 
for  common  ocperiments  has  the  internal  diameter 
about  the  4'Mh  or  JOlh  of  an  inch,  about  9  inches  Ion;;, 
an<!  made  of  thin  gluft,  that  the  rile  ni>d  fall  of  the 
meicury  may  be  better  feen. 

For  tbe  whole  proccf»  of  lilliiig,  marking,  and  gra- 
duating, (et  Dc  Luc'aRcchcrdica  ftc,  toai.  I,  p.  593r 

£Af/>erimcnft  v'lth  TitCHMOMETEat. 
Ti)£  following  is  a  table  of  fome  obfcrtation*  miide 
with  Fahrrahm'c  Thermometer,  the  barometer  Hand* 

Inj;  at  ;<)  inches,  or  little  higher. 
At  (isc"  Mercury  boils. 

Oil  of  vitriol  boile. 
Spirit  of  nitre  boils. 
Lixivium  of  tarUr  ] 
Cow's  milk  boils. 
\Vatcr  buih. 
iiuman  urine  bo3a. 
Brandy  boils. 
Alcohol  boilj. 

Scrum  of  b]u<id  and  white  of  eggahatden* 
Kill*  animal*  in  a  few  minates. 
to  09,  Hem  hatch  egg*. 
'  Heat  of  Hctn  in  ducluk  geefe,  heai^  pi> 

geon«.  partridges,  and  IwaJlowi. 
^eat  of  (liiii  in  a  common  ag;:e  and  fever. 
Heat  of  (kin  in  dojjs,  cnM.  iheep,  oxen, 
f-.vinc,  anJ  i'l  .ll  (itlii--vi  .i:l:i:j_n.i!i. 
to  <ji.  Heat  of  il)^  ikiii  lu  Iit^aiL. 

Heat  of  a  fwarr.i  of  bee$. 
.\  pi:i-ch  diid  in  3  minutes  in  water  fowarm. 
Heat  ut  air  in  tlu-  fTade,  til  wry  hotwcathcr. 
Butter  begins  to  melt. 
Heat  of  air  in  the  (hade,  in  warm  weatber. 
Mean  temperature  of  air  in  £oglr>.nd. 
Oil  of  oiives  hc^f;ns  to  Aiff.n  jml  g;:iw  opakc. 
f  Water  juft  frcc«i:ig,  or  foow  and  ice  juft 
3*  \  melting, 
30  Milkfrctaea. 

28  Urine  and  coirmon  vinegar  froewf. 

2  5  l^l:vod  o.;:  of  tlif  bccy  fr;'!  rxs. 
20  l!iiir;;ii!i(ly,  Claret,  and  Madeira  freexe, 

cuhl  in  FeitafyU-ania  in  1 7^-4t 


546 
24J 
140 

?  1 3 
2 1 
206 
190 

175 
.56 

'♦2 
108 

J07 

10$ 

106 

•03 
100 

80 
74 
*4 

$i 
43 


5 
4 


172S-9. 


f  Gnatcit  c 
1  Lt.4c". 

tirr.itcll  eolJ  at  Ihrccht  ui 
J  A  ni':<ttncoflao'*a,idtalt,  whichtanfrccie 
^  I  oil  of  :nrtarperdeliquiaiD,bat  not  brandy* 
— J9  Mercury  freexea. 

LlaittDe'a  Effayaf  p.  184,  j;c. 

Oa 
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On  the  gfTieral  fuliiitt  of  Th<rinfira<tit*  alio  fee 
Martiiie't  t  Tiys,  Mt  Jica!  and  I'hili  i"u()iiii:;.l.  Dcfiij;!!- 
U«n*«  Ev()-  I'tiil.  vol.  2,  p.  28y.  Mii(r..lieiibro<.-ck's 
Int.  ad  l'h:I.  Nat.  V(»l.  3,  j).  dz^,  cd.  1761.  X>c  Luc'^ 
Rcclif:c(.cs  Air  le?  M<v.lif.  &c,  torn.  I,  ju't  2,  ch.  2. 
Kolltt's  Lti^.jii;  dc  I'liylKjiir.  torn.  4,  p,  3^5. 

TllER  MOMt-TiK  s  J'ur  fijrticuhr  u/ti  — III  I'fff^tmi 
Cuvcndiih  picfitnted  to  the  Royal  Society  an  nrc^unt 
of  a  curiout  conflniAion  of  Thcrmametcr:!,  of  two 
diflnent  tom$ }  one  contrirrd  ta  die«r  the  crealelt 
icgn*  of  heat,  and  the  other  the  gn»tc&  oawi*  tlwt 
maj  h^pjKii  at  any  lime  inaperfbn  •  ahfeiiee.  Pliilof. 
Tranf.  vci!.  ^Oi  p.  jcxt. 

.Siiitc  t'lc  pvlilitati.j:!  fif  Mr.  CintoTj'i  ilifcovcty  of 
tlie  coniprtfTibiliiy  of  fijirita  of  wine  and  other  tluids, 
t'lcre  urc  tv.n  ciirri.fti<'ns  ncci  iTsry >  Ik'  m.ide  in  the 
nfiilt  I'lu-n  \-y  lord  Cavendifli'*  Tiicrniomeltr.  For 
ill  c'lii;  jtinL;,  for  lt-il;i-n.(.,  the  tcmprmture  of  the  fc.i 
a"  nnv  '1  ;)th,  llic  I'iii  riionietcr  w'i;l  appear  to  have 
LtkU  cili'i  I  til.-.. I  it  rsally  was:  and  bclido,  the  et- 
pi.alon  cf  Ijiin'ts  of  wine  by  any  given  number  of  dc- 
f;rri.s  of  Fahitnl  i'il'fl  'Hurnionictcr,  is  jri\aler  in  the 
lH.,!itr  dt^rrck  tli.ni  in  thf  lower.  For  the  method  of 
nij'r;i.i.r  tlii-.v  tvvK  c  )rrcti.ioi.s  by  Mr.  Cav«idifl!i|  fee 
Ftiippa'a  Vuviigc  to  the  North  Pole,  p.  14;. 

IaihrUBieni«  of  thi«  kindt  Gar  d:.-tcnnining  (he  deme 
of  h«at  or  cold  in  the  ahfeiice  of  the  ebierrer»  have  been 
in*cntrd  and  dcfer!bc4b]r  otben.  Van  Swindcn  (Difll 
fur  la  Comparaifon  du  Therm,  p.  2  j}  ftc)  d^mboi 
one,  which  he  fays  was  the  firft  of  the  hind,  tiude  on 
r.  [1,11  <  . 1:1,1,1  ';iii,:[n:  Ucriioiilli  to  Lc'ihiiitz.  Mr. 
Kia.i,  he  .iUo  uUa  us,  nisdc  one  nearly  like  it.  Mr. 

Six  lias  la'eiy,  viji,  in  178;,  |  loj  ,>^  I  ;ii;iit:,c  c,  11- 
ftnu'tion  ol'  a  TluTmomctcr  of  lit»;  l,uiic  Liaj,  uwUciLii 
in  the  PKil  if.  i'rinf.  vol.  7;,  p.  J2  Uc. 

M.  Dv  I-uc  has  dtfci'ib<-d  the  bell  inetliod  of  con- 
flrufkinjj  a  Tlit  i  iiifiiiicter,  fit  for  dctcrmininfr  the  tem- 
perature of  iIk!  air,  in  the  meafurlr.jj  of  height*  by  the 
barometer.  He  ha»  alfo  iTicwn  how  to  divide  the  fcale 
of  n  rhcinxmietcr,  fo  a»  to  adapt  it  for  allronomical 
ptupo&t  in  the  obCirratioa  of  tcfraAioaa.  See  Re- 
chetcLes  Jlrc,  torn,  tt  p*  iS  • 

Mr.  CbtoIIo,  in  I78lt  propofed  the  cnnllru^lion  of 
■  ntrmu-.tyL  if  Barmetr^  which,  by  mcnrs  ufbotlioj^ 
water,  ir;'(;ht  indicate  the  Variotii  j^r  ivlty  of  theat- 
mofpl  ..)':!,  i>r  thi.-  height  of  the  ban  nutir.  This 
1  btrmonicttr,  he  fayi,  with  its  apparatus,  iright  be 
p.ifked  lip  iti'o  a  fm.iU  portable  box,  and  fuve  for  •l.- 
tcrnnciinj;  the  hci);lits  ol  mountains  Sic,  with  giout 
facility,  than  with  the  common  partabie  bsrorr.ctcr. 
'1  he  iiillriitpent,  in  it»  prelcnt  Hate,  conhlU  of  a  tylin- 
driral  tin  viifvl,  about  2  ir.chet  in  dianntcr,  and  ^ 
inches  hi;.;'",  in  »^!ii'  h  vtfTil  the  w,i;ci'  is  containiil, 
which  iiwy  lie  nvA\i  U<  U  il  by  the  ll.ime  i  f  a  large  u  ax- 
landli'.  The  T!icnr.»>nntcr  !i<  falleutd  tl^  the  tin  vi.ri';l 
in  iiirh  a  irsniicr,  as  that  its  bulb  ni.iy  lie  iihotit  vn 
inch  alxr  1-  the  1  uito-ii.  The  fc.iU  of  ihi^  Thiraionie- 
ter,  which  \i  of  bulls,  oxhibi'.f,  oil  OTIC  iii'v.' of  iJie  glafj 
tube  B  fcwdcgivet  of  I'ahretihell't  fcale,  viz,  front  20O° 
to  nf-\  Oo  t^  ether  fsdc  of  the  tube  are  Riarkcil 
the  niriout  hatomettical  hctghtt,  at  which  the  boiling 
water  Iheiv*  rhnfe  pBrticular  degree*  of  heat  which  ate 
fi  t  doiui  Ml  :s;r  G  ->.  S'  l::  l.lnir'di's  table.  With  lb i» 
tudrumcia  the  Uiiiu^tcirical  hcignc  is  Ihcwo  within  one 
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loth  of  an  inch.  The  degrees  of  tlits  Tiici  mometcr 
are  rather  longer  than  one  yth  of  an  inch,  and  ihtrtfore 
may  bo  divided  into  many  parts,  t(pcciaHy  by  a  Noniu*. 
liut  n  CDnfidcraMc  impcifcdion  anfes  from  the  foiatU 
iicf:>  oi  the  tin  vefTrl,  wiiich  dues  not  admit  a  fufficient 
quaotity  ol  water ;  but  when  the  quantity  of  water 
mall  be  fulTteicntly  lar^e,  as  for  inilance  10  or  \t 
otince^,  and  is  kept  hoiiing  in  a  properveifcl)  itadegree 
of  heat  nndrr  tlie  fame  prtifiire  of  the  atmofphere  ts  very 
(citkd  i  whereaa  when  a  Tbennometer  ta  kept  in  a 
fantt  qnantttj  of  bmling  water,  the  uereiiry  in  itt 
flein  doea  not  ftand  very  fteady,  fometimc  r\^,n'.^i3r  • 
fallint;  fo  much  at  hatf  a  dn^ri-e.  Mr.  Cavniio  pio^ofcs 
a  farther  improveircMt  oi  thiitinftruoent,  in  theFbilof* 
Tranf.  Vol  7  I,  p.  ^i^, 

'I'he  ingenious  Mr.  Wedgwoihl,  fo  well  known  fir 
bis  various  improvetnen'.a  in  the  difTeicnt  forts  of  p;it- 
tcry  vv.irc,  has  contrived  to  tna'».c  ;»  Thermometer  for 
mi.af'ning  the  higher  dcgrrej  of  ijt.it,  by  mt.iiii  of  a 
diliini;iillhlng  property  of  ar^illacLous  bedims,  viz,  the 
diminution  of  tluir  built  by  fire.  Tins  diiainiitlon 
coniiuenecs  in  a  low  red  heat,  and  proceeds  fvj;u!jrly, 
as  the  heat  increiifvi,  till  the  clay  becomes  vitil!Kd. 
The  total  conti-iftioii  of  feme  good  clay*  which  he  In* 
examined  in  the  itrongctl  of  his  own  fires,  h  confrderablf 
more  than  one-fomth  part  in  every  dinu-nfian. 
mcafuring  the  centradlion  of  fuch  fubftanees  then,  Mr* 
W«dgw<wd  contrived  to  ncafure  the  moll  intenb  heats 
of  ovens,  fumnces,  &c.  For  the  curious  particulars 
of  which*  fee  PliiSof.  Tranf.  vol.  72,  p.  305  &c. 

THERMO  'COl'K,  l--,  ii.n  ,  .K:,.;iit"  Ihi  .,vin-  til-- 
changes  hsppeiuag  .11  ihc  air  witli  ii.l^.tCi  to  L:it.  «iuj 

co^^ 

The  word  Thermofcopc  is  often  ufed  indifiercntljr 
with  that  of  thermometer.  There  is  fomc  o'iffercncc 
ho.veveriii  the  literal  import  of  the  two;  the  full  fig- 
nifyii!g  an  ini'.niment  that  (liews  or  exhibits  the  change* 
of  heat  6ic  tothe'cyc;  and  the  tatter  an  initniment 
that  meafurei  thofe  ch-jngcs ;  f  j  that  a  thens^omcter 
(hould  bea  more  accurate  'I  heimofcopc. 

THIK,  in  Clironoio^v,  the  n.ime  of  the  ;th  moifth 
of  the  Ethiopian^  which  torrefpotids,  according  to 
Ludolf,  to  the  montli  of  January. 

THIRD*  in  Mulic,  a  ooncofd  nliilting  fion  a 
mixture  of  two  fonnds  containing  an  tntcml  of  t 
dcipct.;:  h'jiiig  ridkd  a  third,  becaufe  contattting  3 
term-',  or  foum!*,  between  the  csctremes. 

1  hire  is  a  grr^itrr  and  a  Icfs  Il.ird.  The  former 
t.ikiB  its  form  fiom  the  feffjuitpMrta  ratio,  4  to  5.  The 
loj;.ir'tiim  or  nc.foic  <'f  the  O'itavc  '  being  i-o:;coo, 
lln-  n'.^  afiire  of  the  «^re,iter  Third  t  "  ill  he  0  32 193. — 
The  fr.-ji.'c/-  1 1'lrJ  is  by  prai\ilir>:H-is  often  t.ikc:)  for 
ihi-  third  part  of  ;;ii  <iftR^e  }  wiiicb  is  an  cnor,  Jince  ' 
three  gre^-.tcr  TJit'  ds  f.^l  fltcirt  of  the  o£la«e  b]r  adieliai 
for  i  X  J  X  i  X  I;?  =  «. 

The  t^tr  TlirJ  taLcS  iis  form  f  om  tlie  fiTqui- 
qointa  ratio  5  to  6 ;  tlie  meafure  or  logarithm  of  thia 
kfi'cr  Third  being  o*s6303,  that  ^  the  oQave  J 
being  l-oocoo. 

Both  thefe  Thinli  are  of  great  ufe  in  melody }  making 
•*  it  were  tlie  foundation  and  life  of  hamumjr, 

THial>-Pe«i/,  or  T^trce^iiH,  in  Architcdlure,  the 
point  ol  fedtion  in  the  vertex  of  an  equilateral  tiiar'gk'. 
— Arches  or  vaalu  of  the  Tkird  I'oiul,  arc  liiofc  ton- 
Ming 
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fiAin^  ef  two  trchet  of  m  circle,  meeting  in  an  angk 
t>t  top. 

THRE\'.-ifggrtJ-J}iJ^,  an  itifliument  confifliiig  of 
three  wooden  legs,  made  with  joints  as  to  (hut  all 
together,  and  to  take  olT  in  the  middle  for  the  better 
carrijige.  It  lias  ufualljr  a  ball  and  focket  on  the  top  ; 
and  its  life  is  to  fupport  and  adjuft.  ialliuincnt*  for 
iflronomy,  furveying,  &.C. 

THUND£R>  a  noife  id  the  lower  of  the 

■ir,  cin'tcd  b7  •  fttdden  euAuHaa  of  deArical  clotidt} 
which  are  thefefoK  called  ThuBder-douda. 

The  phenomenoB  of  Thnnder  ia  variovllf  aerounted 
for.  Seocca,  Rohaull,  and  fome  other  an  tin  :  ■,  !»oth 
ancient  and  modern,  account  for  Thunder,  I  )  l  i  ,  pi  fing 
twoclijiidi  in.peiii'.ir.g  o»er  one  anoth<  r,  ilu-  i  and 
Mrcr  i>)  \vlu(  li,  Ijcciitning  condenfed  by  a  triili  aciJcfnon 
of  ail  Ijt  waiiath  from  the  lower  parts  of  the 

atmofpiiere,  orilrlvcn  upon  it  hythewind,  immediately 
fulls  forcibly  down  ui.un  ihc  lowrr  .iiu!  iknl'ti  tluiiJ  j 
by  which  fall,  the  un-  iiucrpokd  between  the  two 
being  comprclTed,  that  next  the  extremities  of  the 
twp  cloud*  it  fquc^jicd  out|  and  leave*  room  fur  the 
cxtKOUty  of  the  vpfer  doud  to  clofe  tight  upon  the 
mdcr ;  thus  a  great  quantity  of  the  air  is  enclofed, 
whicll  at  length  cfcaping  through  fome  winding  irregular 
lent  «rpa<&ge»  occafiooa  the  noifc  caOed  Tnundnr* 

But  nil  hmdeWce  could  oidv  icadtat  moil  to  tlie 
ofe  of  Tbonder  beard  wkbout  U/jbxiSMt  and  tbcre* 
fore  reeourfe  has  been  bid  to  other  nedci  of  lahttioB. 
Thus,  it  has  been  (aid  that  Thunder  is  not  occafioncd 
by  the  falling  of  clouds,  but  by  the  kindling  of  ful- 
piiurous  t-xlrjliit ifiiia,  in  llii-  f.'vnu'  ;ii,Dincr  .<>  tlic  ixjiTc 
of  the  aurum  fulminans.  "  1  here  a^c  fu!pln:!  oii8  ex- 
halations, fays  Sit'  I.  N'cwton,  always  afcending  into 
the  air  when  the  c.irth  is  dry  ;  there  ibey  fcroient  with 

the  iiitniu:,  acids,  fometUBCt  taldag  fiK»  gCBCnte 

Thunder,  lightning,  iic." 

The  efl'efts  of  nmndcr  arc  fo  like  tliofc  of  lin-d 
gunpowder,  that  Dr.  Wallis  thinks  »eneed  Out  fcnipic 
i4>  atcribe  them  to  the  fame  caufc  ;  and  ibe  principal 
ingredients  in  gunpowder,  wc  know,  are  nitre  and 
fmpbur;  charcoal  only  fening  t  j  keep  the  parts  fc^a- 
tate>  far  their  better  kindling.  Uencc>  if  trc  conceive 
in  the  air  n  convenient  miatnie  of  nitron*  and  rubbnr- 
ooi  paitidc*;  and  thofc,  by  anf  eaufct  to  be  let  en 
fire,  fuch  explofton  may  vrell  follow,  and  witb  fueh 
noife  and  light  as  attend  the  firing  of  gunpowder  ;  and 
being  once  kindled,  it  will  nm  from  place  to  phicc,  dif- 
ferent \v3:  >,  a3t!/c'  exliabliuiin  huppi.'ii  toUndui  ntlKh 
as  is  foiiml  111  a  trail!  of  guitpijwtitr. 

Va-.i  a  thin],  and  moft  probable  opinion  is,  that 
Tbuiultr  i'  tilt  rtpcrt  or  noife  priid tired  by  an  electrical 
CXplolH.ii  111  till- cl' luds.  Ever  lim  e  the  year  I752,  in 
which  the  idL'nttty  of  the  mailer  ot  ligntiiing  attj  of 
the  ekdrical  fluid>has  been  afcertaincd,  philafophrn 
havegencmlly  agreed  in  coniidering  Thunder  as  a  cnn- 
euflSon  produced  in  the  air  by  an  explulii»n  of  clcif  ri- 
city.  For  the  illutlration  and  proof  of  this  theory,  fee 
£i.KCTRtciTy,  and  Lightmikg. 

It  may  here  be  obferved»  that  Mr.  Henty  Etkit  m 
a  letter  written  10  1751.  and  lead  before  the  Royal 
Society  io  t;;2,  confider*  At  (kftrical  liie  at  the 
caule  of  Thuodcr,  and  accooott  for  iL  on  diia  hypothc- 
£s :  a  I.,!  he  telU  ua,  dwt  be  djid  not  knoir  of  any  other 

V  ol.  LI. 


perf-in'i  having  made  tlie  fimr  conjCL^ure.  Plulaf' 
Tranf.  vol.  47,  p.  5:4  Ac. 

That  rattling  in  the  noife  of  Thunder,  which  make* 
it  feem  as  if  it  paffed  through  arches,  or  were  varioufly 
broken,  is  probably  owing  to  the  fouod  beiitg  excited 
among  clouds  hangingovcr  one  a  notbcrtOnd  the  agitated 
air  pnfliiig  irregularly  between  them. 

The  cvplufKin,  if  high  in  the  air,  and  remote  from 
ui,  will  do  no  mifchicf;  but  when  near*  itmaydcftroy 
trees,  animab,  &c.  '  ^ 

Thi*  proximit/t  or  finaD  dilnnoe^  nay  be  cfliiBated 
nearly  by  the  iatenal  of  time  between  leefafftbe  flaft 
of  liglitning,  and  hearing  the  report  of  the  Thunder, 
eftini.tling  iKc  diAance,  after  the  rate  of  feet  per 
fccond  of  time,  or  3*  ftcoii  Js  to  'lie  niilf.  Dr.  Wallil 
obferves  that  commonly  the  diffiicncc  bcturrn  the 
two  isalioiit  7  ftLonils,  which,  at  the  rate  al:  v.  t  m.r.- 
tioned,  gives  the  ififtance  alraoll  I  miles,  liut  fome- 
tin-.i',  it  c»,mci  in  a  kcor.J  or  two,  which  argues  the 
eitpiclion  very  tiear  and  even  among;  tlli  And  in 
fuch  cafet,  the  do^or  aiTurcs  us,  he  0*0  fomctioMi* 
foretold  themifchicfs  that  happened. 

Tlie  noife  of  Thunder,  and  the  flame  of  lightning, 
arc  eafily  made  by  art.  If  a  mixture  of  oil  or  fpirit 
of  vitriol  be  made  with  water,  and  fome  filings  of  llcej 
added  to  it,  there  will  immcdiatciy  «ite  a  thick  fmok^ 
or  %'apour,  out  of  the  month  of  the  veflid  |  and  if  a 


Hj^cd  candle  be  anplicd  10  tbii,  it  «!1  takeliiCi  and 
the  iame  irill  inMKdtetdy  delcend  Intothe  wR^  whicK 
wiH  be  burll  to  niece*  with  a  aoilie  like  that  of  it 

cannon. 

Thii  is  fo  F.ir  nnr'iigr,:)^  to  Tliuujcr  iiid  lightning, 
that  a  prcat  rxplol.un  anil  fire  rire  uccalioncU  by  it  ; 
hi:l  In  this  t!icv  JiiTLr,  ttuit  thi?  nuttrr  when  once  lired 
is  dcfltoycd,  and  can  mv<  no  irun-i.*  cxplofions  ;  whrrr-!", 
in  the  licavcns,  one  Clap  of  TliurdtT  ufually  fi !' m  « 
another,  and  there  is  a  continued  fuccefljin  of  tham 
for  a  lon;^  time.  Mr.  Homberg  esplaiocd  this  by  the 
lightntfii  of  the  air  above  us,  in  comparifon  of  that 
near,  which  therefore  would  not  fufTcr  all  the  matter 
fo  kiii..!icd  tu  he  difUpatcd  at  ohcl-,  b'.:t  kc cpn  it  for 
fcTcral  irtum^. 

THUNDLKBOLT.  When  lightning  a^s  with 
extiiondtnary  violencCi  and  breaks  or  Ibattcrs  any  thing. 
It  1*  called  n  nuiJtrStht  which  the  vulgar,  to  fit  11 
for  liicb  eft6ta,  fiippofe  to  be  a  hard  body,  and  even 
a  ftonc. — But  that  we  need  not  have  reeourfe  to  a  hard 
folid  body  to  account  for  the  efftrts  commonly  attributed 
to  the  TliiiiuUrfinlt,  will  be  tvlJcnt  to  auy  one,  who 
coufidtrs  tlu)lc  of  the  pulvis  tiJminans,  and  of  gun- 
powder; hi:',  n'.oie  eljieclally  the  aftonlflling  powers  of 
electricity,  u  f.eii  only  cuUeCteJ  and  employed  by  hiinun 
.1'^,  ar  ii  mt:>  h  ir.are  wbcn  dircficd  andckeictlcd  inifae 

cuurfe  of  nature. 

When  we  confiJer  the  known  effcfu  of  ele£lrical 
explofions,  and  ihofe  produced  by  lightning,  v:c  (hr.W 
Itc  at  no  lofs  to  account  for  the  exti-aordinr.ry  opirstifin* 
vulgarly  afcribed  to  Thunderbolts.  As  flone^'snJ  bricks 
llmckby  lightning  are  often  found  in  a  vitrifK-d  flitcj 
we  mi^  reafonabqr  fnppofe,  with  Beccan'a,  that  foose 
ftone*  to  the  eatth,  havtog  been  ftrock  in  thi*  manner, 
gwe  oecalioo  to  the  vulgar  opiniod  ciT  the  Tbnnder- 

'THvmtx-tlHidtt  n  niyiMafy,  are  tWe  flotida 
46  which' 
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wliicli  are  in  a  htie  fit  for  pto^iiciiig  lightning  and 
thornier. 

From  Bcccarii's  cxa£t  and  ctrcumi)aoti«l  account 
of  the  CKicnia)  appeiniwes  of  11iuiider<«loiij(,  the 
folhjwiii);  piiruc'slin  arc  ei(tracle<l, 

Tiic  firft  appi.ur,i:icf  of  a  TAundcr  Aom,  which 
•fnaUj ha|i{pcm  srbcn  there  is  little  or  no  wind,  i»  one 
imk  ckmdt  «r  tnoitt  inctraAng  vrr]  fad  in  fixe,  wd 
ri£itg  iiitft  Ae  fci|^r  region*  of  the  air.  The  lawrr 
fbrmce  »  Ubtck  ami  nearly  level  i  bat  the  npficr  finely 
•rchcd,  acil  well  dcfincdi  MaoT  of  thefc  cloiKit  oftea 
Icem  piled  upon  one  another,  wl  ardtcd  in  tbc  r«me 
manocr;  hut  l^  lv  -jre  coAtiaoiBj  umtiuigt  ftwdUagi 
and  extending  tiic:;r  as<.ae{. 

A;  t  lie  time  of  ibc  riling  of  thiicljud.  llic  atinufplu  rc 
it  commoitiy  full  of  a  great  mxny  feparate  cUruds,  that 
arc  muiionlcr*,  and  of  odd  whin-ifKal  (hapes.    All  thefe, 
upoi)  the  oppeaiancc  of  the  Tliunder-tWd,  draw  to- 
wards it,  and  become  more  uniform  in  tl  cir  iTiipe*  as 
they  approach  ;  till,  coming  very  near  the  Thuodir- 
doud,  their  limb*  mutually  ilrcteh  tsward  one  another, 
and  I  hey  immcf!i»tcly  coalefce  into  one  unifurm  maft. 
Hefe  he  call*  aik  itilio;:j  cloudf,  from  their  coming  in, 
to  enlarge  the  fixe  of  the  Thunder-cloiid.    But  fame* 
time*  the  Hiunder-cioud  will  fwell,  and  increafe  ?eij 
fiift,  withom  the  conjimfiioii  of  aof  adrciiitiana  doiida  t 
the  aipoutfl  in  the  atmo^here  ferning  thenlclyei  lata 
clouda  wherever  it  pafle*.    Some  ot  the  adfcititiofis 
cloiid*  appear  like  white  fringei,  at  the  flcirU  of  the 
Tbuoder-cloutj,  or  .;  Irr  the  boily  of  It,  but  iluy  keep 
Goatinuafly  gr<jv> iiig  darker  and  darker,  n  ii>ey  jp(>i<.i.ic[i 
fonoiic  with  it. 

When  the  TKunder-cloud  is  ^Town  to  a  great  fizc. 
It!  lower  furface  is  often  r<iyg(.d,  particular  parts  being 
detached  towaiJb  llic  cirtli,  but  liill  conncfttd  witfi 
the  reft.  Sometimes  the  L.-wcr  furface  fwclis  if. to  vari- 
out  large  protubcraDcrt  bending  uniformly  dou  uwarti  ; 
and  fomettmct  one  whole  fide  of  the  cloud  will  have  an 
inclioation  to  the  earth,  and  the  extremity  of  it  nearly 
touch  the  ground.  Wlicn  the  eye  it  under  (he  Thunder- 
cloud,  after  it  ia  grown  larger,  ajid  well  fotmcd,  it  it 
in*  to  fink  lower,  and  to  darken  pradigioufly  {  at  the 
fane  time  that  «  iranriicr  of  fonll  ndJcititiaui  dooda 
(the  otigin  of  whichemiieaerbc  peioemd)  are  Cera 
ia  a  rapkl  motioa,  drnrSn^dioat^  very  oaccrtaio  di- 
te  Afoot  under  it.  While  thefe  CModi  are  agftatcd  with 
the  n-.oft  r.ipi(^moiiont,  the  raio  commonly  falU  in  the 
^reaieft  plenty,  and  If  the  agitation  be  cxccedinglT  great. 
It  cooimonly  h::i!s. 

While  the  Thui«Kr  clo>id  is  fwellin^,  and  extciidir.g 
if s  fcrr-nrlics  oTcr  a  large  trait  nfremitry,  t tie  lightning 
it  feen  to  dart  ii.-nn  one  pjit  <4  it  to  anotiicr,  tir.A  often 
to  illuminate  it.  whuK-  iiiaf-..  A\  licn  llie  tli  iui  hos 
awtjt'inrd  a  iufiicienl  extent,  the  light  n in j;  flrikes  between 
the  cloud  and  the  earth,  in  two  oppollte  placet,  the 

Klh  of  tbc  lightning  lying  thr»>i>gh  the  v(  liule  hr.dy  of 
F dottd  and  itt  braocfaeii.  The  Ir^ign  tMs  liglitiiit;r 
.  CoOtintict,  the  ]ch  denfe  doet  the  cloud  become,  aiia 
Ac  left  dark  xu  ipiKaraoce ;  till  at  iengdi  it  bccakt  ia 
diflmat  placet,  and  ihcwi  a  clear  Iky. 

Thde  T1nndci<<hHia»  wn  fiMactiaea  In  a  palitifc 
atwdlaaaaegpitivcftalaiirclcArictty.  Thedcftricilj 
Matiaocd  laager  af  iUtt  bme  kiad,  in  propoitioiB  a* 
.tU  Tkmicf^cbad  •wfivfldk  and  oaiform  in  it»  d»> 


re^'.'in  :  but  uhfii  the  liKhtiiing  cliatijred  iti  ptace* 
th;re  contnioiily  h«ppeocd  a  ciuige  in  li.e  eleelrittiy 
ol  the  app^vaiuf,  over  which  ihc  >cloudi  paifcd.  It 
»oiiM  chaii;^  iuddenly  after  a  very  violent  ilalb  «f 
lii;htiiiii^,  but  the  rhijicgc  would  lie  gradual  when  tha 
(i^litiudg  iv;.s  mrKlfirtr,  7.nil  the  pio^rcfsof  ihrThaB* 
dcr  wluud  fiow.  Jieccar.  Lei  (ere  dell  'Elcttricifmo  pa* 
107 1  J^fefiiey'a  Hill.  £lecr.  vol.  p.  397.  Set 
alw  LieHTWDTc. 

TNtTK  D£a-^9K/!-t  in  Eledtfcttr,  ii  an  iallTmtflit 
iovcuted  by  Dr.  j»me»  Lind,  for  ifjiiftnttJng  the  manner 
in  which  bnildinn  receive  danugc  from  li^htninr,  and 
to  evince  the  utiutYof  metallic coodnAonia  ftcSsthg 
them  from  it. 

A  ^I'.g.  I,  pi.  35%  i^  a  boirJ  il>cut  i  of  an  inch 
thick,  and  Ciajed  I'Lr  !!h  ;4jb;e  rr.d  of  a  houfe.  This 
board  is  Gxed  uerp'  1  dii'ii'-i^ly  up<in  the  botton^  fco.ird  B, 
upon  which  the  perpeiidie'ilir  plafs  pillar  CD  i«  .ill.-) 
fixed  in  a  In  Ic  aVuiit  3  iiiLlics  I'ilh'T't  f-  jiii  t?ic  balls  of 
the  hoard  A.    A  fqu.ire  hole  ILMK,  abont  a  i;tiar:er 
of  an  inch  deep,  atid  nearly  one  inch  wide,  11  maiic  in 
the  haaril  A,  and  ik  filled  with  1  ftj'tare  piece  of  wood, 
nearly  of  the  fame  dtmeiifion*.    It  is  ncstly  of  the  fame 
dioiCRfioai,  bec-iiiff  it  mntt  go  (o  es'ily  "nto  the  hoieg 
that  it  may  drop  ufi,  by  theleaft  (haki::^-  of  the  inftrv* 
mcM,   A  wire  LK-  it  bftened  diagonally  to  thta  Iquare 
irfccc    wood.  Aaothcr  wire  IH  Mtkc.nmc  thidnefi^ 
baving  a  brafi  biQ  H,  fcrcwtd  oti  haMUted  atutmStr, 
it  fal&ned  upon  the  board  A :  fe  aMo  n  tiie  Hire  MN, 
which  i>  ihaped  in  a  ring  at  O.    From  the  nprer  cj:. 
tremity  of  the  glaf*  pillar  CD,  a  crooked  wire  proccedj, 
liavlrig  a  fpring  focket  F,  through  w!  ich  a  double 
koobbed  \^!re  (!ip»  pe-rpendicubrly,  the  Invrcr  knoh  O 
of  whicli  fiilis  jiifi  aViovc  the  kr^uh  H.    The  trlaf^.  piUgr 
DC  mufl  net  be  madi  very  fad  Into  t!,t  he  tturr.  liourd  ; 
but  it  muft  be  fixed  fo  that  it  m.;y  Lc  pretty  eafiiy 
moved  round  itt  own  axtt,  by  which  means  the  braia 
hall  G  m*j  ht  brought  nearer  to  or  farther  from  the 
bnll  H,  without  touching  the  part  EFG.    Now  when 
the  fquare  piece  of  wood  LMIK  (which  may  rcprefent 
the  Ihutter  of  a  window  or  the  like)  it  Pxe^  into  the 
hole  fo  that  the  wire  LK  fiandt  in  the  dotted  reprrfenta^ 
tioB  IM,  then  the  metallic  comnunictition  from  H  to 
O  fa  complete,  and  the  InfiTument  ArprcTeriU  a  houl^ 
furnifhed  with  a  proper  AetalUe  coadnAori  bat  if  the 
fqi^nrc  piece  of  wood  LMlK  be  fixed  fo  that  the  wire 
LK  ftuiids  iit  the  dirc^ion  LK,  at  n-prclentcd  in  the 
figure,  then  the  metallic  conduftor  HC),  from  the  top 
of  ibe  lioiife  to  lit  hotton^,       iiiteriupted  at  IM^  Ia 
whitih  Ciife  tiic  Iwufc  is  not  ptripcrly  fecured. 

Fix  the  piece  of  wood  I.MlK,  fo  tb  u  in  wire  may 
be  a?  reprcftntcd  in  the  figure,  in  whieli  cafe  the  me- 
tjllie  e.  .ii'urrjr  HO  dileontimicd.  Let  the  ball  G- 
be  fixed  at  ab<>ut  half  an  inch  perpetKlicttlar  dittNOce 
fnm  the  ball  H  i  then,  by  turning  the  gkfs  pilUr  DCv 
remove  the  form<T  hall  from  the  latter ;  by  a  wire  or 
chain  coiincA  the  wire  tF  with  the  wire  Q_  of  the  jar 
1' ;  and  let  another  wire  or  rhain,  fallcncd  to  the  hook 
O,  tutieh  the  oiufide  coating  of  the  jar.  Conned  tha 
wire  Qjvith  the  prime  condoftor,  aad  charge  the  jao 
then,  by  turning  the  glafs  ulfaur  DC,  itt  the  kafl  G 
ceoia  gradually  nttr  toe  ball  H,  aitd  when  thef  we 


arrifcdfUEcientlrniar  oat  another,  you 
dMt  tbajpr  apkidciMd  ikefiitB  af  mod  LMIK  * 


Digitized  by  Google 


T  I  D 


T  \  I? 


owl  ofilic  bole  to  «  coofidmbU  diiancf  from 

the  Tliuadtr  h  jufc. 

Now  the  b^!l  C,  in  tbit  experiiatat,  rtprcitnis  aa 
ticdrificd  cli)j<3,  which,  vihiii  ii  it  arn'ved  fuffit.-icntl]r 
near  the  i«p  ot  ilu:  Juinfr  A,  tlu-  tieftricity  l>rike»fi  i 
Slid  at  thi«  houfc  is  not  iccLirt  J  >vlih  a  j  rojx  r  coii  l  ^i  tor, 
tLc  rx|]lor>on  break.*  i>»s%  ui  it,  !•  c.  kuockii  uii  the 
pircc  of  wood  IM. 

Ki'pcat  the  txpcrlmcnt  with  only  thii  variation,  *iz,' 
that  this  (licce  of  wood  IM  be  Atuatcd  fr>  th»i  the  wire 
XiK  l»->y  ilnud  iu  the  btuition  IM  ;  ill  whicli  cnfc  the 
conductor  I~]  O  i*  not  difcuntinucd;  and  you  will  db- 
(crrc  tbqt  tlu  «xpWr)wi  wiU  have  na  upon  U»c 
piece  of  wood  l.M{  llii*  remttiiilM  ia  |he  liok  nap 
■omdi  wbichlhewal^uieiulBc&cH  t^etvctallkooaf- 
dudor.  ■>  i 

Farther,  unfcrcw^  the  hn(t  hall  H  fiwm  the  vnrt 
HI,  fo  thsl  thin  ni-Ay  remaiit  pointed,  and  with  this 
dt'li  ut.i. r  uiily  1  .  !!;(;  appafatuj  u  jjc.ii  Ixnh  the  ahcivc 
cxjjtrimtiitd,  d  id  vuu  will  tind  th.u  iKl-  piice  oi  wuyj 
IM  in  ill  lailhirr  iuoni.'!  f-iMii  its  jjlart:,  nor  will 

may  explnfiao  be  htiitd  i  u -sich  nut  only  iL-iii<>niSratc» 
thr  pn-fcn-ncc  of  comi'.iikor^  vvllli  poiiitjj  !i jnii:i3t  Jjuf 
to  thofc  with  bluutcd  uaci«  but  alfu  lhcw«iha(.  a  houfc, 
fumifhed  with  IharpterminMioni.  allhoiigh  not  furnifhcd 
with  a  rc;(iihM  t.oivJuAori  i«  alroolt  fufficiraily  guarded 
•gainll  ihk  rrft  .ti  of  lightning. 

Mr.  Ucnicy,  haviog  cotiivccUd  ajar  cootaiaing  ^og 
fqiUTC  inches  of  QOAtci  fiurfiicc  wttli  his  prime  condu^r, 
onferacd  that  if  if.  was  fo  charged  as  to  railis  the  iade^ 
of  III*  tk^oneter  to  6o^  by  bringing  the  HO  m  tli* 
rnkt  of  the  TiMiBdi«iJuMi(c»  to  the  diiUHWe  of  half  aa 
iaefa  fims  ^tfial  ca—i&cd  witli  the  ffiac  coaduaor, 
the  inr  would  be  difchargcd,  and  the  piece  in  thcThun* 
dct-houfe  dirowB  out  lu  a  conlideiable  diftance.  Vfi'*K 
a  pointed  win.'  fur  a  cuiiductctr  to  tiu"  ThiinJcr-iiijiifr, 
iiillcad  of  the  kiioh,  the  thaivo  hcing  the  fame  a»  be- 
foic,  tl  '.  (ii  vv  11  difi;hirgcd  lilcnlly,  iluiu^h  iudtlcnly  ; 
•mud  liie  pitoc  wai  nut  thrown  out  of  the  Tiuincier- 
huufc.  lii  mother  exptrimciit,  having  nuJc  a  liuuble 
circuit  to  the  Thuodirr-houfc,  the  tirii  by  xUr  knob, 
the  fecond  by  a  fliarp-poiatcd  wire,  at  an  iiicli  anii  t 
quarter  diftaoce  from  eich  other,  bttt  of  cxa^V/  the 
iaiiK  height  (as  tj)  Ag.  2)  the  cliarge  bung  the  uv 
■itbuugh  the  koob  was  brotight  Gril  under  that 
■cdcd  with  the  prime  ooaduaor,  which  was  railed  hfi£ 
m  inch  ilbate  tt,  «ad  fcHowcd  kf  the  feints  fct  m 
esphiifioa  eouUfidl  i^aii  the  fcaabi  the  ipiyiit  drew  off 
ifa' wfaok  Amgt  Omdj,  udihe  pkce  in  nheTtmndfi^ 
houfe  fenwiiicd  uamovca. 
Phil.  TwL  vol.  6f«     136.  Sec  Foikt«  i>  Eke* 

iricity. 

'J'ilLTRSDAV,  Uu-  5th  J.iyoftUeCbriftian's  week, 
but  the  6tU  of  liic  Jtws.  Tlic  ii;<.mc  i»  from  Thor,  one 
ttf  the  Saxon  Gods. 

THllS,  in  ScR-Lani.air'.^'c,  a  word  ufcd  by  the  pilot 
in  directing  the  }il-I':i(i.uii  or  fleerfmau  to  keep  the 
ftkip  in  her  prcfent  tiiiiAtion  when  failing  with  a  fcant 
wind,  fo  that  (he  may  not  ap|>rtNtch  too  near  the  direc- 
tion of  the  wind,  which  would  (hiver  her  faib,  itor  bll 
to  leeward,  and  run  fan  her  out  of  her  cotirje* 

TlDESi  bra  ntiiodkal  mptions  of  the  iraten  tt 
the  it*  I  oAed  «Uo  thejb»iBd  r^^  v,  or  the  s^f  w4 


The  TUkllN  found  to  M^wyfiioSMIlj  the  eourfe 
of  the  fun  and  raooa,  both  as  to  time  and  qiuntfty 
Ai  d  hence  it  has  been  fufpcArd,  in  all  sgcn,  that  the 

Tiili.3  were  fomchow  proJutcd  by  the  iunncurc  r  I 
tln.lt:  lamitiaries.  Thm,  fcv(T;i!  <jI  tlic  ani  t-nts  and 
anionic  others,  Pliny,  I'tcjlon-.y,  .inri  Macrohiij'i,  \v:if 
aci.jU4iiited  with  the  iiiilurntf  of  the  fun  sn  l  nii  nn 
upon  the  Title? ;  and  riiiiy  fayi  e»prcifly,  that  the 
caufe  of  the  chb  and  flow  it  in  the  fun,  which  attract* 
the  waters  of  the  ocean  ;  and  adds,  that  the  water*  rife 

:  earth. 
?<>Teric»  etf 

Sir  Ifaac  Newton,  that  the  Tides  lie  csafed  by  tbi 
gravitation  of  the  earth  towards  the  foo  snd  mooo. 
iKkcd  the  fi^gsdous  Kepler,  long  sga»  conjeAured 
this  to  be  the  oaft  of  the  Tides :  **  If,  fays  be,  the 


in  proportion  to  the  proximity  of  the  iMonto  the  ( 
It  IS  indeed  now  well  ks:own,  frum  the  difcover 


fays 

CMth  ccafcd  to  ittnA  jjsmtcn  towards  itfelf,  atl  the 
water  in  the  ocean  wovld  rife  and  flow  into  the  moou  t 

the  fphcrc  of  tlie  nioon'it  attraftinn  cKtriiJj  to  nur 
eaitli,  and  draws  up  tin;  w:iti.i."  Ttius  thoujjht  Kep- 
ler, in  hii  [ntrod.  ad  Thenr.  M.iit.  'nll^  luiniifc,  for 
it  vva!i  thcii  110  wore,  is  now  aibundantly  veiilicd  in  the 
thcnty  laid  doim  bf  Nesrteot  sod  hf  HJkf,  ho»  bis 

principle*. 

to  liii  Pieaemfnj  9/  Tides  :  i.  Th-.-  fi.-i  u 
obferred  to  flow,  for  about  6  hour*,  from  fouth  towaids 
north ;  the  fea  gradually  fweiling ;  fo  that,  entering 
the  mouths  of  rivers,  it  drives  back  the  rircr<«atei« 
tunards  their  heads,  or  fprings.  After  »  cootinH^ 
iiu  of  6  boun.  the  fc»  (eeim  to  Tieft  Car  «bo«it  »^^e> 
ofaahflwrt  eftcrvfaichit  bcgia«tvdib,  ortctfavbiek 
i&a,  fm*  MVtk  t»  fiittth,  for  -6  1mm  flMMrc;  kt 
the  water  finking,  the  litets  KfuoMf  ibe^ 
natural  courfe.  Then,  after  a  fccming  paufe  of  a 
qturter  of  an  hour,  the  fea  again  begins  to  flow,  as 
before  :  and  fo  on  alu'rnalcly. 

}•  U(;acc,  the  fea  ebbs  and  flows  twice  a  day,  but 
faUtng  ev^iy  day  graduallv  later  and  hi'cr,  by  about 
48  minutes,  the  period  of  a  Hiix  and  rcflux  beiitg  01^ 
an  average  about  t    )iours  74  niiiuitcs,  and  the  double  ^ 
of  each  24  hour*  48  minutes;  whkh  is  tlic  period  of  ^  |^ 
lunar  d^,  or  the  time  lietwecn  the  moon  s  palling  a    5 £  S4fX. 
meridian,  and  coming  to  it  again^  So  that  the  Tea 
flows  as  oftcti  as  the  mouu  pajles  the  meridian,  both 
the  aroh  above  the  liorizon,  aad  that  bek>w  it )  iai4 
ebbs  a*  often  a*  (he  oaflics  ^e  hoiinmi  both  «■  the 
cafteni  and  weftem  lioe. 

Otticr  (Jtenomeni  of  the  Tidci  aiv  M  bdov  j  ant 
theic^iifu^iAf  theqa  wiP.he|i0iqidiii  tbc  Thconc  of 
the  Tides  tli^t  follows. 

3.  The  clerr.ilon  towards  the  moan  a  little  exceet's 
the  uppitlke  one.  And  the  quantity  of  tue  afcent  ui' 
the  water  is  didiiinlhcd  £pi»  the  eqvator towiids  the 
pole*. 

4.  From  the  fun,  etery  natural  ilay,  the  fea  it  twice 
elevated,  and  twice  depretlcd,  tiic  lame  as  tor  the  moon. 
But  the  folar  'I'imes  are  much  hfs  than  tlie  lunar  ones, 
on  account  of  the  immeiilc  diftance  of  the  fun ;  yet 
they  arc  both  fubjed  to  the  fame  laws. 

f.  The  Tides  which  depend  U|>on  the  sAiooS  ^ 
iLe  fun  and  mooo,  are  not  dillioguilhed,  bjit  COni- 
ponuded,  aad  farmiDg  as  to  lenCe  one  united 
Tide,  incrafiM;  and  deemfimr,  aod  thasnskiiiff  aeap 
««d  ^rwg  Tidest  ibr,  by  the  aaioa  of  the  fSi;  ti& 
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lunar  Tide  i«  only  ctni^[«d  t  which  chanjre  rann  erery 
day,  by  m(on  of  the  inequality  between  the  naturu 
vA  lunar  day. 

6.  In  the  fyaygic*  the  ekvatioM  from  tbe  wftioa  of 
botb  lumiaarwi  oinie«r,  m<l  Ae  Gn  i«  aart  ckmt- 
•i.  But  the  Tea  arrenf!s  Icfs  in  the  j|iitdntiirais  far 
where  the  water  it  ck-vatcd  by  the  aAiOd  of  the  mooiit 
it  i»  di'pri  nVo  Hy  tlic  ;iifiinn  uf  the  fun  J  and  vice  vtrfa. 
T!>erttnrL,  while  tlic  iiicujn  paCcS  from  the  fyzygy  to 
tlif  c|-i  iiJiituir,  the  daily  elevations  are  continuidly  di- 
miuliiitd :  on  the  contrary,  they  are  increafcd  while 
the  moon  moves  from  the  qnodralure  to  ti  c  fy/ygy. 
At  a  new  moon  aliu,  tttttrit  parltat,  tlic  eleva- 
tions are  greater ;  and  tbofe  that  follow  one  ano- 
ther the  fame  d«j,  ttt  more  diifereat  tbia  at  fall 


2.  TheErctttdl  dmtiuns  and  depnCBom  an  not 
irved  tin  the  sd  or  3d  diy  after  thc^  new  or  fait 

moon.  And  if  we  cunfider  the  luminariei  receding 
fiom  the  plane  of  the  equator,  we  (hall  perceive  that 
the  ngitati»>n  ii  diminiftied,  and  beconus  kT^,  ar- 
cording  a»  the  declination  of  the  lumi  'ailc*  btconics 

B.  In  the  frzygics,  and  near  the  equinoxeit  the 
Tidc»  ari  eorcfvc'tj  to  be  the  greatcft^  hoA  liimniarict 
being  in  or  near  the  equator. 

9.  Tlicaftiona  of  the  fun  and  moon  are  greater,  the 
nearer  thofc  bodic*  are  to  the  earth  {  and  the  lefs,  at 
thc7  are  farther  off.  Alfo  the  fimteft  Tide*  happen 
sear  tl^e  caaiAoxett'  or  rather  when  the  Inn  ii  a  little 
to  the  (bntn  of  the  eqtiator,  that  U,  a  little  before  the 
vernal,  and  aftrr  tlic  niit  jn.n.il  tq  jl-.ox.  But  yet  thia 
docs  not  happen  icj^ulaiiy  tvtry  yiar,  becaufc  furne 
variation  may  arife  from  the  fitustiuii  of  the  mocn's 
oibit,  and  the  diftance  of  the  fy/ygy  from  the  equi- 
nox. 

10.  All  thefe  phenomena  obtain,  as  defcribed,  in 
the  open  fea,  where  the  ocean  is  extended  enough  to 
jte  fubjeft  to  ihcfc  motions.  Put  the  particular  htua- 
tiona  of  placet,  as  to  fliores,  capt  s,  i^raitt,  &c,  difturb 
XixSk  general  rulci.  Yet  it  it  plain,  firom-  the  mol^ 
comtnoft  and  uiiiveifal  obfcrvationc,  tlut  the  Tides  foU 
lou  tlit  laws  above  laid  dow  n. 

1 1.  The  nuan  force  of  the  moon  to  move  the  Tea, 
ib  to  tf  ;it  of  i!r-  full,  nearly  as  4^  to  1.  AiiJ  t) r:'c- 
fort,  il'  t!if  afion  of  tlit  fu;i  alone  produce  a  T'.A'-  uf 
a  feet,  uhich  it  has  b.en  Hated  to  do,  that  of  tiit 
n:Qon  will  be  y  feet  (  fiom  wliich  it  follows,  that  the 
fpring  TiJts  Will  be  I  I  ffct,  and  the  neapTtdes  7  feet 
J)i;di.  Bill  a?  to  fuch  eltrviitions  ds  far  exceed  thefe, 
tht  y  ha;  piM  frtim  the  motion  of  the  watt-m  againll 
fame  i,li!l..el:  ,  and  from  the  ilea  violentlv  entcifiicinto 


ftiaits  ' 


ht  where  the  fatte  ta  not  broken  tullhe 


mtcr  rifct  ki|;hcr, 


TWj  if  /(If  TiDBf. 


I.  If  the  eaiih  were  entirely  fluid,  and  qiiicTciT.t, 
.»l  ivUtnt  'hilt  its  p:\Tt!rl<s,  by  their  mutual  gravity 
towaids  eath  iithcr,  woa!d  form  the  whole  m;ifs  into 
the  figure  i>f  an  txiitl  fphcrc.  Then  fuppofe  forac 
power  to  »cl  Oil   all   the   particles  of  this  fphcre 

with  an  c^ual  foice*  and  in  panUel  dinOienii  bj 


fuch  a  power  the  whole  mafi  will  be  moved  toge^ 
thcr,  but  its  figure  will  fuffer  no  alteration  bf  ic» 
being  fttll  the  (amc  perfeA  fpherr,  whole  CCOtrC  frilt 
have  the  iiinic  motion  as  each  paitide> 

Upon  tkit  fuppofition,  if  the  mod  on  of  the  earth 
nana  the  common  centre  of  gravity  of  the  caith  and 
moon  were  dellroycd,  and  the  earth  left  to  the  influ- 
(rxe  of  in  grav'iitiDn  ttuvnrds  the  moon,  a*  the 
acting  iitdvcr  al.-ovc  iiu  iaioned ;  then  the  earth 
would  fall  01  move  lli.?ii.;li(  Nivrards  the  HMMOi  bot 
flill  retaining  n%  tmc  fpiicrieal  figure. 

But  the  (aft  is  that  the  cffe^h  of  the  moon'a  ac- 
tion, at  well  as  the  aftion  itfelf,  on  dilTerent  parts  of 
the  earth,  are  not  equal :  thofe  part«,  by  the  general' 
law  of  gravity,  being  mod  attradcd  that  are  ncareft 
the  muu;:,  and  thofe  being  lead  attradcd  tint  are  fii^ 
theft  from  her,  while  IM  paria  thtt  aic  at  «  middle 
dtilanee  are  nttmClcd  by  a  mean  degree  of  force  :  be- 
fide?,  all  the  partt  are  not  aftcd  on  in  pa-.i'U  litas,  hr.t 
in  lines  direaed  towards  the  centre  of  the  moon  :  on. 
b:>t'i  whii'li  ;iccijniit*  t!iL-  fpheriral  fiy/n-e  of  ilie  tlnid 
cailii  niUil  lutfer  lunic  t  liaiij^c  trom  I  f.r  ai'liun  of  the 
moon.  So  that,  in  talli'  i^,  as  above,  tlic  rti'irtr  parts, 
bting  moft  attrafted,  would  fall  quickell  ;  she  fartiier 
parts,  being  Icaft  attrafted,  would  fail  floweft ;  and. 
the  fluid  mafs  would  be  Icngtbcncd  out,  and  take  » 
kind  of  fpheroidie^  fann. 

Hence  it  appcnra,  and  wtat  mdl  Ic  naicfulhr  ob> 
lened,  that  it  la  not  the  aaioa  of  the  noon  itlitf,. 
but  tlie  inequaKriet' b  that  aAion,  that  caulc  an^ 
variation  from  the  fpherical  figure;  and  that,  if  thia 
afiion  were  tl'f  fjiiit  ill  tlic  particles  af  In  the  cerw 
tral  parts,  ani!  i>p<.Tatiii^  in  tiic  (amc  direitioit,  uo 
ftidi  cliancjc  woulJ  enfu-^. 

Let  us  now  nJniit  the  parti  of  the  earth  to  gravK 
tate  toward  its  ctiiirc  :  then,  as  thia  gravitation  far 
exceeds  the  aCiion  of  the  moon,  and  much  more  ci> 
ieeedt  the  difference*  of  her  aflions  on  different  parta 
of  the  earth,  the  iFTcct  tiiat  refults  from  the  ineqaaltv 
ties  of  thefe  ac*ioiiu  of  tlu-  moon,  will  be  onljr  n 
filial)  diminnttoo  of  the  gtavi^  of  thofe  paitt  of  the 
earth  whkh  h  cndeavowwd  in  the  farmer  fuppofition 
to  feparatc  from  its  centre  ;  that  iis  i)iofi-  p.iLHoftlie 
earth  which  are  neartll  to  the  moon,  and  tliofc  that 
;irc  fartlicd  fvvim  hi',  will  havf  ihcir  pr.ivitv  tuw^rd 
thi:  earth  fomrwiiat  abated  ;  to  lay  nothing  of  tUu  la- 
teral parts.  80  that  Aippoliii:-  the  earth  the 
columns  from  (he  centre  to  the  neaicft,  and  to  the 
farthefl  parts,  muft  rife,  till  by  their  greater 'he^^ 
they  be  able  to  balance  the  other  columns,  wh»fe  grtr 
vity  is  left  altered  by  the  inequalities  of  the  moou't 
a&ion.  And  thut  the  figure  of  the  earth  mulL  AiU  be 
an  oblong  fphcroid. 

liCt  us  now  confider  the  cnrth,  inflrivJ  of  falling 
toward  the  iponn  by  its  ^r;-..ity,  as  pin;tttcd  in  any 
direction,  fo  as  to  move  rmad  the  centre  uf  gravity 
of  the  earth  aiid  rrioon  ;  ir  is  ."vident  that  in  cafe, 
the  fevei,;!  pails  of  (he  h.iiil  eaitli  Mill  lii'.l  [.MclVive 
their  U'lat.ve  poiilioilCf ;  MtU  the   jigure  of  Uie  CMth 

w.U  rcniai:i  the  fame  as  if  it  fell  freely  toward  the 
moon}  tliat  it,  the  earth  will  lltil  affume  a-fpheroidal 
farm,  lurinig itakng^  dianeicr  ditcdcd  toward  the 
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•f  luc  cattti  dircclly  under  tlic  moon,  a»  at  H,  and 
alfo  thr  oppofitc  parts  at  1),  will  have  the  flood  or 
bighwatcr  at  ilit  (amc  time  ;  while  the  parts,  at  B 
anil  F,  at  qd'  dillar.ce,  or  vrhere  the  moon  Hpprart 
in  the  horizon^  will  have  the  ebbs  or  loweft  water*  at 
tint  tine. 

Iieii^>  aa  the  earth  turn*  round  itt  axit  from  the 
■Mon  to  the  moon  again  in  34  houn  4B  miniiteiy 
tAm  ofd  of  water  mm  Aift  with  it  t  and  thua  thcue 
^11  be  two  Tidn  of  flood  and  two  of  ebb  in  that 

tlirc. 

But  it  is  further  CTide»t  that,  by  the  motion  of  the 
earth  on  her  axif,  the  moll  ckvatcd  part  of  the  water 
i« carried  beyond  the  moon  in  the  dirtftton  of  the  ro- 
tation. So  th;it  the  wati-r  com in'.ie'i  to  rile  after  it 
has paifed  dircdlj  under  the  moon,  though  the  imn^c- 
diate  adion  of  tne  moon  there  begins  to  decreafe,  and 
'cornea  not  to  its  jrreateft  deration  till  it  has  gut  about 
'kalf  »  quadrant  farther.  It  continues  alfb  to  defcend 
after  it  baa  pafled  at  oo^  diftaaee  from  the  poiat  be- 
low  the  moon,  to  1  Kke  diitaiiee  of  about  mdf  a  qua. 
drant.  The  greatefl  elevation  therefore  is  not  in  the 
Bne  drawn  through  the  centres  of  the  earth  and  moon, 
nor  the  Io«cll  points  where  the  moon  appears  in  the 
liorizon,  but  all  tln.-fL'  ahm't  half  a  quadrant  removed 
eaftward  fruni  thcfc  piMn;!",  in  the  ciirei;ti<in  ot  the 
motion  of  rotation.  Tliua  in  open  Icaa,  where  the 
water  flows  freely,  tlie  ihoon  M  is  generally  p«ft  the 
north  and  fouth  meridian,  as  at J>,  wht-n  the  high  water 

S  ntZ  and  at  n :  the  rcafoo  of^  which  is  plain,  becaiife  „ 

Ae  moos  ada  with  the  fame  force  after  Sk  hai  pafled  Newton  oomnRB  the  Wg-tides  at  the  mouth  of  the' 
*tbe  meridian,  nnd  thua  «dda  l«  the  libntorf  or  waving  A*On»  below  Brinol,  with  the  ncap-iijts  tlicre, 

andfiads  the  pn  portion  as  9  to  j  j  whence,  after  fc- 
veral  ncccflary  t  JircCtions,  he  concludes  timt  the  force 
©f  the  moon  to  that  of  the  fun,  in  raifing  the  waters 
of  the  weiin,  is  as  4.*48i5  to  i ;  fo  that  the  forse  of 
the  inaon  able  of  itfelf  to  produce  an  elevation  of 
9  feet  I  h  inch,  and  the  fun  and  moon  together  mnf 
produce  ao  elevation  of  about  II  feeK  S  inchei,  when 
at  their  mean  diftancea  iirian  tbc  tnrtJ^  «r  an  demtnn 
of  about  i2|  feet,  when  the  moon  ia  ncnicft  the emtb. 
Tiiehck[ht  10  wUdlthe  water  is  found  to  rife,  upon 
-ctefla  oi  the  open  and  deep  ocean,  is  agreeable  enough 
to  this  computation. 

Dr.  IIorDej  eOimates  the  force  of  the  mcon  to  tliat 
of  the  fun,  >"0469  to  I,  in  his  t-dit.  .f  Xew  toii'i 
Pn'ncip.    bcc  the  Princip.  Ub.  3,  fed.  3,  pr.  »(ui 


eftft,  nod  n  Lie  varintion  from  the  cnft  IpbctxallU 
^""^  So  that  in  nality  there  arc 

two  lidet  vKTf  oatoial  daj  from  the  adion  of  the 
ftm,  as  there  are  in  the  lunar  day  from  that  of  the 
moon,  fubjed  to  the  fame  laws ;  and  the  lii:.at  Tide, 
as  we  have  obfervrc!,  1,  foiicf.vhat  chii-  j^td  by  the  ac- 
tion of  the  fuu,  ar.d  the  cliai.ge  varit*  every  day  ou 
account  of  the  inequality  between  the  natural  and  the 
lunar  day.  Indeed  the  cffcit  of  the  fun  in  produdoe 
Tide  s,  b  caufeof  hia  imiricnfe  diflancc,  muft  be  cott- 
fidetabiy  lefs  than  that  of  the  moon,  though  the  m. 
Tity  toward  the  fun  be  much  greater  :  for  it  ia  not  the 
naioo  of  the  fun  or  moon  itfdf,  btit  the  tnequ^tities  in 
tfaataaiony  that  haveanjcffeO:  the  fim'sdiUance  is 
fogfcat»  that  the  diameter  of  thi-cai-th  i-tuit  poMit 
in  comparifortwith  it,  and  therefore  tl.c  Ci!i<;icr,Lt  be- 
tween the  fnn'sa:\ions  on  the  ncar.ft  and  farthtU  parts, 
bccomts  vallly  Ufs  than  it  woi.ld  be  if  t!ic  fun  were  aa 
near  ilie  moon.  Howevtr  the  imircnfc  bulk  of  the 
fun  mskes  the-cffia  lliil  ftt.fihlc,  even  at  fo  grest  a 
dillance;  ard  therefore,  tilough  the  aflion  of  the 
ro*ion  has  the  greaieR  Iharc  in  producing  the  Tides, 
the  adioo  of  the  fun  adds  fenfibly  to  it  when  thty 
confpire  together,  •<  in  the  full  aod  cbao^  of  the 
moon»  when  thejr  ate  nearly  in  the  fame  line'with  the 
centre  of  the  earth,  and  therefore  unite  their  forces: 
confcquently,  in  the  fytygies,  or  at  new  and  full  moon, 
the  l  ides  arc  the  greatcft,  being  uliat  art  i.Jled  the 
Sprlng-TiJii.  But  the  a-^t-uu  of  t!ic  fun  dirjiuiiihea 
the  ciTeCt  of  the  moon's  aft'oii  in  t!;-  (iu^r'.eri,  beeaufc  ' 
the  avx  tnifcs  the  v.  aitr  in  that  cate  where '.he  uthcT 
deprcflci  it  ;  thfr^foK-  the  Tides  are  the  Jcaft  in  the 
quadrature*,  and  arc  caUcd  Huf-Ttdu, 

Newton  haa  calcniated  the  eTefia  of  the  fun  and 
moon  idpnftif ely  upon  the  Tides,  from  their  attraftivc 
powen.  Theiormer  be  finds  to  be  to  the  force  of 
gravity,  as  1  to  1  ji;68.'oc,  and  to  the  centrifugal  force 
at  the  equator  1  to  445^7.  The  elevation  of  the 
watcTi  by  this  iorce  is  cuEilidercJ  by  Ncwtoa  at  an 
efTcft  fimilar  to  t|jc  elevation  of  the  equatorial  pMts 
above  the  polar  parta  of  the  earth,  ariling  from  the 
centrifugal  force  at  the  conator}  and  aa  it  i»  44529 
timet  lef*,  he  fiada  it  to- be  24^  iBehea»  or  2  ftet 
and  \  ao  iaah. 
To  find  the  Ibme  of  dm  moon  tipon  the  water, 


_  whidi  the  water  acquired  when  fhe  was  in  the 
meridian ;  and  therefore  tne  time  of  high  water  ia 
not  precifily  at  the  tinu'  of  her  coaBj{  to  the  loeri- 

dian,  but  lomc  time  nftcr,  f<c. 

Befides,  the'l  iJi  a  :r.ilsvi.r  not  always  to  th-  fame 
diflance  of  the  moon,  from  the  meridian,  at  the  fame 
phces  ;  but  are  varioufly  affVded  by  the  adion  of  the 
tun«  which  brings  them  on  fnoricr  when  the  mocu  is 
in  her  firll  nnd  third  qnartc--,  keeps  them  back 
faicr  when  flie  t»  in  her  td  aod  4th  ;  bccanii:*  in  the 
former  cafe  the  Tide  raifisd  by  the  Am  alone  wcUdd  he 
CMticr  than  the  Tide  mifcd  by  the  moon*  and  in  the 
latter  cafe  bier.  '  \ 

2.  Wc  have  hitherto  n  ivcrtcd  only  to  the  adion  of 
the  moon  in  pru<iucing  Tidis;  hut  it  is  manifi;(l  that, 
for  t!ic  fame  teafonit,  the  inequality  of  tlie  fun's  adion 
on  diffcicBt  parte  of  the  earth,  wuuld  produce  Ukc 


37  ;  alfo  Maclauiin's  Differt.de  Caula  PhyCca  fluxna 
ct  lUfloxiu  Maiia  apod  Phil.  Nit.  Fiiw*  friath.  Conu 
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tnent.  le  Scur  &  Jacquicr,  ton),  p.  271.  Aad  Otber 
<ilcidat€irtm«kc  the  proportion  ftiuniurc  dilTcrenl, 

i»  It  mad  beobTmcdi  ihif  ihefpring-tidcsdonot 
Inppcu  predf«^  at  new  awl  fiiQ  iikn»»  nor  th«  uenp* 
Chki  at  the  qmutcn,  but  a  dayor  twoaftrrt  beeaule, 
0t  !■  ether  caTes,  fo  in  this,  the  cfTcd  !■  nut  grcateil  or 
Icaft  when  the  immcdKate  inffucncc  of  the  caufe  is 
^tatclt  or  Icaft.  As,  fur  txaraplt;,  tt.c  j  '-.  'itl  li  -it 
M  not  on  the  daj'  of  the  folflicc,  w:,  ■  ;  ti..  iiii;;.^d.jU 
adlioii  r>f  the  fun  is  grcateil,  l.in  inru'  I'liu;  ;fttr;  fp 
likf*irc,  if  the  aflifiis  of  tin-  Imi  a/.  1  moon  fhauld 
fuddrnly  ccafc,  yci  t!iL-  'l  iiio  wi.ulu  c:  ;:i:iiiuc  t<«  have 
tb^ir  coiirfe  for  fonie  lime  ;  and  hkc  alfo  aj  the  v,  ivcs 
of  the  fi:a  coiitiime  after  a  flotnu 

4.  The  diHen-nt  diiUucc*  of  the  moon  frorn  the 
«ITth  prodt^cc  a  fenfiblc  \-ariation  in  the  Tidc».  When 
the  mooa  apptuitdics  toward  the  earthi  her  adioa  mt 
tnrj  part  increafct,  and  the  dtleraKC*  of  thaiaftiona 
«B  which  the  Tide*  depend,  albia«eale$  and  m  the 
tanoon  appruachrt,  her  aATon  on  the  ueareft  parti  fn- 
Cmlies  more  quickly  tVun  chat  on  the  remote  part«,  fo 
that  the  Ti<je«  tncri.ife  in  a  higher  proportion  aa  the 
moon's  tl'll.iiici^  dicrr-nlV.  In  fad,  it  i:;  llicwn  bjr 
Newton,  UM  tht  'i"idc»  incrcaic  in  i)ri)]iL>i-lir):i  as  the 
cubes  of  the  dillancet  drcrcjlc;  Id  tli.it  i\w  inn  in 
at  half  her  dfflanrt  would  pjoducc  a  Tide  S  tin.ii 
greater. 

The  mooJi  drfciltjis  an  oval  about  the  earth,  and 
at  hcrocarcil  dill  uice  protlucet  a  Tide  fenfibly  greater 
than  at  her  grcateil  rfiltativ  c  from  the  earth  ;  and  hence 
it  i«  that  two  K'^iit  rjirnig-iidca  never  fucceed  each 
ether  inn^cdiatdf ;  for  if  tbcaooa  he  at  her  leaft 
diftanoe  frwn  the  earth  at  the  dnuige^  flic  aauft  |w  at 
bergrcateftdiAance  at  the  full,  having  made  half  a  re- 
.Wilitttoil  m  the  intcTFening^  time,  and  thcrdbre  the 
Xpriojr-tidc  then  will  he  rnui  U  h-L  than  that  at  the 
laft  change  waa ;  and  for  tbc  fiinie  reafon,  il  a  great 
fpiiii^  tide  )inpp<rn  at  the  time  of  filB  MMMI^  thC  Tide 
al  the  c'liraiag  thajige  wiU  bckfl. 

J.  The  fpring-t idea  are  higheS,  and  ihc  ucip-tides 
lowcQ,  abniit  the  time  of  the  equinoxc*i  or  the  latter 
end  of  March  and  September ;  and,  on  the  contrary, 
the  ^ring-ttdc*  arc  ihc  Knveft,  and  the  ncap-tidea  the 
iufhol,  at  the  IblfticcM  or  about  the  latter  end  of 
Jane  and  December:  fo  that  the  difTerence  between 
tbc  fpring  and  neap  Tides,  11  much  more  confiderable 
•boat  the  cmiiiwaial  tha*  the  IbUlitial  fialbm  of  the 
yew.  IV  ahiiiMe  and  evince  the  triKh  ef  this  0^ 
tsjcvatioa,  let  uaceofider  the  cl&d  of  the  1  uminarica 
.«pga  the  TIdca,  «vhen  in  and  out  of  the  plane  of  the 
equator.  Now  it  is  nuiiifclf,  tlut  if  cillur  the  luii  or 
eioun  were  in  the  f  ule,  tlity  coui.l  not  have  any  cfTcCt 
oil  tlu- Tidi  s  ;  ini  thi.ir  acl-'uri  would  rjili.  nil  tlu'  wa- 
ter at  the  tijUatui,  ur  ;u  :jiiy  plralkl,  \|4it(c  iirmiiid,  to 
«  imiiorm  lu  giit  ;  and  thrrcf  ji  t  :iiiy  place  of  the  cartii, 
ill  «lcicribii)g  >u  parallel  to  the  equator,  vroutd  not 
meet,  in  its  OMirfe,  with  any  part  of  the  water  more 
idewalcd  than  aaother  ;  £>  tliK  thcie  eoeU  be  ao  Tide 
fo  mf  place,  that  w  aHemtiMia  iIm  hcisht  of  the 
waters. 

On  the  other  haa^  the  eflcd  ef  the  fim  or  ■wcM 
iagrcaiett  whca  ia  At  cquitkoOIal;  finr  thaa  the  axis 
of  the  (phcroilal  figure,  arifine  tnun  ihciir  aAion, 
1  ie  the  gitMleC  dMl%  aad  ihe  enter  it  tM9 


the  greateft  agitation ;  and  hence  it  ii  that  tke 
fpring-tiden  piodiKcd  when  the  fun  and  moon  are 
both  ill  the  equinofiial,  are  the  grealcll  of  mjp 
and  the  neaptides  the  Icaft  of  any  about  that  tiatCa 
And  when  the  tuminarj  »  anjr  where  bettsve* 
the  equiooAial  aad  the  pole,  the  Ttdct  are  the 
fmaller. 

f>.  The  higiicft  fpring  tide*  are  after  the  aiit  rrr.il 
;tii(i  b<!fiM  c  the  teroal  equinox  :  the  rcafun  of  which 
bevaiifc  the  foe  ii  nearer  the  earth  in  wittier  than  (• 

fumiurr, 

7.  Sinie  the  greatcfl  of  the  two  Tide?  happening  in 
every  (iiii'nsi  mululion  of  the  m<»o!i,  ia  that  in  which 
tl.r  iiiuoii  ii  lua  ttl  the  renith,  cr  nadyr  t  far  this  rfa» 
ton,  while  the  lu;:  is  in  the  northern  lign»,  the  greater 
of  the  two  ditiriul  Tttici  ui  our  climates,  iklli.it  xning 
fiOffl  the  meo^  above  Uic  horizon  ;  whcti  t!ie  fun  ia  tf 
the  hfUhfrm  iigoat  the  greateft  is  that  ariiiug  fnnithiC 
ntooD  below  tbc  bori^.  Tbve  it  ii  found  by  obfcc* 
vation  that  the  evening  Tides  in  tliefummcrcxorcdtne 
Blurning  Tidc^  and  in  winier  the  :uon.ia^  Tides  ex- 
ceed the  crening  Tide*.  The  diflVrcnce  is  i'uuiid  at 
Briflol  to  amount  to  ij  iai.lii.>,  and  .-.t  rivr.j.iuth  tu  la. 
It  would  be  AM  grE'4t4T,  1r.it  tiiat  j.  iitiii  iii^i.iya  letaioa 
an  impreiltd  nioticii  tor  iiunc  ti:MCj  fo  th'it  ihc  pre- 
ceding '1'kIi  *  aift  "l  uK%'riyt>  lliulc  that  f)'ito%v  them. 
IJpoa  the  uimle,  winle  the  moon  l.ji  :i  i;   it'i  dtxliua- 

ttun,  tlic  greaicti  Tidies  itt  tlic  nurthem  hemlfpbeic 
are  uhen  (be  is  above  the  hotnoOy  ir^  tb«'  re«cd!e 
while  her  docUnat^Kt  is  fonth. 

8.  Such  sreeld  the  Tides  regularly  be,  if  th;  earth 
were  aU  o«er  covered  with  thf  Cc»  very  .^tcp,  ta  liaf 
the  water  miflbliliwclyfclbw  the  iaflttence  ef  the  fifp 
and  moon  t  Mt,  by  nafba  ,cl  the  fluwlticfs  pf  foiua 
places,  aad  the  alirpwneft  of  ^  ftriiits  ia  othcriy 
through  whi<  It  the  Tides  are  propagaceUj  there  arifes  a  ' 
grcut  divcilUy  10  the  eiTcd  according  to  the  varimia 
rireuintlances  nt  the  places.  Tlun,  j  rcry  flow  an^ 
imperceptible  motion  of  the  wliole  Uody  of  water, 
whctc  it  ia  »ery  deep,  a  a  uidci  foi  i:.'Unec,  will  fuf- 
fice  to  laifc  its  futtacc  10  ur  ii  feet  in  a  'i'ldc'a  timet 
whereat,  if  the  fame  quantity  uf  water  ^xre  to  bcco:^- 
Tcyed  (biough  a  channel  uf  40  fathosrui  deep,  it  woulji 
require  a  very  rapid  fttearo  to  cffe  H  it  in  fal^rgeaii* 
lets  as  arc  the  EnyliAi  cbfn^cl,  and  the  Ccrraui  ocpan; 
whence  the  Tide  w  |wmdi»|ct  ilrongcil  iti  tlipfe  pljicca 
where  the  fea  gmtt  nnroiaeA,  the  £»w  naatity  if 
water  being  in  that  cafe  to  pafa  thnragh  f,  (mailer  pa^ 
fage.  This  is  particukily  ubferval^c  !n  the  fti-alti 
between  Portland  and  Capr  la  Hoguc  in  Normandy, 
whcle  the  '1  ide  lun  ;  like  ..  i  ■  ind  wonli!  lie  ytt 
mure  fo  between  Dover  anu  L,u-ii,  it  the  'I'lic  c  ui.n^ 
round  the  iilatiddid  not  eUceii  it. 

This  foice,  when  oiicc  iinurciiird,  cottliiiucs  to  carry 
the  w»ter  above  tli'e  ordinary  height  in  the  ocean,  tfpe* 
ciaily  whcK  the  water  meets  a  dired  obftacte,  as  it  due* 
in  St.  Mafceil  and  where  it  inters  iete  afciBg  chanisel 
whKh,  ranoiag  iar  into  the  btod,  grpwi  tMfv  firait  if 
■its  extremity,  aa  itdaei  into  the  Sercm  fea  atCiiepftew 
nod  firiM> 

Thit  lhaalaeft  of  die  fee,  and  the  iatcrcatrent  con- 
'  tincata,  are  the  rtaftaathat  in  the  open  ocean  iheTidca 
rife  but  to  verr  fiataU  heights  in  pruportien  to  wfaft 
tbif  do  in  wJiliMnoedied  n««nb  epcniagin  the  $we- 
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tion  of  the  flrcam  of  tl.c  Tide  j  and  that  high  wjter 
I'"  not  foon  after  tlie  roooti's  appnlfc  tn  the  meridian, 
bill  fume  hours  after  it,  as  it  is  obfcrvtd  upon  all  the 
frtllctn  to.tft  of  Enrcpc  and  Africa,  from  Ireland  to 
the  Ctipe  uf  Good  Hope  ;  in  all  which  a  fuu(h-we(l  moon 
tPako  high  mUcri  mA  the  fiune  it  is  faid  ii  the  cafe 
on  the  irettm  fide  of  Amerraa.  80  that  Tito  hap- 
pea  to  difiereit  pfawet  at  all  dlilnnce*  of  the  moon 
from  the  merldnn,  and  cunfequcutly  at  all  hotirt  of 
the  dajr. 

To  allow  the  Tides  their  full  nnjtion,  the  r>cca;i  in 
▼.li'ch  tin  J  are  jnodiired,  ought  to  be  cxt'-ndril  from 
ca'X  til  u  I II  yo  ilc^rt  t-x  at  leaf ;  becaufe  tK:it  h  tfit  :i  U 
tancc  bttwc.ii  ].!:-tr3  v.jicn;  the  wattr  it  nKul  ruffed 
and  dcpreiTcd  by  the  moon.  Hence  it  appear*  that  it 
is  only  in  the  great  oceans  that  ftich  Tide*  can  be  pro- 
duced,  and  why  in  the  larger  Pacific  ocean  they  exceed 
thofein  the  Atlantic  oevao.  Hence  alfb  it  is  ohviou*, 
why  the  Tide*  are  nut  h  great  in  th(  ton  id  zone,  be- 
tmtn  Africa  and  AmenCMi  1>hci«  die  ocean  it  tur- 
rower,  ni  in  the  temperate  sonei  oe  either  fide  {  and 
liencc  HI  inxyalfo  uadeiflmid  whjr  the  Tidei  are  fo 
fimU  in  tflanda  th^t  .ire  very  far  diSant  from  the  fiwm. 
It  lb  mthcr  mauifell  that,  in  the  Atlantic  ocean,  the 
water  ciiniiot  life  on  r»>c  flioic  hut  bv  Jcfccudin^  an  t'lc 
Otlier;  fo  that  at  flu'  iiilerrrcdi.iU'  ili.iiijs  it  mull  ciinti- 
nuc  at  a  mean  hcijjin  Ixrlvvcin  its  clcvrdioin  on  tliofe 
two  flioics.  But  \v!icn  Tidt*  pafj  ovit  fhoals,  and 
through  elm  it;  into  Lari  of  the  fta,  thc.r  inution  be- 
comca  more  tartuu*,  their  height  depend*  oa  many 
circumllancr*. 

To  be  more  particular.    The  Tide  that  is  prodmred 
on  the  weftern  coafta  of  Europe,  in  the  Atlantic,  cor- 
(cfponds  to  the  Situation  of  the  moon  already  defcrib- 
td.    Thus  it  is  high  water  on  the  wedern  coad*  of 
Ii^fmdf  Pottngd  and  Spaia,  about  the  3d  hour  after 
the  moott  hoi  palfid  die  aicfidiaBt  60m  thence  it 
flows  iuto  the  idjaccnt  channdii .  at  it  fiodi  the  eafitft 
aflage.    One  eurrtnt  from  It,  for  inftance,  runs  up 
ythe  fouth  of  Fi>j;l  im',  and  another  comt-s  in  by  the 
north  of  Scotldnd  j  thiy  t.nke  a  conll Jcn  ble  time  to 
move  all  tliii  way,  riBkin^  .■>l'.vavs  higli  wstcr  foorUT  in 
ibc  plaets  to  winch  lli<y  fiiil  come  ;  iiiid  il  begins  to 
fall  at  thcfc  place*  while  the  cuneiit*  are  ilill  going  on 
to  other*  that  are  fiirthcr  diAaiit  in  their  courfe.  As 
they  return,  they  are  not  able  to  raife  the  Tide,  bc- 
caufe  the  water  runs  fafler  off  than  it  returns,  till,  by 
a  new  Tide  p(«|N^tcd  from  the  open  oceaB,  the  re- 
turn of  the  current  i*  flopped,  and  tne  water  begins  to 
rile  again.    Fhe  Tide  propagated  by  the  moon  in  the 
German  ocean,  when  Ihe  is  }  boon  paft  the  meridiait, 
takfs  It  hotaaiocaeaefiomtbcBCctoLoodoMbridgct 
fothit  whcB  k  ia  h%h  water  tiwrtp  «iiew  Tide  it  al- 
ready come  to  it«  height  in  the  oeein  ;  and  in  fome 
iatcrmediate  place  it  mull  be  low  water  it  the  fame 
time.    CoHfemtenily  when  the  moon  has  north d^lina- 
tioD,  and  wc  fho'ilJ  exjicct  the  fide  at  London  to  be 
the  j;reatt!l  when  the  moon  is  above  the  horixon.  we 
fin:l  it  Ik  kuft ;  and  the  ttiatnij  whea  fhe  howwdi 

dcclirt.^tion. 

At  fevtral  places  it  is  high  water  3  hour*  before  tbe 
mooa  pome*  to  tbe  mcndiao  {  but  that  Tide»  which 
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the  Tide  trppofttc  to  th^t  which  \r-a«  nifcd  bf  htf 
when  flic  was  9  htiurs  pail  the  oppoftte  meridian. 

It  would  b«  endlcfs  to  recount  all  the  particiilar 
fohitions,  which  are  eafy  coofequenrci;  from  tiut  doc* ' 
trine  :  as,  why  the  lakes  andfca*,  fuch  a»  theClfpSaa' 
fea  and  the  Mediterranean  fab  the.  Black  £11  Had  the 
Baltic,  hatre  littje  or  bo  IcBfinlc  TUku  for  hliet  ti* 
nfualhr  Co  fnall,  tbtt  when  die  atoon  la  Mrtieal  Iht' 
atcrada  tmj  {nrt  of  tbcm  alike,     tbat  no  parf  of 
the  water  can  be  raifed  higher  than  .itjoiIkt  :  and 
hating  no  commuiricatioti  with  the  ocean,  it  can  neithrr 
increafv  nor  dini^nlfll  their  water,  to  make  it  rife  a!:d 
fall  i  ami  f<-a»  that  communicate  by  fuch  narrow  iiiltts, 
and  arc  cjf  to  inimri;rc  an  extent,  cannot  fpredilv  rrci  Ive' 
am!  en  pty  water  enough  to  rmifc  Or  fink  ibeir  furfacc 
an)  iliiiii;  ftndbly. 

In  general ;  when  the  time  of  high  trater  at  any 
pbue  »  mentioned,  it  ia  to  be  vndrnlood  on  the  day» 
of  new  and  fall  noons. — Amoiig  pilots,  it  is  cuftom- 
ary  to  reckon  tbe  time  of  flood,  or  high  %raterr 
by  the  point  of  the  compafa  the  idooo  bcon  on,  at 
that  tnne,  altowtng  (  of  as  Itoiir  fix-  each  point. 
Thna,  ott  the  faO  and  chaoM  dayi^  ia  places  where  it 
M  lodd'at  noon,  tbe  Tide  is  ikid  to  flow  north  and 
fouth,  or  at  12  o'cl<»-k:  in  other  places,  on  the  fame 
days,  where  thetnoun  hears  l,  1,  3,  4,  orniore  points 
to  the  call  or  well  uf  the  meridian,  when  it  is  biplf 
water,  the  Tide  is  fp.id  tri  flow  un  fnrh  poif:t  ;  llus,  if 
the  moon  bens  SE,  jit  flood,  it  is  faid  to  flow  SE  and 
NW,  or  3  hours  before  the  meridian,  that  is,  at 
if  it  bears  SW,  it  flows  SW  and  NE, 
or  at  3  hours  after  the  meridian}  and  in  like  man- 
ner for  the  other  points  of  the  mooo's  bearing. 

lite  timet  of  high  water  in  any  place  fall  about  the 
fame  hours  after  a  period  of  about  15  days,  or  betwvn»' 
one  fpriag  TMe  and  another  1  but  during  that  period, 
the  timet  of  b^  inter  M  each  day  biter  by  about  4^  ' 
miDBlcik 

On  the  ftAjeft  of  thb  iitMe,  fee  Newion  Princ, 
Math.  lib.  3,  prop.  34,  and  De  Syflem.  Murdi  fed. 
]8,  &c.  Apod  Opera  edit.  Horfley,  torn.  3,  pa.  32 
Ac  p.  203  S.C.  Maciaiiriti's  Account  of  NenHun'a 
Difcovcrie^,  book  4,  eh.  7.  Fcrgufon'a  Aftron.  ch.  17. 
Kijhcrtfon's  Kavig.  book  6»  ftcL  7*  B>S>-  ttkiaade**- 

A!iron.  vol.  4. 

Tim  J)ii]/,  an  inlbntmcnt  contrived  by  Mr.  Fer- 
giiroii,  for  exhibiting  and  detetmining  the  flate  of  the- 
Tidet.  For  the  eoaHrnaioii  aod  itic  of  wfaidi  fee  hi»^ 
AAron.  f .  757. 

TiBi^  T.ii  /rj,  art  tables  commonly  exhibiting  tht 
time*  of  high  w^ter  itt  fundry  places,  a«  ihty  fall 
the  days  of  the  full  and  change  of  the  moonr  and 
ibmetimaa  the  h^|ht  of  them  alfo.  Thefe  arc  com« 
aaoo  in  noft  boon  on  Navigation,  particidarly  Ro- 
bcrtfon's  and  the  2d  cd.  of  Tables  requiike  to  be 
ofcd  with  the  Nautical  Almanac.    See  one  at  HiCH- 

TIERCE,  or  Tbirce,  a  liquid  meafure,  as  of 
wine,  oil,  Uc,  containing  4SgdllOllBr<ir  die  jd  pa(l  flC 

a  pipe  ;  whence  its  name. 

TIME,  a  fticcrfhon  of  phenonriena  in  the  nm'- 
verfc  }  or  a  mode  of  duration,  marked  by  certain  pe» 
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and  iwolutiOB  of  the  luwinanM,  and  pirticukily  cf 
th«  fun. 

The  idea  of  Time  in  generai,  Locke  obkrvcs.  we 
acquire  hj  confidering  an)-  part  of  infmite  duraiioo, 
H  let  out  by  periodical  mcafurct :  the  idea  of  any 
puticular  Tnaet  or  length  of  duration,  «•  a  day*  an 
aoor,  w«  aoquiicfiift  bjr  obfervin^  ccruin  ap|mr« 
meet  at  regular  aad  fecmingly  cquidiflant  pcnoda. 
Now,  by  being  able  to  vepeat  thele  kogth*  or  inea> 
furei  of  Time  a>  often  ai  m  wUI,  we  can  imagine 
duristion,  where  notlilng  really  endures  or  extftas  and 
thus  wc  imagine  tomorrow,  or  ncKt  year,  irc. 

Some  ot  "iht  later  u  !iool-;..Mlnf.iijlii.r>  iltfinc  Time 
to  be  th<  dumiior,  of  a  tiling  whole  cxiikncc  i»  uejlljcr 
without  bejMniimtr  nrjr  enflt  by  Uuv  Ti«e  h  dtftiii* 

guiftied  from  ctrir.itf. 

Atiftotlc  aiiil  the  Peripatttii;s  deCnc  it,  numcrui 
mot»t  feaindttm  prius  pojienvs,  or  a  mukitut'.e  of 
tnmCent  part*  of  motion,  fuccccdin^  each  other,  in  a 
CMtiaoal  flu«,  in  the  relation  of  pnoiity  and  poflcrio- 
fjty.  Hence  it  fliould  follow  that  Time  is  motion  it- 
filF»  or  at  Icaft  tbe  dmtioa  of  motion,  cor.fi 'rred 
at  hanng  feicnl  vMtMp  fcme  of  which  aic  cu  uijai- 
atly  fucceed  ing  to  otbet*.  Bot  OA  tU*  pjBcipUr,  Tiioe 
or  tempont  duration  woaU not  anp  1*  bodi«*  «t  reft, 
wiiidi  y^t  nobody  «iUdenytocxifriaTiiiie»  or  CocD- 

dure  fi  r  a  Time. 

'{'a  avoid  iliib  inconvi-.iiL-utf,  tlic  Epicuuans^  and 
CorpufculaiiaDS  made  Time  to  be  a  Itirl  u!  llui  difitrcnt 
from  motion,  confilling  of  i:iliaite  paftj,  continually 
and  immediately  fucceed  ing  each  other,  and  thi*  from 
demity  to  eternity.  But  lvIrtj  iliicctly  explode  thi« 
notion,  as  eftablilhing  aiieurnal  I  c  n^'.  ixdcpcndcnt  cf 
God.  For  how  (hould  Uiercbc  a  ll-x  l  eforcany  thing 
eaifted  to  flow  i  and  what  ihouU  that,  flux  be,  a  £ub> 
ftance,  or  m  ■ccidnt}  Aceurdiflgtothcphtlofopbie 
poakff 

«  Time  of  itUf  ia  nothiag,  but  frooft  tbought 
Kxoeiiea  it*  vk  i  by  tabourinefiuicy  mougbt 
From  things  conlider'd,  wliiut  we  Ibwk  on  lone 

Ajprefent,  fonic  as  pr.ll,  or  yettoconse. 

Ko  thought  can  think  on  Time,  that'*  ftill  confefl. 

But  thinEs  on  thiu^-.  in  inctiou  or  at  reft.** 

And  fo  on.    Vide  Lucretius,  book  i. 
Time  may  .  be  difiinguiOicd,  likeplac^  iatoofJiArilr 

and  relative. 

Ahjohle  TiMF,  is  Time  confidered  in  itfelf,  and 
withoM  any  relation  to  bodiea^  or  their  motions. 
Rtbliw  or  Appamt  Tihe,  it  the  fenfibk  mciblC 

of  any  durat''in      neans  of  motion. 

Some  author*  diUinguifh  Time  into  ofirMtmcaltaA 

yfj'-'.n^'mhal  Tims,  is  that  which  i»  taken  purely 
fror.i  ilx  motion  of  tlw  hcaTcnly  bodiet,  without  any 
othei;  n^gard. 

CMtTmi,  U  the  former  Time  :ir.ammodated  to 
civil  ufes,  and  formed  or  diAiaguiihcd  into  yeart, 
months!,  days,  S:c. 

Ti  .ir  inikts  the  fuhjea  of  chronolop^y. 

TiMF,  in  mufic,  i«  an  zffcf^ion  of  found,  by  which 
h  h  faid  to  he  long  or  rtiort,  with  rci;urd  tO  Itt  «»• 
tinonnce  in  tbc  tunc  tone  or  degree  ul  tune. 


Mtiilcil  Tiirie  is  dlftingulflicd  into  f»T.'»a.5»  or  ifupU 
Time,  and  iripU  Time. 

D(/ukU,  tfvflf,  or  commm  Tirt,  is  w!icii  the  ivjtes 
arc  in  a  duple  duiaiion  of  tacli  o'.her,  mz,  a  ftir.il)i<.ve, 
equal  to  a  minima,  a  miuim  to  i  crotchets,  a  crotchet 
to  a  ^oatcn,  &c. 

Common  or  double  Time  i^  of  two  klr.;!*.  Tlie 
firft  when  every  bar  or  meurnrc  ij  equnl  to  n  fe* 
mibrcvc,  or  its  value  in  auy  co  jihliiatina  of  notes  of 
a  Icf*  quantity.  The  fecond  is  where  every  bur  li  cqaol 
to  a  minim,  or  itt  value  in  kfa  note*.  The  move- 
menu  of  thii  kind  of  meafitre  aw  varions,  bm  there 
arc  three  common  d'(lii]Aion< ;  the  firll T&inr,  denoted 
at  tl)c  begioniug  uf  the  line  by  the  mark  C ;  the  td 

hiftt  maikcd  thnt        aad  the  }d  'wr|r  irjH,  tlmt 

marked 

Ttiph  ?im'  Is  wTicii  til'.'  i.'ural'oni  i.T  the  nclra  are  ' 
triple  of  each  other,  that  is,  when  the  fcroibrcvc  it 

<al  to  I  minimti  the  ownm  to  3  eroMbctt*  Ae»  and  . 
it  if  m.irked  T. 

TiME-fci^r/,  in  a  L'encr.il  ffnfe,  derotc  inihiimCBtB 
adapted  formeafuridg  tiii>e.    See  Cii^^'^-sn-iisTta. 

ui  a  more  peculiar  and  detinitc  Icnie,  Tirac-kecpcr 
iaa  term  firft  applied  by  Mr.  John  Harrifon  to  hit 
Wttcbes  conllmacd  snd  ufcd  for  determining  the  loit* 
gitode  at  fca,  and  for  which  he  received,  at  different 
timet,  the  parKamentary  reward  of  to  thoufand  poundt. 
And  fimtal  other  artifti  haw  fince  received  alfo  oon« ' 
fideiAfe  ftmit  far  their  impeovemoitf  of  TtoM-fccqp- 
em  ;  as  Arnold,  Mudge,  &c    S«e  LoaciTDDB. 

This  appclUtiun  is  now  become  Common  tmong 

artifle,  to  i!illir.,:iji(Ti  fueli  wr.l  '  -  witli  ex- 

traordinary cue  and  .leeuracy  tor  iiauliciii  or  aflro:ij. 
•Iiiirul  obki  V  atlor.i. 

The  pimciplc*  of  Mr.  Harrifon's  Time  kcejHi  ,  ;\s 
they  were  comtnunicuted  by  himivl'',  to  :lie  cr.rviiiii;!!  in- 
ert appointed  to  receive  and  p'.iliHlh  the  iamc  in  tlic  year 
1 765,  arc  as  bti.iu  : 

In  thi«  Time-keeper  there  is  the  greateft  care 
taken  to  tvoid  friction,  as  much  as  can  be,  by  the 
whed  moving  on  hnall  pivott,  and  in  i'uby-holc»,  and 
high  anmbert  in  the  wheels  and  pniont. 

"  The  part  which  mcafuret  time  goes  but  the  eighth 
part  of  a  minute  without  winding  up  ;  fo  that  putt  it 
very  fimpte,  as  this  wiitdiog-up  is  performed  at  the 
wheel  next  to  the  balance-wheel ;  by  which  means 
there  is  ulun\'  ',11  cijiial  force-  ad\ing  at  tliai  wheel, 
and  all  the  rett  of  the  work  has  no  more  to  do  in  the 
me.^furiiig  of  time  than  the  perfim  that  winda  np  once 
a  d.iy. 

"-There  is  a  fpring  In  the  i-iVlf  n('  tlir  riifer,  v^hith 
1  will  call  a  Icoor.dary  main  ipring.  Tnit  (pring  it 
alwayake]:t  (Iretchrd  to  a  certain  tciifion  by  the  main 
fpn'ng ;  and  durin;;  the  time  of  winding-up  the 
Timc-kecfer,  at  which  time  the  maiii-fpring  is  not 
fnifercd  to  ad,  thit  liccondary-fpring  fopplict  ita 
pbee. 

"  In  coni^i'in  watches  In  general,  the  wheels  have 
abiiut  one-tl-ird  the  dominion  over  the  balance,  that 
the  bal.incc-fprlrg  has;  th:it  is,  i'"  i';  ]::>ucr  which 
tlic  baliobe-fpring  hat  ov^ii  liic  b^tcc  be  called  three, 

that* 
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*fiiat  from  the  wJictl  U  one  :  hul  in  lli:s  niy  Ti^nc  ki'v  j)- 
«r,  the  whecU  hare  only  dIh..;!  oinMii-hnelli  psrt  oi* 
the  power  ox-cr  the  balance  tli:it  the  '[i  il,'T>ce  fprin»<i!!'!  ; 
s:i;j  it  milft  he  allowed,  tin:  IlI";  il't  whctlj  hive  u>  ro 
■wild  the  balance,  the  belter.  The  wheel*  in  a  com- 
mon watch  bavinp  thi*  great dominson  over  the  balance, 
■^lejrcan,  w lien  the  wuch  it  wound  up,  and  the  ba- 
lance at  rtft,  ftl  the  vratch  »-go>"g ;  but  when  my  Time- 
■Ineepe^s  bnUncc  ik  at  reSt  and  the  fptiug  i»  vuund 
■vp,  the  tatee  of  £he  nliedkTaii  ito  nore  f«t  It  a-gobg, 
ihan  the  wheek  of  a  floaMiuMi  eqrobtorcavt  when  th« 
"Wvi^it  U  wonnd-upi  ftt  the  pendatnm  a^vibrating ;  nnr 
will  fhc  force  from  the  wheel*  move  the  balance  when 
Bt  rctt,  to  a  greater  angle  in  proportion  to  the  eibrstioo 
that  it  14  to  ttttli,  than  the  force  of  the  «!iLi.-*j  of  m 
-comm<in  rij^uliiur  can  move  the  pendulum  ftuaa  the 
.    .perpeit'iicul.ii,  s\  lun  it  i«  at  reft. 

,  ^  *'  Mv  Time-kcepci*»  balance  it  nMHC  tbaii  tbite 
4!inca  the  weight  ef  a  large  fiaed  ooamwil  watch  ba^ 
laneei  and  thtee  time»  itn  diaaaeter}  and  *■  maiiaon 
vati^  balance  goe»  through  about  fix  ineliea  tat  Ipace 
in  a  Iccondi  but  miocgoc*  through  about  twenty- four 
•inches  tn  that  time :  fo  that  had  my  Time-keeper  only 
thifi:  irJvant.igcs  ovlt  n  common  watch,  a  gi)i;d  ]>i.i- 
formaacc  might  be  txpi.t\cd  from  it.  But  aiy  Tuiic- 
kecper  it  not  affe^kcd  by  the  different  degrees  of  htat 
and  cold,  oor  ajfitmioti  of  the  <hip ;  and  the  force 
fnini  rhc  wlii'tl;  la  .ij.pinci  to  the  baUnri'  in  fuch  a 
mantirr,  together  with  the  fhapc  of  the  baUncc-fpt  ing, 
and  (if  I  may  Le  alU>wed  the  term)  an  artificial  cycloid, 
■which  B^s  at  thi»fprin^;  fo  that  from  thcfe  contri- 
vanceat  let  the  Lilancc  vibrate  more  or  Icfi,  all  its  vi- 
■bratiuaa  are  performed  io  the  £une  time ;  and  thetrfore 
if  it  go  at  all,  it  mull  go  true.  So  that  it  ia  plain  from 
thuy  that  inch  a  Time-kcqwr  goea  cntireir  mm  prut'* 
-ciple,  and  not  ftom  cbance." 

\Vc  nuA\  refer  thofe  who  may  dcfirc  t"  ffc  n  n-ia',i!i: 
account  of  the  conllrudion  of  Mr.  H^rrilon's  'I'lmc- 
kceper,  to  the  publication  bf  order  of  the  eomeiiOkNI* 
era  of  loiij^it  udc. 

We  rtiall  here  fubjoin  a  fliort  view  of  the  improve* 
,  menta  in  Mr.  Harri(on*«  watch,  from  the  account  pre- 
•femuA  to  the  beard  of  longStmle  bY  Mr.  tAidh(n»  one 

■of  the  genllcmeri  to  whom,  by  ortlcr  of  the  commif- 
fioiic!*,  M»-.   Karrifon  tHfixvcred  and  co^pUincd  the 

jll.'  .     .1    •.  |ir:r.  m!:.<.'i   .i\:t    i  inic -I*  Cl  j  i  ]'  i»  coiill  riirttd. 

I'i.c  i,i.!i.as  in  c'jn:i:-;Mi  v  .Ti-lits  u  Uicii  J-Ir.  I  lirrifon 
propoftsto  remedy,  rirt  cli:\tlv  thclc  :  That  the  main 
rprin<;  aib  not  conftantiy  «  ;!>  the  fame  force  upon  the 
wheels,  and  through  ihcin  upur.  tbi  b.iKice  :  2.  That 
the  balance,  either  tirgcd  with  an  iiiicfjual  I'oicc,  or 
meeting  with  a  diflcn  rit  refiflancc  from  the  air,  or 
the  oil,  or  thi:  friction,  ribt  ntcs  tbrtHi];h  a  greater  or  lcf« 
aich  :  3.  That  lliclc  uniU  Jil  vibrations  are  not  per- 
formed in  equal  timca:  and,  4.  That  the  force  of  the 
balance -fpring  ia  altered  by  a  change  of  heat. 

To  remedy  the  6rft  dcfcd,  Mr.  Harril'on  hia  con- 
trived th.it  his  w.ntch  (hall  be  movet!  by  a  \cry  tcmler 
fprir^,  which  never  vni  :l  ,  itli  lf  nync  t!i.->n  one-eighth 
pan  tf  a  turn,  and  acts  upon  the  balance  throuoh 
one  wheel  only.  But  fuch  a  fpring  cannot  kvep  tnc 
waich  it)  motioo  a  long  time.  He  haSf  tbcrcforet 
jo-red  another,  vhofo  once  ia  to  wind  vn  the  firft 
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fjiring  eight  tinu'i  in  every  mimile,  aril  wt.ich  is  itfult' 
wound  up  hut  once  a  day.  To  rciflc^r  the  fecond  de- 
fect, he  ufes  a  mucS  rtronf;<T  JiiNnrp  fpring  than  in  a 
common  watch.  For  if  th  •  !  ;r->-  ..I  tl  is  fprlng  iipo:i 
the  halanre  renniis  the  fame,  wiiiJll  the  force  of  the 
other  varies,  t!i  u  ai  ifmg  from  that  rariation  will 
be  the  \fU,  as  the  fixed  force  is  the  grcitcr.  But  a 
ftronger  fpring  will  rcfjiiirr  eliht  r  a  beavicT  or  a  l  i'?'.''' 
balance.  A  heavier  balance  would  have  a  greater  fiic. 
tion.  Mr.  HarrifiMi,  thmfbre,  {nrRaTca  ihe  dianetrr 
of  it.  In  a  ODtnmoe  watcb  it  ta  npdcr  an  Snob,  but  in 
Mr.  Harrifim'a  two  mchc*  and  two  tenthi.  Howener, 
the  methods -already  dcfcribed  only  leflenipg  the  Ctrur*, 
and  not  remorinp  them,  Mr.  Hamifon  nlTs  two  wa^s 

to  make  ihe  linn.-s  of  the  vibraiirii!)  iqiul,  tlnju^li  tl  c 
arches  m.iy  be  uitcijual  :  »:te  it  to  pUcc  a  p  ii,  io  liiai. 
the  balancc-fpiing  preffing  againit  it,  has  its  force  iu- 
creafcd,  but  !iicreafr<l  !e!V  when  the  TOnationi  are 
larger:  the  other  to  jrUt  tie  (iillets  t'uch  a  IhajK-,  that 
the  wheels  prefs  iheiu  with  lefs  advaiilaKr,  when  the 
»ibratiens  are  larger.  To  remedy  tlicJalt  defeft,  Mr. 
Harrifon  ufes  a  bar  componadcd  of  two  thin  plates  of 
biafs  and  ftecl,  about  two  iocbet  in  length,  riveted  in 
fevcral  placet  together,  fiifteiied  at  one  end«iid  baring 
two  pms  at  the  other,  between  which  the  babnce 
fpring  pnfiea.  If  thiabar  be  ftraight  in  temficnte  wea- 
ther (brala  changing  ita  length  by  heat  tnim  than 
fteel)  the  bmfs  fide  becomes  convex  when  it  it  heated, 
and  the  Aecl  lide  when  it  is  cold  :  and  thus  the  piri 
lay  hold  of  a  ilirTercnt  pan  <  f  the  fpring  in  tJitlcrcnt 
degiees  of  heat,  and  li;)gihcn  or  fliortcn  it  ilic  re- 
gufiKor  cloo!.  ill  n  conimon  watch. 

'j'iic  priiiciplcs,  on  which  Mr.  Arnold's  Time  keeper 
is  confttu^ted,  arethtfcj  The  Iwlancc  is  tnconmctc  l 
with  the  wheel  wor!:,  i  x(  ppt  at  the  time  it  receives  the 
impulfe  to  make  it  continue  its  motion,  which  is  only' 
wliilll  it  vibrates  iO*»out  of  380*  which  is  the  whole 
vibration  ;  and  during  this  fmall  interval  it  has  little  or 
no  fndion,  but  what  ia  on  the  pi«ata»  which  work  in 
rMf  holea  on  dinnoiMk  Xt  haa  but  oae  paOet,  whFeh 
is  a  phaefnrface  formed  «Ht  of  anib^,  and  has  oil 
on  it.  Watches  of  this  conllni6Uon,  laraMr.  L)  ji  i^, 
)  \,  !irill  they  are  wound  up  ;  they  keep  the  fame  rate 
ufj-oaig  in  every  polilion,  and  are  not  affefled  by  the 
differx-iit  forcci  of  the  fpring;  and  the  compcnhitioii 
for  heat  and  cold  is  abfulutclj  adjullable.  Phipps's 
Voyage  to  the  North  Fok^  pu  ajoi.  See  I>oirei> 
Tcnr. 

TISIU,  or  Ttzai,  in  chronology,  the  fiift  He- 
l^ear  month  of  the  wS  jcar,  and  the  }th  of  the  eccle- 
finllcat  or  facred  year.  It  aafwered  to  part  of  onr 

September  *nd  Oftuber. 

TOD  uf  wool,  is  mentioned  in  li>ella(utc  1;:  Carui.II. 
C.  32,  as  a  weight  containing  2  ftone,  or  ti  pounds. 

TOISE,  a  French  mealarr,  containing  6  of  their 
fteti  fimilar  to  oor  fithom. 

TO^'I''!^^  or  Takoino,  in  AichitedhK.  Sec 
Toaa.  ^ 

TONE,  orTrsr  ,  !  i  NT  ifif,  .1  property  of  round, 
by  which  it  c.  11:1  il  ^  rtLnion  of  grave  .ir.,! 
acute;  or  the  li-price  clrvat',i;i  any  found  ha<,  fiom 
the  degree  of  fwilineis  uf  the  vibtalions  uf  the  p3r:s 
of  the  TowmMti  bodf* 

4H  • 
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TOR 


Tor  Ac  caurc,  roeafivef  Aqgne,  diSereiiG^  Ac,  of 

Tones,  fee  Tirvr.. 

The  wo  il  'I'l'iic  is  taken  in  four  different  fenfcs 
•morg  ti  t  siuicntt.  i,  For  an^  found.  2,  For  a 
orrt«in  liut  i  v  i'. ;  as  when  it  it  laid  the  difference  be- 
tween the  diapcntc  and  diatc(raron  ii  a  Tone.  3,  For 
a  certain  locus  or  compafs  of  the  voice  ;  in  ivhich 
fenfe  they  nfcd  the  Durian»  Phrysian,  Lydiau  Tones. 
4«  For  tenilun;  at  when  they  Ipeak  of  au  arute,  a 

Eve,  or  a  middle  Tone.  Wdliali  Append.  l*tolom. 
rm.  p,  172. 

ToNb  is  more  particularly  iifed.  In  mnfic,  filr  a  ecr* 
tain  degree  or  interval  of  tunc,  by  which  a  found  may 

be  eiil'.cr  i  jiinl  or  li<wiri."i  imm  one  t  ^tn  1.  i  i  T  ,1 
Concani  Lu  L'lv:  oiliui,  tu  ai  iul'i  to  prodlux  true  me- 
lody. 

In  tempered  Icalcs  of  mufic,  the  'I'onrs  arv  raade 
ctjiial,  but  ill  a  true  and  uccurjic  ptuttice  of  fintTing 
they  are  uot  fo.  repufcli,  in  I'iiilof.  Tr»iif.  No.  4- 1, 
p.  J7^. 

IKliiic  the  concordat  or  hammiical  intervat'^  mufi- 
ciaiis  admit  three  lelt  Unit  of  intervals,  v  hich  are 
the  meafiirts  and  compoDent  parts  of  the  greatert  and 
tje  called  Jr^retit 

pt  thefc^sncr«f  two  nre  called  Tonei»  and  ihetbird 
a  lemTtone.  Thdi-  ratio*  in  aimbcn  are  8  to  4i  called 
a  ^r.'i/-r  Tvni-;  9  to  lo^  Called  a  Tears  and 
J  J  to  )6,  a  j:m'utivf. 

The  Toius  anfe  out  of  the  rm;  !.-  i  -i  i .  rjn,  and  arc 
eq'ial  to  ihtii  diftcieuciB.  1  r  ui  il  r  j^t.^a!er  Tone, 
k>  :  9,  is  the  difici-ence  of  a  .I'ui  a  4th;  the  Icfi 
Tone  1)  :  diffeiepcc  <>t  a  Kls  31I  and  a  4th, 

CI  i  t  a  •jiii  .n  il  .1  griatvr  6th;  and  the  feinitoce 
1  y  :  16,  the  iliihrence  of  a  greater  jd  aiiJ  a  4ih. 

Of  thefe  Tones  and  rtiiiitor.ct  erery  concord  ia  com- 
ponndctl,  andcunfcqtienily  every  one  is  rcfulvdblc  into 
a  ecrtaSo  numberof  them.  l'Lu«  the  lef*  3d oonfilla  of 
one  greater  Ti>ne  and  one  femitonej  the  greater  3d,  of 
one  greater  'i'one  and  one  lefs  Tooc  :  the  4tbt '  of 
one  greater  Tone,  one  lefaTonciatid  one  (enilone:  and 
the  ;th,  of  two  greater  Tunct^  one  left  Tone,  and  one 
fcmitnne. 

TONSTALL  (CtrTHBrRT\  a  Irarned  EnglHh  di- 
\!f:e  and  niatiutritici.in,  was  born  In  the  vear  147'i. 
lie  entered  a  iludent  at  the  nniveiiity  of  tHford  about 
the  year  1491  ;  but  afttrwijids,  bein;^  diivcn  from 
tlance  bj-  the  p!a;rue,  he  went  to  Cambridge,  and 
i!:(irtly  alter  to  the  iinivufity  of  P.idua  in  Italy,  which 
W»f  ihtn  in  a  Hiuirifhing  lUie  of  iilet'aturr,  whert  bis 
genius  and  kirn'ng  aiq  iired  hira  gnat  refptrA  iroDI 
everyone,  partictilari*.-  f;  r  l  is  knuwUdijc  in  mathi:nia- 
lief,  phitefophy,  ant:  1  1    ;  TUi!encr. 

Upim  h's  rdutn  houK.  he  met  with  great  ftvoon 
from  the  gorcrnmtn!,  oh'aining  fcveral  cburcb  prefer- 
menia,  and  the  office  of  fccrciary  1  •  the  cabinet  of 
the  king,  Hmry  the  8th,  Thi*  pi  i  t^e,  having;  ;i)r» 
rmplovcd  hioi'On  fewrai  foreign  embalhrii,  wa»  lo  \  ull 
fr.t  lied  with  hi*  coodu^  that  he  lirii  gave  him  (he 
1  -hopric  of  London  in  1522,  and  afterwards  that  of 
LiiTt.ini  ni  I  530. 

'J'tiiiilall  a;;(irovcd  at  firll  of  the  difTcltiiioi)  of  the 
»TS,rriage  of  his  benefador  with  Cailitrine  of  .S|i,i;ti, 
and  eviii  wrote  a  book  in  favour  of  tin;  di(:>ihi;ii>u  ; 
^ut  j>e  af|«»tt»tdr  coadosncd  that  «-ctK,  and  eji^cn- 


encrd  a  j;Tai  re uerfe  of  fortune.  He  wa«  ejefled  firom 
tlic  k'</  (jF  Diirlam  for  hi*  religion  to  the  tune  of  Ed- 
ward i!>c  fiih,  lo  whii  h  however  lie  w.is  rtlturcJ  a^^iin 
by  tj  icpn  Msry  in  the  beginning  oi  her  reign,  but 
ws.'i  ;ij;aln  LX[  cllitl  in  1559  when  queen  Eliaa* 
bctb  wa«  fcuJcd  in  her  tnrose,  and  be  died  in  a 
prifba  a  fevr  noatba  aAer^  in  the  84th  year  of  his 
age. 

Tdmftall  waa  doubtleb  one  of  the  noft  leaned  men 
ofbiattaie.  **  He«ai»laya  Wood,aaer]rgBod  Git>> 
ciaa  and  Ebritian,  an  do^nt  rhetoricnia,  a  fcSM- 

mathematician,  a  noted  civilian  and  canonift,  and  a 
pnifound  Jivine.     But  that  which  inaketh  for  hi* 

;;T(,',ulf.  I-  initnd.iKun,  i.-,  lif.it  Eralmui  svas  hi*' 
iricnd,  anil  he  a  l<t!l  fricud  la  Ei^huu*,  in  Aii  cpifllc 
to  whom  from  Sir  Thotius  More,  I  find  this  character 
of  Tonftall,  that,  *•  As  there  was  no  man  more  adorn- 
«1  with  knowlc(],;e  ai:d  jjood  literature,  no  man  nsorc 
fcvere  and  of  grrcatcr  integrity  for  his  lite  and  manners  ; 
fo  there  was  no  man  a  more  fwcet  and  ptcafanc  com- 
panion, with  whom  a  man  would  rather  choofe  to  ' 
convci  fe. " 

His  writings  that  were  publilhed*  nciccluefty  the  - 
fbUowing : 

1.  /»  Lmim  Matrmmif  Load.  iftS,  4to«— Bak- 
tbat  for  which  he  it  cbiefly  entitled  to  a  place  in  tlua  - 

work,  W3i  hh  book  upon  arithmetic,  vix, 

2.  I),-  jitle  Svpfrvlaadi,  Lond  lji2,.4ti>,  dedicated 
to  Sir  Til  >tr:ta  More.  Thia  vaa  afteraaida  fieteiat 
liiiie>.  printed  abroad. 

3.  A  Sermon  on  Palm  .Sunday  before  king  Hehrj 
the  8U1,  &r.    l.ond.  1539  and  1633,  4to» 

4.  Ih  I'entaie  Corfcru  id  SoKgukit  Dmidma  jEo". 
clar'ipa.    I^-itct.  JSS4,  4to. 

{.  Compendium  ut  ditfm  Uirtt  Mttittmm  df^htlSl*-  ■ 
Pai.  i$;4,  in  8vo. 

6.  Cuara  laywr  Sb^kiMmt.  IM  frtii/BiuSomf 
ep-ra.    AntW.  4to.. 

7.  (7ndly  and  devout  Piayert  is  EilglUh  and.  IjatA. 
'558,  in  8vo. 

TOPOGRAPHY,  t*  a  defcn'ption  or  draught  of • 

friiiit.-  p  [ri-cular  place,  or  Iniall  tradl  of  land  ;  a*  that 
of  z  tiiy  or  town,  manor  or  tenement,  field,  (rardiTi, 
hotifp,  cafllc,  or  the  like;  fuch  as  furveyor*  A t  cut  in 
their  plot^,  or  make  draught .1  of,  for  the  infcrmaUdn 
and  fair  U.;i  Ml  of  ihe  proprietors. 

I'opugraphy  dilTcrs  fioin  Chorography,  at  n  parti- 
cular from  a  more  general. 

TORNADO,  a  fudden  and  violent  guik  of  wind 
arifing  luddcnly  from  the  Ihore,  and  aftcrwaidfTCeriag. 
round  all  points  of  the  compafs  like  a  hnrricanc  |  wry 
frequent  on  the  coaft  of  Guinea. 

TORRENT,  in  HydnMpraphy,a  tenporary  flream- 
of  water,  f^illin^  luddenly  mm  monntaint,  tec,  where 
there  have  been  great  rain*,  or  an  extraordinary  tfaanr 
of  fnow ;  fometimes  making  great  ravages  in  the 
plain?. 

'I'ORR ICr.LLI    (Evangelists),  an  illuftriou* 

ma'.lu  iii.tt  it  I  in  ar.d  pliilolnplier  of  Italy,  was  barn  at 
E;un;  a  in  ;(;o^,  and  tiaimd  v\>  in  Greek  and  I j- 
tin  litti.iiirc  by  an  uncle,  ui  .)  uth  a  monk.  Nuttitid 
iiielinaiiuii  kd  lum  to  cultivate  niatiiematical  knowledge, 
which  he  pkirfiitd  florae  time  without  a  miftcr  ;  but  at 

about  20  years. vf  a^e,  be  west  to  Aoac,  .where  he 

coDtimied. 
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«r  ;;tir.ucJ       p'lM'uit  of  i;  ':ir.!.T  :'i/!ii;r  rlij'jtJ'ci  C.-iC- 

tm!  hftJ  li -1  •>  .ippolntcd  bj  the  pop;  profiflbr  of  tn»- 
thi  inalics  at  Rome.  ToriiCcIli  rn;idc  ftieh  progrc fi  uD" 
dcr  till*  madcr,  that  having  read  <  >;>!itc(>'*  Diaioi^ufi, 
he  compofcd  a  Tnatife  etittLtmiit^  mtiion  upoit  his  prin- 
ciples. Caltclli,  fuiprifed  at  tite  perTomiuiKe,  carried  it 
•lid  res  !  it  \'i  Galileo,  wlia  hi'ai  d  h  with  ^roat  p!ca- 
fure,  and  conceived  a  high  viUciii  and  fricndlhip  fi>r 
the  aatbor.  Upon  tbiit  dftciU  pra|ipled  to  GaJiko, 
that  TwriecBi  jki«U«oiHe  tiid  litw  with  fatm  j  recum. 
mcading  him  m  the  noft^raper  perion  he  oould  hafe* 
(ince  he  twat  the  moft  capable  of  comprehendiaf;  thofe 
fubiiiiie  fpcLiilatioic,  which  hia  own  peat  age,  inlirnii- 
tics,  and  want  of  fig'it,  prevented  him  from  giving  to 
t)if  ivDtlJ.  Galileo  acrep'.f  J  "-he  |>-  ip'^lii),  ,v..l  'I\iirl- 
<.oU  the  cmpluytneut,  as  tiiiii;^i  uil  oiutrs  lite  mull 
advant.ipeous  to  both.  Galileo  was  at  Fbrtnee,  at 
which  place  TorriccIIi  aiiivtd  in  1641,  and  began  to 
take  dokvn  what  Galileo  diiftaitJ,  to  regulate  lii>  pa« 
peril,  and  to  ati  in  tveiy  rcf;)t^lacoorJitigto  his  direc- 
tions. But  lie- did  not  lur.^  ctij'jy  the  advanta^ts  of 
tills  fittntlun,  as  Galileo  divd  at  the  end  of  ov<ly  three 
nonths. 

TunriceUi  was  then  ahout  ictumin^  to  Rone ;  bat 
the  Grand  Dttfcc  engaged  him  tocontraut  at  Plocencet 
making  him^his  owa  ombematieiiaii  Jar  the  prcfcati  and 
minng  li*m  the  profcflbr**  chair  at  boa  aa  it  (bould 

vaca:il. 

Heie  he  applied  himfcif  intenfely  to  the  ftudy  of 
malh'.iii.i:ic&,  phytics,  and  a!Uoii<iiny,  uuikln;^  many 
lirifjriivcmentJ  and  foiae  diietivtvics.  Attinn^  oilifrs,Uc 
giir.itly  l--iproved  the  art  'if  r>.j)iiii('  •iilri ofcopc^  and 
tclclcopes  i  and  it  is  gcneraJiy  ackiiowkdgcii  ttiat  he 
firll  found  out  the  method  of  alc^rtaining  the  weight  of 
the  atmufpberc  by  a  piopottionate  coluinn  of  quick. 
filvcr,  the  baiometer  being  called  from  him  the  Torri- 
trUisn  tulrr,  and  TorriceUian  txpfrimrat.  In  fhort,  great 
thing*  were  cxpeifled  from  him,  and  great  thingi  would 
prahafaljf  haie  heen  farther  perfonned  bjr  biai»  if  the 
had  lived :  bat  he  died,  after  «  few  deyi  ilbidib  >• 
1647,  when  he  wMbnt  juft  entcnd  the  40th  year  of 
his  age. 

Tt  rrictlii  puhlifiiej  at  Florence  in  1644,  a  volume 
of  iiigtiiiuuii  pieecs,  intitledi  0^r,i  (jiQi:i:iri.a,  iu  410. 
There  was  alio  puLiHihcd  at  the  f^.=e  place,  in  171  j, 
Ltzzi'.ni  /LiadtKUibc,  C'X.iifting  ot  fif<  pages  in  4L1). 
Thefe  arc  difcourfcs  that  had  been  pronounced  by  him 
upon  dificrciit  occaftws.  The  firll  of  them  was  to  ilic 
academy  of  La  Crufca,  by  way  of  thanks  fcr  .ii^r.i!- 
titig  hi:n  i;ito  their  body.  The  rell  are  upon  fiibjcCtS  uf 
mathematic*  and  phyfics.  Prelixcd  to  the  whoie  i>  n 
long  life  of  TorriccUi  by  ThoBW*  Bnonafcnturit  « 
Florentine  gentleman. 

TURRlCELLIANi  a  term  Tcry  frequnt  aaeng 
pliyfica)  wn'teri,  ufed  b  the  phraTes*  TtrrmUmHair, 
or  Toirictliian  e-xptr'tmtr.t,  on  aocouni  of  the  lorCOtOr 
Toriicclli,  a  difciple  of  the  great  Galileo. 

ToRXiC£LLlAN  Ttdr,  is  the  barometer  tube,  l.r'nr; 
a  glafs  tube,  open  at  one  end,  and  hermetically  Icalcd 
at  the  other,  dMWt  }fcct  lonj^  andi^of  aa  udtiB 
diaoKtcr. 

XomtKBtUAN  Eilfmmmk  «rtbtiiliaigdhebBio« 


ID:  ci  !■  tuf  e.  i,  p  ■rr(jrnv?u  "ly  filling  the  Torricell'^n  t-i1ie 
with  nietcuty,  tiieii  Hopping  the  open  orifice  with  t!ic 
finger,  inverting  the  tube,  and  plun^'ing  thjt  orilice 
into  a  rcflVI  of  ib^jnaiit  mercmy.  Tuiaci  jre,  the  ttn- 
j'  r  :  i  removed,  an  J  tilC  tube  liulaincd  pcrptittiiculaf  tO 
the  fiiriaec  ot  the  mercury  in  the  vrfitlr 

Till  couliqiteiicc  is,  th.it  put  of  the  mercury  &tla 
out  of  the  tube  into  thevrfTel,  and  there  remain*  only 
enough  in  the  tube  to  t':ll  .^botit  30  inchea  of  ii^  e.!p.i- 
city,  above  tiic  (ui  f act  of  the  ibgunt  mercury  in  the 
YciTel  i  thefe  beiii^  failaincd  in  the  tube  by  the  preflUie 
of  the  almofpheie  on  die  fiiriace  of  (he  Sagaant  tter* 
cury  {  and  according  at  rhe  armofphere  h  mure  or  led 
heavy,  or  as  the  winds,  bloiviiig  upward  or  dowiuvord» 
heave  upordcprcCi  the  air,  and  fo  iiicie^lc  or  dlir.inifll 
it!.  vveii:h:  atii  ip.ing,  moTC  OT  Lift  mcrcory  itfuftaintd, 
from  iti  to  j  1  inehtj. 

The  I'oiticelliaii  Eapeiiaaeflt  cohftStutca  what  we 
now  call  the  BaromeU-r. 

ToKRictLLiAH  /''a:aum,  is  the  vacuum  produced  br 
filling  a  taiic  with  mercury,  and  when  inverted  allowiug 
it  to  defcenJ  to  fucb  a  height  at  ia  couiitcrbalnace  J  by 
the  pretTiite  of  the  «tni<ir]Jtete,  as  in  the  Torhcvllia* 
Experiment  and  Baroinctcr,  the  vacuum  being  thai 
part  of  the  tube  above  the  farlacc  of  ibc  mercury. 

lt)RRlD  Zme,  a  that  rauad  the  middle  of  the  ■ 
earth,  oEtcadug  to  33^  degrcca  ea  both  lidct  of  the 
equator. 

TORUS,  or  TonE,  in  ArLl.i-.caurc,  is  a  largeKMiii4 
in<'Uldirg  in  the  bu.'es  of  the  euluinu!). 

TOUCAN,  or  AiaericaH  Gaaft,  i«  one  of  the  modevn 
conllellationa  of  the  futithein  hcmifphcrc,  coiitilling  gf 
9  fmall  Hart, 

TRACriON,  or  Z)rmi.%,  u  the  aA  of  amoving 

power,  bywhfchthc  moveable  !*  brought  nearer  to  the 

movL-i,  ej(l,i!  .i!fo  attva^fticin. 

TR.VCrRlX,  iu  G;  ij^ntry,  a  ciif ve  line  e jlitd  alij 
Catenaria  t  wliich  fee. 

TRAJECTORY,  a  term  often  ufcJ  generally  P.>r 
the  path  of  any  body  moving  either  in  a  void,  or  in  a 
Bwdi'.im  that  refills  its  motion  >  or  even  for  any  curve 
pafiing  through  a  given  number  of  point*.  Thus  New* 
ton,  Priacip.  hb.  l,  prob.  22,  propofca  to  defcribc  a 
TrafeAory  that  (hall  pal*  through  £ve  given  poinit. 

Tkajectory  of  m  Comm^  it  itt  pntS  or  orbit*  or 
the  line  it  dcfcribct  in  itt  motion.  Fhi.  ^nh,  Hevc* 
Itus,  in  his  Cometograpliia,  w  ill  have  to  be  vtiy  nearly 
a  rii^ht  line;  but  Ur.  Hallcy  con=lud<&  it  to  Ik:,  as  il 
r«Ily  is,  a  vny  excentric  ellipds  ;  thonjrh  its  place 
m.ny  often  be  well  computed  on  the  fuppolitioji  of  itt 
beiu^  a  para:  ijIli. — Nn\;o  i,  i.-.  prop.  41  of  hi*  ^d 
book,  (hews  how  to  tletermiac  the  Tiii  -Mon-  of  a  co» 
met  from  three  oUfcrvations  ;  and  in  hi  l.t  1  p:  >p.  how 
tocorrett  a  Trajci^ory  graphically  defa  iticd. 

TRAMMELS,  in  Mecbantcs,  an  inHruineot  ufed 
by  aitificert  for  drawing  ovsili  upon  boaidt«  &&  Oae 
part  of  it  confift*  of  a  erorc  with  two  gioovet  at  rij^bt 
.mr^lcs ;  the  other  i*  a  betim  carry iog  two  pins  which 
iliilc  in  thole  grooves,  and  alfo  the  dcfcribing  pencil. 
All  the  engines  for  turning  ovjL  .ire  coutlrufled  on  the 
fame  principles  with  the  TramrocU  :  the  only  J.fTcr.-nce 

it^  that  in  the  Trwicadathcboaid  b  at  »l!|  ai»d  tlvc  peo- 
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dl  morea  upon  tit  in  the  ttHniDg  m^'nc,  the  toi|L 
vliicb  rupp'itb  tlic  i>l.KC  of  the  pencil,'  is  at  -reft,  MM 
the  l>o3rd  movrt  it.  See  a  deaionllrailon  of  tliic 

chief  prcpcriic)  >-f  ti-cfc  it.liiu.r.Liit',  ly  Mr,  LlulLuBt 
in  ilif  Fiiilol'.  Trunf.  vn'.  7-,  -^u.  ;;S  SkC. 
T;vA\SACrii'N;.  P/v  Vv/'", «re  a  ci-Uec- 

tion  or  the  pritn"j*.il  p,;]  ^  «  ;.nd  nui.l'  s  vc.;d  b-.'l.irc 
c-fl.\in  pi;il<jfiiirii^-.il  foi  utii.,  as  tlu-  Ki.ynl  Society  (if 
London,  and  li'C  Itoyal  Socitly  <jf  1.  U:,bi:i_^l,.  1  title 
'X'ranfilfticKIs Contain  t'li  f<  vciitl  (li^l:o^<;llLi  aiiJ  iii>''jii(.'S 
of  nature  stid  art,  tivIiLr  made  by  the  nicmlKtt  of 
thofv  focieties,  or  oiRimuuicatcd  by  tbtm  firom  thrir 
coiTcfpoudeatft  witli  the  varkma  ea^nmcnUi  ob- 
fervatuiiu,  &c,  made  b;  them,,  vrtranfimtted  ta.thein«. 
he. 

Tiie  Phitof.  Tianf.  of  the  Rovnl  Snctety  of  Lon- 
don veic  bit  on  fout  in  1^  6;,  by  Mr.  Otdenb-jrg,  tlic 
then  fectetaTT  of  that  Snrftty,  and  wrrc  coptinued  by 
l.tni  till  1' (  \t  !■  I  '  7-  '1!  cy  vrrc  I'm  J::n.;iiiir,:tNl 
Upon  his  Ucaih,  Ml  (1:.  Lia  jr  l<  '7b,  xvhtn  Dr.  Grew 
rvifur.'.ed  the  p.  l  l  ^'  t  11  if  liitni,  and  comiiuicd  it 
fur  the  ojonths  oi  Ucicnibfr  167H,  and  Jaitiiury  ;ind 
Fcb.i    I)  -'  J'jt  ot";<^-' wliicl.  thkV  iLlc-mitftd  till 

Jtimiary  lOBj.  Dining  tin's  lall  interval  their  want 
was  ill  iome  ntahirc  fiipplitd  by  Dr.  Hook*ii  i'hilofo- 
pliica'  Collccti'iiis.  I'hey  were  alfo  tntcnupied  for 
3  yc^ir;,  from  Drcmbcr  to  Jaiuwff  169!)  beflde 
otiicr  finallcr  iiitciruptions  amciuntinj;  to  nctr  a  Tear 
and  a  half  inorr,  hcfoic  Oiftobcr  iiig^  fiate  waioh 
tiinr  the  Traafd^uni  have  been  carried  on  regid«l|r  *° 
the  ptefrnt  day,  with  varioui  degnca  of  credit  and 
merit. 

'l  ill  the  year  1752  thrfe  Tranfaftions  were  puUiflicd 
in  numberi  quaiteily,  and  the  printing  of  tlicni  was 
always  the  (ingle  -jti  of  the  lefpeAlvc  ficrctaries  till  that 
time  ;  but  ihin  thi  fucicty  llioiij;ht  fit  that  a  coinmit'. 
tec  IhijiiIJ  be  appointed  to  confidci  tbcpnp  r*  read  he- 
f,-:e  tliem,  a»d  to  filti't  out  of  them  ;i  t  ti  <-  ilit  v  Oiould 
jii-lgc  nil  it  jifojiir  lor  publication  in  i(ie  iutisre  Tranfac- 
tioiH.  Kill  tliis  pnrjfofe  the  mttnlicr.  of  the  council 
for  the  time  being,  conftitute  a  (laading  committee  ; 
they  inttt  on  llic  lirft  Tliiirlday  of  every  month,  and 
DO  kefs  than  fvvcn  of  thi-  mrmticn  of  the  committee  (of 
which  number  the  prclidcnt,  or  in  biaaUence  ■  vice 
preiident,  is  alwara  to  be  one)  a>c  alhwed  to  be  a 
f  o'yrtiM,  capable  of  tSiag  in  rdation  to  fuch  papers ; 
.iiid  the  qutlliiin  uith  regard  to  the  publication  of  any 
pntit  I ,  l§  ilw.iys  decided  by  the  majority  of  %-otes  talcen 
by')  .  I. 

T'l.i.,y  liti:  ;  I'r^'i  r.i'J  :;:nu;;illy  in  tivo  p,irl%  at  the  ex- 
p(  uce  of  lilt  Ji  vittv  ;  and  each  tVlluw,  nr  riu-rr/ber,  is 
cn!  •.led  to  reci  :vc  one  copy  ^ra/i'/ot  cvi  v  part  vjnMifhed 
after  his  adminiun  into  the  focicty.  Kor  r.^  my  \t4rs 
pafl,  the  collcdtion,  in  two  p;iin,  bat  made  one  »o- 
i'ln-.e  ill  each  year  ;  and  in  the  year  1793  ibe  number  of 
the  volumes  WBR  83,  being  )e  Icfs  th-n  the  number  of  the 
)fir  in  the  century.  Tlicy  were  formerly  much  rcfpcd- 
ed  for  the  (;rcat  namber  of  excelicnt  papers  and  dtico* 
wic«  contained  in  them}  but  vitbta  the  bit  dozen 
fcan  there  haabceoji  gicat  fatBus  olf,  and  the  vol-imes 
arc  now  confideiedas  of  very  infaior  merit,  as  «rcll  as 
^innttty.  . 

.  Tbere  i»  aUb  a  Tc:y  ufsftd  Abridgment,  of  thoTc 


+  J  T'R  A  . 

«<dttir(»of  the  Tiasfa&lans-that  were  piiUifhed  ttSuc- 

(be  year  17;:,  whrn  tSr  lutitty  b-.i-ar  to  puhlirti  the 
Trinf^eTii-in  on  l!u:r  OAa  iu,i).ii4t.  Xbol'e  to  the  end 
or  llit  year  I  ;;CJ)  wcir  abi  idy<  H.  i  I  3  1  oli.'  iu  t,  by  Mr.. 
J.'iri  L'j.viboTj-  :  tiKifc  fri.Li  jt  i'  ve.ir  IJQC  to  17:0 
y^-ifi.  ii'jnJfTcd,  in  2  vu'iiri.ts,  !>y  Sir.  Ilcniy  Jonia  t. 
nndlhofc  r.iiiii  1^19.10  1713  «nc  ubrjili^i-iS  in  2  vo- 
l.  iiKs,.  Iiy  Mr.  Jriin  F.ii.ieii  and  Mr.  Jolin  Martyn  j. 
Mi,  Mjftyn  alio  cuu(iiiu«.d  iIk:  .'bridgnunt  of  ihofe 
fium  I7JZ  to  t'?44  in  i  \t)lii:iK%  and  of  ihofc  fmni* 
1 744  to  I in  2  vohimcs  ;-ni«kin^  in  aU  1 1  volumes, 
of  very  curious  and.  uCefid  matters  in  aH  the  art*  aod-- 

fvit  lice<!. 

'i'iic  R(j)i.l  Sotletv  of  Ei!i.;bii  <;h,  iuliiiitet^  in, 
!7Hj,  I1.-.V0  all)  pubtifhc'l  3  vcluui--!  of  their  Pi-ilo. 
fupnicil  FranMuinst  which  dderveJlv  held  ioc 
tltc  bigbcflf  Tcfped  ibr  the  tmportanoe  of  tiinir  coa« 
tentk 

TRANSC£>IZyENTAL  ^iianSim,  among  Geo- 
metricians, are  indetcrmic^e  ones  ;  or  fuch  as  caur.L>t 
he  cxpicfTcd  or  fired  to  anyconfta'it  equation  ;  fiich  ia-, 
a  tranfcriide.ital  (  iirvc,  or  the  !ikc. 

Lcib'>it/. ':J5  a  c'i<r<Tt,it- in  in  tl>e  AA*  Enid.. 
Lipf.  in  w-hi<  'i  i.r  endc-.uuri  tn  flicw  cheoririn  oFfilcb- 
quantities ;  ^  >..  w  '  foiiie  pnibletns  are  neiiher  pbiin«» 
fu!ii],  ut>r  fiirfuiid,  Mr  of  any.  ceiiain>  degrett  but  do- 
tranfcm  i  aU  -.L^'  braic  equa  Joo*. 

He  .V/o  fnewi  Is'w  it  may  be  d»nv iv fl rated  «tt1ioatv 
calculuK,  that  an  r'l.;ebiu'c  quailr?trix  i\ :  the  c!rLlc  nr- 
byperUtla  is  inipofTiMc  :  l^jr  if  fuch  a  q'< 'nrr.irix  could 
be  I'cuiid,  it  »'Ou!  i  frdlovr,  thai  Sy  n<c:tiisol  it  any  aii-< 
glc,  rstio,  or  logarithtn,  might  be  divided  in  a  ),'vcn. 
pioponiua  of  one  ri}^ht  inr  1.9  another,  and  t)iii>  I  v  uoQ 
univsTLal  cotiflruClioa  ;.  and  caafequciiily  tL^:  pT'>blein 
of  the  k£ltHMi^  an  angle,  or  the  iuvcution  of  any- 
aumUr  of  mean  psoportiuiiiiU,  wouki  be  of  a  certain, 
finite  degree.    Whereas  the  diticrent  degrees  of  alge- 
braic cqitttiooH  aadtiMirdoro  thcprofakm  nmierftood' 
ill  genml  of  any  number  of  ^ttla^f  an  angle  orncwtt 
proportion^,  is  of  aa  indefinite  degree,  and  im^tidk* 
all  algebraical  c<}uation«. 

Oihcrn  define  Tranfcendental  cfjuotions,  to  bcfiich 
fluxional  rtpiations  at  do  not  I'.dniit  <.  \  l]uent9  in  com- 
mon fitiiie  uigebniieal  cquatioiis,  b  u  a»  exprcffed  by 
means  of  fomc  cuive,  or  by  logarithnu,  or  by  intiuite 

feriesf  tbtu  the  cxpreiBon  jr.s  is  a  Tran- 

fcendemal  cqnttion,.  benaufe  the  fltKnta  cannot  both  be 

exprefled  in  finita  rema.    And  the  equation  which 

ex]»rcfrt«  the  i.laMon  between  hn  nrc  t  f  n  circle 
and  Its  fine  is  .1  Ti.Tn'i;endental  equation  ;  for  Ncu- 
ton  bnq  (l  iriiiifl  rated  that  this  nlat ion  cannot  bc  ex- 
pre(rcd  by  any  Uuitc  algebraic  equalion,  and  therefore 
it  can  on^  bc  by  tn  bmitn  or  Tranfcendental  equa- 
tion. 

It  is  alfo  ufual  to  rank  exponantial  equations  amonf; 
Tranfcendentat  anca{  bccaure  fuch  itquatimt^  although 
exprefled  in  finite  terms, hare  Tariableexpuiienia,  which 

ca'^not  be  expun{j;ed  but  by  puttin^^  the  equation  into 
fluxiooif  ur  Ij^ittunii.  &c.  Thuj,  the  exponenrial 

•  eqtMlioa. 


■•C)^itizecl  by  Gu.^^ic 
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X  tog.  «  =  log.  jr.  or 


T  R  A 


•Minttoa««a  »  giTc*  « 
A  X  log. «  a:  y  • 

TkAv*et«ot|rTx.i.  Cwn^  ttt  tlw  Kiglii'i  CcAme- 
try,  a  fnch  ■  me  as  cannot  he  defined  h;'  >ti  pJ^^Lbrnic 
etjiutlion  j  «'i  I'vhich,  v.Iicn  i:  <^  fxprtfTcd  by  an 
»  q 'ultijn,  ot.c  of  tbc  tcr.r.L  is  ;t \  rii;i'>^f  (]ii3ntity,  or  a 
•iiirvc  Jill.-,  And  wild)  fmli  Cliw  1^  a  j»i;orr,ctrical 
ctiw,  or  oieof  the  lirll  dtgrcc  <n  LtiiJ,  tiicB  Tran- 
fci  iiJcnt.  l  cwve  »  bid  ta  be  of  die  fccotid  degree  Or 
Kiiit!,  &c.  '  I 

Tliife  curvfi  art  t!n.'  f*'!ie  with  wliat  Dos  Cirtt*, 
,and  others  after  him,  cull  ircchai.iirl  curves,  and 
which  they  wanld  have  cacIuJcJ  o\'t  of  ^fom<iry  j 
coatrarr  however  to  the  opinion  of  N  .ivti>f>  and  Leib- 
nitz }  tor  a»  much  asi  in  tlie  ci>»UrUkFt>an  of  gcumc- 
Uical  pniUeiiiHOiie  curve  U  not  tu  be- fv^ncd  to  ano- 
ther aa  it  it  defined  hf  a  more  fimpk  cqn  lu'  t»»  but  os 
ft  It  more  e*f)ly  ilefcTib^il  than  ihst  other  i  befidc?, 
(jme  of  ihcfc  TraofccmlcntitK  or  mechanical  currrit,  ai  e 
lound  of  pCBttr  ufe  than  oliaoft  all  the  algehntical 
one*. 

M  L  -ibnitss,  io  tlie  Ada  EiiiJit.  Li[>f,i-  \a%  n'^eii  a 
ut  rraiifccrdciUrfl  cqii  lixiit,  l>v  whi^li  lli-jle 
Ti  jiifceodeatnl  c'lrvt".  nre  »<*'tuJI;  vivutied.  and  vvUick 
arcofai!  iiidctitiite  dc^rC'.*,  oi  i'f  -  wt  al'-s  -'y  ti.t  l.t^nc 
M  every  puiol  of  th**  cur...  Now  whcrc-s  J^i-brr  Is 
to  aflm^c  (bmc^cncrd  let(<  .«cr  •'.i-;-'j«ri  fcinhc 
auaatitiea  Caught,  in  ilicfe  'r:wi,-i.er.'lt:iu..l  probhrni 
licibnitz  aittmiea  general  or  indeCtHle  e^iuudm  foriiie 
lines  Cooghtt  thai>  fbrcxampk,  putlinrjrandjr'farlbe 
abfcrft  4nd  ordinate,  tl.c  equatiou  he  uTua  for  ■  Koe  re- 
quirckf,  i»  «  +  bx  +  ^J''  +  '  V     -^"^  Sec  SS  O : 

by  the  help  of  which  indefinite  equatloiH,  he  fcclu  for 
the  tangent  ;  and  comparing  that  which  ref;Jt.<  with 
till,  jrivcti  ;)ri,pcr!v  o'.  Uiii^t:.t:.,  lit  Citil-i  the  valut  of  the 
auiar.id  kitcti,  ii,  ^c,  ivid  dchncs  the  equa* 
tion  of  iht  l-.nc  ;;l.t. 

If  the  c^mpjinfuii  ^boremcutioned  do  not  fucceedi  be 

Eronouncea  the  line  fought  not  ttt  hc  an  algcbnica]^ 
ut  a  Tr.'i:irocndt.'ntHl  one, 
Ihii  fuppofcJ,  hc  proceed*  to  find  the  fpceirs  of  ' 
Tiarfccndency :  ifor  fome  Tranfccodentala  dcpepd  |On 
the  general  diaifion  or  [cAhni  of  a  ntjo,  or  npoitloga* 
litliinit  otttenttpoo-circular  ■!«»  tic.. 

JHcK  tlieit»  hcidc  the  fymhoU  x  and-/,  he  alTun^ta- 
dwrdi  «,  to  denote  the  Traofccndental  qttanth^  t- 
and  of  thefcttrcehe  fermi  a  frcncra)  cqitaiioii  of  the 
Ijiie  fouglil,  from  which  he  find*  ihc  tangent  an  oi  (!iii^ 
t->  the  difTci'intial  mctliod,  which  fiiccted*  cvtu  in 
'IVarlrfiitlcrital  quanti^ict.  Tliis  foinn!,  hi  compares 
It  wilh  ilic  given  proprrt'ci  of  tht-  tan^,'ii  is  and  fo  dit 
corcrs  not  only  tlie  vjIjc  of  j,  b,  .,  i^-c,  hut  alir>  tiie 
particu!arnaturc  of  the  'i'ranfccndcntal quantity. 

Tranfccndental  problotat  are  very  well  managed  by 
the  method  of  6uxion8.  Thiu,  for  the  rebt'un  of  a 
drcular  arc  and  tight  tine,  let  j  denote  the  arc,  and  v 
the  verfcdfinc,  to  the  radiiit  t,  then  ii  a      Cucnt  of 


Tl, 


the  aaalytical  calculus  extended  to  tbolie  linct 
v>]ii>  i'  ivc  hitherto  been  excluded,  for  no  Other  caulc 
but  rh.u  they  were  tbouj;ht  incauablc  of  it. 

1  RAN8F0RMATI0N,  to  Geomctiy,  it  the 
clkasgiog  or  reduciogof  a  Sgure,  or  of  a  body,  U.'o 
another  of  the  fiinie  area,  or  the  fame  foiidi'y,  iut 
ol  a  ilinVrtnt  funn.  A  to  Tmrivfi  rm  or  rcciuL<:  a 
tri;in;;lL-  to  a  fquatf,  or  a  pyranvii  lo  a  p",ri'LIfDip-.-<ii.ti. 

Ta  ASSFORMArrnK  of  FijUiiti  rn,  in  Alf;fl:ra,  i-.t/e 
cVianjiiii^r  t-qimii(ii>s  >iil<i  cili-.i:,  of  a  i.'itTcrci.i  lonr  ,  h  it 
of  tqi;j]  val'ic.  Tl.;*  o;:rr;,t 'r^ii  'v.  f.frtii  r'.'ctJLirv,  to 
p  cp  no  t  jj'iations  for  a  m'/.'i.-  t*h  f  ilurii  n,  (onrif  <  f  tije 
pi  ltu:i}<al  Cfile*  of  which  aie  as  fo.I  nv.  —  i.  Tiie  llj?** 
ot  the  roots  nf  an  fq^jniiTi  n-r-  cf  an^rd,  vi/,  the  pu- 
filive  roots  i:it(i  i  '  i;an\c,  ;.r  ir!ic  ricpativt  rects  Ii.ro 
poll; ire  oties,  by  oaly  chaugtug  lUc  6gn»  of  the  id* 
4th,  and  all  the  other  even  tenha  of  tlie  cquatton. 
Tho-1,  the  roofs  of  the  equation 

•«*-A'-t9-v'  +  4>''-5'5=  o.-'^e  +  >. +  2.  +  3.-S} 
wlu-rcTS  the  roots  of  tlic  fame  eq.iiation  having  onlvtbc 
Cgns  of  the  id  and  4«h  terms  <:han<rrd,  vi;,  tif 

+  .;'-i9^v'-49!r-30=o,are-i,  -♦-  j. 

3.  To Trantfbrn)  an  cqnaiiuii  into  another  tiiat  Iball 
have  it«  roots  greater  or  lcf«  than  the  rooti  of  the  pro* 

C^cd^.juation  by  litinte  given  diffeicitce,  proceed  itfoi* 
n.  Let  the  ptopofed  equation  be  the  etd>ie 
**  —ax*  4  Ar  —  r  Q ;  and  let  it  be  reqirircd  to- 
Tnuwlbrm  it  into  .tnolher,  wliofe  rouiis  QaU  be  left  than 
the  moil  of  this  equation  by  fome  Rtvi;:  diiTerence  d  ; 
iftl.o  r.Kit  y  ofthf  t-(;rtatii)ii  iinitt  be  the  U'.*,  I.^ke  it 
J  ~  -V  —  Jy  uad  hc:  cc  v  :_  y  -f  J ;  then  to  Head  of  A-- 
and  iis  powers  iuhllicuti  v  -f-  (/and  l|a 
there  will  srilc  this  new  equation 

.       (A)   J,"  +         +  J/*V  +  i*] 


{and if- th^ ordinate  of  acjcloidbcjrithcvu 


+    «r  +  W 

—  r 

whofe  roots  are  Ief»  than  tlkC  roots  of  flir  fw  r  er  (-qaa- 
tion  by  the  dificr<.i:c;-  /.    If  the  roots  'I  tl.<  ^  j. 

tion  had  been  rcquiicd  to  be  greater  than  thole  oi  itie 
'  oM  one>  we  null  ihca  l>ave  iiibllkuted  jp  =  «  4 
or;r  «  7  —  4  &c. 

3.Tb  tahe  away  the  zd  or  any  other  particulartcrm 
out  of  aa  equation ;  or  to,TranHoiin  an  equation,  fo  aa 
the  aav^qoatioB  laay  want  !tt  lA,  or  3d,  or  4ih,  &c 
terra  of  the  given  equation  —  m-a*  -f-  />  —  e  =  o, 
which  i»  transformed  into  the  equation  (A)  in  the  Uft 
article,  Nc)'.^  to  make  anv  ttiiii  iil  t  In  ,  t  qudtion  (A) 
vanilii,  iko:.!)-  to  r:.:iRc  tlic  cucfri^i.-iit  ot  tlist  term  ^  o, 
which  \v\':\  [urtii  an  ci^uati>.ii  that  v.  ill  .e  the  value  of 
tht  afftuned  quautlti,'  fo  M  tf-  ).  t.i.lucc  the  difiretl  tf- 
fcd,  viz,  to  ii,.,kc  ili.it  ti.in  viinift.  So,  to  take  au'ay 
the  ad  t-.fjn,  make  ■—  a  —  J,  whicli  inaki;  tlu  al- 
fumed  quantity  rf  =  J«.  'I'o  tnke  awav  the  3d  teim, 
we  muit  put  the  fum  of  the  coe£cientiai  that  term  =  O, 
th3t  h  id*  —  tad  b  s:  Q,  6t  —  iMlst  "  i  i 
then  by  refolving  this  quadratic cquatifii,,  r?,ctc  it  tound 

the  afftimed qiinntity  =  ±  i*''"'  —  by  the 
fubftitiition  of  wlikh  for  </,  ttK  jd  term  nvill  be  taken 

invaytutof  the  equation. 

In  like  uiar.ucr,  t ot.ikc  away  the  4th  term,  wc  mull 
make  the  fum  of  iu  coclEcicit«  1^*— aJ*  +  W— «  =  oj- 


biyiiizeo  by 
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tiMS  isfirft,  by  fHbftitwtini' V  +  ^£ir«.  M  be  Tnnr-  a.  a 

iW»cd  to  Ibis  n^w  tqfutZi  *         '  .  %                        -       +  A.  _  .  =  o. 

/•  +  niry- «  +  1*.»_-_J  .dy-  •  *e  1  reapnittU  of  the  not*  of  th«  giwn  equation,  hyfufa. 

-  «>•-»-.  «.«  -  i      - »       >  lituilng  ^  Ibr       by  urihieb  H  bccona 

tbeSf  to  talte  away  tlic  2d  term,  wc  mud  make  y""J,+~  — *"=  o.  ovf  tiiulii^ymg  all  by  j',  the 

W  —  a  s  a,  or  rf=  ?  ;  to  take  away  the  3J  term,  beonmes  «■»  -  ^y--  +      -  i  =  o. 

.?!!  »>»»J«V^.  f"  Kc«':on;.  Alg.  on  the  Tranfmn- 


we  rauil 


    w- .nujcui,  ICC  iMKTon  6        on  the  Tranfmn- 

lllmake  [n.r,  -  \  .      -  a  .  n  ~  i  J  ^  i —Of  «' Kquations  ;  MaJa',;,[i,'s  AIgcb.pt.;,  Juip, 

~  —  f/  -r-  —  ;  and  fo  on.  K-\NSU,  m  Annmuny,  dr^uirs  the  p;,lTaire  of 


"        .  anv  p: .,.  jull  before  or  cvc'r  atiother  planet  or  lUr 

I  rom  whence  ic  appears  tliat,  to  lake  awav  tlie  id  pufliDjj  of  a  Har  or  plais.t  over  tbemeiHiian  or 

term  of  an  equation,  we  mufl  refolve  a  ftmi>!c  c'qnation ;  before  an  aft runomical  inllrutnciit.  * 

for  the  3d  term,  a  qiadratie  equation!  for  tbc  4tli  Vcoiis  and  Mercury,  io  their  Tnutfita  oier  tbe  bo 

term,  a  cubic  cijuatiDM,  and  fooii.  "ppear  I  Lcdaik  fpccki.    ,  * 

4.  To  nuiUiiiiy  or  dinVte the  roota  of  an  eqoation  by  Uofior  Hallcj  oonpwed  tlic  times  oF  a  number  of 

•any  qi»ni,tj  ;  or  to  Tromfarm  a  given  equation  to  wTOde  Trwifitt,  fcr  the  laft  and  pr.fent  ccntun- 

nnotlur,  tlut  (hall  Lave  it«  roots  cqii«l  to  any  muhiple  puhliflicd  in  t!ic  Phl\o{.  Tniaf,  numf>.  j ,  1     Six  al 

or  rubnudtiiik  of  ihofe  of  the  propofcd  equation.  Thia  f"  Abridgr.  vol.  t,  pu.  427  &c.    A  Synoplis  of  liicft 

IS  done  hj  fublhtmwg,  for  ,  and  Its  powers,  for  the  a.on.h.  of  Apnl  aud  October,  and  '11.^^0'  vfno^ 

V  u               November,  both  old-ftylc  ;  and  if  ,  1  daya 

«nd  tr.ci  I  powers,  rix,  ^  for  x,  to  tnultiply  the  lOOU  r  "  .  •*  *°      *^**»  ^'*'*'»             wiU       the  tinea 

,     ,  "'«««»*«yJc.   Firlfer  Meicmy,Sdthen1S 

by  mj  and yy>r  for  x,  to  divide  tbe  root*  by /.  Vtnui. 

Thu,,  to  multiply  the  roola  by  a^  filbftitnting  Z  jl  Scria  »/       M.r,'„u  •u.hm  M.rcury  h  fccn  In  C^if. 

J*ii^t  tiiitb  tbt  Sun,  and  witim  bit  D'fc,  -.viJ, 

ad  it  bccomci  '**  J^fimmm  of  tbt  famt  Piaaet  from  li^e  Sum'i 


for  X  iu  the  propofcd  njuati  n 


w"-  '  nil* 


Sec 


or  multiply  all  by       then  ii 

an  equation  tV.n!  I.atli  its  roots  equal  to  ai  timet  the 
rooti  of  tiio  puip  ulcci  i.quation. 

In  like  moniitr,  hibl)itutiflj;/»y  for  jc,  in  the  pmpoied 
equation,  &c,  it  bccotnea 


Sic  =  o. 


an  cqqaiion  thai  hath  ii»  roota  equal  to  thole  of  the 
propofed  equation  divided  bf 

Froai  whence  it  appears,  that  to  muit'ply  tliL-  roota 
of  an  equation  by  any  quamity  m,  triii!\  nmltipiy 
itstermi,  bc-gmi.ii,;^  at  t-it-  ;d  tL-rm,  u intrtivcly  by  ; l.c 
terms  the  geometrical  knta,  m,  m*,  m*.  Sec. 
And  to  ijividt  the  roots  of  an  equation  by  any  quan> 
tity  /,  that  wt  mild  divide  itc  terms,  beginning  at 
the  by  the  correrpoaditte  terma  of  tbia  foiet 
/» A 
^  j.-  And  rumrtime*,  by  theft  Tfamfonnationa,  cqna. 

<(onanredca«Bdof  iinaiona,  flrevca«f  fliida,  lliiw 
tlie  cqnatun 
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Tbofc  Tranfiu  which  bsve  the  mark  -if ,  are  b<K 
Ipwtly  viliUe  at  London  1  but  ibofe  wbkh  tie  nark, 
wetoudi/  nfiUe. 

"  Now  it  is  lo  be  obfcrreJ,  tli  .t  nt  tlie  afcciu^In^; 
■oJc  of  Mercury  in  the  month  of  (  V  i.j|)cr,  '.hi  J  .ui  i- 
ttr  of  tlic  f'Ki  takes  up  31'  3  +  ".  ^■■"l  tl.-i^:> 
the  i;rc.iteil  duration  rf  a  central  IVanlit  is  5'*  29". 
JUit  in  the  month  uf  April  the  diameter  of  the  fua 
i»  31'  (4",.  whence  b]r  reafoo  of  the  (lower  mo- 
lion  of  the  jpluctj  there  sriftt  the  crrcatcft  dura- 
tioa  iK  now  if  Mtrctny  approachct  obliatKly. 
thefe  dttrsfloni  brcome  fliorref  on  Mcount  of  the 
tlji.,  I  t  f.  i  ii  til.  centre  ot"  the  fun.  And  that  the 
c.,!.  ii!.  ti  11  iii  'y  be  more  pctfn5V,  I  have  added  the 
t  l^iiuln  ;  'r.iL'tL-9,  in  which  pi.  cxhibittd  the  half 
ditr.<tujii»  Of  tlK'fe  ecli;jk-«,  to  cviy  mhiute  of  the 
ditlancc  fern  from  the  ic».t:i-  of  the  i.in.  Thefe 
addrd  to  or  fublrafltd  tioi-i  !lie  moment  <if  eon- 
jundtion  fonnd  by  ilic  foregoing  Table,  give 
the  beginning  snid  <ad  of  the  whole  pbcnsBc- 
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^tke  PySHi  CtijimlHm  tfFtm  «wr<l  «b  Aw.  - 

"  Tliou^'h  Vciais  Is  the  moft  beautiful  of  all  tite 
ftars,  )it  ( ^  Dr.  lijllty)  like  the  nil  of  her  fex, 
(i  t.  Jots  IK  •.  1  arc  to  appear  in  light  without  her  bor- 
rowed ornament*,  and  her  iifTumed  fplendor.  For  the 
confined  taws  of  m'>tion  envy  this  fpcAideto  the  mor- 
tals of  a  whole  afc,  like  the  fecniar  garnet  of  the  An* 
eicnts ;  though  it  he  fiir  the  moA  ouhTc  .1  noog  aQ  thoTc  . 
that  •flronomy  cm  pietend  to  Ihew.  Now  it  IbaU  be 
ilccbred  Hereafter,  that  by  thh  <»e  obfcratton  aIoi>e, 
the  ilifiance  of  the  fun  from  the  earth  may  !)  ■  ilctt  r- 
mined  with  the  j^itaicil  certainty  which  luii.inb 
been  included  within  wiJt  liniitr,  bit  J  ilt  iii  the  parallaic 
which  is  otherwifc  Ic.ftnfihle.  But  a  tu  the  p;rirjjs, 
thry  cannot  bedelcribcd  fit  .iccuratcly  as  thofc  ot  Mcr- 
c;iry,  li'ur  Venus  bns  bun  olltrvcd  witliin  llie  fnu'j 
dii bi;l  oiicc  fitit  t  ll,-  beginning  of  tlie  world,  and  that 
by  otir  Horrox."  Dr.  Haliey  then  exfaituta  tbc  prin- 
ciples of  cakuhtingtbcfe  Tniiuit^  from  wbence  he  ia- 
iera  that* 

After  tSyeart  Venmrcturna  tothe  fon,  takiog 

away  ici'>  52^",  from  the  tnomeiit  of  the  foregoing 
Tranfit  ;  and  the  planet  proceeds  in  a  p^di  which  is 
a4'  41  "  more  to  the  fuu'.S  than  the  fotracr. 

"  After  2?J  l^'^  UiMing  2'^  10''  y",  \'tBU3  may 
again  enter  tfie  bat  ir,  a  more  r.nrthern  path  hf 
Jl'  33".  But  if  llie  i'urtgoiuLj  year  is  bllftxtile, 
jd  uji«  fjm  mull  be  ad  kd. 

**  Ahcr  143  years  Vcntis  may  alfo  pab  the  fuo»  only 
taking  awny  cf      &oia  tbe  time  of  tlw  fermcri*  ■ 

but . 


Digitized  by  Google 


t  f  A 


OK  if  tKc 


bttt  proceetli  more  rontlKily  by  ij'  8".  K 
foregorn^  y<ar  be  Uflniilr,  aJd  2  s''  1 7 

"  .\„,'  n  thefe  appulfe*  of  Vcoui  t»  tlie  ItHIt- » 
thr  ,r  intli  Movctnbcv,  the  angle  of  hct  jwlh  with 
t  u-  f  clipiic  tw  s',  and  her  horary  motion  wthui  UW 
fun  is  4'  7".  And  fince  the  fcraidiamcurr  of  ,theftttt 
in6'  21",  tii>  -imteft  t'iir.i-fon  of  the  TWinC  or  the 
centitofVcniw  comeaout  7" 

«*  The*  let  the  fisn  wld  Venus      in  conjunction 
tHedffccndimr  i,.><rtf  i*  flie  month  of  Mif  ;  BX>i  br  the 
time  number*  the  fame  Mitemh  may  be  c..m|>..tc.U 
After  8  year*  Irt  tliei  c  'i   taken  av>ay  z*- 6''  $ f AaA 
Venn*  will  ais^K  her  Traalit  in  a  more  noRbefB  p«l» 

"  After  235  7**'*  ^ 
g^ing  year  be  biffextilc      »>  •  f      aod'yOU  will  ht^e 
Veno^  more  to  the  South-bj  9^  2 1"- 

"  Laftly,  after  245  year»ad4<y«  i"  aj-.orif  the  fore- 
poingyear  be  l  lTintilc  i*  V«nM  be 

ffmtnd  in  ooojunil'  m  with  the  fui:,  but  in  amone  north- 
eriy  paihby  Jo'57". 

**  fa  every  Tranfit  within  the  fun  at  node,  the 
tltgle  of  Vinns'a  path  «  iih  the  tcUptic  is  3'  i3',  and 
her  horary  motion  is  4*0"  5  and  the  fcm.diamctfi  ..f 
the  fun  fubicmlM  R  15' 51',  the  grt-atell  d.initi<M.  of 
the  central  Tr-.i'll:  o-irn's  out  allb  J*  5lS"t  ■CM'S^  ™« 
tme  a»  ai'ihe  otL.T  ■. 

**  At  to  the  epfj^i.s  fr  jm  that  only  ingrefs  wkich 
Horrsx  obfcrved,  the  fun  being  then  ]m  rc.idy  to  fcr, 
it  ii  condmlcd,  that  Venus  wa»  io  coiviiiflion  with 
the^fua  stLoodou  ia  the  year  1639,  Nov.  z^""  6"  rr> 
aad-tbat  fte  decBned  toww^  the  fouth  8'  to".  B  t 
in  the  month  of  May  no  mortal  baa  fcea  her  a»  vet 
within  the  fun.  Bnt  fw»m  my  numben,  whidi  I  jud};e 
to  be  not  wry  different  fi  n-  tlic  heavens,  it  appears  that 
Venus  for  the  next  time  will  enter  the  fun  in  17'y. 
May  .:5''  17''  5;''.  that  beine  the  middle  of  the  cdipfp, 
aod  then  will  be  didant  from  his  centre  4' 
towardalhe  fouth.  Hence  and  from  the  forcg  .in/  rero- 
lotions  aB  the  phenomeoa  of  this  kind  will  be  calily  ex- 
Ubitedfora  whole  miUevaiiiBt,  Ml  batrecampuwdthefli 
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«'  As  for  the  durations  of  thefe  c«iSp(iM  of  Venus, 
tl^nr  may  be  com|Hited  after  the  Jamc.  qisnoer  as  thofc 
of  Meicnry  in  rcfpeft  of  the  centre.  But  fince  Vecut'a 
dlatnittr  is  pretty  larfje,  and  CiKSe  tl.e  parallaxes  alfii 
njjy  biiiig  a  viry  iiutabW'diKcrciioe  a»to  time,  a  parti- 
L'ulai  calcofatioa  mufi  tKcaffarily  bo  made  for  every 

pla«;e. 

"Now  the  dir  mrtcr  of  Venus  is  fo  gre.^t,  tliat  vrhiie 
flic  adheres  to  the  fun's  linib  alinoH  to  niinutr';  of  time 
will  be  elapftd,  llut  i^  vkhcn  I';*:  3>jplits  diretily  to  the 
f  .!t.  But«4icn  ft.e  is  iiicidtnt  obliquely,  fte  couiiiiucs 
L  iigcr  in  the  limb.  Now  that  diameter,  according,'  to 
I-iurrox's  obfeivalioa,  taliM  Up  whfn  <br  isia 

cunjuiK^lion  witli  the  fan  at  the  kicending  node,  wA 
j'  t  : ''  ;.t  '.I  I  iitlu  r  i;iiJt'. 

tiow  liic  thii:  ufc  of  tli'-ft-  coti'.ime^ions  i»  accu- 
rately to  determitic  thr  f.in':,  c\  ".-.i\;ci:  from  t!ic  c;irth,  or 
bis  parallax,  which  ailionomirs  have  in  vain  attemf  ted 
to  find  by  various  other  methods  ;  for  the  miuulenefs 
of  the  iUiffiet  required  eafily  eludes  the  niccll  i  nllru- 
aMtata*  Dut  bt  obferving  the  ingrefi  of  Venus  into  the 
iiMi,  and  ber  cgieb  liraai  the  mc^  the  fpacc  of  time 
between  the  motnentiof  the  mtenaleoatatftf,  obfrmd 
to  a  fe.  cnJ  or:;mc,  that  is,  to  ofafecoodor4'"a£ 
I  tsined  by  the  alTtlbsce  of  a  mode* 
rate  ttlcicopt  .;ti  J  ;i  pendulum  clock,  that  i-  conf-fteiit 
with  itfclf  cxiictly  lor  6  or  8  hours.  Now  from  twu 
fuch obfervations  rightly  made  in  proper  p'.ufs,  tlic  dil- 
tance4if  the  fou  wiUitn  a  5coih  part  may  be  certaiuly 
GOnduded*  &c."  SeePAKALLAi. 

TxawsiT  hijlriontnty  in  Altrooomy,  isa  telcfcapc 
Axed  at  right  angles  to  a  horizontal  axis ;  thia  taiabie- 

i:ig  fo  fupportcd  that  the  line  of  coMiiMtHW  ""J  

in  the  plane  of  the  meridian. 

The  axis,  to  the  middle  of 
fixed,  fliould  gradually  taper  ton  a 
niinate  ia  cyhndcrs  well  tuineJ  atid  finoothtd  ;  and  a 
proper  weight  or  balance  it  put  on  the  tube,  fo  that  it 
may  ftand  at  any  elevation  when  the  axis  reft «  on  the 
fupportcj-s.  Tv«>  upright  poftsof  wood  or  ftone,  firmly 
hxcd  at  a  prt>pcr  diftaitce,  are  to  fuAaia  the  fupportciv 
.to.tbia  tnOnuaeat ;  thefe  fopporters  ane  two  tbkk  brala 


.'1  the  telefctipc  \\ 
I.  It*  end':,  and  icr- 
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plat^Sy  having  *c!I  fmooihcd  angular  notdie*  In  itrir 
Xfpptr  endi  to  rr«civt:  the  CfHlKlrical  amis  of  tht  axit ; 
each  of  the  notched  plates  if  ccntrivrd  to  be  moTcahle 
l>y  a  fcrew,  which  Hides  them  imon  the  fLirfacci  of  two 
Other  plates  tmmofeabif  <iscd  to  the  two  npnght 
poftf  ;  one  plate  moving  I'n  a  vertical  diref^ira,  titS  the 
otlior  horisoBUBjt  they  »dj«ift  the  tckfcope  to  the 
>  Itlaoea  of  tHe  horizon  and  mendian  i  to  the  pboc  of 
the  horixon,  hf  ■  faint  kfcl  lim!||  la  •  foiidcM  nmScl 
to  the  mn^aai  to  the  pbveof  themeifdhn  In  tlierolloir- 
ing  rTi,niiv:-r.  Ohfr-'-f  the  timci  fiy  the  clock  wlicn  a 
«rcuu.poiar  ftar,  fcen  diroujfh  thi»  iiiftnimetjt,  TranlitJ 
both  ibove  and  below  thi'  p  i-  ,  tlirn  if  the  tivan  of 
dcfcribinj!;  the  eaftem  snd  wrlii-m  p?irt«  of  its  circuit 
be  equal,  if:':  tcli  ii  upc  ri  tlici\  jn  tfic  y\?.rn:  i-A  the  meri- 
dian ;  othcrwifc  the  notched  platet  mn(t  hr  f^rntly 
Boved  till  the  time  of  the  ftar  t  revobtton  1  h  i  aed 
bjr  twdi  tfar  i9par  aad  iatm  Titofiti^  taking  caie  A 
tiM       tfaM  di*  the  Bk  ketp*  1m  boifaoiitrf  pa4. 

When  tlie  tdefeope  «i tbm  adinlletir  «  flMrit  Mift  be 
fetup,  or  ntade,  at  a  CMifidMMiidUUnce  (the  greater 
the  better)  ia  the  horisontat  difeAion  of  the  interfe«>- 

tinn  uf  tlic  croft  wireR,  and  in  a  place  where  it  can  be 
niumfnated  in  tbe  iii^ht-timc  hy  »  iaflthora  near  it* 
which  mark,  being  on  a  lixcd  objcd,  will  fcrve  at  all 
tioir*  afterward*  lu  examine  the  pofitinn  at  the  tclo> 
Tcope,  hy  fitft  acyufting  the  traorerlie  axii  by  the  levek 
I  To  adjufl  a  c!  14k  hy  the  fun's  Tranfttoter  the  neri- 
dian,  note  the  ti(n<.«  by  the  clockt  v'hen  thepncedinr 
•nd  fiiUoabg  .of  the  AnCa  t«eah  ibe  cMk 
mmt  tha  dtflj^ni^.bceivHi  the  rniUk  ttee  ud 
IS  Inan,  ftewi^MF  Adlili  t|i«  n«|li,  m  aleeic  time, 
ia  M«r  aad  flower  tfiah  tlte  apparent  or  lelar  time,  for 
that  dif  ;  tcf  w^iJeh  tfi^  eijitat^ort  of  'i  h-  jp- 
piied,  it  will  fhew  the  titne  i>/  mcaa  noon  lui  ttiac  day, 
by  «f  1  I  ti  l      ck.tnaj  be  adjuded. 

TRANSiVlioSlOW,  in  Opttci,  tre,  denotn  the 
pro[ierty  of  a  tranfp^irent  or  tranfliiccnt  brvriy,  by 
which  ft  admiu  the  taya  of  light  to  paf»  tbroogh  iU 
rubflaacet  ie  iHiidb feuc^  the  word  IndtopfMid  (» 
tefledies.  ■ 

For  the  caale  of  TfanfnulRM,  or  the  reafon  why 
Cmiw  Mic^'nenteil  ^rafi^  anl  ««lwit  NAt&them* 
fiw  Ttawflvaavifcr  and  &ntetrt. 

The  ray*  of  l'f;ht,  Newton  obftri  ves,  are  fuhjcfl  to 
fiti  of  cafy  TranfmiHion  and  icflciiioa.  Ste  Light, 
aod  RF.»Lf  crioH. 

TX.AMSM(;  I'ATLON,  or  TrAv.rrnwATion,  ia 
GeOflietrVi  df  tu'te*  t^ic  ^tfd^l^5ti(.>n  or  change  of  one  li- 
giiK  or  body  into  aoother  of  the  Hunc  ar«a  or  ibiidi* 
{>  I  aa  »  uriaagle  jid»  »  i|«M*i  •  pymud  htort 

'  TiiAiriitirrATioir*  !n  die  Higher  GcoaMtr|.  Itaa 
bcca-ttfed  ftrtlK  aavmrtim  of  ar  finiK  iMo  mnm  of 
tbr  laaie  kind  and  ofd«r«  adiale  M^eAif»  parte  life  !• 
thi-  rim?dimeniioiufo  aeftpiiiMi%'aodidMkifadaBie 

tann-ius,  Sic. 

If  a  rcAilincal  figiire  be  to  be  Traiirmuted  into  ano» 
tUri',  it  in  fiif(i(-ioat  thai  the  interfc^tunii  ui  the  kites 
which  compule  t(  be  (r<intfierred,  aod  line«  drftWo  iliroogh 
the  fame  in  the  new  figprei  Bm  «f-  the  £gera:  !•  ba 
'iViinloiutcd  be  Cttnilieevi  tbe  peint%  Uingcati^  idd 


other  n'ght  linei,  by  iiicaui  of  wh'cL  tin;  curre  liue  i» 
to  he  defined,  miilt  be  tranfferreii. 

TRANSOM,  air.oiitj  Bulklera,  the  piece  that  is 
framed  aciofBa  doiibV'  liffht  window. 

Tramiom,  among  Mathetnatician*,  denotes  tbevaee 
of  a  crob-iUff}  being  a  wondcn  member  ftndacra6it« 
with  a  (qtiare  upon  which  it  (lidcs,  Ice, 

TRANSPARENCY,  or  TaAWjfcvciecTj  in  Piy- 
fics,  a  quality  in  certain  bodieii  hf  vbkh  thef  gtic 
psflagre  to  the  rays  of  light. 

The  Tranfpart- ncy  o(^ natural  bodies,  ai  gtafs,  water, 
air,  &c,  isafctibtd  by  fome,  to  the  great  number  and 
fire  of  ihc  pores  or  irttrllicts  between  the  particle*  of 
thofe  bodies.  But  this  account  it  very  dtfeflive  ;  fof 
the  moil  folid  aad  op.i(|UL'  bjJy  in  i.ature,  that  we 
know  of,  contains  a  great  deal  more  pote*  than  it  dues 
matter  ;  furely  a  great  deal  more  than  is  ncccflarf 
for  the  pafliige  uf  fo  rery  fine  and  fubllc  a  body  at 
L'ght. 

Aritotle,  Des  Carta,  &c,  uafce  Tnafni  snncjr  to 
CHMltft  ia  flraighineTi  or  rrftiGncal  direfiion  oltbe pomt 
by  means  of  wbich,  (ay  they,  the  rsya  can  make  their 
way^thraagh,  withnnt  flriking  agaioit  the  fc  lid  parts, 

and  fo  bring  rcflifl.d  hnck  sg.iin.  D-.il  this  account, 
Newton  ihcwi,  is  imperfcd  ;  the  qaiin;  .;y  of  pores  in 
all  bodies  being  fuf&cirnt  to  traiilmit  jili  tiic  rj\ t  thjt  tall 
upon  them,  howercr  ihgte  pores  be  lituated  with  rcipett 
to  each  other. 

Tl%c  reafon  ihrn  tAij  all  bodies  are  not  Traafparcnt^ 
is  not  to  be  sfcnbvd  to  their  want  of  reASiMal  pOica  | 
but  either  to  the  unequal  denlity  of  the  partSt  or  tolbe 
pores  being  filled  wkb  Ibaie  ferdgn  nettm^  or  10 
their  being  qpite  empty,  by  means  of  irtlkh  the  layHt 
in  psifTiiig  throorfh,  undngcinj^  a  great  variety  of  tC'- 
flcAioDs  and  refractions,  are  perpetually  divcrttd  dif- 
fiicrit  ways,  till  at  length  falhng  on  fome  of  the 
r<;lid  parta  dfdiebodf,  Uiey  «re CKtii^ilhed  audab- 
forf.H(i. 

TI1U8  cork,  paper,  woc  d,  &c,  are  opake ;  while 
^lafs,  diamonds,  Sec,  are  Traninarent  s  and  the  reafon 
II,  that  in  the  neighlwurhood  of  parts  equal  in  denflt^ 
with  rcfpe^  to  eaiab  other,  as  thcfe  latter  bodies,  the 
attraAion  beiiig  coual  on  every  fide,  ao  nileQioh  me 
refniAioocnr«M«  t  bat  the  nya  wlikli  entered  tlie  lirft 
fiirface  of  tbe  body  proceed  quite  tbrough  it  without 
iutemipllon,  thoTc  fnv  only  excepted  that  chance  to 
meet  with  the  Tolid  pait<;  .-  b;;t  in  the  iteighbotirhood 
of  parts  that  ciilFcr  much  in  denfity,  fui:h  as  ti.e  ;j.irt* 
of  wood  and  p;i^icr  .irc,  both  in  refpeft  of  themfeives 
and  of  the  .nr,  or  the  tnpty  fpice  in  their  poies; 
as  the  attradion  is  very  nnequai,  the  re6.-€t;ons  and 
refradions  moft  be  very  great  1  and  therefore  the  laye 
will  not  be  able  to  make  their  wiythroag^  fach>badiel^ 
but  will  be  variuufly  dcflcAcd*  tad  at  length  quit* 
flopBfdj   See  OrACtTT. 

TRANSPOSITION,  in  Algebra,  !t  the  bringing 
tnv  term  of  an  equation  over  to  the  oiber  fide  (  {  it. 
Thus,  tf  J  +  X  s=  f,  and  you  make  .*  s=  e  —  j,  tlu  rt 
m  h  faidto  be  Traufpofcd. 

Thin  opcrati'in  is  to  be  pcrformtd  in  Order  to  bring 
all  the  kijon  n  tL-rms  to  one  lide  of  the  equation,  andau 
thofe  that  arc  uakiMMTO  CO  the  other  nde  of-k  |.and 
every  tens  that  Tka«%afid'mC^jt  have  ita'Cgn 

4  (  ehaogcdy 


Digitized 


T  &  A 


which  in 


ehaagtd,  from  +  to  — ,  or  from     '?  J  ♦     .    .  • 
•fift  \\  no  more  ihap  fi(!^traftirtg  «r  addtntt  fiKn  t*nt» 
on  both  l)d«a  of  tbe  mmUm.,  '  See  Rsivctioii  of 

Equation'.  .  ,     ,    _  ^ 

TRANSVERSE-.-/-.:/,  Qr  Diam-.-tr,  ui  tlic  Cone 
Sc^oDt,  M  the  firft  «Jt  }»riliciivil  diameicf,  6r  axw. 
•See  Am,  DiAMBTSii,  and  Latos  TxAiitvct- 

■  In  an^THpftf  ihe  Traofvcrfe  it  the  longcll  of  all  tbe 
diameters;  but  the  flwrteftof.all  in  the  lijpcrbola; 
tnd  in  the  pwabola  the  ditmelen  a«  aU  equal,  or  at 

•kaft  ina  rati.!  of  equal!:)-.  ' 

TR.APEZIUM,  in  Gi.o:nctn,-,  b  rlane  fi>o>re.eoB» 
tal.if  J  under  r'nir  rlj,!!:  liin-s,  (>(  v.  h.^tli  iht-  op|)0> 
filcpaii-^  arti.t  paralAl.— Wh:n  iIm  .  ii-lliv  has  two  of 
iU  Cdf-i  pi-nlK'J  U)  rjch  .uIilt,  it  Is  foiiuimnscillud  a 
fr^rif.V.— 'I  !ic  thi.f  iii  ipciLks  of  the  Tr.ip.  zium 
■re  as  fullow  :.  .        ,  , 

'  I.  Any  ihrei-  fnif-i  <'f  n  T!.,p,.-i jm  taken  togctlier, 
•regieater  than  the  thijili'u'.c.  ^  . 

t.  Tlic  two  aijkgonalB  of  any  Trapetimn 
into  four  proportional  triai^K't*  «»  if,  'f»        *»*  'f* 
the  tdn<:>;'c    :  i  : :    : 'Z.  ,       j       ,.1.    a  » 

■;.  'I'lie  fum  uf  all  the  four  inward  anglei,  A,  B, 
CD,  Laken  togctheri  ii  s^iul  to  4  right 
•1  .  *  .  .  .  .  i 


.im]%  i»  Icft  thyi  the  fum  of  nny  hvr  linea;)^  a|^li|p 

draftrrf,  to  ihe  four  angles  fi  oiii  any  point  wiaSStaf 

'fig'jjf,  befidc  the  iilirlVAion  of  tiic  (liagonaU. 

T'ht- ai  i-j.  of  any  Tr.ip<.-/'um,  is  t'^oiil  to  half  the 


4.  In  aTrapt/uim  ARCH,  if  all  the  fide*  b«  hi- 
feded,  in  the  [.olni*  E,  F,  (J,  H,  the  fii^;ii.c  EFOH 
formed  by  joining  the  pjintsof  bifciflioii  wit]  be  a  pa- 
lallclogTMn,  having  itt  oppi'fi'.c  ftdcs  paraUtl  to  t!ie  cut- 
refpondinj}  diagonal*  of  the  Tisp  J-iurn,  ui.  l  t!ic  ana 
of  ibt  faid  infcribed  parallelograin  i«  jull  equal  to  lialf 
die  aica  of  the  Trapexium. 

5.  The  fum  of  the  fquam  of  the  diagonal*  of  the 
Trapezium,  ia  equal  to  twice  the  fum  of  the  fqiurc*  of 
the  diagonals  of  the  paralleloann*  or  of  the  two  linca 
drawn  to  hifcA  the  oppofite lide*  «f  (he  Trapcuum. 
That  i»,  AC»  +  BD>  =  aEG*  +  aFH». 

6.  In  any  Trapiziiim,  the  fum  of  the  fquareaof  aU 
the  four  fulea,  iso^ualto  tlit  fum  of  il.f  fq.i.ircs  of  the 
two  diagonalj  together  with  4  times  the  fquarc  of  the 
line  KI  joining  their  middle  point*.  Tint  (nrft 
fig.  bebw) 

AB»  +  BC»  +  CD»  +  DA*ai  AC«  +  BD*^'  4lK«. 


Tiftaiiglr  or  juod-jcl  under  tithtr  di.igoiial  ^!;J  the  iuui 
of  the  two  pcriKndlcuIats  drawn  uj>tn  it  fomtlii;  t  AO 
oppofite  angle*. 

9.  Tlic  ji\-3  of  any  Tiapczinm  rriiy  a"C)  be  found 
thus  :  Multiply  the  two  diai4un!ili'  togitiicr,  thin  that 

!<rodu^  roukipGcd  by  the  fiut.of  tbcir  aiuzle  uf  iiitc<ir 
ieSiMi,  to  the  ndiu*  i»  «rill,b«  iift  nrca.  tnat  ia,  • 

AC  X  BD  x'fin.  Z.L  =  area.  -  ■ 

10.  The  fame  area  will  be  utht-rwifc  found  thn*< 
Square  each  fide  of  a  TrapeziLimt  add  (he  (quarrs  of 
each  pair  of  oppolke  fidci  together,  iubtract  iIk-  Icfr 
fum  (rent  the  greater,  multiply  the  remainder  by  the 
tangent  uf  the  angle  of  iuterfcciion  of  the  diagonab 
(to  radius  l),  rnd  \  of  the  psoiliK't  will  be  lliu  nrtfa. 

Thatij,  (Ab«  +  UC'-AD»  +  x  Ity;-.  Z.L  z= 

area. 

11.  Tlic  area  of  a  Trapr/iii^,  or  one  tint  !  nii  two 
fii't  .  l..iijIIc1,  in  ivnial  to  the  rrcin-.^jlc  0-  prohifl  un- 
der the  lum  of  the  two  parallel  lidc«  and  the  pirpcndi- 
,cu]ar  diftance  between  ihcra. 

'  iz.  If  a  Trapezium  be  infcribed  in  a  circle;  tlic  fum 
«f  anv  two  oppoGle  angles  it  equal  to  two  right  angle*  f 
and  if  the  fum  of  two  oppofite  m^etbe  equal  to  two 
•right  angles;  the  fvm  aftw  other  two  will  aUb  be  emid 

to  two  right  angles,  and  a  circle  mwf  he  didcribed 
about  it }  and  farther,  if  one  Mr,  «s  DC»  bepiodnccd 
out,  the  external  an^Jr  will  hr  cqnnl  to  the  iotcriok 
oppotttc  angle.    That  is,  (lalt  tig.  above) 

'       JLA,  -f  Z.<^  SB  Z.B  -t-  Z.P,=  tfight  aBgle*|, 
and  iCA  B'4.BCP. 


'Him  be  infcribed {lAcjflie I  ^l^lfeAi 
diagonals,  is  equal  ta^jum^  dM 


7.  I»  any  Trapcvun,  the  ffun  of  the  two  diago- 


I  3.  If  a  Tr^.i-x:/ 
aiit.lc  of  il^e  two  _ 
two  rcdUi^^  coBt^ined  imder  the 
That  is,. 

AC  X  BD  =  AB  X  BC  +  AD  X  BC. 

14.  If  a  TrapextBoi  be  mferfted  in  ■  cfrde  {  it* 
area  may  be  found  thus ;  Multiply  any  two  adjjc  jnt 
fides  together,  and  the  other  two  fides  tojjethei  ;  \\,ia 
add  ihcle  two  prodiicls  together,  ar.d  multiply  tlic  fum 
by  the  fine  of  the  angle  iiicludtJ  by  titlitrof  the  priirs 
uf  lidet  that  are  multiplied  to,<;ctliLi  j  ii:.t!  li:ili  thi»lalt  pro- 
duct will  be  the  8rea«  That  is,  the  area  is  equal  eithex 

to  (AB  X  AD  +  CB  X  CD>  x  i  fin.  ^A  or  JiC^ 
or(AB  X  BC  +  AD  X  DC)  x  iCn.  <B  or  <D. 

ly.  Or,  when  the  Trapc/ium  can  be  infcribed  in  a 
circle,  the  area  may  be  otherwife  found  thus  :  Add  all 
the  four  fides  together,  and  take  half  the  fum  ;  then 
from  this  half  fubtrart  each  fide  feverally  ;  muhiply  the 
fclir  remainders  continually  together,  and  the  fquaci 
net  of  the  laft  produd  will  be  the  area. 

J  6.  Laftly,  the  area  of  the  TrapeziuB  inlcribcd 
acireU  Baytevtbcnri&fiNndtbwt 

•        ■  ••  1.1 
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fvxm  ^  A75  X  BC  +  AD  X  DC, 

m  =  BA  X  AD+  BC   K  CD, 

/  =  A15  X  IJC  +  AU  X  iiC, 


p  —  rt  i>  X  uv.  +  ni'  X  111.  , 
r  —  radiut  of  ibc  circumrcribing  circle, 

/   '     "  ' 

ttien.-  -^"f  =  the  im  of  tbe  Trapezium.' 

TRAPEZOID,  fomftimaden 
fiM  two  of  iu  fideg  par^Ucl  to  each  otlur;  and  rotrnr- 
irri^s  .m  irrc}riil.tr  loltd  I^Rf  liafing  four  fidct  not 
pdr.illil  to  rac!i  other. 

'rKAVl-lR>I',  i;i  G  irinery,  it  the  tttmitiir  ^.  f i?ce 
of  ordnance  abuut,  as  upon  a  centre^  to  make  it  p(<f:'t 
in  any  paRicijtar  diredioo. 

TtATivitf  IB  Fortification}  denotea  a  trench 
•ntli  a  little  paraipett  fometimei  Ivd,  one  on  «ach  fidel 
to  lenreM  a  cover  fmn  die  cneniy  that  mi^  coiaeia 
Sank.  •  • 

Traversf,  \.\  a  w'jt  fo'V,  15  n  Tort  uf  ■^.-HeTy,  made 
by  throwing  fdnc: iFoni,  -oilt'-.,  fakiiies,  ilumr.,  carili, 
4lc,  into  tlic  foi',  oppofjtc  the  place  where  the  miner 
iitto  be  put,  in  order  to  ill)  up  the  ditch,  aud  malic  a 
{Miige  qvcr  it. 

'Tajiirtxta  aifo  denotes  a  wall  of  .^th,  or  ftooe, 
t^ed  acrolaa  wovk»  to ftop the  (Uot  fimmnjling  aIon|^ 

Tkavfikii  alio  lomctimeiliffnificfl  anf  RtKRchment, 
or  line  foriiSed  with  falcuica*  Mmrit  Or  bai(gt  of.evth, 

pr  ;r^bioi«.  '  •»  ■ 

Tkattusf,  "n  Narigation,  is tlic  v;n' upti  or  ,-ilrcn- 
Iron  of  :i  Ihijj'n  courfc,  occdfiuueJ  by  the  (luftii.L;  of 
tl'.L'  wiiuis,  or  I  lUTcn'^,  f»c  ;  or  a  'J'r.r. d  f;;  is  x  l  om- 
jwitncl  couric,  conliiiiog  of  fcvcral  ditFerent  courles  and 
diflancc*. 

TaAtreisa  Smii^t  a  the  method  of  inwkiii|^,  or 
cdruUthigi  Tramm  or  coiiipuuaJ  couifet,  fo  ittfo- 
heiw  thctai  into  n!>r,  Sec,''  a 
•  Ttaterfe  Sailing  is  iifed  vlien  a  fWp,  haWiff; Tailed 

from  one  port  lowart^s  :iM<ith!  r,  whufc  coinfe  and  dif- 
tancefrom  ilie  former    k^ui-.v  t;,  ia  by  rcdfon  of  cnnfrafy 
winds,  or  r.-.h  T  .i.'L-ii'c  ir  s,  forced  to  flilft  kik!  f,:il  ir]»on 
feveral  courit  *,  which  are  to  be  brought  inlfx^nc  coiirfe, 
to  learn,  after  fo  nnaiiy  turninjR  and  windings,  thetrue  ' 
ceurfe  and  dirtance  mndc  good,  or  the  tniepomtthe  . 
fliip  is  arrived  at;  and  fo  tn  know  what  mUK  bc'the- 
Bcw  cottrfc  and  diftance  to  Uke  intended  port. 

TV  Cufjlnitf  a  TnrOftfi.'  Aflame  a  conwnfeut  point 
or  ctntre,  to  Jk^'h  at,  to  reprvr<.nt  it  e  \t].,cr  r.iihtl 
from.  From  tlmi  p-nnt  a«  a  cetitte,  with  ilic  chiml  of 
^^o'',  di-firnbt:  a  livdc,  which  qi'Sitrr  witli  two  pcrpcn- 
Jieuljr  lines  it.tcrftcf  injf  in  the  centre,  one  to  reprcfent 
the  mtridiaii,  rir  Tionli  and  finith  line,  and  the  other 
tke  cail-and.wtii  line.  F  om  the  interiedion*  of  tbefc 
lima  with  tbe  cirdat  fct  oif  upon  the  circumference, 
the  arcs  or  desi[«<a»  taiceo  froui  the  cbwdi^.fQr  tb^ 
fenral  cfnirles  that  hare  h««i  faBed  upon,  aiarkiligth<  - 
joints  the;  rriL-h  to  in  the  circumfcrLiiee  iviili  the 
ti^nrei  for  the  oidcr  or  number  of  the  coiirfes,  i,  2,  3, 
4,  &<  ;  liij  fr  jrTi  the  centre  draw  iir.ts  to  thcfc  fcver»l 
puiuts  la  lac  tircumfircnce,  or  conceive  them  to  he 
drawn.  UpuB  the  lirft  of  thcfc  line*  lay  f  li  the  :i:ii 
ditlanrc  failed  ;  froi'n  the  extrcnriity  <>f  ihi&dfiiauce  diuw 
a  line  pafaDcl  tu  tht  fccond  radius,  or  tine  drawn  in  the 
«ii«k,  tipon  which  bj  off  the  2d  didaiice }  tbruugb 


the  end  of  this  2d  diil.nce  c'.r.iw  a  lire  p.irnllcl  to  the 
radiii?.  for  the  di'ictiun  otthL'  coutfc,  and  upon 
It  t  ly  uti  t^ie  3d  diilancc  ;  ami  To  uii,  thtouffh  all  the 
coutles  and  diftanccs.  Thii  done,  draw  a  line  from 
the  crntrc  to  the  cod  of  the  lafl  dillanee,  which  will  be  , 
)  the  whole  dittirace  made  good*  and  it  will  cutthectsdia  ' 
in  a  point  ihewing  the  onnTTe  made  good.  Lafllf, 
draw' a  I^ne  from  theen^lof  the  Isft  diftance  to  the  point 
reprcfc;)ting  the  port  booitd  tOy  and  it  will  Ihcw  the 

>  didaflde  and  coarfe  yet  fto  be  iaikd*  -to  gsitf  that  porU  • 

■  - '         '  t       •  • , 

zt-iri  it  Tr-jVinr,  or  tj  comp'tle  it  ly  th:  Tra-otfjt 
talk  "f  Di^iimc;  'J  LaUliutt  anil  Dtparture, 

Make  a  little  tablet  with  6  columns  ;  the  I  ft  for  the  ' 
]   rourfo,  the  2d  for  the  diikncrt,  the  3d  for  the  notth*  ' 
iag,  the  4th  for  the  funthing,  the  5th  for  the  eading, 
aiid  the  6th  for  the  wcftinc; ;  firft  CTtcring  the  fcreral ' 
courfis  and  diHanocs,  iti  fo  luaiiv  linr^,  in  the  ift  and 
2d  Columns.  ThLii,  from  the  IVr.vi-rii.- tabic,  take  otit  * 
the  quantity  of  tiie  ti'uthir.jTR  or  (inith;n;>s,  and  ealb'ngi  • 
or  wcftinj,-3,  anfwciing  to  the  fcvcral  given  cotiife*  and 
dift.inccs,  entering  them  on  their  corrcfponding  liiM% 
and  in  tlie  proper  column*  of  eafting,  wcftmrr,  northing, 
•  and  foutliing.  This  done,  add  up  into  one  fum  the 
numbcts  in  each  of  thefe  laft  four  oolumna,  which  will 
give  four  r«ics  diewing  the  whole  qnantity  of  eafiiog, 
Wcttiagi  northing,  andfouthing  made  good  }  then  take 
the  difference  between  the  whole  eafting  and  welling, 
and  al'i  bi'twcen  the  northin;,'-  and  i'njthiiiL;,  fo  (liali 
tlicff  ihcw  the  fpaccs  made  good  in  thcfe  two  diicdiioDt, 
viz,  call  or  well,  aod  north  or  fouth  ;  which  being 
compared  wfth  the  given  difference  of  latitude  and  de> 
parture,  will  (hew  thofe  yet  to  be  madcg<x)d  in  faih'n|r 
to  the  dcLrcd  port,  and  Uiencc  thecoui&and  diftance 
to  it. 

^Exam^,  A  (hio  ftjum  the  latitude  28°  32'  north, 
bound  to  a  port  diftatit  f  e»  mileii,  ahd  hearing  N£  by 
N,  ha»  run  the  follw^'tnt^  ((jiirfts  ai^d  diilances,  viz,  irt, 
NWby  Ndift.  2omIIe»  ;  id,  SW  ,0  miles;  r',  ME  by 
E  6d  mi!c«  ;  4th,  SK  5  n,i!<si  ah,  VV  by  S  milesj 
6th,  ENE  66  rodci.  Kcrpiired  her  prefcnt  latitude, 
with  the  diTc^  co  irfe  xii  j  diftance  oadc  gOodi  and 
thofe  for  the  port  bound  to. 

Thenutrdier't  bcin,;  t.tkcn  otit  of  the  Tiarerfe  table, 
a«d  entered  nppofittf  the  (etfeaal  cotirfes  aod  diftance^ 
the  tabW  will  be  as  hert  foHowi :  ' 


I    Coujtki.    |l>ifl  j  Vorth.  |s«i«li. 

Eaft. 
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where  the  fume  ofthe  sorthingt  »BJfo[u:hing«,b«ing  bctb 
9lkitx,  7)'2,  ibc^tUiat  Utc  (lt>;>  U  UM.ic  to  tUc  £uue 

CiriUel  of  litiutik  i)>( fet  o«t  friM^.  And  '1i '  '!<fi-rcDCe 
tween  the  fuBS  of  dW' nlmga  and  wvd  n^i.,  ilicwa 
that  the  ftiip  ii  7Q*#  aula  more  to  ths  oAw^tMt  Ui«t 
beif^  tLc  greater.  Owfequrntl^  the  oiwfeaade  good 
if  due  eaft,  andtlie  diftanoeu  milat* 

B'lt,  by  the  Tr«»crfe  table,  the  nortttin^  and  e^iitog 
«  t  li  J  propol'cd  coiirfc  NE  by  N,  >n<l  jdiAapoe  100, 
tee.  ihm,   n%,  aortbipK  8;  i  and  ca&ing  ^5*6 
ads*  from  nade  gooi    o    aadttfting  - 


gne   •  •    oortbiBg  83*1  aad 

yf  t  to  he  etade  pood  to  arritc  at  the  iatended  pot ;  Hfi 
cbereforci  hy  v^iag  thtfe  in  the  Tnmfe  tabl^  w* 
fw«rid£  to  them  «k  the  inundtd  courfc  twl  dilimc, 
vie,  dSance  85,  and  oowrfe  N  ioi«  W.  ^ 

'ITie  ^reometrical  conftrufttoit,  according  to  the  me- 

tLi.  uif  rt-  dirfcriljcd,  fi'??*  ihe  fijjur:  .is  bvlowr  :  w  Wc 
A  ^  Um:  port  fa  ot|t  fiMU,  B  U  liii  p«>^t  bouBtl  ta» 


C  iatllt  pbce  come  to,  by  (ailing  the  femal  coUTfe*  and 
dSllMiOC*  Ad,  ail,  ie,  tii,  df,  and  <C ;  then  CB  ia  the 
daUiMC  t»  be  to  irriw  ft  the  port  B,  mid  iu 
courier  oe  diMftim  whli  the  meri^,  h  ntmf  le*, 

or  the  Mgle  ACB,  made  with  the  <aftMH|d-wcfl  h'ne, 
nearly  80° — Note,  the  radii  from  OCOlrc  to  the 
f  h  ,  r  '1  p  iiniB  in  the  circumterenei^  MC  pafctedp  to 
pitvciit  a  toofuflon  Jfl  the  oguitr, 

TuA-fEHMg-Boart/,  in  a  ihip,  a  fmall  ioMiK-;  hn.uil, 
hanging  up  in  the  licctage,  astii  j»ie(ve«i  full  of  holeit  in 
lines  (hewing  the  point*  uf  the  comunrs  :  upon  which, 
.  by  tnpving  «  boiA  fegbom  hole  to  oolct  iac  ftccrfoMB 
kccpc aT)ivoBoVRt1wwau|r  glafla^  tint  w  half  haunt 
die  (hip  fteewmMawpoiat. 

TuAVtMB-TMbi  m  NavigaUoa,  ia  the  fine  wUk 
m  table  of  difiereoce  of  ktittue  and  departuret  btwg 
the  difference  of  latitude  and  departure  readr  cafetdtted 
to  every  point,  half  puint,  quarter  point,  degree.  Sec, 
ot  the  <juadvant  ;  and  for  every  djftaucc,  up  to  50  or 
100  or  120,  5cc.  Thaugh  it  may  fcrvc  for  any  greater 
(Hftance  whatever,  by  adding  two  or  mewe  together; 
©r  by  tak'ng  tlu-ir  halves,  thirds,  fourths,  &c,  arid 
then  doubliagt  tripling,  quadnipliitj^,  &c«  the  difference 
cf  ]nkude  4od  dqiutiHe  Igqod  to  theit  part*  of  the 


This  tabic  i»  one  of  the  taoH  aeceffaiy  and  ttfeM 
thing!  a  navigator  has  oocaiion  for;  for  by  it  he  cam 
rtudiiy  rcdpoc  <d]  ki«  courfci  ainl  diiUnccs  ran  in  the 
f^<accof  H  houfHf  into  one  courfeanJ  diHancc;  whence 
ne  iinda  the  latitude  he  ia  ii^  ud  the  d<yartine  fiMi 
the  mendiao. 

One  of  the  beft  tables  of  thi»  k'nd  is  ?r  Robcrtfon'a 
Nivi^tion«  at  tlu:  cud  of  booJt  7,  vol.  i.  'Ilie  dif- 
taii'.es  axe  iht;.  cariivd  to  I  20,  i.ir  the  f-ke  of  ttcve 
eufy  fubdiufiuns ;  aud  1:  ii  divided  ;uto  two  puts  ;  the 
firli  cuiitaiiiiiijj  tlie  cuiirlfs  for  cse  yqinrtor  puint  of 
tbe  compaft^  aad  the  td  adapted  to  every  1  or  fuar* 
ter  of  «  itjg/Ktf  m  tb^  yadiam,  4ce  Tsatw*  . 
SmiTwr. 

A^>eci|iKO  of  liKh  a  Traverfe  Tahic  ia  the  foUoifi^, 
oUwvwiticalVgda  Tjdde  of  Difieni»G« «f  Latitiidc awl • 
DepaititK.  ThediflaMCiaivplaeedtttqa  ial 

toiB  of  the  column*,  fraoi  I  ta  10 ;  but  mafyMCttcn^af. 

to  any  qLuntity  by  nufttplfW  the  ;i9rts,  sad  taltiag 
OL".  ,1'-  i-  vl;j1  l;:r,L5,    Xln  i;:  a  if'-  ji:')",!  rights' 

angled  ui^iitgic,  ^ic  111  <a  cuLuxnu,  u;i  IkHU  lic^o,  each 
in  two  par:»,  tlic  one  cuat^ining  the  even  pututs  uiui 
quarter  pouiig,  iud  the  other  whole  degreea,  u  Ur  aa 
to  ur  half  the  qtiadtant,  on  the  left-hand  fide, 
and  ttkc  otiler  half  quadrant,  &oca  4j°  10  90",  reiurued  . 
upwards  fiom  bottom  to  top  on  the  right-hand  fide. 
The  «om^ioadi(\g  Difference  of  Latitude  and  De- 
pwtore  ^  u  two  c«lumu»  bii:k>w  or  above  the  diflances 
viz,  bchnr  tLcn  whea  the  coaflir  or  aoiglc  k  ivithif 
4s%  orfaoDdoQ  tbc  Jcft^baad  idei  bnt  aboMtlifB 
when  between  45a«d  flO\  or  finud  00  tbc  a|^l»bll4 
fide. 

The  GuDC  table  fervct  alfo  to  work  all  caiirs  of  right- 
angled  triangles,  for  any  oilKr  purpofiit.  Tor  ex- 
ample, Suppofe  a  givi'u  eoiirle  be  15°,  and  di>lance  3  J 
isika,  to  find  the  corrcfpondmg  difiercMcr  of  ktitttdc . 
and  the  departure:  Or,  iu  a  right-augled  triangle, 
given  the  hypotesufe  35)  and  one  angk 
the  two  le^a. 

Here*  the  dtftaace  3  io  the  uble  muft  be  accoua 
30,  moeing  the  deciinal  point  nroportiooally  or  em 
place  in  the  other  number* ;  and  thoie  number*  tabcft 
ont  at  twice,  viz,  once  frvfit  the  columns  under3  for  tba 
30,  and  ttic  other  from  the  column*  under  tliedillaBOt 
5.   Thui^  on  the  line  of  I      and  under  the 

IH/f.         Lttt.  Dtp, 

%o  are   28-978  and  Tl^$ 
5  an    4*830  and  I'X^f 


jj",  tonpd 


ihcK&farSS        Sl'^  and  gpo^ 

So  that  the  other  two  lege  ofthe  triangle  are  j3'6oJ 
and  9"o59. —  If  the  couric  had  been  75*,  orthecocn* 
plcmcnt  of  the  former,  which  i*  only  the  other  angle 
of  the  fame  triangle,  and  which  i*  found  on  the  fame 
line  of  the  table,  but  00  the  tight-hand  fide  of  kt 
then  the  numbcra  ia  tbe  ^r"*"?  arill  be  tbe  frae  aa 
before,  and  will  give  tbe  Cuae  fimia  fbr  the  two  kna  of. 
the  triangle,  only  with  the  contrary  name*,  at  M  Lad* 
tude  asd  I>efwturci  which  dui^e  placet. 


A  TABta 
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Tabi,*  Difmm  »f  Latitud*  and  D*fMm,  fir  Dtgrttt  W  ^mrter  /W*/^. 

V-Ai.  %        ;        P.ft.  4  b 
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30 
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38  1 

39  I 

>  T 

40 

4' 

4- 

Si 

43 

44 

4 
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1, 

Ut. 

r  -(^.ivfi 

0-99?  8 

0-996^ 
0-^951 
09945 

0*990  j 
0-9S9S 

0-9^48 
0*9816 
0-9808 
0-9781 

o*9744 

09703 
0*9700 
0-9659 


0*9613 

o'9'>69 
0-9563 
o*9fti 

<»-94J$ 
0*9415 
0-9  J97 

o*:;j36 
0-92  >1 


t>ep 


0*0513 
0-0698 
0-0872 
010980 
0-I04( 
0-i2l9 

0-1391 
0-1467 

0*1736 

0-19C3 
0*1951 
o'M79 
G-a2$o 
0-2419 
o-i43* 
o*ji88 


C-9ZO) 
0*9' 35  I 


0*3907 
0*4067 


0  9063  1 0-4226  i 
o*5>o^o  1 0*4276; 

O'4i40  I 
0*4695  j 

0*4714  t 
o'50oo  j 

0  5150  I 

<»'5*99 

05446 

o  $5>6  I 
o-5i9«  j 

o-boiS 


0*8577 
0-8572 
0*8480 
0-8387 
0*8315 
0-8290 
o'8i9t 
0-8090 


Pep. 


0-6J57 

0-6293  I 

0-0344 

0-6428 

o*6j6i 

0-6691 

0*6716 

0*6820 

0*6947 

0*707' 
1.11. 


SMt.  I 


LiU. 
1*9997 
j-99«8 


IVp. 


1*97*4 

'■<>7(;4 

l-96y6- 

>  9«3J 
1*9616 

1-9563 
1*9487 

1*9406 

1-9401 

'•93 '9 
1-9225 
i*9'39 

I-'yl26 
I  902  I 
1*8910 
1-8831 
1*87^ 
1  -3672 

I ' ^  5  44 
i-fi478 
1*8410 
1-8270 
1-8126 
I  8080 
i-y9;6 
I -782c 
1*7659 
i*7f'3ti 
1-492 
IV3£P 
1-7155 

'•.«43 
1*6961 

1VS581 : 
I -658, 

i*6i8o 
1*6064 

'•<973 

1-5760 

'"j>43 
l'S46o 
I-J3Z1 

1-3094 
i'4«J3 
1-4810 
i*46»§ 
1*4387 
1-414.' 


2*9<^Hj 
1*99^4 

-•y)>9 

-•</9*" 
2*f^8.*6 
2-9856 
2-9836 
2*07-6 
2-g*o8 


o-jo-(5 
o-jii9 

0'3473! 
0-3816 
0-3901 
0*4158 

04499 
0*4838 
0-4860 
0^176 

os-5«3 ; 

o-58o6f 
0*58471  3* 
0-6180  2- 
0*651 1 1 
0-6738 
0-6840 1 

°'7"'7 ; 

o-7'^?4! 
0-7815 
0*8135  I 
0-3452  I 
0-8551 1 
0-3767  I 
0-9080  ji 

0-9389  !i 
0*9418 1 
0*9696 1 

*0Oy0t 
•01821 
■0301  I 
•0598, 

•1 1 1 1 
•..84 

•1756] 
•1914: 

-20361 

-2586 ' 
-2688; 

•2856, 

'3»»' J 
•3383 
•3431 
-3640 

•3894 
4142 


2-9^75 
2-9631 

1-  9544 

2'94+9 

2-  9424 

2'9344 

2*9:31 
2-9108 

1-  9101 

2^8978 

2-  ?S'iK 
2-8705 

S689 
•8532 
2-8366 

1-  8246 

2-  8191 

1-  Socj; 

2-  ;Si6 
2-  ;7f6 


0-0,-24 
c-iC47 
0*14*2 
0-1570 
0-2093 
0*261  5 
0*2940 
0*3136 
03656 
0-4175 


Lat. 


1*6730 
2-648^ 
2*6451) 
2*6239 

2*5732 
2*5715 

2-544' 
2-5160 

2-4944 
2-4871 

-»-4S75 
24171 
2*4096 

*J3959 
2*3640 

»'33«4 
2*3190 
2*2981 
2*2641 
2*2294 
2*2229 
2*1941 
2*1580 
2*1213 


0«p. 


Lat. 


3»44o 
3*Ra7« 
3-825» 
3-8042 

3-:  82 1 
3*7662 

3-7588 

3-70K7 
3-<^9<> 
3-6820 
36542 
3-6252 
3*6260 

S'5952 
3"5No 
3*S3«8 
3-J»77 
3  49«5 
3'4t>4' 

3*4309 
3-42S7 

3*39«» 
3'3547 

.r3M9 

y»~jb6 
3-2361 
3-21I8 
3-'94^ 
3-1520 
3-1086 
5-0920 
3-0642 
3*oi88 
2-9726 
2*9638 
2*9154 
2-8774 
2-8284 
Ditp. 


0-069K 
0*1396 

0-  1963 

0*2051 

1-  -I7>jiO  I 

c*34<i6 
0*392  I  ( 
0-4181 
0-4875 

02567  I 


1-10:5 
i'i6i  I 
1*1605 
1*2361 
1*3023 
1-3476 
1-3681 

'■4335 
1-49S4 

i'>307 


4'999i 

4-99:0 

4-9940 

4*993' 
4*9878 

4*.y8lO 
4*9759 
4*9726 
49'i: 

12113 

'«-94$9 
4-(>3S<4 
4-9240 
4-90S I 
4*9039 
4-fi9o; 
4-8718 

4*«>'5 
4-8502 


i>ef . 


D.  ,  f:i 
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'r'73r 

6*2«22 

o*S6S« 
0*9540 

0-  97)4 
I  "o  J  96 

1-  124S 
1*2096 
1*2149 


ifz^b  i'294i  ■  75 


6* 


74 


4-6025 
^5677 


1-37B2 

'•45 '4 

'*4<"9t 
'•>4««  i 
1-6278  I 

t  -6844 1! 
1-7101  '!  70 

iyi)i6  6<) 

1-8730  [i  6a 


6i 


»*9537 
»*0337 


1- QQco  (j  4^}Joi 

2-  0,64  i'  4-J»86 


2 -0602 
2-1197  |l 
2*1786  1; 
2-2213  h 

2*2943 

«'35»« 
2-3828 

2*4073 
2*46;^ 

2-r«73 

»*53T6 
i*57i2 
2*6242 
^•6765 
2-6862 
2-7280 


4-2858 
4*2402 
4-«934 
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3*993* 
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3*7  736 
3*7'57 
3*7048 
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2*13-8 
2-19  9i 
2-2699 '. 
»-3474  i 
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3vo_i  1!  j_3 
5-0783  ij  52 
3 • 1 466 
3*1720 

3* '39 

3-  280^ 

3-3457 
3*3578 
3-4100 

3*4733 
3  5355 
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'TREBLE,  in  Wnfic,  the  hl^hcO.  or  acutcft  of  the 
Ibiir  parts  in  fyintjiiDny,  or  tli::t  which  i.s  h^ard  the 
detnrft  aiiJ  ilmlkil  f-i  :i  c.  n  ,  it.  In  the  Itkc  fcnfc 
wef:iy,  a  Treble  violin,  Tr-.hlr  liauthi.y,  &c. 
^  111  v.  rii  mufic,  tht  T rebl«  i»  uriuUv' .committed  to 
bo>b  ami  g.rUi  thdr  proper  part  being  theTnble. 
■  •  The  Tielile  it  divided  into  firft  „r  hi  -1,  -il  Ti(h>, 
tod  fcoond  or  tnfs  Treble.  Tiic  iulf  r.  .hlc  is  th>: 
'HOic  With  the  c>ii:Titi.i-. tenor. 

u'^^r^*'"^^'  ^'""'''"t'n".  are  ditch«  which 
the  bcfiegcis  cut  to  approadi  more  (vcanlf  to  th« 
place  attsrkt.l  J  whence  they  are  <aUed/«.v«^*|Mri«ri, 
I  la  r  \nx:xdt\i  IS  8  or  lO  fetr,  Mid  deptti  6  «• 


i   615   ]  '  T  R  1 

A^aio,  wtth  nfytd  to  tlw  Ai»gkt» 

A. 


«  Trtnthf,,  '.haf  Js,  e"«p<>n  dntT 

inllieiR.  To  rrffm-  T/v/i  /j.v,  i.>  rdio  c  f.ich  is 
*aw  been  upon  duty  there,  Thi-  enemy  h  fiid  to  Juve 
Mtnrrdlhr  Tre-vLs,  wlicn  he  has  driven  a«-:iy  or  killed 
the  foldiers  whoj^uarJed  tliem. 

7:  //  cfd-t  Tk  t  sen,  i«  tbe  pUoe  where  it  wu  beeun. 
A  1 1 1 !  c  iL-aJ  iH  the  place  wber«  it  end*. 

0^ni»x  ^  the  Tranches,  is  v.f;  ;  the  befiegem  fiift 
Ixgtii  to  work  upon  them,  or  to  u.aLc  thcui  :  wiiith 

IS  ;ifii.-1:y  l'.  :;;.-  ;.,  the  night.  \ 

TRhl'U.A  riON,  in  the  Ancient  Aftronomy, 
denotes  what  they  call  a  libration  of  the  81I1  fphere  j 
or  a  motion  whitli  the  rioloni^ic  fyllcm  attribtOcdto 
ttie  irmatnci.t,  to  accuru  for  certain  almoll  hrnirible 
dianget  and  motions  oUerred  in  the  axii  of  tlic  worhi  t 
b|  means  of  which  the  Utftodei  of  the  fixed  ftars  come 
to  be  mdually  chaiigr,',  ;,„<:  rhc  L-cllpn'c  fran,  1., 
approach  nrciprocallr,  i.rll  toward*  oac  poJf,  tho, 
toward*  the  other. 

^ThU  '""I''"*  '»  alfo  called  the  wtttnn      tbt  Ji^fi 

TRET,  in  Commme*  IS  an  aHownnce  rtiarlc  for 
the  waSe,  or  the  dull,  that  may  be  mixed  with  any 
commodily ;  which  i*  always  4  pouada  so  twry  IM 
pounds  weight.    See  Tar£.  '  ^ 

'1  RfANOLE,  in  Gcometrr,  a  figure  bounded  or 
contained  by  three  lines  or  iidea,  ud  which  cgnrc 
qi  cntjy  haathreeMgbi^  fnw  i^nce the fijruiv mkes 
Its  name. 

Triandei  are  either  plane  or  fphcn'cal  or  curviiiaear. 
Fbne  when  the  three  (idts  of  t).c  Triflpj^lc  arc  right 
hA%  J  hut  fpherical  when  fomc  or  all  ol  iLem  are  arx:s 
of  great  r:rcl(.s  on  the  fpJicre. 

Pbne  Tri.ingle»  take  feveral  denomination**  both 
trom  the  relation  of  thtir  angles,  and  of  their  fi^  at 
bcMW.  And  1 A  with  regaid  to  the  fidei. 


An  EquiUltral  TrimgUj  is  that  which  bat  all  its 
three  fidts  equal  to  one  aDOther  $  9  A.  " 

An  JJofifUt  or  Ea^enrai  Trimf^t "  that  whkh  hat 
two  fides  equal  j  as  B.  ■ 

A  S§^  Trimtk  bai  aU  it*  fide*  mwqinli  at  C* 

6 


wl'^hf ^'gf"  '"'sl'd  7r,»ngk,  is  that 

whic  h  h.i3  .>nc  right  angle  ;  as  i). 

An  WW  triar^iU  i,that  which  lias  no  riehtaadeL 
•  but  all  obhque  ones  ;  a.<  E  or  F.  "W^ 
An  ytcuiavsular  or  Oxygrm  Tnm^  I'i  that  wUcb 
Has  three  acute  angles;  as  £.  . 

hasanobiufe  aiigk-;  □«  F. 

■'K  Curvilinear  or  Cu.v-'l.ril  7Vm»/«»  ftoac  tkiC 

has  an  itn  three  fides  coivt  l.tics.  * 
^  A  Mixr^tmear  THan^^U  is  pne  that  baa  I'tf  fidei  foiBC 

o!  th-jm  rii:  vi-i,,  and  foine  right  lint-s. 

A  TnmitU  is  one  that  has  its  fides,  or  tt 

leaft  lomeof  (hern   la  ,  of  great  cindesofthe  fphere. 
i  «7»r  rn«,,/..  ...  i.,:.  a,  hare  *he  angle.  :„  the 

I  he  B./<  of  a  Tnangfc,  !,  any  fide  on  wind,  a  per- 
pendicdaria  drawn  from  the  op,n.,iu,„  anr!.,  railed  the 
vcrtr,,  ndthe  two  lldc,  about  ,1,.  p..pepdicular,  or 
the  vertex,  are  called  the /r^/.  »r 
Th^  Chhf  Prcpcrlin  of  Plane  Trmnglcs,  areasfollow^ 
vir,  In  any  plane  I  n  "'o"ww» 

1.  Thegnated  fide  h  oppofite  to  the  srvatea anirle 
a...  the  ieaU  fide  to  the  Ic.t'  an«le.  &c.  ^Sfo.  'f 
J.*  oe  equal,  thc.r  oppofitc  angle,  are  equal  5  and  if 
r  „  u"1?*=  l'*^^"''^'T''  "  it'  fidc*  equal. 

2.  Any  fide  of  a  Triangle  i.  lef.  ihi:,  the  fuo,  but 
greater  than  the  difference,  of  the  other  two  fidea. 
.  3-    f'^  futn  of  aU  the  three  aaglea,  tak«a  toaether. 
iscquji  to  two  right  ancles.  .  * 

4.  I:  one  fide  of  a  Triangle  be  produced  Otn,  tbe 
external  angle,  made  by  it  and  the  adjacent  fide.  & 
equal  to  the  fum  of  the  two  oppofitefntS  angles.  " 

5.  A  hne  dtawn  pwalfcl  u,  one  fide  of  a  TnanLiL, 

cut,  the  other  two  fides  proport ionallr,  the  correfpond^ 

mg  romeirta being  proporciotial,  e.ch  t.>  each,  and  to 

he  wfob  fides;  and  the  Triangle  cot  „it  is  Croilar  to 
the  whole  1  nangle. 

If  a  perpendicular  be  let  £01  frrnn  any  afljrle  of  • 
Tna^^le  as  a  fcttical  mg^,  upon  theoppoliS  fide  aa  . 

6;  The  reaangle  of  the  fum  and  diSeratee  of  the 
fides,  IS  equal  to  twice  the  rcdaagle  of  the  hafe  ,nnd  the 
dillanc^f  the  peipeadicttlar  frmn  the  m;d.Jte  of  the 

'H'*'"'  '^'"^T      other  wurd., 

7.  The  di»>Tence  of  the  fcjiiarea  of  the  fides,  ia 
equal  to  the  diftcrei.ce  of  the  iqn.rcs  of  the  fegmcata 
of  the  bafc.    Or,     the  bafe  is  to  the  fum  of  thi 
fo,s  the  c.Tercce  of  the  fide%  to  the  diflemice  ofS 

leg:imit5  ut  tiie  bale.  " 

f  .  Ti,creaanglcofthc  legsorf«les,  is  equal  to  the 
rtJin.ieof  Kic  p«-'pendiculara«d  the  dimeter  of  A* 

Ciicuii.li  I  iLi,::g  circle,  « 

If  a  line  be  drawn  biicaiiie  wn  Wglb  to  die  Iwfe 
or  oppofitc  fide  I  then,^^    J         w»  m  oaio 


i^ijui^^co  uy  Google 


T  R  I 


fit  r 


<}.  The  tegmemvf  *h»  h»fc,  m«fe  If  tWIw 
fir^iog  the  oppoGtvmiim  ttc  fropofttoou  to  the  fidcf 
adjwent  to  then. 

to.  The  Iqure  of  the  line  KiMKng  ihc  angle,  M 

eqital  to  the  differ«rr.ce  hctwct-n  tlir  ticVtrifrlc"  the 
liJctandthe  rfiftarr^Hc  of  the  R'j»rroatiof  (he  b.iff. 

If  :\  !uK  be  Jrjwn  from  any  at-jjlc  to  llie  micdle  of 
liic  off^.^ifitc  ^6«f  or  bifeftiog  the  hifv  :  lh«n 

1  i.  The  fum  of  the  fqiiare»  of  the  iKlm,  in  tqvti  N» 
,tv«fit  Uw  fMB  of  the  fquaiTt  of  halt  ihc  biSt  ao<l  the 
Km  biTi^iiif  the  bafe. 

Thi  V^Sfe  Ba4f  hf  ihc  peipendicuhr  from  >nj 
angle  roil  the  Cm  dnapi  hem  the  iaait  MgW  to  the 
Middle  of  the  hib^  iftCfMlto  Mf  the  ^iflbniicc  «f  the 
tnglc*  at  the  baft. 

13.  If  through  any  pr  "iit  D,  withrfl  s  Tn'angk 
ABC,  three  lines  tl-,  (".H,  Ik,  be  dmmi p«T«Jfel  ro 
tlje  threti  nde»  of  the  TriiiviiHc;  the  coirtinual  prodiitls 
or  fohd<  made  hj  the  altenmte  kgrnnit  of  theiir  linea 


BA>  If  three  fine*  Al^  BMt  GN,  be  drvwn  fnat 
Atuinea^e»tkmf|h  mf  poiM  l^i>illii«»Triaq^ 
to  tbt  oppoflM  Mrt }  (he  folM  pm^rfhof  the  alteiMfee 

fejitnen;?  nf  the  Hdeg  are  ri|mil  ;  vi?-, 

AN  X  liL  X  CM  =  AM  x  CL  x  BN,  (id  hg. 

above}. 

ly.  'I'hrfe  lines  drawn  fiom  the  three  angle«  of  a 
Triangle  to  hiStdt  (heoppofite  fide«,  or  to  the  middle 
of  the  oppofite  fidet>  do  all  interfed  one  another  in  the 
fame  point  and  that  point  is  the  centre  of  gravitjr 
af  the  Tnangle,  and  the  diihac*  AD  of  that  poiat 
fratk  uny  angle  aa  D,  is  cqorf  fn  dlMiMe  the  dHlanee 
DL  from  the  oppoGte  fide;  or  cme  legmetil  of  any 
of  thefe  line*  h  double  the  other  fectnent  1  moreover 
the  fum  of  the  fcjuarc*  of  the  three  oifeftin)^  l-nm,  ii 
i  of  the  fum  of  the  fquarc*  of  the  three  fides  of  the 
Triangle. 

16.  Three  perpendiculara  bifvding  the  three  fidn 
«f  «.  TriaBgla»  all  iaterfefi  in  one  point,  and  that 
point  U  the  centre  of  the  circumfcnbing  ctrde. 

17.  Three  lines  btfcdling  the  three  angles  of  a  TiH 
tmpot  al  iaHffaA  n  oae  jpoiat,  and  that  pant  ia  tlw 
WMta  of.  the  fniblbtd  drde. 

iS.  Three  prrjwnditular*  drawn  from  tTic  three  an- 
gles of  aTriaiigIc,  upon  the  oppolite  tides,  all  inltrfett 
in  one  pjiint. 

19.  It  tlie  three  anjrlcv  of  a  Triaogle  be  bitef^ed  hj 
the  linea- AD,  BD,  CD       Ag.  above),  andanvone 
a$  HD  becontinned  to  the  oppofiteiidc  at  O,  and  DPbc 
drawn  perp^  to  thnt  fide ;  then  is 
^  AOU  s  ^DP,  or    AOP  s  ^CDa 

ao.  Auf  Triangte  may  have  a  Ctrck  ciittiatftribed 
dbout  it,  or  touching  .ill  its  angles,  and  aciida  iaftribcd 
vilhio  it,  or  touchiug  aU  its  lidest 


ar.  ThefqnmofthefiifcofaatqiMlgtcraiTritii^B^ 
fc  e^al  to  )  times  the  ffuatc  of  tbe  tadlna  of  ito  <ia» 
6SiBCGffihia|S  ciick* 

ft.  fPnie  thseeaiiKleff  of  oneTriangk  be  eqnal'ti^ 

the  thrttf  an^jlef  of  snr  t'icr  Tn  1  A  ,  each  to  ench  ; 
then  thuf«  twTj  Triaiij^lirB  mc  iimiidi,  aud  their  like 
Ma  arc  proportional  to  one  mother,  atid  the  areas  of 
the  tw^  Triangka  are  to  cadt  other  as  Uic  Itfmm  of 
their  liiie  fides. 

7  >  li  two  Triangks  ba<re  any  throe  parts  of  the 
one  k except  tbc  three  aftgiet),  e<|«ial  to  three  corre» 
fymdimi  paita  of  tte  otbcr,  each  to  each  (  tboiie  tiN» 
Triaagin  ai«  aot  ea^  liMilar,  bat  ideadcalr  v 
having  all  their  fix  ffotia^oadnv  partt  aqoalf  aadthdr 
areas  o^tial. 

J  Triaofflea  ftandm^  uptin  the  fame  bafe,  and 
between  the  Tame  paralleU,  arc  ctjual  j  and  'I'l  iaiijrlca 
opon  cqtiat  l>ar(«,  and  h  tvin)^  equal  akitudesi  arc  eqtiaL 

a  j.Triani;le»  on  e<^uai  bafcsare  toone another  a*  tbetr 
ihilvdeas  and  Triau>:ks  uf  equal  altitudes,  are  to  one 
•nother  aa  their  bafcs ;  alfo  equal  Triangles  bare  their 
Mca  and  altitudes  reciprocally  proportional. 

26.  Any  Triaaek  ia  Cfoal  to  huf  iu  cirGBBifcrihia|f 
parallelogram,  or  halTthe  pataldagmi  on  the  laaw  o^ 
an  equal  bafe,  and  of  the  lAmc  or  equal  .-iltitudc. 

2'.  Therefore  the  area  of  any  'i  riangle  is  fnund,  bt 
muh  iplying  the  baft  bf  the  altitade,  aad  okiiy  boT 
tlie  produA. 

38.  The  area  is  alio  foondthus:  Multiply  anj  tvrn 
ides  together,  and  multiply  the  produ^  by  the  Unc  of 
tbdr  mdoM  an^Ie,  to  nditn  i.anddividedbyJ. 

a9b- TbtamiaattiolherwiCE&NtDdthot,  when  the 
dme  Met  are  gnn  i  AiM  the  thi«c  fides  together, 
aod  take  half  their  fum  ;  then  from  this  half  fiuxi  ftib- 
trad  each  fide  feverally,  and  multiply  the  three  re- 
suinders  and  the  half  fum  cowtinuollv  imi:  .ilitr  ;  tl.fn 
the  fquarc  root  of  the  hi\  ptodud  vnil  be  tUe  area  of 
the  Triangle. 

to.  In  a  rrght-aagWd  Triangle,  if  a  perpendicalar 
be  let  fall  from  the-  right  aagte  upon  the  faypotlMrafi^ 
itiriftdrnda  ituMotwooiberTiianglctJMtkvtDAM 
snecbar*  tadip  tbo  wboltllrtn^. 

}t.  In  a  right-angled  Triangle,  the  fqturrofthe 
hrpothenufa  is  cc^uai  to  the  fam  of  the  fqiiarcs  of  the 
t  V  .  h.]ri ;  and,  io  geiaeral,  any  bgurc  defcribed  iipoo 
the  hypathetiufe,  is  equal  to  I  he  luca  (if  two  fimilar 
fr^'ureJ  defcribed  upon  llie  twofidei. 

32.  In  an  ifofcelea  Trian>{ie,  if  a  line  be  drawn  from 
tt>e  vertex  10  any  point  ia  the  bafe  ;  the  fqoarc  of  thaft 
Uae  t^jgcther  with  the  refiangle  of  the  ferments  of  tbt 
bali^  iacaualto  the  foparc  of  the  fide. 

j|.  ifcnaangkoi  a  Triaagle  be  equal  to  rro*t 
the  n}uare  of  the  bafe  tvill  be  eqat'l  to  the  fq>)!ires  <^ 

bi)tti  tlie  fiilrs,  l;';:;ctlier  with  li.L-  leflan^rle  ,:f  [hoOs 
ikies;  aii't  it  tin  ii'  fulri  be  fi;u.il  to  raij  !.tlitr,  then 
the  fcjnarr  <jf  ■.I'r.-  h;)fc  be  irqt:-ii  10  \}'.rLe  times  (l.e 

fquarc  of  one  hde,  or  equal  to  la  timet  the  fquarc  of 
the  perpendictdar  firon  the  aagle  upoo  the  bafe. 

yu  la  the  fame  IViaogic,  risi  liariay  one  tW^ 
equal  to  ISO*  j  sl\c  diilircoce  of  the  cubes  of  tbe  fi£^ 
abont  that  m/)ti,  9«4t«i  to  •  faM cootaiaaj  by  the 
dilRreace  of  the  fides  and  the  fqoare  of  Ae  bafe ;  and 

the  fu'n  ijf  t^r  riihrs  nf  the  f■.^c  =  ,  is  eqicJ  Id  .i  rjld 
cciiuiacd  by  the  liun  of  the  fxka  and  ihc  difTerciKc 
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^etwen  the  fqnre  of  U>e  bafe  and  twice  the  rcAangle 
of  thffide*. 

Tieit  anmanf  other  propcnica  of  Triangles  to  |m 
fboiul  ttUMig  the  geomctited  mittn  i  to  Grr^ory  St. 
Vincent  hs*  written  t  folio  totnme  upon  Trtanglc»  | 
thtre  arc  alfo  fefcnl  in  hii  Quadrature  of  the 
cirde.    See       other  pnopeftkt  vndcr  ths  Mticb 

TuOOItriMSTR  Y. 

Fur  tiir  proj  crtict of  fphencal  TrMngki^  fee  ifHM- 
fciCAL  TriiH!gltt. 

Sdhthm  »/ TniAnai-tt,  See  TniCOHOMiTRr. 

TniAiieLE,  in  Aftronomy,  one  of  the  48  ancient 
tenftdlattonf,  fituated  in  the  northern  hemifpbcrc. 
There  it  aHb  the  Smtiim  TVm^  in  the  fanthem  he- 
mifphere,  which  it  a  modem  conRe!btion.  The  ftari 
In  the  Northern  Tn'ant'lc  a-?,  'n  T't  >l'>?jiv'!.  cuta- 
logue  4,  111  I'yclio's  4,  til  I IcvtUuii's  la,  diul  .iilfic 
Bltti(h  catalrtniif  iS. 

The  ftara  in  the  bouthem  Triangle  are,  in  Sharp's 
catalogue,  5. 

>fr«.*»r'?/v.r/ Tai  ANCLE,  a  ktnd  of  numeral  Triangle, 
orTrian^Ic  uf  numbers,  bcin;:;  a  table  of  ceitain  ntim- 
bera  diffmed  in  form  of  «  Triangle.  It  waa  fo  called 
hf  Pifcil ;  bnt  ht  was  not  the  iBTcnior  of  thia  taUe,  as 
fome  writers  have  imagined,  its  properties  lumnr  been 
tfVated  of  by  <Mhcr  authors,  fome  ceamrica  ocfbre 
him,  as  is  * 
pa.  69  &c, 

The  *- 


in  my  Mathematical  Tta£to|  voL  t, 
of  the  THkogle  ii  aa  foDowi  t 


t 

i 
4 

i 

7 

8 


I 

I 

10 

M 

21 


I 

4 
•o 
so 


i. 


And  it  t»  coslfufied  by  adding  nhnyt  the  hft  two 
mnbera  of  the  next  tan  pRccding  colnmna  tofether* 
to  gWe  the  nett  fiiceeeding  ednmn  of  nnnben. 

Tlie  Srft vertical eolnina  confills  of  units;  the  zd  a 
feries  of  the  natural  nQmben  t,  z,  3,  4,  c,  &c ;  the 
3d  u  fciics  of  Triangular  numbers  i,  3.  6,  10,  tec  \ 
the  4tti  a  ferica  of  pjrramidal  number*,  Arc.  The 
oblique  diagonal  rows,  dcfccnding  from  left  to  right, 
are  aUb  the  fame  as  the  vertical  columns.  And  the 
■nnben  taken  on  the  hotizontal  lines  are  the  co-effi- 
dcnta  of  the  difTrrent  powers  of  a  binomial.  Manjr 
other  properties  and  ufes  of  thele  numbers  have  been 
dtehvercd  oy  vnriooi  auihoia,  na  nay  be  Teen  in  the  In- 
•KHtofiioB  le  my  Mathematical  Tables,  p^gcs7,3,  7$, 
77t  ^9>  edition. 

After  tlicff,  Pafcal  wrote  a  treat ifc  on  the  Arithme- 
tical Ti  wh'ch  is  con'aim.d  in  tlie  ;th  volume 
of  hit  work  I),  pubiifhvd  at  Paris  aod  the  Hague  in 
1779,  in  {  volumes,  8vo. 

In  this  pubhcation  is  alfo  a  dcfcriptioo,  taken  from 
the  lit  volnme  of  the  French  Eocrclopedie,  art. 
jtrithmtikpH  Matihu,  (rf  that  ■adiwnbie 


Tented  hy  Pjfcal  at  the  aee  of  iq,  fumift»ing  an  off 
and  (xp<.di)iuus  method  of  making  all  forrH  nf  afith* 
meticai  caicniaiiona  without  any  other  aJSftaace  thaa 
the  eye  asid  the  hand. 

TRIANGULAR,  relating  to  a  n  ati -i.-  ; 

TyiANGVLAK  Canan,  tables  relating  to  tci^ooonie* 
ttyi  aaof  Gncs,  tangents,  fccants,  Sic. 

Trunoul«r  CoMfoJJri.,  are  fuch  a»  l.avc  threeleca 
or  feel,  by  which  any  triangle,  or  three  poinia,  maf  w 
taken^off  at  once.  Thc£e  are  very  nfenu  in  the  oon<- 
ftrtiAioB  of  maps,  globes,  S;c. 

Triangular  Ai'ni-.'v,  arc  a  kind  of  poly^jonal 
numbers ;  being  the  iums  of  arithmetical  progixlIioBS, 
which  have  I  Jbr  the  cgmmnn  diJiiHcnce  of  tbiar 
terms. 

Thu*,  from  thefe  arithmeticals    I    Z    t    4  5 
are  fonncd  (he  Triaog.  Kvmb.   r   3   6  10  ic  »l| 
or  the  5d  cokuna  of  the  arithmetical  triangln  abov^- 
mentioned. 

The  Am  of  toy  number  a  of  the  teraa  of  tbe'^fbn* 

guUr  tiumbers,  1,  3,  6,  10,  &c,  is  = 


or-x 


A  -I- 1  n-k-z 

which  is  alfo  equal  to  tlu-  r.;iiribci  ut  fhot  in  a  triangn- 
arpile  of  balh),  ih«.-  number  of  ruk%»,  or  the  number  in 
each  fide  of  the  baft,  being  n. 

The  fun  of  the  rcciprocala  of  the  Triangolir  (iersca* 
inSaitely  oontinocdi  w  equal  to  a  1  viit 

«  +  }  +  #  +     +  A  &c  =  2. 

For  the  rationale  and  maaagctneot  of  theic  numben^ 
fee  Makolia'a  Aritb.  book  5*  di.  at  end SiopfiM'a 
AkMb.  £00.15.  ^  ' 

TuiAnootAa  ^aJnritt,  it  a  feAor  fiimtflied  wiilt 

a  loofe  piece,  by  which  it  forms  an  cquihteral  triangla. 
Upon  it  is  graduated  and  mvkcd  the  calendar,  « ith 
the  frin's  pbcc,  and  nther  ufcful  lines;  and  by  the  help 
of  a  living  a:,d  a  plummet«  W4tb  the  divifions  gradu- 
ated nn  the  loofe  |Hceet  muj  he  nade  tafervefbr 
a  quadrant. 

TKIBOMETER,  in  Mechanieai  a  term  applied  by 
Moffckenbrock  to  an  iiiilrument  invested  by  him  for 
neafiiring  the  fn^ioa  of  mctah.  It  coofiAs  of  an 
axis  fortnied  of  hard  fteel,  Mfling  through  a  c)lindrical 
piece  of  wood  :  the  ends  of  the  axis,  which  are  highly 
ji.  I.lTii;.:!,  .11. :  rnnde  to  reft  on  the  polilTied  fcniicir- 
cuiar  cfierkiuf  various  mctJiiS,  and  llic  degree  of  fric- 
ttuii  is  ciliniated  by  meanj  of  a  weight  fulpeuded  by  a 
fine  liiken  tiring  or  ribband  over  the  wooden  cylinder. 
For  a  farther  defcription  and  the  figure  of  thia  inftnt- 
ment,  irith  the  refuUa  of  variona  expcnment*  perform- 
ed with  h,  (a  Mufichenb,  Introd.id  Phil.  Nat.  vot.  J, 


IIOENT,  is  a  particular  kind  of  parabola^  nfcd 

by  Dcfcarieiv  in  corJlrui^tiii^;  equations  oT  64incilfion>i ' 
Sec  the  art  cle  Corttjian  Pa  n  ABOIA.  , 

TRIGLYPH,  in  ArcLitcCf.  i  e,  is  a  member  of  the 
Doric  Fri/e,  placed  dire^y  over  eacii  column,  and 
at  equal  diftanccs  in  the  intcrcolumnation,  having  tW4 
entire  glyph«  or  channda  engnven  in  it*  meeting  in  ao 
angle,  and  feparatcd  three  fcgi  fion  the  twodcmi> 
chanaeiaof  tbefidea* 

4K  TRIGON» 
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TRiGOX,  a  figure  of  thrrK^  a^;;!'*.  or  a  trlan^C 
T-;((,o^,  in  Allriilopy.  See  Tsirutci  rv. 
'l'«(GnN,  in  Aftroiitimr,  draotei  an  afpcd  of  two 
p}»iicis«hcn  tUey  urt  izo<1(grev>s  d'llant  from  nch 
r-tbrr;  caOcd  aUo  «  Trae»  ho:^^  the  3c)  pan  of  360 
drgnccs.— Tbe  Trigom  of  M«r»  aod  S«tiini  m« 
1>r  nBrologm  hAi  nulSSc  »  mulfgiiwt  afpcAa* 

'  TkiGoir,  is  DialUng,  i»  an  mRniitKnt  of  a  triangu- 
lar fortti. 

'IV --nv,  in  MiiTc,  dcnotrvl  a  mi-ncil  Inflniment, 
ufr.-i  .<  n'>'i};  t!  e  !fn{«.  1(  v  as  a  k:riil  of  trianffular 
Ivrf,  or  iiarp,  invt  ntui  by  It;\i-ui;  ar.d  was  ufcd  at 
fr^As,  l>t*n%  pltyfii  on  by  women,  »lu>  ttu:ck  i'  t-lthtr 
will  «  (]ui]]«  or  iKat  it  with  fmall  rods  <  "  J  tltient 
!i  ii^;?.?  ifiil  wciphtr.,  10  occaiion  a  divtrlity  in  the 
ftiiiif'*. 

TiLlGONAL  Nnmttn.  Sec  Tkiakcvlak  Am*- 
TRtGON'OMETER  ^rM^Oi'T.  SccMNittAUT 

TUICONOMETRV.  the  art  of  meafuring  tlx 
fi'ltii  ati'l  allele*  of  triangles,  c''-h»->  plant'  or  fphc- 
rifal,  (xtm  ulunce  it  is  accr)r<Iiiijrl y  clliil  titl.er 
PliDf  Trij^'tnonctiy,  or  Spherical  Trigoiiomctt)'. 

livfty  ;i  .Tj.li  has  6  partf,  7  lides,  and  3  angles; 
and  il  is  ncccflary  that  ihtce  of  tliefe  parts  be  givi  n,  to 
liad  the  other  lnree>  Ja  fphn  ical  Trigonomciry,  the 
ibret  partt  thnt  aie  given,  may  be  of  any  kind,  cither 
•n  iid(f»  or  all  iitiglt-s,  01  part  the  one  and  part  the 
Oilier.  But  io  plane  Tngononelnr,  it  U  nccc&ry 
that  one  of  the  taree  ptrtt  at  leilf  be  a  fidci  finoe 
from  three  angles  can  only  he  found  the  pruportiont 
of  she  fid»»,  b'.it  not  the  real  tjitaiititics  of  them. 

Tr'--.  in;iu:rl ;  V  15  an  Fit  cf  I'lu-  rali  It  nFc  in  the 
maihcmaiicsil  ktvncc«,  eipcnsiliy  in  aiitouomy,  iiavi- 
^atiua,  fiirveyiii;j,  dialling,  geography,  &c,  Kc.  By 
It,  we  Come  to  know-  the  magiiitudc  of  the  earth,  the 
plaiiL-'tj.  d  flar«,  their  diHanccs,  motions,  eclipfet, 
and  ahnofl  all  other  itfeOil  arts  and  fcienccfc  Accotd-. 
iflgly  we  find  this  ail  has  been  cultivated  frooi 
the  cariicd  age*  of  mallicmaikal  knowledge. 
.  Trigonomeiry,  or  the  telohitton  of  tnan^ln,  i$ 
{blinded  on  the  nmtuti  proportion t  which  fnhfift  he* 
tween  thf  fidct  arwian^Ic*  of  tri  ingles  ;  uhlth  propor- 
t iov.i  ..n  Lni  v.  ri  !-.y  firidilip  rrlu'ioiii  litl^.Ltii 

itJUiUiuI  a  i.«i.lc  and  certain  ud.Li  huts  drawa  i;i  ai^d 
ahdiit  tiie  circle,  called  c'jcnL,  Jinrt,  leutgn:H,  and  Z^- 
tai.'J.  ri  r  anclciitii  Mctn-lau*,  liipparchiis.  Ptolo- 
inv,  pciformcd  their  Trigoouinetry,  by  means  of 
the  cb.MiIs.  As  to  die  fine*,  and  ibc  conin  i:  'Aikh^- 
r'ea*  relating  to  then,  they  were  introduced  i  .t.>  I'l:- 
|;oaoiBCtry  by  tlir  Moors  or  Aiabiana,  froci  whom 
tliit art  pallSed  into  Emopr,  with  fcveral  other  braacLcs 
<if  frieace.  The  European*  have  iiitrodwoeil«  fincc  the. 
»^th  centtirr,  the  tangcnta  and  ieeanta,  «nth  the  tbco' 
i-n  ;  tv'.i'  i.j;  I'l  llK-tn.  S^'e  the  hillory  and  improvc- 
UH  liU  '.~:gK,  in  the  Introdtidion  to  my  Mailiemati- 
Ciit  Tables. 

Tlie  pruporiion  of  the  fines,  tangents,  &c,  to  their 
r;|diu!>,  !•>  i'ixnttiiuts  cxpieflcd  in  common  or  natural 
Bonibeit,  whiwL  cunllilutc  what  we  call  the  talla  of 
tigturul Jiiuj,  taageitli,  ant(  fuauu.     Someiimci  it  it 

tsprcffoi  inlogarilhna,  being  the.  I^prithmi  of  tiie 
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faid  natural  finci,  tangents  iic,  and  thefe  conflltute 
the  tiiLle  of  aitifidat  Jinti,  &c.  Laftly,  lomctunta- 
the  proportion  \<i  ngt  cxpreffed  in  numbers ;  but  thtf" 
fcviT-dl  fines,  tangents,  &c,  are  adually  kiddown  upon 
line*  of  fcules ;  whcn«e  tlic  i!ar  ^Juth  «f  tatgaUt^^ 
&c.  Sec  Scale. 

In  Triaonometry,  as  angle*  art  menTcired  by  arc» 
of  a  circK  defcitbed  abont  the  angular  point,  fo  the 
whole  eSrettnBferencc  of  the  ciicle  is  divided  into  m- 
great  numhcr  tit  ('aru,  a?  ^''  o  i!r^r<i.h,  and  carh  de- 
gree into  6-  irjinuus,  iiv.d  cath  minute  into  6o 
Icconds,  Sic  i  r.ud  t;K  n  any  angle  is  faid  to  cooftft 
of  fo  many  degreed,  mii.iiies  :i:id  ftcouds,  as  ate 
contained  in  the  arc  that  nirafurcs  the  angle,  or  tlut 
intercepted  bttwecn  the  legs  or  fides  of  the  arjjlc. 

Now  the  fine,  tangent,  and  fecant,  &c,  of  every 
degiec  and  minute,  &c,  of  a  qtiadraot,  are  ralz-nl^t^ 
to  the  radius  i,  and  raii^cd  in  tablet  for  ufe ;  aa  atfo- 
the  kgarithma  of  the  Mme{  fuviniog  the  tnanguiar 
canon.  And  thefe  number*,  fo  arranged  in  tablet*. 
form  cvxry  fjwits  if  light-angled  triangles,  fo  that  no 
fuch  triangle  can  be  propofed,  but  one  tiniilar  to  It 
maybctht  rc  f'jiirij,  by  >  iiinjn; ilo'i  v.itli  vsiucli,  the 
propofed  one  may  be  computed  by  ati.ik  ^-;  or  psupor- 
tion. 

As  to  the  fcalcs  of  chords,  fines,  Ungeuts,  &,Cf. 
ufually  placed  on  iotlrumeiits,  the  nctbud  of  oon> 
flruding  them  is  exhibited  iu  the  fchcmc  aaaeicd  to 
the  article  Scale  ;  which,  baring  the  nuw*  added  to- 
cochi  need*  no  farther  eqiianation* 

There  are  vfually  three  ne^od*  of  refolWnff  tri- 
angleit  or  the  cafes  of  Trigonometry  ;  ri/,  gcometri- 
cal  conftrtiftion,  arithmetical  computation,  and  inftru- 
nif  tul  iipcra'.uiii.  In  t'lic  \i{  rrcthm!,  the  triangle  in 
qycttiun  is  conllructed  by  diauii  g  ar.d  h>ii:g  don-n  the 
iiveral  parls  of  their  magnitudes  yivrn,  viz,  the  fide* 
from  a  fcale  of  equal  parts,  and  the  angles  irom  a  fcale 
of  chords,  or  other  inftrument ;  then  tlie  unknown 
piiits  are  mcafured  by  the  fame  fcalcs,  and  fo  they  be- 
come known. 

Jn  the  sd  method,  having  dated  the  tenn*  of  the. 

Eroportios  according  to  rale,  vrhicb  term  confiA  part* 
rof  the  numbcts  of  the  given  Hdet,  and  partly  ofthe- 
fincj,  &c,  of  angles  taken  from  tlie  tabin,  the  propor- 

tLuIi  ii:  tlii-:i  nfofvcd  bkc  all  o;hcr  jitMpOrtiuti"..  in  wli:.  h 

a  4iii  tcim  ii  to  be  found  htir.  tlncc  givm  itrti'i,  by 
multiplying  the  2d  and  id  to^r  J.: : .  .  nd  dividing  the 
product  by  tiic  firil.  Or,  in  v.ori.itig  with  the  lo^a- 
rithmf,  ad<!ing  the  log.  of  the  2d  £iid  jd  tcmui  logttLtr, 
end  frem  thr  fum  fubtradiog  the  lug.  of  the  \k  tetot, 
ihir  th;  ni  nibcr  aoTwering  to  the  lenaioderii  the 
4th  term  fouj^hi. 

To  work  a  eafe  iaftmmentaHy,  as  fuppoCe  hy  the 
lag,  b'nea  on  one  fide «f  the  tnui-ibot  fcwc* :  Extend, 
the  coBipallc*  from  the  ill  tern  to  the  2d.  or  ;d, 
which  happens  to  be  of  the  fiiiie  kind  «ith  i(  j  then 
that  extent  will  rcaijii  hum  the  other  term  to  the  4tli. 
In  til''*  ( )jt,-ia' ir  .i,  [,)x  the  fides  of  triangles,  is  ufid 
the  line  uf  numlnr.  (marked  Num.);  ai.d  for  the 
angles,  thr  1  ini.  ot  (incsor  tangents  (marked  fiu.  and 
tan.)  accoidiiig  as  the  proporti  a  rcfpcds  fines  or  tan- 
gents. 

Xd  <vcf7  c^e  o|.triai|gki»  n^  ha*  beca  hiatcdL  before* 

tlnte 
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tlieremufl  be  tbreepcn;,  one  at        of  which  imift  be 
•«  (ide.    And  thin  iSu-  iHI'tii-iit  ciicumllaticrs,  as  to 
the  three  part*  that  may  be  given,  admit  of  three  caliei 
<or  nrietif*  011I7  ;  vie, 

ill.  When  two  of  the  threr  part«  given,  arc  a  die  and 
its  oppcGte  angle  — id^  Wlicu  ttivirvaic  given  two lUt« 
-ar.  l  tilt  :i  coiit  ilr     angtcb— 5^1  And  thirdly^  wbeo  the 

till  cc  lit: I  E  arc      '■  l  U . 

Til  t-at!,  of  'A  ii'i:  cjfi  thi-ic  is  :i  pirtictdtr  nifey  M 
pruponion,  atlajntd,  tar  rctolvmg  it  by. 

ift.  TieRukfar  the  \Jl  Cafe,  or  that  in  which,  of 
^thc  three  parts  that  are  ^iven,  an  angle  anO  its  oppO' 
fite  fide  are  two  of  them*  w  tbii*  vist  That  the 
*fidca  are  piopvitional  to  the  fines  of  their  oppofitc 

That  U, 

As  one  fl(?e  given  : 
To  the  fiaa  of  iia  oppoCte  aagk  :  t 
So  ia  Mother  fide  givefi  t 
To  the  fine  of  itaoppofile  angle. 

Or. 

As  the  fine  of  an  angk  |pf eft  t 
•  To  it*  oppoTite  fide  ^     1  t 

80  it  rlnr  fine  of  anether  angle  gffcn  1 

To  its  oppofitc  fide. 

■  'So  that,  lo  lint!  an  aiij^lc,  wc  nvift  begin  the  pro- 
portion wilti  a  given  fulc  that  is  oppofitc  to  a  i^ivcn 
angle;  and  to  £od  a  &dc,  wc  mult  begin  with  an 
an^  oppofiie  to  a  gwn  fidcw 

Ar.  GappoTa^  U  die  ttlaafk  ABCtilwre  he  p*a 

AB  St  36;  firct, 

AC  =  154-31  f. 
=  98"'  3» 
lo  find  the  other  fidc^ 
■nd  the  inglea* 

I.  Gtamxtncaihf,  hy  CtnJtnOtiHu 

Draw  AC  =  I  54''^  '"'"^^  °f  fq'"'  parts » 

Make  the  angle  C  —  9S'^  j ',  pioi!iJcii;g  CB  iri(!elinitely  : 
With  cr Hire  A,  and  radtui>  365  ftct,  rroi't,  CB  inBi 
Then  join  AB,  and  the  tigiirc  is  condru^ed. 
Tlu-n,  by  ir.eafuring  the  unknown  angles  and  fide, 
the  former  by  the  line  of  cords  or  otherwife,  and  the 
tide  by  the  4inc  of  «i}ual  parts,  they  will  be  found* 
as  near  as  they  can  be  mcafurcd,  as  below,  viz, 
BC  =  310;  the  ^.A  =       \  ;  and  Z.B  t=  04%. 

a.  jfritkmitual^     TmUrt  ^  Itgs, 

AaAD  .  =36;  -  -  Ing.  :-;^ij'9J9 
ToAC  .  s=  iiJ.-33    .     .      i  1 554^504 


To  fiji.  ^  Bab   24*  4{''  . 


the  funj 
taken  fh>glt 


9*6ai85«8 


W«fa4.A 


SI  i« 


Then,  apiin, 

A»  ill .  ilC  :=  980  J'  •  lof.  9^M<6o$) 
ToAfi  -  =  S^j  ...  2*5021919 
Sofin.  ilAs  57*li*  •   -  9'9JAS7*' 

To  EC   -   =  309'86  •  •  2'4>ii6j7 


3,  Jnjlrum.-ntiilly,  hj  Cunler's  IJsiet. 

In  tlic  t:rft  proportioni  Extend  the  cumpafiica  from 
36510  154!  on  the  tine  of  nnmberat  and  that  extent 
will  icach,  upon  tlie  line  of  fines,  from  81°  to  14^, 
wliicli  gives  the  angle  B.  And,  in  the  I'ccond  propor- 
I'oii,  Extend  from  y8*  I'J  ^~  \  lm  the  'i  ;  ai.d  th.rt 
extent  will  uach,  upon  the  Jiumbeii,  Irom  30,  tu  jio* 
or  the  lide  BC  nearly. 

idCafet  when  there  afc  Given  tvo  Side*  and  thdir 
conuimd  angle,  to  find  the  reft,  the  rule  n  tbia« 

Aj  the  fuin  of  the  tiM'  ,'i»i  ii  fidti  : 

Is  to  die  dilfcrencc  ol  tiic  lidib ;  : 

So  ii  the  tang,  of  half  the  ftim  of  ihc  fwo  <i[>;  j- 
fite  aaglcf,  or  cutaiigent  of  half  the  given  angle  c 

To  tang,  of  liult  liic  diff.  of  thofc  angles. 

Then  the  half  dilf.  added  to  Ihe  baif  lum,  giveatht 
gmiter  of  the  two  unknown  angteat  and  fntrafi«d« 
feawa  the  kCi  of  the  two  angles. 

Hence,  the  atigtet  being  not*  )dl  knotn,  the  t«in«n> 

iiij  jj  fide  will  he  fouiui  l)y  tlie  formrr  cafe. 

£x.  Sujipofr,  ici  titc  uianglc  AtiC,  there  begivesi 
the  fide       AC  =  154' J 3 
the  fide       BC  :=  309-86 
the  included        =  3' 
to  find  tht  oil;er  fult-  attd  the  anglej. 

1.  G:on:r;r!Cui!;: .■ — Diaw  Iao  indtiinitc  liiica  makirig 
the  angle  C  —  <;S»  3':  upon  ihcfe  lines  fct  off 
CA  =  l$4^,  and  CB  =  310:  Join  thepoinu  A  and 
B,  and  the  figure  is  made.  Then,  by  mieafimneiilf 
aa  befof  c«  we  find  the 

£>A  ss  J7|  %       «4| }  and  fide  AB  ca  365. 


s.  By  Lajftrkhmt 

As  CB  4-  CA  =:  464-19  - 
To  CB  —  CA  =  ilS'SS  - 
Sotan.  f  A  -I-  ;B  s  4«i»  58!'  - 

TolaB.  S  A'^iB  3s  16   tsi  - 


log,  2-66669^8 

•   a  191814a 

9-4638987 


fuin  gives  Z.  A  n  '  * 
diCginailB    4  4; 


ThcBs 


Aa  fio.  ii.B  =  ;4*  45' 
To  fide  AC  a  154  33 


log.  q-6:i86ia 
1-1884504 

So  fin.  4.C  =  j',or  8t<*57  9*995'>99i 
T«  fide  A  B  = 


361 


-  t*j6xaft8s 


S«  MnrnciaaVyt^^Xttul  tlie  ctnainfley  rram  4*^ 
to  15;}  npoii  the  It^e  of  numbers  i  then  that  cxtmc 
anR  reach,  upon  tfie  line  of  taofcnts,  from  41^  to 
J6'':(.  Then,  :n  the  jd  ptujortion,  cx;c:'<l  the  com- 
]^cs  from  24*1  to  (-t*  ou  the  fines  j  aad  that  extent 
4  K  a 
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^11  rcacli,  tipon  the 
H  the  third  fide. 


154110365,  which 


1 
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And  in  tbe  Iriaogfe  BPC,  riglit  angled  at  P, 


iren,  to  God 


3d  Cmfit  u  when  the  three  fidei  are  eiTci 
llie  three  anglei;  and  the  method  of  refoKing  thlt  cafe 
lib  to  kc  R  pern«n4iciili»r  laUfrom  the  gredtell  angle, 
Itpon  the  oppofite  fide  «r  bare,  dinding  it  into  two 

fegmentt,  and  tdc  whole  triansle  iotOtW)  flNdler  tight* 
angled  triingki;  then  it  will  be, 

A*  the  bale,  or  fum  of  the  two  fegmentt: 
It  to  the  fum  of  the  uthcr  two  fidct         j  x 
lo  i«  the  difference  of  thofc  fidet  \ 
To  the  dilleience  of  (be  fegmentt  of  the  bale. 

Then  half  this  difference  of  tlic  two  fcgmcnl*  added 
to  the  half  fum,  or  half  ihc  bafe,  givea  the  greater 
(egmentt ,  and  fubtradcd,  givc»  the  lefs.  Hence,  IH 
each  of  the  two  right-angled  tnanglei,  there  are 
given  the  hTpoceaule,  and  the  bote,  befidct  the 
nght  angle*  to  Had  the  other  uglee  by  the  1  ft 
«ale. 

Ex»  In  the  titarie  ABC,  fuppofe  there  are  given 
lime  fidet,  to  End  the  three  an^c%  via. 


A»  BC 
To  fin.  cX 
80  BP 


=  309-86 
s=  s8<-4 


log. 


lO'OOOOOOO 


ToGn.  ^.BCP  a>  6{*-i5' 

Albto^ACPsja  ^ 
add     ^BCP=;65  1; 

nokei  Z.ACB=:  " 


3.  h^r 


V- — In  the  tft  piropertioa.  Extend 


the  oorapallci  fiom  ^65  to  464  on  the  line  of  numh^-rs, 
and  that  extent  will  rrich,  on  the  fame  line,  from 
155  J  to  197-8  nt-arly.— In  tl.L-  2J  proportion.  Extend 


AB  = 

AC 


=  365  ) 
=  i?4'3J  \  to 
=  309-86  > 


fiadth^angtefc* 


T.  Gemutritnlly , — Draw  the  bafc  AB  =  36^  :  with 
the  radiut  154)  and  centre  A  dcfcribe  ao  arc ;  and 
with  the  radius  310  and  centre  B  dcfcribe  attother  arc, 
CUtu'n^  the  fortucr  in  C  ;  then  jom  AC  and  BC,  and 
the  tnaogle  it  oonflnided.  And  by  jneafnriag  the 
Mglcib'  tbrf  are  fiwnd,  via. 

XA  =:         ;  ilB  =  24%  J  Z.C  =  980  nearlj-. 

a. /fri/^ntfffia/^f.'— Having  let  fall  the  perpendicular 
CP,  dividing  the  bale  into  the  two  fcgmenti  AP, 
PB,  and  the  jgiven  triangle  ABC  into  the  two  rieltt* 
aii^triai^ACP,  BCP.  Then,  * 


the  compaffcg  from  1;  +  ,  to  Sj-^)  uii  ilic  line  of  num- 
bera,  and  that  extent  will  icich,  on  the  lines,  from 
90*  to  j2»f  nearly, — In  the  3d  proportion.  Extend  the 
con.putui  from  310  to  iSif  on  the  line  of  numbera ; 
then  tiat  eatent  will  teach,  on  the  finea,  from 
to  65-j. 

The  foregoii^  three  cafes  include  all  the  varietiea  of 
plane  triaorica  that  can  happen,  both  of  nght  and 
ohliqne^agled  triangle*.  But  hefidc  thcfe,  there  arc 
^  fome  other  theoremt  that  arc  ufefui  upoa  man^-  occa- 
iiont,  or  fintcd  to  fame  particular  forma  of  triangles, 
whicti  arc  often  more  expeditious  in  ufc  than  the  lore- 
going  general  ones;  one  of  which,  for  right-angled 
triangles,  at  the  cafe  for  which  it  fcrvea  ib  enea 
oeciu%  any  he  here  tnlerted,  and  ii  aa  fbOowa. 


•1- 


Wlien,  in  a  riv;ht-an;^kd  triangle,  there  are 
given  titc  angle*  and  one  leg,  to  find  the  other  leg^  ot 
the  hypoihenufe.  Theaitwillr 

A>ndiua  t 

To  given  leg  AB         1 1 

So  t.ing.  adjacent  : 
To  the  opp.  leg  BC,  and  ; : 
So  fee.  of  <^anie  AA      \  ' 
To  bypot.  AC  . 


At  AB         =  36; 

ToCB  +  CA  ^  46+'!  9 
So  CB  —  CA  ^  1 55 "53 

To  BP  — PA  =  197-80 
ka  half  =  98-90 
tAB  =  i&z'50 


log.  »-562  2gj9 
a -6666^5  3 
3*1918142 


Ex.  In  the  triangle  ABC,  rigfat-m^cd  M  B» 

Given  tlie  leg  AB=  i6a  1         -  ,  _ 

"     -     -     -    '      to  find  BC 

and  AC. 


*-»96»i7i  the 


and  the  Z.A  =  53°  7'  48" 
conieq*  ^  C  s  3b  5  a    I  a  j 

I*  ^  Gf  tffiflT^. — Draw  the  le; 

indefinite  pcrpendiculur 


AB  -  iCi  :  EreA 
Make 


th< 


lidc  Ac  will  cut  BC  in  C, and  form 


bm  BP 
«£  AP 


Then,  m  the  triangle  APC,  right-angled  at  P, 


A*  AC 

•[  0  fin. 

SoAP 


=    90°  - 


log. 


A  =  and  the 

the  triangle  ABC.  Tiitn,  by  trie  j  luring^  |her«  wlBba 
found  AC  :=  a  70,  and  BC  =  116. 

Aaradtua        to  .  Jj 

To  AB      s  i6z      •     .  . 
Sotu.4.Asae  53»7'4fl' 


2*r884SOf 

lO'OOOOOOO 


ToCd.  ^ACP  =  52"  48' 
iM«oatp.^A     =  y^o  u 


To  BC      B  216 
80  ice.  AA  a  53*  7' 48*' 
9*7S]7S59    Tv  AC  •  as  a^o  - 


lO'OOOOOOO 

3*2095150 
io-i24937» 

«*i3445»* 


•  •  10*2318477 

•  •  a'43i3fi27 


i'  Infiruauniaihi. 
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3.  /»AMw«/<rf5r.— E«6«idthe  coapaOn  from  4  j<»  at 
the  end  of  the  najgeaU  (thefadiut)  to  the  tangtnt  of 
}3>*i  i  '^cn  that  extnt  will  reach,  on  the  lin«  of  num- 
htn,  from  161  to  a  16*  forBC.  Again,  extcod  the 
COnfafloirreto  36"5.a'to  90  on  the  fiaen;  theo  that 
eitcnt  wiU  reacbt  ««  the  line  of  number*,  from  164  to 
s;o£ir  AC. 

Ndtt  another  method,  by  makiaf  cvenr  fide  ndbt, 
ii  ^en^  added  by  the  autbon 

CO  TngiinoiBctry,  which  it 
that  t  Tne  given  right-angled 
triangle  being  ABC,  make 
firrt  ine  hypoteoufr  AC  radius, 
that  is,  H  i'.li  tl,<-  t  xlcnt  uf  AC 
a*  a  ra(iiu»,  and  each  of  the 
centres  A  and  C,  defcribc  area 
CD  and  AE;  then  it  is  evi- 
dent that  each  leg  will  reprc- 

fcat  the  fiae  of  iu  oppofite  angle,  tiz,  the  leg  BC  the 
fine  of  the'arc  CD  or  of  the  angle  A,  and  the  leg  AB 

the  fine  of  tlu  arc  AK  or  of  the  angle  C.  Ag.niii, 
making  tjtli'-i  L-.;  rjili-.;^,  the  olhcv  lc]r  will  reprcfcnl 
the  tangeiil  v\  its  oppofitc  iniglt,  and  tlie  hypotciuire 
the  kcaiit  of  the  lame  angle;  thus,  with  radiui  AB 
and  centre  A  difcribing  the  arc  BF,  BC  reprefentt  the 
tangent  of  that  arc,  or  of  the  anptc  A,  and  the  hypo- 
tcnufe  AC  the  fecant  of  the  fame  i  or  with  the  radius 
BC  and  ceatre  C  delcribiiig  the  wo  BG^  the  other 
leg  AB  w  the  taiwent  of  thai  aae  BG,  or  of  the 
angle  and  the  EypotenuJe  CA  the  fteaoc  of  die 
ume. 

And  then  the  general  rule  for  all  fhefe  caret  it  thtc, 
via,  that  the  fides  beir  to  each  other  the  fame  pro- 
poitioot  aa  the  paitt  or  things  which  they  repre- 
fent.     And  this  i*  called  making  every  fide  radius. 

SpLericsl  Tk  I G  0 N OM ETB  Y,  is  the  refoJution  and  cal- 
culation of  tlic  lido  and  angrles  of  fpherical  triangFea, 
which  arc  made  by  three  lotciicAing  ana  of  gnat 
circles  on  a  fpberr.  Here,  any  dure  of  the  fix  porta 
hetiwgiveils  Cfen  the  three  angles,  the  reft  can  be  found } 
and  the  fidct  are  iBeafurcd  or  ellimated  by  degrees,  mi- 
nutes,  and  recondt,  as  well  as  the  angles. 

Spliericai  Trigonometry  is  divided  into  right-angled 
and  oblique-angled,  or  the  refolution  of  right  aed 
<^lique«iricd  fpherical  trianglea.  Whca  the  (phe- 
rical  trtangle  hat  a  right  angle,  it  7«  called  a  right-angfcd 
triangle,  as  wella*  in  plane  tiia  igks ;  ai,d  ulicn  a  tri- 
angle has  one  of  it*  fide*  cqajl  to  a  quadrant  of  a 
circle,  it  it  called  a  quadraniai  triangle. 

For  the  refulution  of  fpherical  Triangiet,  there  ire 
variout  theorems  and  proportioQk  which  are  finflar  to 


t 

t  t 
t 


thole  ta  pfaiitc  Trigonometijr,  by  fubftitndng  the  fine* 
of  fidca  inAead  of  the  iidet  themfelve},  when  the  pro. 

portioo  refpe£ls  fines ;  or  tangtius  of  the  tides  for  the 
fides,  wheo  the  proportion  relpe<SU  Ungcnl?,  itc  j 

feme  of  the  prioc^  of  whieh  thearene  are  at  Jbl* 
]owt 

Tbtor,  I.  In  any  fpherical  triangle,  the  fioct  of 
the  fides  are  pnipwtiwat  IB  the  fine*  of  thcjroppo* 
itcai^Ua.  • 


I  t 


rW  J .   !■  any  t^ht-a&i^  tntngfe. 

As  radius 
To  fine  of  one  11  de 
So  tang,  of  the  adjacent  aagk 
To  tang,  uf  the  opfMlite  fide. 

Tietr,  3.  If  a  pcrpendicul.ir  be  let  fall  from  nny  angl 
npoo  the  bafc  or  oppofitc  lidc  of  a  iphcrical  irianitle 
It  will  be,  * 

As  the  fine  of  the  fum  of  the  two  fide*  s  * 

To  the  fine  of  their  difference  ;  { 

Bo  cotao,  h  ivm  aa^  at  the  vertCK  s 
Totaag.  of  bdf  their  difiettnce. 

T'.K'jr.  4. 

At  tang,  half  fum  of  the  fidee  : 
To  tang,  half  their  difference 
So  tang.  J  fum  ^s  at  the  bafe 
To  tang,  half  their  difference 

At  cotan.  |  fum  of  i:.s  at  the  baft 
To  tang,  half  their  difference 
So  Ling,  f  fum  of  Z.i  ar  the  reitea 
To  tang,  half  their  difference.. 

As  tang.  I  Turn  fegraents  of  bate 
'i"o  tLing.  lialf  fum  of  the  fides 
So  tang.  lisJf  difference  of  the  Gdet 
To  ung.  i  di£  iiegnKntaof  balib 
Timr.  7. 

As  (in.  fum  of  Z.S  at  the  hale 

To  fine  of  their  difference 
So  tang,  i  futu  fegmenu  of  baft 
To  tang,  of  half  theu  difieRnee* 

Thccr.  3. 

As  fin.  fum  of  fegmenta  of  baft 
To  fme  of  tlieir  diffcreaoe 
So  fin.  fum  of  aoglet  at  the  icrtes 
To  fine  of  their  olfiaeiioc* 
Tteor,  9. 

At  £ne  of  the  bafe  ' 
To  fine  of  the  vertical  angle 
80  fln.  of  diff.  fegmeiHt  of  the  bafe 
To  fin.  dllT  Z.S  at  tertes,  iriwa  the  feip. 

falls  within 
Or  fo  Gn.  fum  fegmenta  of  bafc 
To  An.  fua  vtctical  Zj^  wfacie  the  pap. 
ftaawilhont.  . 

nver.  10. 

As  Cofin.  half  f^m  cf  tlir  two  fidet 
To  cofinc  uf  iuif  liicjr  ditTercnce 
So  cotang^  of  half  the  included  angle 

To  taog.  half  fum  of  oppofitc  anglet. 
fAtw*.  tr. 

At  fin.  of  half  fam  of  two  fidca 
To  fine  of  half  their  difference 
So  cotang.  half  the  included  angle 

To  tang,  i  diff.  of  the  tfgol*  aogieii 


i  t 
t 


:  t 

I 


: 
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"Ai  t<>riii.  lull*  f'lm  of  tM'o  »ngl<« 

r..  ct  liiu- of  It.'lf  llic'-  ViTtrcurc 
-  &j  ung.  oi  litfif  ihe  iiiciuJcd  li J< 

To  tkPf;.  ^  fum  of  the  ofipofitie  fid«i<' 

.Ai  fii>.  h»Sf  fum  of  two  angki 
To  fine  of  half  thtu  tiifTi  nr.ce 
So  tang,  half  th*  indudrd  i'lAe 
To  tang.  4  diff.  of  Uic  oppolUe  fidn. 

rteor.  14.   I«  a  rigbt-aogkd  lrMii6!tc, 

As  fin.  fum  ff  hypot.  and  one  fide 
To  fill.  cT  tlirirdillciciice 
fUi  radius  fqiiared  ' 
To  ftiuarcof  tang.  I  contiiofrl  angle. 

Tffnr  f^.    In  any  fi>li«riialtri!in(;l' ; 
■Till'  pKx'.iitl  of  tlic  fin.-^  of  t'A'j  '.i^sa  and 
ci)iir.c  ot  sh<- included  angk,  added  to  llie  pruduCl  Of 
-the  coline*  of  ti  ok  lidc*.  iseqnaitO  tUc  coiitte  of  the 
-ibirdltdci  ibe  radius  bcmg  1. 

TW.  16.   In  iny  fplicrical  triangle ; 
The  prin'ua  of  thc  fiwM  of  two  angki  and  of  th« 
,ct)»inc  of  tht  iotluded  fide,  mtniit  lUc  produd  o»  the 

.<;<3luic<  i.f  thr.fi:  ib  cqtial  lo  the  vAoS  of  the 

;tbird  angle  j  tlic  tadiu*  being  I. 

B7  fome  or  olber  «f-tbefr  theorem*  n»ay  all  thc  cafes 


Cajls  I.  When  three  fiiie*  A,  B,  C,  are  givM. 
Put  P  s      A't^B+C  crfemiperiuMten 


The  a 


i. 


A  X  B 


A«d  1' 


"•^  AxB  • 


L. J.4  * (UKiA  +  L.  P-B  +  t'A  +  I/B>, 
l.'s.i*ss5  (L  P  +  L.?^  +  L'A.  +  L'B>. 

A'*/*',  Wli^n  A  =  B,  ibeo 

Ctt/s  s.  G»e»  two  FkU^  a,  R,  wuI  thetr  mchdcd 

;iiigte  f. 

Put  J  =c  90'  -  i  ,  and  L  ^  ^  ^  X  t.  I  4 
(ken  «ssa  aiiid48sa«~dL  Aid 


Or  iu  logarithms,  puuuig  L.Qj=  :L.  A  -  li,  mnl 
I«  R  =  U  aA.  +  L,  aB  4-  2L.  $.  |r  ~  tOt  we 
fluUbateL.C  =  iL.Q^+  R. 
Jftheangkt  h<:  right,  or  =  93' 


tbca 


of  fphcrlcal  triangles  be  refolved,  both  ridit  angled  aild 
.oblique  :  viz,  the  cafet  of  right-angled  tnangica  "by 
the  ift  and  idtlnorcms  and  the  oUiqtie  triwgWi by 
tfomcof  theolhct  tUcorcms. 

In  trcatifcs  on  Tn;;(iiionii-trT  are  tn  lie  found  many 
(Other  lhcorc«)»,  at  well  at  fysu  pfts  or  taVik-j  of  all  ihc 
.calee,  with  the  theorem  that  is  ptcullar  <.i  proper 
to  each.    Sec  thc  Introdufiion  to  ray  Mathematical 
Tabfeh  p.  I  55  &c  :  or  Robertfon's  Navigation,  vol.  1, 
p,i6t.    See  aUoNapier'a  Catholic  or  Unifctikl  Rule, 
.tn  th»  DidioauT.  ■ 
To  the  foregoing  TheoMH  nrtTf  l>«  "Med  the  foi- 
Jowing  fyiiopfii  of  iuk»  for  Rlbtn«K  tfl  Ihe  cafes  of 
f  hae  aad  fpberkal  triangle**  under  tM  thie  of 

Trij^iumelritat 

f,  fn  a rightJiflcd  triangle,  whofc  fidrt  arc  A,  B,C» 
and  their  oppolite  andet  ««  K'i  having  giwn  any 
4I11CC  of  thcilc.  of  which  omIik  fide  4  CO  find  the  left. 


If  A  =  B ;  wc  fhall  have 
a  =  *  =:  90"  —  ^f,  and 


+  B». 

}c  =  il4ixaA. 

Ciyi  .|.  When  a  fide  aad  iu  oppofite  angle  are 
among  the  tevau  gncn. 

-n.      A  B 
Then  -  -  —  -7  = 


— ;  from  which  equations  anf 


term  wanted  may  be  found. 

Wlieii  aa  aaghk  «•  «*  it  ^d** 

given. 


then 


nnid  A  and  C  ue 


Ji  =  v'Ai  -  C»  =  v'A  +  C  X  A  -  C. 
And  L.B  =r  §  (L.  STc  +  L.  aT^T). 

V"lf,  When  t  ivo  lid'.- fl  A,  n,  nir'    i-        "leu  (ippT* 

file  to  one  of  ihriD,  arc  given ;  ii  A  be  tcfi  thin  B* 
tlien  ^ ft  C hawrctdi  tmi  valunf  otbenmfi:^  a«ilf  one 

value. 

II.  In  a  fphcrlcal  trianple,  whofc  three  (idea  are 
A,  B,  C,  and  ihoir  oppolite  angles  <?,  ^,  <- ;  any  thltfi 
of  Uicfc  fix  term*  bei^ggtvco,  to  fiod  the  rcA. 


Ptkt  s  for  the  fine,  %'  the  cofine,  t  the  tBi|gentt  and 
t'  the  cotangent  of  aa  afch  or  ai^lc*  tO  the  radiin  rt 
alfo  L  for  a  lofuilliaw  vA  I>'  iuarithBetical  copyl^ 
moBU  Then 
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Caft  V.    Given  the  three  fidet  A,  B,  C 
CalUng  fP  die  ^x\xa.  or  J»  =  j  .     +  D  +  C. 
.5  FT" 
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Then  s.|(  ar  %/• 
And  «'(rsrV 


■.A  X  I.S 

«J»  X  ».P  -  C 


I  .A  X  S.B 

I..*.^  =  i  (L.s.P-A+L  t.P^4'L'i«A+L'».B) 
K.a'<  B|(L.i.P--fL.t.P7-|-L'«A>fL'»B). 
Aid  tlie  faae  for  the  ether  aagln, 

C<>/r  2.  Given  thc  tfircc  angle** 
Put  2/  =  1  +  *  +  Then 


>  —  a  X  ^  V  -  A 


And 


S  .  <»  X  s  .  4 

L.s .  AC       L.  s  >  J.  L$ '/ir7+ L 's  .<»  •{•  I  .'s .  B ) 

And  tlie  rame  for  tli«  ollwr  fides* 

AV<>.  T:u  r  1.1  >  fignlfin  greater  t]tta«nid-<  left  I  ■ 

yio  V,  tilc  titrt'citnce. 

3.    Given  A,  B,>iuu]  included  angle  e. 
To  fiud  IB  angle  «  nppodte  the  fide  A, . 
kt  r :  ■' «  :  :-t.  A  :  t.  M,  h'kc  or  unlike 
n  r  i»>  or  <  90*  i  ilb^N  a  B  CO  M  r 
tlica  «.  IT  1 1,  M  s :  S.  c :  t. like  or  irtiKkn. 

r  as  M  is  >  or  <<  B. 

Gr  let  s'^  A  +1^":  s'i.  h^jT^.x  t '\t :  I.  M, 
which  i»>  or  <  90"  m  A  +  B  it>.  or^  160"; 

and  s.f  A  +  B  :  s.  At/:  B  : :       :  t.  N,>  90'». 

thi  ll  ,1  =  M  -f  N;  and  6  =r  M  -  N. 

Again  kt  r  :  Hi  : ;  t.  A  ;  i.M,  iikc  or  uiiUkc  A  u  c 
is  >  or  <S  g^" }  and  N^—  B  <r.  M. 


mds.^4-i>t4<reQ«:M.iC:tN,  >  oo*; 

tin  A  s  M  ±  Nt  and  B  at  MrpN. 
Again,  kt  r :  «'C  : :  t.  d :  t'n.  like  or  vdikc  a  K  C» 

and«  a  4«ai : 
.tbm  (4R.:  tm  :  :  a^«:t'e,  LXe  or  inlike  «  na- 

•  is  >  or  < 


5.  Gircn  A,  B,  and  aa  oppoGte  angle  Am 

lit.  t.  A  t  ».  A  : ;  I.  B  :  t.  ^,  >-ar  <  go*. 

ind.  Let  r :  a'B  : :  t. .  :  t'w,  Hike  or  unSke  «  a«  * 

i»  >  or  <  90®  ) 

and  t. A :  t  B: :  tVr :  «'«,  like  or  imltke  A  aa  n  n 

>  ar  >  no'  r 
then  e  —  m  -:.  1.,  iv.u  vi]uesBitO< 

jdj.  Let  f :  t4i : :  t.  B  :  t.  M,  hke  or  unUke  B  aa 

•  i»  >  t»r  <  90°  I 
ud  a'B  :  t'A  : :  slW :  I'N,  like  or  tinlikc  A  aa  a  ia 

then  C  =  M  d:  N,  two  value*  alfo. 
Bat  if  A  be  equal  to     «  to  iM  fnppkni«ntt  Or  be« 
t«etn  B  and  i(«  fuptdcmcnt  %  then  isiliketn  B :  aUb  ■ 
r  t»  s-  m  7  n,  andC  =  M      N,  as  B  U  like  or  on* 
like  Oi 

6.  Gircn      ^  2nd  an  oppofitc  fide  A. 
ill.  .t  a. :  S.  A  IX  i.hi  »,  B,  >  or  <  90*. 

jnd.  Let  r  :  s'i  :  :  t.  A :  to  tM,  Oike  «r  unlike  i 
as  A       or  <  90"  ( 
and  t. « 1  t;  ^  I T  *j  M  s-t.  K,  >  or  <9o«' : 
then  C  =  M^N,.n  a  is  !'kc  or  unlike 

3«Uri  Letr  :  s'A  ::  uii  x'm,  lik«  or  otlike^at 
A  >  or  <90i»j 

then  (  s=  m  ^  a,  •«  0  is  Iilcc  or  unlike  h. 

Bnt  if  A  be  raual  to  B,  or  to  its  fupplcment,  or  be- 
tween B  aiul  its  lupplement  {  then  B  is  unlike  k%  and  ' 

only  the  Icf*  values  of  N,  w,  arc  poflihlc. 

JVoff,  Witen  two  fides  A,  B,  and  thi-ir  oppofue  anglea> 


Then  s'  M  :  s'N  : :  s'A,  %>  like -or  iwJ^  4^  aae  known  i  the  third  fide  C,  and  its  opixStc 
Jt  as  r  is  >or<;  90».   Or,  «■  ^  . 


s .  ^  C  =  V' 


s  A  X  s.B'  x  »*ie' 

—  ./   Wl. 


+  i'^.A  :/^  B. 


In  logariihnis,  put  I..  Qj—    sL.s.JAm3B  j  and 
L.  R  =  L.  8.  A  +  L  t.  B  +  »L.  s.  |;«<-40  j  th*ii" 

.I^s.|p«itrQ*+ll.  . 

.  Gg/fi  4,  Given  «^  ^,  and  imduded.iide  C; 

Iirflrkt  r;  tX:  ::  t.  a  :  Vm,  like  or  uulike-faa  Cia. 
>  or  ■<  90"  J  alfo  «  =  i  CO  w. 

TPben  s'n  t  s4n  1 1 1.  C  J  t.  A," like  or  uniike  maa  u    ''«f  hypotcnufe.  or  fade  oppofite  the  tight  aoghr,  B, 
>or<^».  other  two  iides,  anJ  a.  ^  tl .     <^poGte  angles  j 

A    •  .    any  tiw)  ot  ihefe  fite  lernts  brin?  »iven.  to  iind  iK* 

Oik  kl-  s '.i ,     ' .  s     .  ^  / :  :  t.      :  t.  M,  >  or  <  t*>c  cafcs.  witb.  theii  JbtalSaf  •  m  M  £  lb! 

90- »»« -1- *  i»>«r<  jgfrCj  J        foUwwing  Talk. 

*  .  The 


angle  r,  <ie  rcadil j  ibund  thua : 
a.  \  mint  t  s.  |.  «+X :  J 1. 1  A  OS  B  s  t  f  C  • 
»-.  j.Awl:  t<  j  Af  B  :t  t.  |iTco#:t. 

Tir.  In  a  right-BDgleii  fpheric  triangle,  where  II  ii 
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THe  fmne  Table  will  alfo  fcrve  for  tlhe  qiadranul 
fr^angTc,  or  tliat  which  has  one  I'ldr  -  f,c',  H  beivf 
tlic  angle  oppotitc  thai  fidr,  B,  P  the  oiiber  (wo  Angles* 


and  t,  p  thfir  oppofite  fidn  :  obfcrriftfr,  loAead  of  H% 
to  taJcc  it«  fiipplc  iu  iit :  nnj  mutusUr  clunge  the  ttxmm 
Ut  -cad  un.'iit  1<JT  e<tch  other  where  H  i*  concciaed* 


Calc 

Giren 

8  O  L  U  T  I  O  N  S. 

t 

H 
D 

b 

s.  H.  :  r     :  :  t  B  :  t(,  ■nd  bSkcB 

/b   ;l'";;';'H  :  :^}»>-r^«HUIik««r«dik.B 

s 

H 

t 

B 
P 
/ 

r    :  j'H: :   s  *    :  s.B,  like  ^ 

3 

B 

H 
P 

/ 

« '  r  :  t  <.B  s  > 
r    t  t.B(t  t'i  t  t^P  >f  adi^ar<90Pt  botbfltiNfitiw 
s'B  I  r  j :  t'<»   t  J 

4 

B 

P 

1 

r    :  t  'K::s^    :  t'H,  >  nr  <  90  M  B  it  like  or  unlike/ 
r    :  s'B  ;  ;  »^   :          like  B 
r   :  !li.B  s  :        :  t.P,  like  f  - 

5 

n 

H 

b 

P 

r  «  I'B  :t  f*?  >  s'H,  >  or  <  90*  w  B  It  like  or  unlike  P 
r  :  ».P  J :  t'B  j  \\  like  B  • 
r  I  e.B  i  1  t'P  t  %%  like  P 

6 

'  1 

H 

r    :  t'^   ::   t>  :  s'H,  >  or  <  90"  m  A  ii  liice  or  unlike/ 

%.p  \    r    :  :    »'i  :  s'B     like  h 
i    r    :;»'/;  t'P  lilu:/ 

The  following  Proporitiona  and  ReniMkv  cooctm- 
tng Sfhaktl  Triaiwlc*,  (fdrded  and  coMDimiiaMd fay 
die  revcnnd  Neva  Mafkrirne,  D.  D.  Aftiooaner 

I\oy;i).  F.  R.  S  )  will  alfo  rerJiT  n.-  i  i!:i.laoqB  of 
liitiji  p^rfpituoui,  and  free  from  ut-  l  i;;iii'!v 

"  I.  A  fpf'c-ii  il  iTunj;!..'  IS  ri|uil  itc:  .,1,  ;lolc:i'iar,  rr 
fcalcnc,  according  at  it  hat  it;  three  angle*  all  equal, 
«r  ttia  of  them  equal»  or  ill  three  mcqiul  {  and 

vke  Vfrfa, 

z.  The  greatell  Ink  is  alway*  oppofitc  the  grcateft 
BBgte,  and  the  foaalkil  £de'oppo£te  the  fiuUcft 
■ngle. 

3.  Any  two  liidc*  takcc  together,  iic  grcMcr  thu 

the  third. 

4.  If  the  three  angles  aie  al!  acute,  or  all  rig-lit,  or 
all  obtufc  (  the  three  din  will  be,  accordingly,  all 
left  than  go*  or  equal  to  90%  or  gitoter  than  94P1 
■od  vice  vtrfa, 

5.  If  from  the  three 
engle*  A,  B,  C,  of  a  tri- 
angle A  BC,  as  poles,  there 
be  ddCeribed,  upon  tlw;  fur^ 
ftce  of  the  fphere,  three 
arctics  of  a  ercat  circle  DE, 
DF,  I  E,  forming  by  their 
interfedionsa  new  fi.ifnTical 
triangle  1")EF;  each  fide  of 
the  new  trian^'It  will  be  the  fupplement  of  the  angle 
at  it  a  po!e ;  and  each  angle  of  the  fame  triai^^c*  will 
be  the  fuppleneotof  tke  fide  ofnofite  to  it  in  fke  tii> 
wgkABC. 

7 


6.  In  any  triangle  ABC,  or 
AiC,  right  angled  in  A,  ift, 
Tlie  anf^et  at  the  hypotenufie 
arcaTwri)'.  uf  xhc  i^r.xYiwl 
t!ic;r  oppul.lL'  [idi-b  ;  jL:iy,Ttif 
hypolcnulc  is  ids  or  jrrratpr 
than  a  quadrant,  according  at 
the  fidci  including  the  nght 
angle  are  of  the  fame  or  difiercnt  kind*  ;  that  is  to  fay* 
accurdiog  as  thefe  bxue  fide*  are  either  both  acute  or 
bothobtofe»  or  aa  one  Mwte  ««1  the  other  obtafe.^ 
And)  mcr  wrfa^  ifi.  The  fidca  inehidinf  the  n|^k' 
aagfei  are  always  of  the  fame  kind  a*  their  oppofitc 
angles :  adiy.  The  (ides  including  llie  right  angle  wiU 
be  of  the  fame  or  difftrenl  kind'-',  nrcording  a<  the  hy- 
pottiiule  ib  lefs  or  niorc  tliaii  go"  ;  hut  oiie  at  leaft  of 
them  will  he  of  t.;o°,  if  the  hvpoicnufe  is  fo." 

TRILATERAL,  three  iidcd,  a  tcim  applied  to 
■n  figures  of  three  fidct,  or  Irianglet. 

TiULLION,  IB  ArtthBictic,  the  number  of  « 
miUioB  of  biUoie*  or  «  siOieB  of  BullaoB  of  aS> 


TRIMMFRS,  in  ArctiiteAnr«,  piece*  of  timber 

framed  at  r'ght-angtis  to  tic  joiIIr,  againll  tlic  wa)  s  for 
chimneys  lo  fujjport  the  hearths,  and  tlie  wdl-liok« 
for  ftairt. 

TRINE  Dimtnjion,  or  ihttrftU  t&RrwCw,  includca 
length,  breadth,  and  thickneft.  lite  Tnoe  diowoBo* 
ia  peculiar  to  bodies  or  folid*. 

TktNBi  in  Aftrulogy,  i«  the  afpcA  or  fiuatloA  of 
one  phact  with  rc^cdl  louwcber,  wfaco  thej  bic  dif- 
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1«nt  I  p.irt  of  tbe  circle,  or  4.  Qgiitt  or  uo  de« 
gieoi.  It  it  alfo  called  tf^D»  ind  ia  denoted  bf  Uie 
«]uira£ter  ^. 

TRINITY  fimday,  u  the  next  after  WlutfunJa 

ioc.ilk-i!,  becaiife  on  that  day  N^as  ;invlt:ul)  IkIiI  a  f 


lav; 

*■■''* 

rA  (as  it  ftill  continues  to  be  in  the  Ko.niih  Cii:ireli)  in 
himoiir  of  t!ie  Holy  Trinity. — Tlie  ./lifcrv.Tici:  ol  lliii 
}i-rti\  il  was  firft  enjoii;cJ  by  the  6th  caiioii  of  thecauii* 
cll  lit  Arlc«,  in  i;6o;  und  John  tbc  lid*  uriwdiAui* 
euifhed  himfclf  fo  much  hj  hie  opinioa  oonccming  the 
beatific         it  b  Aid,  fixed  tlie  olBce  for  thh  fcOiTal 

or  TsiiroBtA  Tm-^r,  m  4baw  aa- 
cieol  writen,  desotea  the  quantity  of  3  perches  of 

hnA. 

'rr:iN(V.UAr,.  Al^thr;^,  U  a  q  i^rtity,  or  a 
ru  n,  cunljiliiig  of  thiec  parts  or  tcrnu,  conncded  to- 
gtthcr  by  the  flgUI  -foe— i  aa«  +  i— c^or 
*  +  J-  +  «. 

TRIO*  in  nnfie,  •  part  of  a  concert  tn  which  thrae 
perfiMtafingi  or  rather  a  mufacal  cumpolltion  confining 
of  3  parlt. — Trioi  are  the  fincll  kind  of  mufical  com- 
ptililiun,  and  pleafe  tntift  in  concerts. 

TKlUCTlLE,  in  Altrology,  an  afpec\  or  fituation 
of  twro  planets,  w  ith  regard  to  the  earth,  when  tlicy 
arc  i  odantt,  or  }  of  a  ciitle,  which  is  155°,  dsiUnt 
from  each  other.— This  afpedt,  which  foiiie  call  the 
JirfmdqiMclroiu,  it  one  of  the  acw  utgtiBtM  added  to  the 
OMooetby  Kepler. 

TRIONES,  in  Aftroaonf,  a  fort  of  oonfleUation, 
or  aficaiblwc  of  7  Ban  id  the  Urfa  Major,  popularly 
called  Charla'i  ir«in.—V:-r~.  the  S:pun  TVwMir  the 
norlh  pol;  takes  the  dcnomiaa-jun  k'cfltnlrio. 

TRIPARTITION,  is  a  divir.ou  by  3,  or  the 
taking  uf  the  3d  part  of  any  number  or  quantity. 

TRIPLE,  tbiveliiU.  See  Ratio  and  SvBTftt- 

.TniVLB,  in  MilHc,  IS  one  of  the  Ipecies  of  meafurc 
or  time,  and  ia  ta.^  from  hence,  that  the  whole,  ur 
Ttalf  meafure,  n  divilible  into  3  equal  parts,  and  it 

beaten  accordingly. 

TR fPl.TC ATE /Ja/jo,  is  the  ratio  whicli  r-.ibcs,  ur 
any  fiinilar  Ibhds,  bear  to  each  other;  ;itid  ia  ;hc  Ciibc 
of  the  fitnple  ratio,  or  this  twice  multiplied  by  itfelf. 
TIdii  I  to  8  is  the  Triplicate  ratio  of  t  to  t,  and  i  to 
•7  Triplicate  of  1  to  3. 

TRIPLTCITY",  orTRiGoN,  with  Anrol  .Tus  i  a 
du  ifiuii  (if  lln'  l:  fi^'iiS,  a^cordiii^  tu  the  luimln'r  ol  the 
4clemeii(,,  t.iilli,  water,  olr,  tire  ;  each  divi lion  con- 
brt)ii^  (jf  ^  I  rnnkincr  ihc  earthly  Tripiicify,  the 
watery  Tiiphciiy,  the  airy  Triplicitr,  and  the  firrv 
Triplfcity. 

Triplielty  is  fometinirs  confounded  with  trine  afped  \ 
though  they  ate,  iJriftly  fp«akiag,venrdiflh«nt thing* ; 
M  TripUcity  isonly  ufed  with  icj^rdto  thefigns,  and 
trine  with  rtrnxH  to  the  planctt.  The  %ns  of  Tnpli- 
cityare  t hole  which  are  of  the^me  nature,  and  not 
thofe  that  arc  in  trine  afpcd  :  thus  Aries,  Leo,  and 
Sa-rittjr)  are  fi^';is  of  Triphciiy,  becaufe  thofc  figns 
avi-,  by  tlu'fc  writers,  allfnppufed  fier}-. 

i  be  ii,jn«  ia  each  of  tlie  fbtUr  Triplkitwn*  are  at 
follow : 

Vofc.II. 


T  R  O 

Wattrj.  Jl'try. 


F'ttrj- 


y  Taurus.      c  Cancer.  H  Gemini.   T  Aries, 
I^Virgo.        niScorpia  s&Libn.  S\,L(0. 
V}  Capricorn*  xPilcn,  « Aquarian  ^  Sagittaty. 

TRIS-DlAPA'ON,  or  Triple  Dia^ifon  (^vrif  in 
Mufic,  is  wliat  ix  otberwifc  cnlled  a  irijifr  rightb, 

TRISECTION,  the  dividing  a  thing  into  three 
equal  paits.  The  term  it  chiefly  ufc  I  u.  rrcoitctry,  for 
the  diviiion  of  an  angle  into  three  cv^.i..!  parts.  Tlie 
fr^ifiicn  i  f  an  tingle  geometrically,  is  one  of  thole 
(Treat  problf  ms  whufc  fuliition  has  been  fo  much  foujjhi 
for  by  matbcmaliciar.s,  for  2000  years  part  ;  bciuj;,  in 
this  rcfi'cCt,  on  a  fooiini;  with  the  fammis  quaUrutuie of 
the  circle,  and  tlie  dnplicature  of  the  cube. 

The  Ancieiitb  i'l  ifcfttd  aii  angle  by  mcansof  theco< 
Bicfisfimnt,  and  the  bi>uk  uf  Inclinations  ;  and  Tap. 

Eenameratca  fcvenl  ways  of  doing  it,  in  the  4ih 
kof  hit  Sfethematiol  CoOcAions,  prop.  31,  32, 
33,  34,  3^,  &c.  He  farther  obfervet,  that  the  pro- 
blem of  Trife^ling  an  angle,  is  a  folid  problem,  or  a 
Mi  m  ofthc  3J  dcfncr,  being  cxprefTed  by  tbe  rclo- 
lution  of  a  cubic  equation,  in  which  way  it  has  been 
rcfolved  by  Vieta,  and  others  oftlie  Mod;ri!s.  tieehis 
Anj^iiiar  ScAions,  with  thofe  of  otbcr  authors,  and  the 
Trikction  in  particular  by  cubic  equations,  as  in 
Guifnc's  Application  of  Algebra  tu  Geometry,  ia 
I'Hofpital's  Conic  SeCltons,  and  in  Emcrfon't  Trigo* 
nonetiTs  book  t,  fee  41  The  cnbie  eqaadoo  br 
which  the  problem  of  TrifcAuin  it  refelitd,  it  as  fof- 
lo'v;.  :  Let  e  denote  the  chord  of  a  given  arc,  or  angle, 
and  xtiic  cord  of  the  3d  put  of  tbeiame,  to  the  radius 
1 1  thcoia 

.r*  —  J*  a  —  f , 

by  the  rcfolution  of  which  cubic  equation  \i  found  the 
value  of  A,  or  the  ehord  uf  the  3d  part  of  the  given 
arc  or  angle,  whufe  chord  is  t ;  and  the  retblution  uf 
thia  cquatMn,  by  Cardas'tride,  givcsthecboid 


TillSPA&T,  or  Tnisi^AaToif,  ia  Hediantca,  • 

machine  with  3pidIcYt,  or  an  afTcmblagc  of  3  pulleys, 
for  raiting  ^'i  eat  weights  i  being  a  lower  fpecies  ofthc 
j>oh  Tpallon. 

TKITE,  inMuilc,  the  3d  mutical  chord  inthcfyf- 
tCOi  of  the  Ancients. 

TRITON C,  in  Mufic,  a  Mfe  concord,  confifting 
of  three  tooes,  or  a  greater  third,  and  a  greater  tooe* 
Its  ratio  or  proportiun  iu  numben,  is  tliat  of  4^  to  52. 

TROCH1I.E,  in  Atrhitc^re^  it  that  hollow  rin^, 
or  cavity,  which  rona  nmad  a  cohma  bkic  to  the 
ture. 

TROCHLEA,  in  Mechanics,  nnc  of  tlie  nctlMiiie 
powers,  aine  ufually  called  the  pidley. 
4I.  TRO. 
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TROCHOID,  fci  Ae  Htjrfacr  Geometiyi  a  curve 

dcfct  ibv.!  by  a  point  in  nny  part  of  thir  rMiMt  of  m 
wlif\:l,  during  its  rolBtory  and  pro},'iefflir*  molioDt. Thil 

is  llicfann  Lurvc      \vi.,it  is  muic  u'm,"'  i":!'v'.1  r';,> 
*/:!,.',  wLtiC  L;iJ  CuudrU^lUjii  ilirJ  pi'  ,ic;lii.a  Ci  it  ilc 

.TkONE  tVt'tgkt,  was  the  fkme  waii  wLat  «c  now 
Calt  froj  Weight. 

TiiOMS  Pamml^  ia  Scotlandp  conUios  so  Scotch 
ounceti  Orbocanfc  it  is  ufoi]  to  allow  one  lo  tbe  (core, 
tbc  Tionc-pcuiid  iicominouly  2  1  ouiitti. 

Tuosf'Stfw,  in  ScotUod,  acconling  to  Sir  J>ilta 
Skene,  cont.iins  19',  poundl* 

TROPHY,  in  Ardikc£itK«  iBCwnainent  wliioh  rr- 
prrfeoti  the  trimkof  a  tree,  elmgtd  ortiiconip^fRd  all 
aroiuid  with  um  or  miUurf  weaponi,  both  oficniife 
atid  defeofive. 

TROPICAL,  romrtliin^T  relating  to  tlie  Tmpics. 
As,  T tmricxL-frinJi.    Stf  Wif.D,  and  Trade- 

Tropic /VI.  ffar,  the  fpace  of  time  during  ivhich 
the  fun  paifcs  tound  from  ft  tiopic,  till  his  return  to  it 
again.    Sec  Year. 

TROPICS,  in  Aftratinmr,  tiroHxed  circle*  of  tlic 

f[>!iero,  draw.i  [.^r^lM  lo  'lit  tciiii;;  :,  i'.;Li.;|;U  t'.c  f  il- 
liitiiii  puiiiti,  oraiuicii  ti.ltanct;  from  tlic  tquutKr,  as  is 
rqimlioihc  fii n'a  greatcll  rccdit  or  dccliaitioiH  Or  to  the 
obli«|uity  of  the  ecliptic. 

Of  the  two  Tiopics,  that  on  the  north  fide  of  the 
equator,  padc's  through  the-  tirll  point  of  Cancer,  and 
ii  tfaerefurc  uaUed  il'C  7><^«-  of  Comer,  And  the  oiltcr 
on  the  fouth  fide*  paOing  ihruujirh  the  firft  poiotof  Ca> 
pricuin,  !»«alled  the  TVo/zV Ci/^ifwir. 

To  deicrminc  the  diftaocc  bctivecn  the  two  Tropics, 
and  thence  the  fun's  grrstt  ll  drclinatlini,  or  the  obli- 
quity of  llie  ecliptic;  Lbiu.x'  the  fiin's  meridian  rhl- 
Indr,  Kith  in  the  fumm:  :  and  winter  folllice,  and  fub- 
tract  t!it  lu'i'ir  fn  iri  the  former,  fi>  (hall  the  remainder 
be  ihcdiftai«ce  between  the  two  Tropics  ;  and  the  half 
of  this  will  be  the  quantity  of  the  greatcll  declination, 
or  the  oUiquity  of  the  ci^ptie  \  tlw  Bwdium  of  which 
is  now  23"  s8'  Marlf. 

T«nn(!,  in  Gi'j'r.-i]  Ly,  :irp  two  leflfer  circlet  of  the 
<  j^obt,  tlniwn  panll  l  to  (lit  ctjuaior  through  tbc  be- 
Jennings  of  Cancel  r  :"i  Cj(_riL\>rii,  t  t  iiii;  in  the  planes 
of  the  cclcflial  Tropics,  ami  contcqucntiy  at  23*  aS'  dif- 
taitce  either  way  from  the  Ctjuator. 

TJlOr-M^rwAfy  ancieiitljr  called  7rm»  naa^ht^  isAip. 
co&d  to  be  taCen  ftwn  ■  weight  of  tlw  lane  Bane  i4 
France,  tod  that  from  the  aame  of  the  town  of  Trojc* 

there. 

Phe  original  of  all  weights  ufed  in  F.nzl.ind,  was  a 
Ciim  or  t^rain  of  wheat  gathered  out  of  tlie  middle  of 
the  cir,  and,  when  well  dried,  32  of  them  were  to  m.'ike 
«tie  penny  weight.  20  pennywcighu  I  ounce,  and  I2 
onnces  1  pound  Trov.  Vide  StatlMM of  5 1  Hc«.lll} 
31  Ed.  Land  1 2  Hen.  VIL 

But  afterward  it  wis  thoofht  (ulScient  to  divide  the 
bid  peninrweight  into  24  equal  partly  calkd  sraMi% 
beiwtbe  fcalk  weight  oow  id  eoMnoo  i&t\h  WM  ikc 
diTUMMW  of  Tray  wei|lit  sow  «tc  thsfe  a 
% 
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34  griMM  =  I  pennyweight  AmI. 

20  pcMyweighta  ^  i  ci.i.cc  ts. 

12  OtUKlt  S.X  I  pouud  ^» 

By  1'ray-weight  are  wviglied  jcwds,  gold,  ^ver* 

and  .iP.  hiinors. 

TRUCKS,  .K  U>r.g  Gunner?,  are  the  ftr.all  wooden 
vhriUfiirvfi  or  theaxletr.  t- -   i'        ;  irri?g--s,  erpeciaSf 
tliole  'or  fliip  fcrvicc,  to  move  thtm  nbout  by. 
TRUE  CM^afSnHt  >■  Aflfonamjr*  See  TrwCow* 

Jf  NCTIOS. 

TRCt  Pln.-c  nf  a  P/arri  vr  Ster,  ii  a  point  in  thehea- 
vros  ihewQ  bj  a  right  line  drawa  tVom  the  centre  of 
the  earth,  through  tbe  centre  of  the  ftar  or  pla* 
on. 

TRUMPET,  /  or //r,;>vwc  is  an  indnimettt 

inviiiitd  by  JolVj  h  I^andini,  to  afiTft  the  li<;j;ii  .;  of 
p<f.  fons  dull  of  that  faculty,  or  to  us  to  hear  pcr- 
fo:is  who  (jx  ak  at  a  grcst  diff  ince. 

Inllnim-i.ts  of  this  kind  arc  fontitd  ff  t-ibcS,  with 
a  wide  mouth,  ar.d  term'tistincf  in  a  fin  dl  o;n  il,  whk;li 
is  applied  to  the  ear.  The  form  of  ti.efe  iuttiumcnt* 
evidently  IKcwt  howthcy  conduce  to  afliH  the  hearing  ; 
for  the  greater  quantity  of  (he  jweak  and  languid  pollen 
of  the  air  being  reoened  sad  coQe£kd  b  the  hrge  end 
of  the  tube,  are  idl^Aed  to  the  ixkaB  end,  where  Uttf 
are  coOcAcd  and  condenfed  t  thence  entering^  the  ear  m 
this  condcnftd  Hate,  thty  flrikc  tlit  tyiTipiimim  with  a 
greatet  force  thantliey  couUl  naturully  have  d<n;t:  Ironi 
the  car  alone. 

Heree  ii  appesn,  iliat  a  fpeaking  'I'ium|Kt  maybe 
applied  to  the  ptirpufe  of  a  hearing  Trumpet,  by  tuni- 
ti>;;ihe  wide  end  lowanU  tlic  fouwl,  and  the  narrow 
end  lo  the  can 

%<i^rn^TRt'Mrir,ia<lt«be  of  a  confidcnUc  length, 
from  6  to  15  feet,  ufcd  for  fpesking  with  t^'iliaketfac 
raise  he  heard  to  n|||r«atcr  diOance. 

This  tube,  which  ts  made  of  lin,  'u  RnicMi  thrun^h- 
ont  its  length,  but  opening  to  a  lafgi-  .ij  t  't  jn.-  n-iuMrds, 
and  the  other  end  Icrmiriating  in  a  proper  lTi;ipt  and 
fr/e  lo  receive  both  the  lips  in  the  ai  or  ipt  ikini;,  tlic 
fprakrr  pulhing  his  voice  or  the  found  outwards,  by 
v.i.i'  ii  means  it  nay  be  heard  at  the  diftaacoof  t  mik 

or  more. 

The  ir  iit^tn  of  this  Trumpet  is  htld  to  be  modern^ 
and  has  been  aicribed  to  Sir  Samuel  Marcland,  wh» 
c^lic^  it  the/vf<)  Jlcr,torr.phon  'u-a,  iwA  in  a  work  of  the 
fame  MOW,  p<dslilhed  at  London  in  1671,  that  author 
g»«e  an  BiTCoant  of  it,  and  of  fevend  experiments  made 

with  it.  With  ooe  of  thefe  inftrnmcnt? ,  of  5  \  feet  long, 
Xi  iflcbe«  diameter  nt  the  greater  end,  and  z  inches  at 
the  CtnallcNti  ittl  at  Dcal-CalUe,  the  fpe.ikt  r  w  is  licard 
to  the  diiljucc  of  3  miles,  the  wind  bloiving  from  the 

fl-vore. 

But  it  fceiTis  that  K.irchcr  ha<  a  bitter  title  to  the  in* 
veotioti ;  lur  it  is  ccrtdiu  tL'it  he  hud  fuch  un  iiiibument 
before  ever  Morflaod  thought  of  his.  That  author,in 
hi*  Phoniirgia  Nova,  publilhcd  in  1673,  fays,  that  the 
trcmba,  iiuhiifliedM  year  ia  £naland,  be  invented  «4 
y cart befiwv, and  publilhcd  io  hisH efuixfa.  Me  adds, 
that  ^c.  Albanus  Ghibbillus  and  Fr.  Ef  hinardus  af- 
cribcitto  him  ;  and  that  G.  Schottu«  tcUifies  of  him. 

that  be  hadfadt  «b  inftiwnent  m  hit  chamber  in  the 

jKmum 
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Roman  coIJeg<,wIt!i  which  he  cdjUI  ejU  to,  and  rctcive 
tofKL-rs  from  il»e  porter. 

Rit,  coiili'JvTfiijj  hon'  famous  tlie  tuHe  or  hoin  of 
Aleit  iViJir  tlic  Great  Wd«,  it  i»r.itlii.r  !tr,rt^c  ili  ii 
M  jilcrji  ihouM  prttciid  to  llic  uiv^ni!  V,  lii> 
ilentoropiionic  liuni  or  tul»c  lie  iiT  'l  to  'jj.  ^it;  t  'liis  ir- 
my,  and  maUc  hirnfclf  \>v  dill.'n^Vy  lioir  l,  i(  fiid, 
;laJia  or  furlonj^s.  A  li^^urc  of  thii  tube  is  picforvfJ 
in  the  Vatican ;  and  i(  n  nculjr  the  Iauk  as  that  now 
la  ufe.  SrcimitoTHOHic. 

The  prtnciple  of  tli'^  fnftrtMaciit  ti  obvious;  furn 
fbnod  i<  ftroii^rci   i  (r;  onion  lo  the  ileafity  of  the 

air,  it  follow-  ll.i;  v      i  in  [<.i'Tiii;r  thro'i;^!)  .1  t^i'ii", 

or  rriiin|vct,  :uu  i  L-t.  grc.ii])  .iiij.jn.  lUcd  by  tlie  co;)ftjitt 
icniftiuii  anj  .■»;jitation  of  tlie  air  tliroiijli  tlie  Ictii^tli 
lit  t)ie  tube,  by  which  it  i«  c^udcutcdt  aiul  its  ailaoa 
on  the  exterml  air greuly  iacreiTed  nt  iU  «3tit  from  the 

lul)-. 

1;  !.  ■  l  icn  found,  that  a  man  fptakinj  thrir.i;;K  a 
tube  i>!  4  feet  lo  ijr,  tMj  be  undcrduod  at  the  dilt.ince 
of  $oo  gcomctrkail  p«ce«}  wilb  ntiAt  i6l  feet,  ut 
the  diftattce  of  i^oo  pcc«  |  ud  wilb  «  tube  24  feet 
loflff,  at  more  than  75::  i>acet. 

Althoo'jh  fo-nr  .1  !v,',ni..,;v  i:i  licu'^htrnihj' the  found, 
Wh  ill  fpeakiti^  jud  licaili be  dcrifcd  from  the 
ftiapc  ofihe  tube,  and  ih  •  "'idth  of  the  outer  c  id,  yit 
the  effctl  depends  chitflv  upon  its  lfii(»ih.  A^to  the 
form  of  it,  fome  !i.ivi-  3lTiit.:J  ttut  t;ic  hfft  fi::;ii't:  is 
that  which  is  formed  by  th<:  n.-voUition  of  a  paratMila 
•boot  itaaxiai  the  BMMth  piccL' being  pUcvd  io  the 
focus  of  the  puibolti  aad  OMtfcijaentiy  the  fonoroas 
rars  rrfledcd  pmlU  to  Hhf  mm  of  the  tube.  But 
Mr.  Martin  oMcnwb  that  thi>  maM  rdle6kien  it  bf 
no  meaM  eflential  to  inerealbg  toe  (bund :  on  the  OM- 
trary,  it  prevents  the  infuiite  number  of  refleflions  and 
reciprocations  of  found,  in  whidi,  acciirding  to  New- 
ton, it«  au^nur.!,'>ti(»n  chiefly  confifts  ;  ilieiiuj^mciita- 
tion  uf  the  impetus  of  the  piilfcs  of  air  being  propor- 
t'onal  to  the  tiumber  of  rrpu  cuf'ii  jns  from  tlie  lides  of 
the  tube,  and  tlicreforc  to  its  length,  and  to  fuch  a  H- 
gurc  as  is  moll  produdtirc  of  chtiri.  Hence  he  iiifcri, 
that  the  pambohc  Trumpet  is  the  moil  unfit  of  any 
fur  this  piirp'>rc  ;  and  he  rndenvoiirs  to  fhew,  that  the 
logarithmic  or  logifiic  cunre  gives  tlie  bed  ibn%  riz,  by 
•  revolatiod  «baat  itsaiM.  Mattia'aPhibr.  Brit.  wl.  «i 
f9.  t^^t  |d  edit.  ^ 

SutCiflcgram  is  of  opinion  that  an  hj-perbola,  hiT- 
ing  tilt  axis  of  the  tube  for  an  afyn^ptote,  tlic  beft  fi- 
tMie  for  this  inSn)ine:i!.  Mulfcbcnb.  Is;:;-,  au  Phil. 
Nat.  turn.  2,  pa.  410. 

For  oUirr  conAru^tions  of  Speaking  Trumpets,  by 
''  I  ■  Conycrii  fee  Riilaf.  Ttanf*  aumb.  141*  far 
J67.S. 

TRUNCATED  PjramiJ or  Conr^  is  the  fniftumof 
rae*  being  the  part  rcawining  at  the  bottom^  after  the 
top  if  cot  off  by  a  plane  panUel  to  the  faafe»  See  Fkut-* 
TVM. 

TRUNNIONS,  of  a  piece  of  oHnanec*  are  tbofe 

knobs  or  (hon  cylinders  of  metal      t!ic  lidciihy  vblA 

it  tiiHi  Qti  the  chccl^s  yf  Uic  carnage. 
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TRU.sM!os-/?//Tf,  is  the  ring  about  a  cjnnoi,  r.fxl 
bcfiirc  the  Trtnm'.ms. 

TSCHIkNH \l'SE\'  (FnKfRov  WmtfO,  .in 
ir.Tni^'US  iti jtiu ma'.ician,  lord  of  KIlliii^fAM'd  »n  1  ot 
S;  .1/ ,MiIsri ill  L'jfitia,  whrre  he  whs  bvn  in  if"i;i. 
After  h  !.:n,»  f>  rvL-d  .u  a  Ttduiitcer  in  \\\c  ir-nv  ■<{  I  f  'J. 
laiiil  in  i(St;,  he  trnvtllu'd  inio  mdl  p.iiis  I'l  F.ur.vir, 
ii  lvn,'^t:iii:',  G'  i:Ti  nr,  It.ilr,  Francr,  &.'c.  H;*  wi.:it  'ii 
Palis  for  the  tl.i'd  tim<;  in  1C1S2  ;  wiicre  he  comtntici- 
Ciited  to  the  Academy  of  Sciences,  the  difcovtrty  of  lUc 
cttnetcalVdi  from  Kim»Tfebimhaaf(s'«Cmltici :  ami 
tite  Acsdemy  tn  confequence  clewed  the  inrentor  one  <>f 
its  'ih'itiIht).    On  rttwroinc  t'>  futly,  \w  \:-n 

dtTuo'i.  o' [K-tft  ding  the  fciencc  of  optic?;  for  which 
piifpoff  lie  cllsl.llfhrd  ;M  Ji-vv.irks  fiom  -.v!  . n.  c 
r«fiilti-d  msny  ntw  imprunrnici.ts  in  JiAntrics  and  phy- 
Cict.  partiiii!aiK  'he-  noted  burniii.;-;;!  ii  5  which  he  pre - 
fcntcd  t<i  tlie  ni;-  iit.— It  was  to  him  loo  that  ijaxony 
o\^d  its  purctN.ie  manufaAory. 

Content  with  tbe  etijoymcnt  of  h'tcrary  fame,  Tfchtrtl- 
aitl'en  refufcd  all  other  honours  that  were  oAcrcd 
him.  I^caroitig  was  hii  fole  debght.  Ho  rc-archedout 
mea  of  taleotf,  and  gave  them  encoum^i-nimt.  He 
«vas  oAen  it  the  cspence  of  printing  the  ufciut  w-orki 
of  other  men,  far  the  benefit  of  the  public  ;  and  diol, 
biin-:!  l  id  ri  -tctted,  the  I  ith  of  September  lyo-!.' 

Tlc!'iTnauifi  wrote,  Dt  MttEc'ina  Mrntit  bii  Crrp^,- 
ri',  [)i  ir;tt  J  .-It  Atiil'^rJaiii  in  I'Vi^.  And  (he  fo!! AW* 
iiig  ineinjir,  ucic  [  liiited  in  the  Milunit:*  of  the  .Aca- 
demy of  Sctciii-f!. 

I.  Obfervations  on  Burnltig  GlafiVi  of  3  or  4  feet 
diameter:  vol.  1699. 

X.  Obfermtiou*  on  the  GUfa  of  «  Tcleicope,  con* 
tex  on  both  fide*,  of    fret  focal  ditance)  i7C0k 

J.  On  the  Radii  of  CnmKure,  wirh  the  findin;»  th? 
Tangents,  Quadratures,  and  Reilifications  of  many 
curves  J  1701. 

4.  On  the  Tanrcnts  of  Mechnnical  Curycs  }  1 702. 

c.  On  a  method  of  Qnadratunrs  |  1 ; 

TUBE,  a  pipe,  cond;!!?,  or  ranal  t  i>einjj  a  hollow 
cylinder,  either  met.?!,  «ui-il,  ;;!afi,  or  other  cnV-- 
tcr,  for  the  tronvejraoce  of  air,  or  wster,  *c. 

Thcleim  ndliely  applied  to  thofe  ufed  iu  pbyfieCi 
ailrooomyi  anatomy,  &c.  On  other  ordiatry  occa* 
fiona»  we  more  afDaliy  dtjpft. 

In  the  memoirs  of  the  French  Academy  oFSctences 
Varlgimn  has  jfiwtt  a  treatiTe  on  the  proportions  for  the 
diameters  of  ti.Kn,  to  pive  mif  particular  tjunntitie*  of 
wafer.  The  icfuli  of  hi*  pnper  ^Ives  thcic  two  analo- 
gies, \i7,  llut  ?hr  dimi'iiitio't-*  ol  the  V- ii )C!(  V  i.t  .i  ii  -r, 
occafiontd  !iy  tti  fnciioii  t^^ainlt  the  liilcs  of  rii(t<% 
ate  as  the  diameters  ;  tlic  Tciben  bcin;:  fuppofed  tquaJIv 
lonjj  :  and  the  qtismitiei  of  wat^r  iiIll^l^(  out  at  th? 
Tubes,  areas  ihc  fqii.ne  roots  of  fheir  diameters,  cir» 
ducting  out  of  them  tiie  quantity  that  each  is  dimi* 
nilhrd. 

Ttrnt*  ia  Aftronomy,  is  fomctimes  ufed  for  tele> 
ibope  t  bat  more  properly  for  that  pirt  of  It  mt» 
wl  irli  the  kiifet  atc  littcd>  aod  bf  wbicb  they  are  di« 
rctkd  and  uicd« 

4  L  *  TU£SDi*f; 
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Tl'r.^DAY,  the  3d  dsy  of  the  week,  fo  called 
from  T<i<ffco,  one  ofchi:  S^xun  G^Si  flmllar  to  Mifi ; 
for  which  re«(bn  the  Aflroaomicdi  amrk  for  tbixlaj  of 
the  wvck,  it  ^ . 

TUMBREL,  IS  a  kind  of  carriage  with  two  wlircis, 
ufed  either  in  Hultandr^'  for  dung,  or  io  Artillery  to 
rni  ry  tiic  tools  uf  tiie  pi'>ncer*,  &e»  Md  foOSCtlOKS 
liktivilf  tlic  money  of  an  arm  v. 

TL'N.  is  a  mcafurc  for  liquids  at  wine,  oil,  &C< 

TKc  En^'iih  Tun  contain*  2  pip'-i,  or  4  faoglbcaid*, 
or  ij:  e'ill<'iis. 

TUNE,  or  Tots,  in  Mafic«  i»  tbu  ptopertfof 
Amndtbjr  twhichiliejr  owne  uader  tbr  rchttM  of  acute 
and  grave. 

ir Ivro  or  more  lound*  be  compared  together  in  this 

rt'iation,  thiy  art  ti-.lv  r  cijcal  or  unequal  1:1  tiic  decree 
C)f  Iwne  :  fueii  .si  aic  c-jit.il,  are  c.iljtd  uuijcnj,  Tiic 
t1nrq11.1l  cuii:!itute  what  arc  caIIciI  ir.:rTViUt  whtcb  kK 
tile  difTcreiiCirsof  Tone  between  lounds. 

iSonorou»  bodic«  ate  found  to  difTcr  in  Tone :  ill. 
According  to  tlic  dilTercnt  kinds  of  matter  ;  thus  the 
fonndof  a  piece  of  goM,  it  much  graver  than  that  ofa 
p'cce  of  lilvcr  of  the  fiiine  (ha^ic  and  dimcnfiotu.  id, 
.According  to  thedifTcrentqiuntities  ottUc  lame  matter 
ill  bodici  of  the  faaae  igaxt  |  at  a  fitlid  fphcre  of  braft 
of  t  foot  duunrier,  founds  acttterthao  afphere  ofbiaf* 
of  2  feet  diameter. 

But  the  mcjfuret  of  Tone  are  only  to  be  fought  in 
tl'k'  :i],i;i<nt  of  the  inu'i^ins  tliat  are  the  caufe  of  found, 
wliiiii  are  mod  d'.fceruIMc  in  llie  vibration  of  chords. 
Now,  in  gencml,  we  find  tliat  in  two  rhurilv,  3I!  tilings 
being  c^jtial,  excepting  the  lenfiun,  the  thicknefc,  or 
the  length,  the  Tone*  are  diffcient ;  which  difference 
can  only  be  in  the  velocity  of  their  vibratory  mutiuns, 
by  which  they  perform  a  different  number  of  vibmtiont 
in  the  fame  time  {  at  it  is  known  that  all  the  fmall  vibra' 
trans  of  the  famechoid  are  performed  in  equal  times. 
Now  the  Inqiieiiter  erquider  tbolit  vibrations  MV»  the 
mere  actite  is  the  Tone  1  and  tbe  flower  and  lewer  they 
arc  in  tlic  f.iiiie  fpace  of  time,  l>y  fo  njuch  the  more 
prn\c  lithe  Tone.  So  tli:it  any  ;;iven  note  ui  a  Tunc 
IS  injde  by  one  eri-l,»i;i  mi.ifure  ut  veiociy  of  vihra- 
iioiip,  tli.it  15,  fi|(-h  a  certain  number  of  vibrations  of  a 
choid  01  (t- iiii:,  in  fuch  a ceitaia fpaceof  liine»  conli* 

tulct  a  determinate  Tone. 

This  theory  it  flrongly  fupporled  by  the  bcfl  and 
kteft  writers  on  mufic.  Holder,  Malcolm,  Smith,  Ice, 
botb  from  rcafon  and  experience.  Dr.  Wallit,  who 
OWM  it  wrjr  renfiMafale^  addj^  that  it  it  evident  the 
degrees  of  aciitenela  are  aeeiprocaUv  at  the  kn/rths  of 
Che  chords  i  though,  he  fayt,  he  will  not  pofitiTcty  af- 
fim  that  lite  degree*  of  acuteneft  anfwer  the  number  of 
vifcraiions,  .is  tlicir  <iiiiy  tiue  caufe  :  but  his  diffidence 
aiifcb  frur^i  liC'Cc,  tl>^i[  fic  doubtt  whctbcr tbc  thiog  has 
hc'-ri  I'litli'  in  t[',  c(.iifirni-(3  liy  experiment* 

I'bNNAGli.  See  Tohnaci. 

I'URN,  it  ufcd  for  a  circtlhr  IBOtioQi  m  wbkb 
tah  it  iigrecs  with  revolution. 

ToKM,  in  Clock  or  Watch-work,  imtinilwlj 
•Met  the  revolatioo  of  a  wheclor  pinioD. 

te  eilailMimi  tte  iMba  «f  Tofnt  mUdi  the  pi- 


nion hath,  is  denoted  in  common  arithmetic  thnv 
O  ^  (  t>>  wbere  the  pinion  ^,  pUying  in  a  whect 
of  60,  moves  round  12  timet  in  one  Turns  of  the 
wheeL  Now  by  knowing  the  number  of  Tms  which 
ar.y  pinion  hath,  in  one  Turn  of  the  wheel  it  works in» 
)uu  may  ealUy  find  how  many  Turns  a  wbed  orpinioB 
h.is  at  a  pcLUer  didance  f  as 
the    contrai-whcel,     crown-        5  )    55     {  II 
wheel,  &c,   by  multiplying 
together  the  quotients, .ind  the       j)    45  (9 
nunibcr  produced  is  the  num- 
ber of  Tuint,  at  in  the  exam-       5  )    40  (8 
pic  here  annexed  :  the  full  of 

thefc  three  number*  hat  1 1  Tunis,  tite  next  9,  and  the* 
laft  S  ;  if  you  multiply  1 1  Ly  9,  it  producer  99  ;  that 
it.  inone  Turn  of  tbewhedcs,  there  areg^Tunitof 
the  fecond  pinion  5,  or  die  wheel  40,  whkn  runs  con* 

cr  .tric.i!  <jr  i  t,  if.r  ijme  arbor  with  the  fecond  pinion  5  : 
and  it  yuu  -i^^'m  multiply  99  by  the  lafl  quotient  K». 
it  pfodiicci  "91,  which  is  the  number  of  Turiii  ilie 


third   pinion  5  hath.    See  CLOcx-u'or/,  aud  i'l- 

H40N. 

TURNING  /•  mtnJvtJirt},  in  Sea  Language,  de*- 
notes  that  operation  in  failing  when  a  fhip  endcavouft* 
to  make  a  pragreft  a^inft  the  dircdioa  w  the  wind* 
by  a  compomid  courte,  indiMd  to  the  pboe  of  her 
deftiiiation. — Thit  mctbod  of  Bivlgaliwt  ia atlicnvtfr 
called  flying  te  xviaJwanl. 

TUSCAN  OrJer,  in  Architeaurt,  it  the  fiift,  thr 
fimplefl,  and  the  Urongcft  or  nio&  maffive  of  any.  Its 
column  has  7  diameters  in  btqfat|  Ind  its  capital, 
bafe,  and  entableaeut»  have  i>  onwiuienta,  aadhutlisw- 
noiddingit. 

TWKLFTH-A)T,  the  fcflival  of  the  Epiphany,  or 
the  manifeltatioit  of  Clirill  to  the  Gentiles  fo  called^ 
as  being  the  Twtlh!)  d.iy,  exclufive,  from  the  nativity 
or  Chriflmas-day  ;  of  courfe  it  falls  always  on  the  6th 
da)'  of  J  lOiiary . 

TU'ILICUT,  io  Aftionooqr,  it  that  Mat  ligh* 
which  it  perccisi^  before  the  fon-rifing,  and  after  lnn» 

fttting.  The  Twilight  is  occafioned  by  the  earth's  at- 
mofphere  refraining  the  rays  of  the  fun,  and  reflrdtiog 
them  among  ittptirticlrs.. 

The  deprellion  of  the  fun  below  the  horizon,  at  tHe 
beg  iinin,-;  of  the  morning,  and  end  of  ilic  rvcnicg 
Twilight,  has  been  variouily  ftatcd,  at  different  let- 
font,  and  by  different  obfervers:  by  Alhaaen  it 
obierved  to  be  19°;  by  Tycbo  17^ ;  by  Rothman 
i4*i  by  Stevinnt  18"  $  b^jr  CalCni  ij^  s  by  Ruxi^s 
at  the  time  ofthcequinoK  t>  the  ifi"*  »  the 

evening  20° j  ;  in  the  fummer  foTftice  tn  themomiof 
21^  2  5',  ulul  iii  the  w;ir<rr  17"  ij'.  Wlkcticc  it  iippeart 
that  ll.e  tj.ilt  of  tlif  Twilight  ii  variilik  ;  l;ut,  On  a 
mciln.in,  ahoui  1 1°  of  the  fun't  deprelEou  will  ferve  to- 
lerably weii  for  our  latitude,  for  the  beginning  and 
end  of  Twilight,  and  accordinj;  to  wliith  Dr.  Lung-, 
(in  hit  AI^Tonomy,  vul.  1,  pa.  258^  gives  the  follow- 
ing Table,  of  the  duration  uf  Twilight,  in  difi'creat 
latitudcsf  and  tot  knal  difiettM  declioatieat  of  the 
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Where  c  </  fignify  tLat  it  i»thcn  continual  day,  e  «  con- 
liiiiul  Blight,,  and  w  »that  lb«  Twilight  laU«  the  whole 
night* 

In  this  problem,  tlicre  arc  grrcn 
tiie  Met  of  an  oblique  fpherieal  niiiii- 
^If,  to  tiiul  atl  angli  ;  ■■■ /,  j^'ivcn  the 
lidc  ZP  the  coiautu<lc  ui  li.t  piacc  ; 
9Q  the  codeclinatiun,  ur  polar  dif- 
iMCet  andZO  the  zcniUi  dilUncCr 
which  it  always  equal  to  loS"; 
^  htm  the  Knith  to.  the  boriMB^ 
and  18^  more  for  the  fun*s  difiuiM 
below  the  liorizon.  For  example,  fup- 
pofc  tilt  pl.irc  Ix>ndou  in  Utitudcci'* 
3-:',  and  the  time  tiic  ill  of  May, 
wlien  the  iuti'vUcchuation  u  15"  12' 
north.    Here  then  ZP  =^  38»  28'  * 
che  complemtotot  51°  31 «  and  PQ  =  740  4S'>  the 
eompIeiBeBt  of  15*  ts'.  Then  the  aJQubtioii  ii  m 
fiiOaws. 
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Th«i» 

Co  ir.  fin.  pobr  dill.  B  74"  4S'  -  e>'OI547 

Co  ar.fin.  colat.    -   -  =  j8  28  •  0*So6i7 

Siwej.  Z©  4-  U    *aB7».  10  -  9^7861 

Slim  of  thefc  fourlogi.        -         •  l<)•yb^^2 

Half  fumgivxi            74*  28i'    -  9-^8386 


Thif  148"  J?'  reduced  to  time,  at  the  rate  of  |J»" 
per  boar,  givei  t^*  (c"  ^S',  ctUicr  before  or  after  noun  ; 
that  is,  the  twtfaght  begint  at  2"  4'*  1 1'  in  the  monu'ng*. 
«nd  endt  at  ^  55"  48*      the  evening  oi  the  given* 

day  at  London. 

TWlXKLI>tG  of  i.'r  Stars,  denotes  that  trer.uil.mb 
tnouuii  wiiicii  IS  obfervcd  in  the  light  proceeding  irooi 
the  fixed  (lars. 

This  Twiokling  in  the  ft.trs  hss  been  variouOy  ao- 
countcd  faiw    Alhazen,  a  Mourifh  pbilofopher  of  the 
1-2  th  centuff,  coAfiden  iefi»&io«a»  the  caule  of  tb« . 
phcnoaciioni 

Vitcllo,  in  his  Optic-,  (  -if!  btfore  ihc  year 
rzjo)  ^a- 449,  afotibts  i(u-  iMinkling  of  the  Ifars  to 
the  motion  of  tlic  air,  in  which  the  light  is  refca^ed;- 
and  he  obfcrvcs,  in  confinnation  of>  thir  hypoihc£«p 
tint  thegr  Twinkle  ftifl ibqr  whcD  diej «re  viewed  m> 
wfttcr  pntintoiBotuHi. 

Dn- Hook  (Microgr.  pa.  231,  &c}  albibet  thle* 
pViononu-noii  to  tiie  inconftant  and  unequal  refrafiion  of 
the  r.i)'3  of  li^ht,  occalioned  by  the  trembling  motion- 
of  the  air  and  interfperfed  vnpoiirs,  in  coufequrncc 
of  variable  degrees  of  heat  and  cold  in  the  air,  proda* 
cing  correfponding  vann'iuii!)  in  its  dcnfity,  and  alfo  of' 
theaAion  of  the  wind,  which  muft  cnufc  the  faeceffive'' 
imya  10  fall  npon  the  eye  in  different  dire^onn,  and-' 
oonliequcil^  npiw  (Gfimatpm  of  the  retina  at  differ* 
cnt  timnt  nd  airn tojiit and  wdk  the  pupil  alternately  ; 
and  this  alfo  is  the  rrafon,  he  fays,  why  the  limba* 
of  tlie  fun,   moon,  and  planets  appear  to  wave  or 
da::f.c. 

'I'jitTe  tttiiors  of  iht  air  arc  inanif'-ft  to  the  rye  by 
tilt:  lri.T;iu'.L)'is  rriolion  of  fha^WS  fall  troin  h.'/U  tOWi 

crs  ;  and  by  looking  at  obje^  through  the  imuke  of-^ 
a  chimney,  or  chroiigh  ftcanm  of  hot  water,  or  at  obo 
je^i  fititatedtcyond  hot  fands,  efpeciaHf  if  the  Kir  ht  . 
noTcd  tnuifwrfcly  over  them.   Bm<  when -flan  ane - 
fcen  ihraqghtcfcfinfea  that  hate  laifc  ipertiirea  {  ih(y 
Twinkle  but  little,  and  fometiunra  not -at  all.    For,  its 
Newton; hail  obfervcd,  (Opt.  p.i  9S)  the  rays  i  f  lij;:»t 
•whith  pafs  iliroiij^h  diHcaiii  parts  of  the  aperture, 
tremble  eatliot  them  r.part,  and  by  mean*  of  their  >j 
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titr.f  tiprm  different  pointf  in  tbe  bottom  of  tile  eye,  ftite  of  the  atmofphere.  I'or,  f.jyi  he,  in  Holland,  wfifd 

■nd  till  ir  trsmljliiifj  iiiot arc  ti)  >  ijtiii  .  .i(i>I  confurcil  iIk-  wi  allui  i«  f.  i  ^y,  ami  llic  iky  very  dear,  the  ftv) 

t  '  bi'  IVj'iiratLiv  pi-rcvriv.-il.    .\iui  all  "luic  ill.M;  ;  ■     il  TiviiLcl--- r.i" ;\  ui;i,i!tcftly  to  tic  r.»>«C(i  CJTT',  tho'i^;;!!  iml 

pj-nti  cDultitute  cdi    l>:'..:il            poiiit,  i.ii;:ijr.r;  i  ..»r  in  lil.-'Voj      ;  .1    I  lin;r  tic  docs  nol  fuppoL-  thL-sX'  IB 

th<i(i  mutiy  tu"nliJiii^c  coiifi.l'ciily  ami  iii!i*:trr.'y  ii-iy  jj'i-.ii  tnt'i  tl;»'t'vi,  or  tJ-f»citij»  </f  ihe  vapour,  at 
nuxi-(l -.u'tli  ott:  another  by  vti y  iLoit  111  !  U\i(i  • :  '.I  u: tlin;  t  .iiL-,  lio  q  !;fti»»ns  wttL-thtr  the  v-Tscity  of  the 

lo  tiufc  ill':  it  ir  to  Hjiptur  br  .i  J<rr  liui:;  i:  li,  a-ii  li^Iit,  ;ifrv:ttiij  i!i:         t:ijy  not  bi;  coitccrncJ  in  the 

•witlwat  any  tiriuliliiv^  Lifthr  wliolir.  p'l'. n.!:ni"t>n. 

Dr.  juiiil,  in  hi«  Eflav  upwn  DtftioA  aad  Iwlilliad  fiut  tliii  ululuf  >pfavr  mi^lit  iaxe  f  iti$<itd  bimfdfwitk 

Vifiop,  Imb  rccoMrfc  to  Ncwton*«  hypotlKlk  of  ft»  iif  ixTpfd  to tlih  bypothi-lis  by  l.>t  k'-i^  ti  the flaniWMr 

cafv  rofraflio;!  .iinl  ri  ll'.'^;!  011  r^r  cxpl juii..^  tii;  I    m'-t-  ilic  /.  in' li,  « 'it  u  (In-         iravciif  h  but  a  final!  pnit  of 

Imjj  <if  the  iliiM:  thiia,  iic  (.lys,   il  tht:  m  il.ile  part  i!i  .ir,-ii<rj>hct«-,  .lu  1  th.r.itKrr nai^'bt  be  cxpcdsTU  to af- 

of  tl-f  iuia'^c  ot  a  (l;ir  be  cli;ir;,'ci'.  from  I'-'^la  to  liatii.  f^,  •  ilu  i  yc  juj  I   li  uii^ly.  I'.it  lie  wuuM  have  found 

and  the  iiJja  cr.t  riii^  at  tin;  !iii;L-  ti.ii^:  he  il.r.i^.il  t'lJt  '.'iL-y  iK>  :i  >'.                Haar  io  mucli  aj  I  hey  do 

from  iljfk  to  li^;tit,  !x<.  mull             I'loir,  tli-.  li  .li*.  un'-  nr.'.r  the  hoiiiiti,  \\'u:n  much- more  of  thcir  light  it 

.tton  o;  tlic  eye  ic  .aiJi  o:  Iron  tl.t  I'i'.r,  tiai  wiil  utcii-  icri-rpted  by  th^  .iMi.otpl.cre. 

lion  filth  an  aL)pi:ir,n  LC  .T5 'rvviiikiiii^.  mic  allro  1    ,i:ih  l.s.e  Lte!y  o-.iJeuvoured  tO  CS* 

Mr.  Michrll  (Pliiluf.  Tranf.  vol.  $7,  pa,  ibi)  fup*  pliiti  the  T«inkliii.;  >f  the  lined  ftara,  by  Uke  extr«iiM 

;p<>rcs  that  the  arrival  of  fewer  ormorera^ii  at  oue  aiimneaefn  oftliiir  .<j>;  ai  cut  diameter  ;  ft*  that  thef 

liniL",  cfpeeialty  from  the  fm;.llir  or  iu<n-e  re.Tiotc  6iicA  fiippofe  thclij^lii  of  them  is  inK-rceptcd  by  every  mote 

liars,  may  make  fuch an  tinr<ji;:il  imprefTinti  ontbr  c%-e,  that  floats  in  the  air.  To  tliis  [):ir;>i-)fe  Dr.  Long  ob- 

.«$  inay  at  ln!l  lia»e  fomc  fii  <rr  in  prodiii  in^  t(ii'>  c  "  kt :  fcrvcs  (  Alhon,  »ul.  1,  pa.  170)  ili.it  onr  air  near  the 

fliiKC  it  mav  be  fiippoled  thai  even  a  lingle  paitiik-  tif  ea.ih  is  Io  full  ol  v.ui  iui  kiiu!^  of  partivlcs,  which  arc 

,l)^ht  is  fulliiiciU  to  in:ikc  a  feuiiblc  impreflii-n  011  the  in  eontiiuisl  in.itioii,  that  fotne  one  01  otlier  of  tliem  is 

•orgoat  of  light  ;  lu  that  vtvy  few  partieic*  airivine  at  per|>:.tiully  ^lliug  between  lu  <in(t  any  (lar  we  look  at* 

■the  tjt  fn  a  teoimd  of  time,  perliap'i  not  more  than  whicli  mikeiut every  ciunient  alternalcly  fee  it  and  lofe 

^lee  or  Iburt  may  be  fufficient  to  make  an  objed.  con-  light  of  it :  ami  thU  T^viukting  of  the  liar*,  he  fay  f  >  is 

iftantly  viCbk.  See  Lioiir.  greateft  in  thofc  that  arc  ncareft  the  horizon,  bccauie 

Hciicr,  he  fayi,  it  ia  not  improbnUe  that  thennmber  they  an  vienrcd  through  a  ^irat  tpnntity  <»f  thick  a!r» 

^f  the  partitlt*  of  li^'ht  which  etiter  the  eye  in  a  fecoiMl  where  the  intercepting  partrclet  are  mrtft  niimerouai 

of  lime,  evi  n  fj^>rii      11113  lun;^;!!,  may  nut  (.xc-vil  ^  or  Mf.MfK  flars  tlirit  iri-  in"n' llu'  /c-nilh  (!  )  net  Twiiilclc 

4  thouia»i;l,  ii'i'-l  (10:11  liars  of  tlii:  ii!  i,.3g!jiujiic  ll.cy  lo  r.n.  li,  bscadlt  v-,';-  dn  no'  look  al  them  through  fo 

lu.iy  pri)ha'>ly  nut  txcKil  loo.    Ko\<>' the  appaicnt  in-  imi  h  tliick  air,  and  tliticf  tc  the  intei-ccptin;j  j>arti» 

4:rcafc  and  diminution  ot  thf  li^iiit,  which  weobfcrvc  in  ch-»,  being  fewer,  come  lef»  frequently  before  them, 

-the  Twinkling  of  the  Hai«,  ke  n  to  be  repeated  at  ia-  Willi  rtrfpect  to  the  planen,  it  is  obferred  that,  beca>ifc 

■tCTvab  nui  very  unequal,  perha;^  about  4or  j  times  in  tliey  are  nuicli  nearer  to  u»  than  tlic  (iais,  they  have  a 

a  fecond.    He  therelutc  thought  it  rcaionabk  to  fup-  finfible  apparent  inagniiude,  fo  that  they  are  not  ce* 

po£%  that  th«  inequaluiu  which  mil  naturallj  arife  vcred  by  the  Aali  particle*  floating  in  the  aimo^iiieMv 

from  the  chance  of  the  i«ya  coming  fometimet  a  little  ami  tliertlbre  do  not  Twinkle,  but  ihtne  with  a  Heady 

alenfcr,  arf!  fviiiii  times  a  little  ran  1 ,  in  To  fm.-ll  a  mrm-  li^jht. 

bsi  ul  t'u  ;ii,  a&  mull  fallupou  the  eye  in  the  4lhor  fth  The  fall-icy  of  iLiii  hypothefti  ap'^cais  from  the  ob- 

part  ot  a  iicundf  OWy  be  fofficicattO  account  for  lki>  fervation  of  Mr.  Mielull,  ih.it  1.  >  oljrA  cm  hi<\  a  liar 

appearance.  from  us  that  is  not  large  enoujjh  to  exceed  the  apparent 

Since  ihefe  obfcivations  were  publiihcd  howcwr,  Mr.  diamctii'  of  the  ftar,  by  the  diaincicr  of  the  pupil  of  the 

Michcll  (at  we  ate  iiiforinid  by  Dr.  IVicllley  in  hia  eye  ;  fo  that  if  a  liar  were  even  a  m&thtmatical  point, 

HiiV.  of  Light,  pa.  4q{)  has  cntettained  Com  Infpi*  or  of  no  diameter,  ihe  inicrr>ol'tng  ubjccl  mull  ll  11  be 

■cion,  that  tlic  unajual  oenfity  of  Ugbt  doea  not  «oattt>  eqtial  in  6tc  to  the  pupil  of  the  eye ;  and  indeed  it  mulk 

biite  to  tliia  ciTcd  10  fo  great  a  degrte  a*  be  had  ioa-  be  targe  cnoagh  to  hide  the  liar  from  both  eye*  at  the 

ginvd  ;  cfpeeially  as  be  lias  obfeived  that  rvtii  Venus  fame  time. 

does  fonictinies  Twinkle.    This  he  oiite  obu-vved  her  Tiie  principal  caufe  ihcrtforc  of  the  Twinkling  of 

to  do  remarkably  when       wab  iihoi.t  t>  degrees  hij;h,  the  ihirs,  is  now  acknowledged  to  he  the  uneijual  refrac- 

though  Jujjiler,  wl>ich  uaitlitu  aboul  j6  degrees  high,  lion  ot  light,  in  confcqucnce  of  inequ,-ilities  and  undu- 

andwas  fcnhbly  lei  I  iiuii.uu*,  did  not  Twinkle  ut  all.  latio:i>  in  the  atiuulphcc 

Iff  oolwithllaiidiii^  the  great  uuuibcr  of  tuyi  nhiclt  l>i!ii!e.s  a  variation  in  the  quantity  of  licht,  it  mar 

doobtlelii  come  totbe  eye  fiom  luch  a  furfuce  at  this  here  be  added,  that  a  momentan-  change  or  colour  hr.s 

pbuicc  prelcDttt  jta  appearance  be  liable  to  be  affcdod  likcwife  been  obfcrved  iu  (bmc  of  the  bxed  ftais.  Mr. 

in  ihii  manner*  it  mutt  be  owiug  to  fuch  undahlioaa  in  Melville  (EdinlhCfliQ's,  vol,  s,  pa.  Si)  fays,  that 
the  atoiofpherc,  as  will  prob»bly  tender  llie  effeA  of    when  one  looks  fleadfallly  at  Sirius,  or  any  bright  ftar, 

every  other  caufe  altogciLcr  infcnfible.  rot  much  elevated  above  the  horizon,  its  colour  feetnt 

Nluirchcnbrt/tk  fufpcCts  (Intmd.  ad  Pbll.  N.Tt.vul.  J,  i.>ti<ilic  coiJlRjr.Iy  ulnte,  lvit,i];;unj  tluclurcd,  nt 

Icci.  i74i«  DA.  707)  tlkit  the  TwtukUng  of  theirs  every  iwtuklin^,  uitii  red  and  blue.  Mr.  MwUiilc  could 

aiifei  oon  wow  99tfiiin.  «f  JiMf  <y<b     nwll  m.  th«  R«t  wMj  tnniy.  hiMfel^  M  t»  the  caulc  of  this  phe- 
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ROijlloqn  r  oMacring  that  t)i«  fcpitration  of  tlic  culoiirs 
by  trii;  rcrri£l"ve  power  df  the  attnof^hcre,  it  probably 
too  fmall  to  he  jH-rccivcd.  Mr.  Micheli't  hyjxjthHis 
above  meiitiu'icd,  though  not  adequate  to  the  cxplicn- 
t/pij  of  tbf  TmnkUn^  of  tlie  ftars,  may  pretty  well 
■csoaitit  lar.thtt'«irtuti)lb^  For  the  red  a:id  blue 
iWr*.  bring  much  iewcr  than  thofe  of  the  intermediate 
colour*,  and  therefore  much  more  liable  to  incquaKtiea 
trqm  the  common  effc^  uf  chance,  a  fmall  exccft  or 
deleA  in  cither  of  them  will  make  a  very  fenfiblc  differ* 
epcc  in  the  a-! mr  of  t]ic  (lars. 

TYCHONK:  .Vv>'.  '',  Hyb~4h{fu,  is  an  orJtr  or 
ai-  '  e  rnrnt  uf  thf  l.-.  availy  Dodlct,  of  an  iiitcrir.e- 
liiaic  naiurc  bctwceu  tlie  C^jJcjrmraa  juidPtolonMic  j 
and  i(  fo  '^'jf^.l^^^^*  ■y'Pit!  '.fa 

TYMPAN.  or  Tympanum,  ia  Archif^pr^'ii'^ 

which  is  on  a  level 


t)ie  two  cornices  of  a  circpUr  oiid,  ,^  ^ 
TvMPAN-  is  :.!ro  ufcd',l!w/j^;^ftt^,-of'a'  pcdeftil 

Cillid  tlic-  trunk  or  dfe.»  ^  - 

TvM?AN,  aiBoi|gJ((uaci4»'  kaiiMjipV^dto  Ae;^^ 


TvMPAN  of  an  ylnh,  iia  tn'.iiigular  fpace  or  tabic  in 
the  corners  of  fidc»  of  an  arch,  iifually  hollowed  and 
cniiched,  fomccimcs  with  bnincbe*  of  laurel,  oli»e-tree, 
c  r  uak  ;  or  with  trophies,  See  j  fonctioKa  with  flying 
figures,  as  fame,  &c  {  or  fitting  figure*,  u  the  cvdi. 
nal  virtue*. 

Tympas,  in  Mechanics,  is  a  kinJ  of  \s!iil1  pUc-J 
ruundan  a\is,  or  cylindi  ical  Uani,  on  tiic  lop  »f  which 
are  two  lever*,  or  fixed  ItavL-s,  fur  mure  calily  iiiruin;; 
the  axis  about,  in  order  to  r^ile  a  weight.  The  ijm- 
panuin  is  much  the  lame  with  the  {xritrochium  ;  but 
that  tlie  Gjrlioder  of  the  wit  of  tht  porittacbium  ii  much 
IhoRcr  and  bft  than  the  qritMer  of  the  Tympa- 
■um. 

Tympanum  of  a  machine,  is  alio  uftii  f  >r  a  hoUow- 
whcel,  hi  whioh  people  or  anim.i!!^  uaik,  tu  tura  it  ^ 
fnchu  that  of  nme  cranes,  calenders,  Sec. 

*  Ttlti'iii'tBfe  Rfifdpian  Calendar,  the  name  of  the 

jtb  month  of  tlie  E'hiajjiriti    vrar.    It  COOUnCDCel  OB 

the  25th  uf  December  of  the  Juhaii  year. 

'rySHAS,  among'the  £thiapiant,  the  nunc,  of  the 
4th  mwth  of  their  year,  finmmww'qg.tbc  «{|th  of  ]^ 
vea3ieH9*|bc  Julian 
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VT^  .1  numeral  letter,  in  the  Rorran  mmtt^Sfiltit 
denoting  5.or  five.    And  with  a  dalh  ««er,tl^ 
top  thuf^il  tt  dootcd  eooo.-  '  •^''> 
VACUUM,  mne^  aipMef^flrlkiMi«>ar 

all  matter.  ...  M>r..  >.,r  •  •.  ^. 

'■  'Whether theft It^ny-fiieil  thinir  in  nanirc  35  .m  ab- 
folnte  V;icaum  ;  or  whether 'the  univcrfe  be  coirpletcly 

full,  :;•  :  tiicri-  he  nii  abfohitC  plenom  }  it  a  qurftir  n 

t!ia:  h.i^  been  aptatcd  bj  the  philofophers  of  all 

'rbc  Ancients,  in  their, coirtrbvtlrfictk  diftingntfiied 
two  kinds ;  a  yatmmk  €t4iir4tamt  ^  •  Faemat  im- 
ta^afim,  or  ^flmhtttum. 

tACV'V|»  Ceattrvttum,  tt  conceived  m  a  confidcrahly 
lirge^leideftitdle  of  rra;tcr;  fi>i  h,  f'.r  in(lr,n!-c,  as 
there  would  be,  (huulii  G<id  aniii'nldtc  the  air,  and 
other  bodies,  within  the  walls  of  :i  ciiTrnScr 

Th-  txillence  of  fuch  a  Vacuum  is  maintttincd  Ly  the 
Pv:l  .  L^oreans,  Epicoreiuis,  and  (he  Atomtlls  or  C<m^ 
pufctilarians  ;  nioft  of  whom  afiVrt,  that  foch  aVaciMUa 
•AvaBj  exifts  without  the  limits  of  the  fenfible  world. 
'But' the  modern  Corptifcuhr-ans,  who  hold  a  Vacuum 


AC  ... ,;  ; 

W*  •  Vjcaim  .iHft  Jbs  iafoitc^  /ctttMit-,  aM 

^watodr '  .1. ' (J !  ^  Mini  ' ■> K  -^'ti  i  ■ 

.•.  immltmgJm^^  to  d>e  later  ,plaklbf^lm%,  there  it 

M  VMBK^^QfOcrvalum  withovt  the  boiindt  of  the 
ieofiycmaill^  nor  wonid  there  be  any  other  Vacuum, 
provided  ..GM Should  :.ii.;iliila:e  (!;v;r-.,  cdutigiUins  bo- 
dies, than  what  anii'ut.ts  t>>  a  n.cix  piiv;i;i  n,  or  no- 
titiiig  ;  the  diraeufn  iis  01  fi;ch  r.  ipace.  which  ti  c  Ar.- 
cients  held  to  be  real,  being  by  thcfe  held  to  rricie 
negations  ;  that  is,  in  fuch  a  place  there  is  lo  much 
i<^gth,,twc^th,  ai.d  depth  wanting,  as  a  body  muil 
^re  ta|^  it.  'I'u  fuppofe  then,  that  when  all  the 
matter  in  a.chaoibGr  ia  aunihiliiied,  there  Ihouid  yet. he 
real  dimeafiom,  u'-to  fuppofe,  fay  they,  corporeal  di* 
inenlion^  without  buiiy  ;  whirh  ia  .iljfiird. 

The  Cart'fianB  however  deny  any  k'acuvm  coacfnt' 
tttm  at  ail,  and  affcrt  that  if  God  (hould  immodiatelf 
aanihilate  nil  the  matter,  kr  example  in  a  chamber, 
mid  fuemtthe  iagnrbof  any  other  o«ie«r,  thecoafe. 
fiiMce>  wwiid  be,-  that  the  «allt  «veoid  become 
Ifuoot,  and  mehide  no  fpaee  at  alL  They  add,  thht 
if  there  be  no  man  <     .  .  .t 


iber,  the  <raHi  caonot  be 


r,  dcuyhat  appellatioo  }  as  coDcciviog  that    coacetRd  otheiwiic  uiau  as  coiit^[«aul}  thofe  tbinga 
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tv  'n|  ii'nl  !<)  be  e«ii;i^i:o)ii,  between  w:n\b  t*«'reisnot 
Q:  y  (l.iti^  i,ii  .:ri)icdialc :  but  :f  there  be  no  boJy  l)e- 
I'.vc:.',  lllf'.  is,  fay  lUey,  no  exKliU  jil  between;  tii- 
and  K)dy  b'.inj^  tlic  fame  tiiiri;;  :  and  if  tli' ic 
iir  nr>  t Mi  iil'i  jn  brtwccn,  then  the  w;i!l»  iirt  coi  l  ;;^uous  ; 
ami  wlmc  1.  i\;c  \  aicU'ini  }  Hut  t!i'<  rcafdim  or 
i«Uicr  quihbiwijT,  h  fomided  m  the  mitl^Ue, 
Md  cxtcnfio-i  nrc  tlie  famethiW. 

VAOVtiM  ihj-nii  i.^la  ur  Mt^^wfwmt  N  that  fup« 
pi/'rd-to  be  mtiiraliy  intcrfpcrfed  t«  MHMIfr  bod!r», 
in  the  ifltctak-e*  br'tvrecii  diflemtt  bodkt,  knA  >«  the 

pure*  of  the  fame  Iwdj'. 

It  IS  tliis  kukI  of  V'acu'tm  ^vliieS  is  cSi'flv  fontr;'ti-il 
ainoiijf  ilic  inodcrn  piii!olopl>i!rs  ;  tlic  Coniulciilai' ii  * 
flrciiuoiiily  aircrtinp  it  ;  and  the  Pofipj'cti«.s  ji-J  t^ir- 
t(.ri.-i»s  ai  leiiiiciouny  deuyiiig  !c.    Sec  Cari  ii«iAK  <uid 

LeiBMT;  IAN. 

The  great  ar|fumcaturp;*d  hy^hc  Peripatctiesagaiiift 
a  VitL-iniiii  iricrfpcTfinni  Ui  tliatthcrc  arc  divers  bodiet 
frtquently  rceiiito  move  fiontmy  cm  their  oiiru  nature 
and  inclination ;  and  that  for  no  other  apparent  reaftin, 
bot  ta  nedid  n  Vacaum  :  whence  they  cimda«k|'  t1i»t 
Mture  abhor*  a  Vscufim  ;  und  give  in  a  newcli^*  of 
jnociont  afcribcd  to  tlir  rr  v.7fiii  or  nature's 'ly  n  ,^  a 
^'acuura.  Such,  tlicv  1;.),  is  llic  rife  of  water  iu  a 
fyr:rit;':.  Upon  tlic  drawiiijj  upofllic  pillon  ;  and  liicU 

the  aicmt  of  water  in  pumps,  and  the  fweUinj,'  of  the 
i:i  a  cupping  gUfs,  &c. — But  (ince  the  wciglit, 
daiUcity,  &c,  uf  the  air  have  been  afccrtained  by  fiirc 
CKperimenti,  thofe  motions  and  cfTcft*  arc  uiiiverfally, 
and  julUy,  afcribcd  to  the  grar ity  and  prcllurc  of  the 
•tmofphare. 

The  CattcCnna  dcsf*  sot  «d,]bttie  a&nal  cxiftcoce^ 
hat  even  the  polfibility  of  a  Vacnnro  ;  and  tbift  o«  tht> 

principle,  that  cxtenfion  bciinx  I'^o  cfTkiicc  of  natter, 
or  body,  wherever  extciitlun  i*,  thcic  is  mailer  ;  but 
mere  ip.iic,  or  vacuity,  i»  fupfjofcd  to  be  ixtcnJcd  ; 
thcrct'ure  it  is  in.iterial.  Wliocvcr  aflciis  ;ui  empty 
fpacc,  fay  tlicy,  tuiK-Livti  dlrticnriow  in  that  fj.uc, 
f  <*.  he  conceive*  an  extended  fubftance  in  it  ;  and 
thcruforc  he  deniea  a  Vacuum,  at  the  fante  time  that 
hi-  admit*  ?t. — But  Defcarte*,  if  we  may  behrve  fomc 
ai ouii'i,  rejeried  a  Vacuum  from  a  complnifance  to 
the  ufte  which  prevailed  io  hta  time,  M^inft  hta  own 
•firft  fimtimenta ;  and  vimih%  hSa  famtGar  Mend*  he  ufed 
to  caU  hit  fyi^ein  hi:  philofophical  mmaiire. 

On  the  other  hand,  the  corpufindar  authors  prove, 
not  only  the  ponil)i!-iy,  but  the  aAaal  cuifteno;,  of  a 
A'acmim,  from  diver. ^  Loflfiderations  ;  particularly  from 
tn,  ciiuii.-Jeration  of  motion  Jti  general  ;  and  that  ol  liie 
'  plnnett,  comcti,  &c,  in  particular ;  at  ttlfo  from  the 
nil  of  bodiei  ;  from  the  vibration  of  pcnduhims  ;  from 

tareft^n  «od  oondenfation  \  from  tbe  diiGnvnt  I'pccific 
|f  ravitiet  of  bodtca  f  and  final  tlic  divilibititf  of  matter 


_  u  Firik,  tbere  couM  be  no  Knear  or  progreflive  mo« 
jtion  witliout  a  Vacuum }  for  if  all  fpacc  were  full  uf 
■nutter,  no  body  could  he  moved  out  of  it*  place,  fur 

want  o)  aiiutht  r  pljci.  n:iiKCiipud,  l>>  iihjvl-  into.  AliJ 
this  ar^umtiit  u.is  It.itcd  euii  by  1  ,ui. r<.tiu«. 

I.  Ttic  motlrjiis  of  ttie  phmiii  a:id  comets  aJfo  prove 
a  Vacuum.  Thus,  Newton  arguea,  "  tlut  there  i»  co 
fuch  fluid  medium  a«  zther,"  (to  fill  up  the  poraiit 
parti  of  all  lia>&bie  bodiei*  and  fo  make  a  pleoum)! 


ftc-m  probable  :  licanfc  the  planets  and  coinrta  pro« 
ceed  uith  fo  rcj^dav  ami  lailing  amotion,  through  the 
«  tli  lli;i!  rp3i.es  i  for  hence  it  apncarst^at  thofi-  ccle:!)^! 
fpr.vc*.uc  void  of  all  fi  alible  rcliltancc,  and  confequentlT 
1)1  .JI  Iri.fiMe  malttr.  Confcqueiitly  if  the  cele-fllal  region* 
vift  a*  deiife  as  wjiw-r,  or  as  quiclcfilver,  they  would 
fLlill  nltioit  af  mocii  as  water  or  quickfitrcrj  but  if 
il.  y  wcte  jje  urkly  dcnfcf  wHhout  anj  interfperfed 
vacuity,  though  the  matter  were  evet  fo  fluid  and  fubtle, 
they  would  rcnA  morcthsti^ckfilrerdflct:  a  pctfe^lly 
fol'd  globe,  in  fuch  1  medium,  would  lofc  above  lulf 
itj  j"ot!on,  >n  i:>^>nt;g  3  lengths  of  its  diameter;  and  a 
^IkV-  net  pe-rfectly  V  Ik'!,  fuch  n»  the  bo;!;ci  of  the 
r;.it;i"ts  and  con.cts  are,  »*juld  be  ftopptii  ftii;  loon.r. 
TijvM-foic,  tli.it  the  motion  of  the  planets  aiui 
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tray  bt  regiiljr,  ;;od  laftinjj,  it  is  iicccflary  that  the 
ccK  llial  fp*<\'*  be  vaid  of  all  nnttcr;  except  perhaps 
fuiif  f<-\v  and  riijch  rareiied  effluvia  of  the  planets  and 
coi:  ^ ,  tnd  the  pttfdng  r«ys  of  light." 

3.  The  fame  great  autiiur  alio  deddCts  1  Vacuum 
from  tlic  Gonfideratton  of  the  weightaof  bodtu  1  lbu» : 
**  All  bodic*  about  the  eartb  ravtute  towaida  it ;  aad 
the  weigttts  uf  allbodret,  rquan^  diftant  from  the  earth *« 
(  (ptvr,  ate  as  the  qti.uiti'.'c?  i>f  r;i»;tcr  in  t!i ok  bodies, 
ll  setbcr  therefore,  m  n';y  o;hcr  fubi'le  mntter,  weTC 
alui^  jilier  Jeftitute  uf  ^;r;n  it) ,  or  did  gravitate  L  U  than 
in  pru^ition  to  the  (juiDtity  of  its  matter;  bccaufe 
(a«  Anilotle,  Del'L.iite*,  aiid  others,  argue)  it  diUers 
from  other  bodies  only  in  the  foim  of  matter;  the 
fame  body  ini^ht,  by  the  change  of  its  forn.,  gradually 
be  Converted  into  a  body  of  the  fame  rontliiin  on  witn  . 
thofe  which  gravitate  moll  in  proportion  to  the  quantity 
ofaoaiter:  and,  on  the  other  hand,  the  btavicft  bo- 
diet  might  gradually  lofe  their  gravity,  by  gradually 
chaugiiig  their  form;  and  fo  the  weight;  u-uiiKJ  dt  pi  id 
upon  the  forma  of  bodies,  and  migbt  be  chan^'cd 
them  ;  \ih;eh  is  ccintiary  to  all  <  xperiment." 

4.  '[  (klcent  <.•{  bodies  p;oui,  that  all  fpr.ce  it 
pot  rij'.i.iliy  till",  ;  :or  tlic  lame  autnor  f^oes  on,  If 
■U  fpaces  wei-e  iquallr  full,  the  ipceiiic  gravity  of  lliat 
fluid  with  which  the  region  of  the  air  would,  in  that 
cafe,  be  iillcd,  would  not  be  left  than  the  fpecificgia- 
vit  y  of  (juickfitver  or  gold,  ur  any  other  thft  moft  denfe 
bodr  t  and  therefore  Deuhergoldt  ooran^  other  hodft 
coukI  difocnd  *n  ft.  For  hodia  do  not  dd'eend  hi  a 
fluid,  aatcfs  that  fluid  be  fpccificvlly  lighter  than  the 
b  idy.  But  by  the  air-pump  wc  can  cxhaull  a  veJTcI, 
t:ll  e.i-;i  .1  ii.ilhLi  ih.".'I  r.iil  \\\\\\  .i\elocity  cijual  to  that 
c>i  i;-  I'lc  i/pcn  iiii  ;  ilnufi/it  tlie  ineditim 
tlimii,  ll  jvhu  h  tlii.>  ftailicr  t.ill?,  iniiil  bj  niiu  h  rarer 
than  that  through  wbictt  the  gold  talis  in  the  other 
cifc.  The  quantity  of  matter  therefore  in  a  given  fpace 
may  be  diminiihed  by  rarefaction:  and  why  may 'it 
not  be-  dlminifned  ad  inhtu'tuin  \  Add,  that  wc  COO* 
«civc  tbe  folid  liclca  of  all  bodies  to  be  of  tbe  fame 
deafity  $  and  taat  tbejr  are  onily  rarefiaWe  by  meaaa  of 
iheirpOrtt|  andlience  a  Vacutan  evidently  follows." 

5 .  «  I'hat  there  ic  9  Vacttum,  tt  evident  too  from 
the  vibrations  of  pi  11  Jnlii.-n  . :  for  lincc  thofe  bodies, 
in  places  out  ot  whith  tiic  ait  is  cxhaulleJ,  meet  with 
11  .  lefiUance  to  retard  their  motion,  or  fliorten  their 
vibrations ;  it  i«  evident  tliat  there  i«  no  (enlibV:  mat- 
ter  in  thofi;  QmoOi  or  in  the  o«^k  POTO  of  tbofe 
budica." 

6.  Thtt 
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B.  Tliat  there  are  iaterfperfcd  ncuule*,  appear*    mole  died  in  one  minute ;  a  bat  L\-td  7  or  |»  IkTcA^ 
mm  nattn't  being  adually  divided  into  part*,  and    w  wafpt,  beet,  mrthoppert,  &c,  ftvmed  dead  in  two 
fra»  Che  figwt*  of  tbde  put»|  fwt  on  fuppofitlM)  of    niaMcti  but  afttr  bein^^  left  in  vacuo  24  hotirt,  they 
u  abfoldtc  plenmii  wc  do  oot  eooociK  how  my  pan    came  to  life  again  ia  tbc  open  air :  fnaib  continoed  S4 
^  of  mmter  covM  b«  aAuaHy  divided  from  that  nan  ad-    boon  ia  vacuo,  witboot  appearing  much  iMoaimoded.' 

joining,  any  mure  than  it  is  poflible  to  divide  aduaOf  -^Sceda  abuited  in  vacuo  do  not  grow :  Small  beer 

the  parts  of  HhfoUue  fpacc  from  one  another:  ibrby  dies,  andloiet  all  itataflr.  In  vacuo  :  And  air  milling 
the  afHi.il  (iiviiir);!  of  llic  part>  of  a  continuum  from  t!iiniir:Ti  mercury  irilo  a  Vacuum,  ;1i  ,  .  '.Ijo  iinrciirj 
one  another,  wc  ci'iKtivi:  ntnliin^  clfc  umleiftood,  hr.t  in  j  k.i..J  of  iliuvvtr  ujxin  llic  rccitur,  and  pru'lucti  a 
the  placing  of  ihofc  parts  nt  >i  Jillaiicc  from  our  .inntlicr,      gitvT  li^fit  1:1  a  dark  room. 

which  in  tnc  continuum  were  ai  no  diftancc  from  one         1  he  air>punip  tLnu  iit*cr  protluie  a  pcrCrft  Vatuom  ; 

another:  but  fucb  diviftont  bctweeathe  pacta  of  nUtUr  at  it  evident  from  its  AruAarc,  and  the  manner  of  itt 

muft  imply  Tscultira  between  tbcra.  working :  in  effcA,  every  cxfu^ion  only  takct  au-ay  a 

7.  Ai  for  the  iigurct  of  the  partt  of  bodies,  upon  part  of  tlie  air ;  fo  that  torn  it  dill  fome  left  after  any 
the  fopp^tion  of  a  plenum,  they  muft  either  be  aU  finite  number  of  cxfudimiiu  For  the  air-pump  hai  no 
leftflincart  or  aft  coacavo-conveK  ;  othawife  they  looker  anjr  tSe6t  but  while  the  fpHmr  of  tbe  air  re- 
trod not  adeouatcljr  fitt  Ipices  which  we  do  aol  find  jnauung  in  the  receiver  ia  aUe  to  wt  ap  the  vi.ht% ; 
to  be  true  in  Mt.  md  when  the  nicMHeo  it  come  to  that  dcgrcr,  you 

8.  T!ic  den) Ing  a  Vacuum  fr  ;  p  frs  wliat  il  i"!  i™  ran  come  no  nearer  to  a  Vacuum  ;  unlcf*  perhapj  the 
polTiblc  for  any  one  to  prove  to  be  true,  viz,  iLai  (he  air  valves  can  be  opened  mechanically,  iixlepcodeat  of 
maccrial  world  !ia:  no  limiiii.  the  fpring  of  the  air,  aa  it  la bid thcjr  avc  nCmC  lew 

■However,  wc  arc  tuUi  bf  fome,  that  it  it  impolTiole  iLrpnivcil  air-ptimp*. 
to  conceive  a  Vaci'um.    But  thit  furtly  muft  piuciid        TorrluUim,  Vacuum,  is  that  made  in  the  barometer 

from  their  having  imbibed  Dcfcartcs't  doArine.  that  tube,  between  the  upper  end  and  the  top  of  the  mcr> 

'   the  efence  of  body  ia  oonflitutcd  by  extenfion  ;  »%  it  cury.    This  it  perhaps  acver  a  peffcA  and  entire  Va. 

WiMtldhe  coDtnJiaury  to  fuppofe  fjuace  without  ex-  cuuro  ;  atatl  fluids  arc  fouod  to  yield  or  to  rifi:  in  ck&tc 

leofion.   To  fdppofc  that  there  are  nuidt  petie'rauW  vapouri,  011  ti  e  reoMnel  of  thepreBure  of  theatno- 

•Biodici  and  repicniihloe  fpace,  which  neither  rcfiu  ^piwre*  See  ToaaiciLLiAN,  and  BAaoMtrta. 
aor  aft  upon  bodies,  mere^  in  ordier  to  avoid  adnitling       VALVB*  n  Hydrauli<^  Pneumatict.  ftc,  it  t  , 

a  Vacunr:!,  i,  fcii;i;lng-  two  fortt  of  matter,  without  kind  of  lid  or  cover  to  a  tube  or  vetftl,  contrived  to 

any  tstrctflity  ui  toui-.d<ttion  j  or  it  tacitly  giving  up  the  open  one  way;  but  which,  the  more  foiclbly  it  is 

fucftion.  pr<.ni<l  tlic  other  w.iy,  tiie  clufer  it  fcnts  the  aperture: 

Since  then  the  ePTcncc  of  matter  doet  not  conGft  in  lo  tlwt  it  culicr  jdiiiits  the  entrance  of  a  lioid  into  the 

exttiifKia,  but  in  folidity,  or  imncnctrability,  the  uni-  tube,  orvefltl,  and  prevents  iis  return  }  or  pCimttatttO 

vcrfc  may  be  fiiid  to  coniift  of  folid  hndirs  moving  in  a  efcape,  andprevtattiui  rc-entrance. 
Vacuum:  nor  need  wc  at  all  fear,  Ull  the  phenomena        Valves  are  of  great  ufe  in  the  air-puoip,  and  other 

of  nature,  moH  of  v\'n;i:h  are  plausibly  accounted  Uvr  wind  machinet ;  in  which  they  arc  ufually  made  of 

from  a  plenum,  (hould  become  iucxnlicablc  when  the  piccet  of  bladder.    In  hydraulic  engines,  at  the  emboli 

pkntUMC  i«  fct  alkie.   The  principal  onet,  fucb  aa  the  of  puiop«»  they  are  awiUy  of  ftrai^katbcr,  of  a  raind 

tides  i  the  fulnenfion  «f  the  Burony  in  the  bannnctcr  1  fi^re,  and  fitted  to  Anttheapcrtom  of  the  harrrlt  or 

the  motion  ot  tbe  heMenly  hodica*  and  of  lu(ht»  &c,  pipes.  Somctnictdieyaire  naade  of  two  round  pieces 

are  mote  eafily  and  Iktit&aorily  accounted  tor  from  of  IcatlKrenddTed  between  two  othcn  of  braft;  bavin,' 

other  printiplci.  divers  [X'rfoi alionii,  which  an;  covered  with  kuutljcr 

Vacuvi»i  hotitmum,  is  uftd  to  exprufs  tliat  approach  piece  of  bral*,  aiovtablc  up«-ards  ;iii<i  duwnward*,  <,a 

to  a  real  Vacuum,  which  we  arrive  at  by  means  of  the  a  kind  of  axis,  which  goes  throu;;h  the  middle  of  them 

air-pump.    Thus,  any  thing  put  in  a  receiver  fo  ex-  all.    Somciimct  they  arc  made  of  braft,  covered  over 

baufted,  is  laid  to  be  put  in  vama  :  and  thus  mod  of  with  leather,  ami  furnilhed  with  a  fine  fpring,  which 

the  experiments  with  the  air-pump  are  faid  to  be  per-  sivea  way  upon  a  force  applied  ajraiud  it ;  but  upoa 

bmcdin  wcuo,  or  la  vatno  B'/ilfam,  mt  ceafing  of  that,  rcturiit  the  \'alve  over  the  aprr- 

Some  of  the  principal  pbenomeoa  lAfcn  cd  of  bodici  turc.  Sec  Pi/mf.  Sec  aICa  Deiagiilim' £xpcr.  FhuoL 

!n  vnctM,  ate;  tint  the  heavicft  and  lighted  bodies,  vol.  i,  p^  156,  aitd  p.  iPo> 

aaaguinea  anda  fcath<:r,  fall  here  with  t'^ual  ^cI.lelt^  :        X'ANE,  in  a  fltiis  ftc.  a  thin  flip^of  fome  kind  of 

—that  fhu'ts,  as  ^'rapet,  clierriet,  }jc<iche^  matter,  placed  on  fitgb  in  the  open  air,  turning  cafily 

r,.-,  kept  fiiv  any  time  in  vacuo,  retain  t!i(.:i  TiaUire,  louiid  01  r^n  axib  or  fjiiiiuh',  ;:nd  v  cered  aboUt  by  tllO 

tuthnelii,  culour,  &C,  and  thofc  wilheiid  in  (he  opca  wind,  to  llicv  its  direction  i^i  toi;:U.. 

;i'r  recover  their  plumpnefs  in  vatiU)  h;;[it  and  lire        V.\m  '  ,  in  M.iiheni;i',ic  J  or  ]'lii!ofupliicJ  Jnflni* 

become  immediately  cxtinft  in  vacuo:— 'link  uriiu found  menu,  aie  fights  made  to  ihdc  and  muve  upon  eriift> 

i>  heard  from  a  b  JI  run^j  in  v-nc^io ; — a  bladder  half  full  (laves,  fore  IKvef,  <|uadrjnt><,  v\e. 

ofmr,  will  dillend  the  bladder,  and  lift  up  40  pound        VAPOUR,  in  Mcteurulugy,  a  tvalery  exhalation 

wciehtin  voeuoi— 9>ull  animab  fo«n  t>.pire  in  v.icuo.  railed  up  cither  by  the  heat  of  the  fun,  ur  any  utlicr 

Sy  cxpcrimenta  made  in  1704,  Dr.  Derl>.-im  found  heat,  a5  fac,  &,c.    Vaiiour  U  coufnitinl  a«  a  tbia 

thatanimab  which  hare  two  vcntricak,  and  no  foramen  vrficlc  of  water,  or  other  imuild  matter,  liUrJ  or  inflated 

4j*aie,  at  birds,  do^'s,  cats  mi<e,       die  in  left  tbaa  with  air;  which,  being  rarefied  to  a  certain  degree  by 

(ijifa  tninutc;  £%>uiiUb^  'um»  tU«  fiWl  eifudion :  a  the  mB^M  of  lM«t|  alccadt  to  fooic  lu-i^Ut  in  th* 

Vdi-  {I.  4  M  '       '        '  ataotl 
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almoriilieit,  vvlieic  it  '?  rnfprnf^cd,  till  it  tctums  In 
f)rm  of  rain,  fnow,  or  the  like.  An  aflcmblagc  of  » 
riumhcr  o(  g<:'.rticU-s  or  Tcfidei  of  vApoori  QiinAitutet 
whkt  ill  Cdlled  a  cloutl. 

Some  ufc  the  term  Vapour  inJtfri-nrnlly,  for  all 
fomct  emitudi  either  from  muiit  bodies,  at  fltiiJo  of 
any  kind)  or  from  dry  bodiea,  astulphiir,  &c.  But 
KeivtOQ,  and  other  autlmrs,  better  dHlin}rtiifti  be- 
tween humid  and  dry  fuir.ca,  calling;  the  laXter  fxtmLi- 

For  iht  n:nniier  In  rfhich  fafxiun  are  rarf-tf,  an:!  •i^a'.n 
frecipltole,!,  fee  Cloup,  Dkw,  Raim,  Barometer, 
anil  particularly  Evai-oratios. 

It  may  licrc  be  atWctl,  with  rvfpcdl  to  the  principles 
of  ftjliitinn  adopted  to  accutiia  far  evaporation,  and 
largely  iihitlrated  under  that  article,  that  Dr.  HaHey, 
■boat  die  beginning  of  the  prerent  eeatiir^,  frems  to 
have  been  acquainted  w-tth  the  rolvent  power  of  air  on 
w.itcr  ;  fr-r  lie  fays,  that  fuppofing  the  cartli  to  he 
co/c!i.d  with  water,  and  the  fun  to  move  diurnally 
round  it,  the  air  wi  jld  of  iciVlf  .ir.h-lc  a  certain  quan- 
tity of  aqueuiis  Vapours,  and  rctnin  fhrm  like  lalts 
diflblwd  in  water;  and  that  the  air  warmed  by  th^.-  lun 
would  fuftain  a  greater  proportion  of  Vapours,  as  warm 
water  will  hold  more  diflblved  falts ;  which  would  be 
difcharged  in  dcwa,  fimilar  to  the  inrect(>itation  of  folt* 
on  the  cooling  of  fiquon.  Fhilob  Trasf.  Abr.  wL  2, 
p.  127. 

Mr.  Eelet,  in  i75y,»ndeaTOiifed  to  account  for 

the  a'tptit  of\*aptiiir  .:iid  cnH::!  ition,  and  their  fiifpen- 
fion  in  the  aimofj  Iiltc,  by  moa:  s  of  the  eleftric  flrc. 
The  fun,  lie  ai'knowli:J;^fs,  is  l]it  ;^itat  agent  in  de- 
taching Vapour  and  exhalations  from  their  maflics, 
whether  heads  immediately  by  himfclf,  or  b^  his  ren- 
dering the  ek^ric  fire  more  aflive  in  its  vibrations: 
Init  Uieir  fubfcquent  afcent  he  attributei  entirely  to 
their  hcin^  rendered  fpecificaDy  lighter  than  the  lower 
air;  fcy  tbcir  conjttnAion  with  wflrical  fire :  each  p«r- 
tifleof  Vapciui,  wi;)i  l\w  tlc^lricdl  ilj'u  fl'.al  riirv  iif.Js 
it,  occiipyintj  n  greater  fpacc  tlu;.n  tlic  f.itnc  ^^tij^-lit  of 
air.  Mi.  ElI(.s  ^llii  rndcavouT*  to  (hew,  tla;  tbt- afcent 
and  dtfcctit  of  Vapour,  attended  by  this  fire,  are  the 
caufe  of  all  the  wind<:,  nnd  that  they  fumifh  a  fatiifac- 
tory  fnlistion  of  the  eenctal  pbeooiBCQa  of  the  weather 
a.id  baruiTteter.    PhUof.  Tranf.  vol.  49^  pa.  124. 

Dr.  Darwin,  in  1757,  publflhed  reniarks  on  the 
tbeory  of.  iMr,  Edes  with  a  view  of  coFfuiin^;  it ;  and 
attempting  to  aL-oo>ii:i  for  the  afcent  of  V:i|iotng.  by 
confidcrin^  the  p<)WtT  of  expanfion  which  the  coii- 
jlitu;[it  parts  of  luirn'  bi>dies  ,icc|iiire  by  hint,  and  alfo 
thatlumc  badicn  have  a  jjita'er  affinity  toht-ut,  or  ac- 
ouire  it  fo,;t:cr,  ard  ri't?'ii  it  lonj;er,  th;>u  others.  On 
thefc  principles,  lu-  thii/^«,  it  is  ealily  iin;kTftood  huw 
water,  wli'ile  pairs  apjuar  from  tlic /srolipilc  to  he 
capabk  of  imuieafurable  cxpnndon,  Aiuuld  by  heat 
almie  become  fpecifically  lighter  than  the  common 
atmofpherc.  A  ftnall  degree  of  beat  ii  fofficient  to 
detach  or  raifc  the  V  ipour  of  water  frotn  the  maft  to 

■which  it  Inluiv;'  ;  ;;r;:'  t  .i'  i  a\?  t-f  t!lC  fun  ctiiiiuiiin'c.Lti: 

heat  o^ily  to  thufc  butiits  by  wiiich  they  nrc  tehviitt  J, 
reflected,  or  cib(ln>^>-.d,  whence,  hy  their  impulfe,  a 
motion  or  vibration  is  euufed  in  the  partt  of  fuch  bodir^i. 
Hence  he  infers,  that  the  fphericlca  of  Vapour  will, 
by  lefiraAing  the  lolar  ray*}  acqidrc  a  awitant  beat^ 
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though  the  ^liT-r -inijin ^  ztrnofjihcre  remain  co!  l.  If 
it  be  aikf  l,  !iu*  tlouil*  arc  fnppcrtcd  ii>  the  ab'encc 
cf  the  !'i:n  .'  It  nuifl  be  tendcmbert.l,  tli  it  !ar:;;  mafles 
of  Vapour  muft  for  a  conllderabio  time  retain  much  of 
the  heat  they  h»ve  acquired  in  the  day ;  at  the  (ame 
time  rcflrdtinj;  how  fmall  a  quantity  of  heat  was  necef- 
fary  to  ratfc  tiicm,  and  that  dcibilefs  even  a  lefs  will 
h:  fufRcient  to  fHpport  thcni ;  »i  from  the  diniaidicd' 
prt  (Ttire  of  the  atmofphere  at  a  gi*en  hfi^ht,  a  lefa 
puwcr  m.;y  be  able  to  c<inttnnc  them  inilK'r  pit  T  ,  i 
ilarc  nf  Lirrfaflion  ;  and  lafHy,  that  cloiidiof  piiiicuiar 
(iMpri  V  ill  be  fuftained  Or  tifv.ited  l-.y  the  motion  they 
acq  lire  fnKii  wi.iji.     Philof.  Tranl.  *«1.  jn,  p.  146. 

Fer  ihf  FfiS  of  Fa^'.ur  itt  the  Formathut  tf  Sfrmgtt. 
&c,  feeS?R.r.c,  a:.d  RirrR. 

The  qcatitity  of  ^''^pollr  raifed  from  the  fca  by  the 
warnith  of  thefttn.  mull  be  far  greater  than  I>  commonly 
imagined*  Dr.  Hallcyliasatteoiptcdlotflimateit.  For 
the  refiilt  cf  his  cah  ulations,  lee  EvAroairios. 

VARIABLE,  in  Gforoetry  and  Analyi  rs,  is  a 
term  .ippllcd  by  inathenuttcians,  to  ruch  qu.:  .titics  aa 
art  cunfidercd  in  a  Varirible  or  chanj^eablc  (late,  cither 
iiiercaiii:^  ui  dtCKrltng.  T'li:',  the  ubfeifTcs  and  or- 
dinates  of  an  iIli;jUi,  or  other  curve  line,  arc  V.;;iable 
tj'^ntities  ;  Ineaufe  theft  wry  or  cliange  their  m.igni- 
tude  to«ther,  the  one  at  the  (amt  date  with  the 
.other.  Bttl  fome  (^ntitics  may  be  Variable  by  them* 
fidfea  akmCp  or  «dule  thof«  cooneded  with  tnem  arc 
conflant:  at  the  abicTlles  of  a  parulUloi^ram,  wbofe 
f)rdiriatt5  ir.ay  be  eonfi'lcTcd  an  all  tqt:\|,  anJ  therL'i'uie 
coiiftaiit.  Alfo  the  diameter  of  a  circle,  and  the  para- 
meter of  a  conic  fcQioB*  we  MQiCatf,  wb3t  thdr  ali- 
fcifles  arc  Fariallr. 

Variable  qunntitics  arc  ufually  denoted  [<v  li.e  la(t 
letters  of  the  alphabet,  s,  x,  &c  ;  wliiU'  the  conftmt 
ones  are  denoted  b^  (he  leading;  letters,  a,  b,  c,  9ce. 

Some  aothora,  inftcad  of  Variable  and  tmdltmt  qnan* 
title*,  vfe  the  term*  tatni  and  Jlalle  quantilin. 

The  Indefinitely  Imall  quatiriiy  by  \\\{v:\  a  V.n'able 

?|uantity  is  continually  incfcaful  <jr  dcLn J,  in  very 
mall  por:u:"i'-  of  l.iiic,  i:.  t.llli  il  t'n:  t::^rn ;  n::.:!,  (jr 
(nvtcnt  or  dMnmeni,  An^  ihc  rate  cil  it?  ii  crcafc  or 
dccreafc  at  any  point,  is  called  its  jlux  r  ;  wlulc  the 
Variable  quantity  ilfelf  Is  called  the  Jiiuiil,  And^the 
rakuhtidn  of  thefe,  is  the  fubjcA  of  the  new  MltLodiu. 
Djicrtntiaiif^  or  IhflriiK  of  Fbvmiu, 

'VARENIUS  (BcaitAaD).  a  learned  Dtitch 
(jeograplicr  and  phyfici.m,  of  ihe  lart  ccntuty, 
wasauiliorof  the  bell  mathematical  treatife  on  Gto^m- 
phy,  intitk  !,  (/  ^rathia  Uitit'.-rfal'u,  in  ([-la  afllilionoa 
gcneralis  Ti  1!  ir-.-.  t  ?  plicantur.  This  c)>eellent  work  has 
been  tran^ait  J  i  ito  all  langiia;jcs,  r.nd  was  honoured  by 
an  c  lttii:.;,  vvith  improvements,  by  Sir  Kaac  Newton». 
fo'  tin-  ufc  of  lii-H  academical  iludcnts  at  Cambridge. 

VARIATION,  0/  ^^Miitiefy  in  Algebra.  Sec 
Cmawoii,  and  CoMainarioN. 

Variation,  in  Aftrosomy.'— Variation  ofil.- 
Mean,  called  by  Rulliald,  the  Refitffion  of  her  Lt^h:, 
\^  third  if.cquality  obfervcd  in  the  moon's  luoluin  ;> 
by  wliii  h,  when  out  ofthe  quadratures,  her  true  place 
ditfcii^  rrc:i\  her  phoe  twice  equated.  See  Flaci, 
Equation,  &c. 

NcwtoB  makes  the  moon's  variation  (0  irife  pndy 
£com  the  foim  «f  her  erhit|  which  ia  an  cDiplls ;  and 

partly 
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<|nTtty  from  the  inequafiiy  of  the  fptCMr  |rludi  the  u  at  pitSeat  kaown  of  the  fubufl.  at  Uai  the  moft 
fiMKia  defeiibc*  in  equal  times,  br  s  raXa*  drawn  to-  renarkabte  part*  of  it,  mixti  noncvcr  with  a  vood 
theeenh.  ,  -r_^r.  , ...  .        r  .5. 

To  fiitfi  ihf  Greauft  Variiiik»t.  OLicrsc  the  muou's 
lfin:^itiulc  in  ilieu^aiits;  and  to  the  time  of  obfcrvntion 
compute  the  moon's  place  twice  equated  ;  then  the  dif- 
ference between  the  compvted  and  obfencd  place,  is 
the  greateft  Variation. 

Tycho  malces  the  jmtcft  Variation  40'  30"  ;  and 
Kepler  makea  it  $1'  49".'>-Bat  Ncwtoa  nwktia  the 
giratcft  Varittioa,  at  a  meaa  diflmce  between  the  fiin 
and  the  earth,  to  be  35'  10"  :  at  the  other  di(laui:c», 
the  ^eatelt  Variation  is  in  a  ratio  compounded  of  the 

(]r| .'.i::;itc-  laito  of  the  tl'Ti  r-f  ihc  nv)<m'ii  fyiiodical 
tcv^lutiott  diredly,  and  tlic  triplicate  ratio  oi  liic  dif- 
taoce  of  the  fun  from  the  earth  invcrfely.  And  therefore 
in  the  fnn's  apogee,  the  greateft  Variation  is  33'  14", 
and  in  his  ptrigcc  1 1";  provided  that  tlie  eooeo- 
tncity  of  the  fun  be  to  the  tiaaf*erlc  letnidiainrter  of 
tW  orbUangBM,  a*  i64|to  tooo.  Or»  ukuig  the 
mesD  moti'ont  of  the  moon  from  the  fun,  a»  tbey  ate 
ftated  in  Dr.  Halley's  tables,  then  the  gi  eateft  Varia* 
tion  at  thciticaii  dilliini:!.-  ft  t'lc  v.ii-;!.  ft.;ni  ihe  fun  tvill 
be  3i'  7",  I:j  the  iiiji..;<  e  (if  tlik;  i'iii  i^'  I'J'y  and  !n 
bis  perigee  i^'  5  l".    I'tiilof.  Nat.  PritiC  pt.  19,  III-. 

VARi  ATinN,  in  (jcograjjhy,  Kavtg;:tion,  &c,  a  term 
(qppKed  tu  ttic  deviation  of  the  magrtetic  needle,  or 
CompaA,  ftooi  the  true  north  point,  cither  towards  the 
cad  orWeft  t  raled  allb  the  mclituuwt.  Or  the  Varia> 
tton  of  the  compafsin  propedy  defined,  the  aagk  vkklt 
a  tnn^nccic  needle,  fufpcndra  at  liberty,  maxes  With 
the  meridian  Irnc  on  an  horirontiil  pkinc  ;  or  an  aich 
of  the  horizon,  cofnprclicnded  between  the  tntc  and 
thcmagnctie  mciidians. 

In  the  fca-languagc,  the  Varialioa  i»  ufually  cdUcd 
ttsrtb-taftingt  or  ncrilh^'tfting. 

All  maffoctic  bodies  arc  found  to  ranj^e  themfelves, 
in  fuine  Wrt*  according  to  the  meridian  ;  but  tliey 


deal  of  abrtii,!  ty.  T\\<:  ;iv.  3  c,i  inn,;iiL-tic  altraition, 
aud  of  the  curii.:hJiiiLul;o;i  uf  th/i:  (luwcr  to  iron,  the 
direftive  property  of  the  r.atur,;"  ii.j;;:t^t,  as  well  ai  of 
the  iron  that  has  L.:cii  touched  bjr  it,  and  even  the  de^ 
cliuation  of  the  magnetic  needle,  ate  dearly  and  Hit* 

ccfuivuc.iUy  r.;ciui<;i'.cd  in  it> 

A3  thi.  \  a.iuii.' .  difr,:rs!adi(l^'ieatplacci,  Goszain 
d'Ovicdi  fiiui;d  tUcrx-  was  none  at  the  Aiores ;  fi-oro 
whence  fiiiue  ;^eojrrj.plsvr>  ihou^^lit  fit  fn  tb^Ir  tn.ips  to 
nwice  the  tirll  in  ridian  p/fuhruti  n-c  ■  thcfc  ili.nn!  : 
it  not  facing  llicji  known  tliat  the  \  jrm. ii.Mi  altfri:  1  m 
time.  Ste  M.'.r.M.  r}  alio  Ciilhert  .M  1^' re.  l,n,ij. 
l6co,  p.  4  and  5  ;  or  Purch.t^-'s  Piljniu*,  Loud.  1625, 
book  2,  itd.  I. 

Various  are  the  hypothcfesUiat  lure  been  framed  t« 
account  for  this  citrauidinary  phenomeaoa :  we  (hall 
only  notice  fome  of  the  htter,  ami  more  pmbable ; 
jua  prLcniang,  that  Robert  ]iK»niaii,  the  tofcntor  of 
the  Dipoioji^-acnUe,  difputca  agaiiift  Cortes's  notion, 
that  the  Variation  waseatifedby  a  point  in  the  bearens; 


in  the  earthy 


co-itcnciin^^  l]i:.t  il  Hi.iu!J  be  fuii^'lit  for 
n:'d  [>ropo:L-s  lioxv  to  dileovcr  its  plaee. 

1  he  lirll  is  th^jt  of  Gilbert  (l)c  .M.ignete,  Ub.** 
p.  i;i  &c),  wiiiih  is  foibwed  by  Cabeus,  &c.  Tma 
uotion  is,  that  it  'u  tlie  eartli,  or  land,  that  draws  the 
needle  out  of  its  meridtati  dircdioa:  and  heooetbef* 
ai]glK»  tltat  the  needle  varied  OMre  or  lAt  9»  it  WHf 
nocc  or  Ids  diSaat  bem.  way  f^tat  coounent ;  and 
Confequentljr  thai  if  it  were  pbeed  in  the  middle  of  an 
ocean,  equally  dtU ant  from  equal  tra^tof  land  on  eack 
fide,  cadward  and  vscftward,  it  would  not  decUnc  eithet" 
to  the  one  or  the  other,  but  [joint  exaAIy  north  and 
fouih.  Thu«,  fay  they,  in  the  Azores  iflands,  which 
are  equally  ditlaat  from  Afirica  on  the  eaU,  and  Ameriat 
on  the  wett,  there  is  no  Variation  :  but  asjou  failfittMK 
thence  towards  Africa,  the  needle  begins  to  dedoitf 


feUom  4gree  nrcciielr  with  itt  in  one  nlace  thef  d^  tomrd  the  e»&«  and  that  ftiU  more  and  moic  till  yea 
cline,  from  the  aort«  toward  the  caft»  in  another  reach  the  iborc.   If  you  nroceedftilt  (anther  caAward* 


toward  the  wcft  |  and  that  too  diffiMntly  at  diflbent 

times. 

The  VaTia'.Icm  of  the  ci>mpars  could  not  loti^  remain 
a  fftrct,  alter  llie  invention  ot  tiie  corapaf*  itfcif : 


the  dedioation  gradually  disuaiflieaaffatn,  bj  .rcafon  of 
the  land  left  beniod  on  the  weft,  vvhich  continues  to 
d-aw  the  needle.    The  fame  holds  till 


you  arrive  at  a 


puec 


.e  w  here  the  trafts  of  land  on  each  fide  arc  equal ; 
cordingly  I'l  rdinand,  the  fon  of  Ctjlumbws,  in  his  life  aiui  tiiere  again  tlic  Variation  will  be  nutiiing.  But 
written  in  Spanifli,  and  printed  in  Italian  at  Venice    the  misfortune  is,  the  law  does  not  hold  univerlallr  1 


in  1^71,  aOerttt  that  hit  father  obfcrved  it  on  the  14th 
of  September  149*  :  though  others  feem  to  attribute 
the  difeovery  of  it  to  ticbaftian  Cabat,  a  Venetiatt» 
Ciliployed  in  the  fcrvice  of  our  king  Henry  VII,  about 
the  year  1500.— h  now  appean  however,  that  this 
Variation  or  declinatiou  of  the  needle  was  kno  .'.  n  r  rn 
fome centutits  eat licT,  thou};h  it  doe.";  not  appear  ili.it  tiic 
life  of  the  lictdlc  ilklf  iti  r.avigati<in  was  then  known. 
For  it  fecms  there  it  in  the  library  of  the  university  of 
Lcyden,  a  fmall  manofcript  trad  on  the  Magnet,  in 
I^tin,  written  by  one  Peter  Ad figer,  bearing  date  the 


8th  of  AuL'-il'^ 


in  which  the  declination  of  the 


necdfe  is  particnlarly  mentioned.  Mr.  Cavallo  has 
primed  the  chief  part  of  tbii  letter  in  the  .Supplement 
to  his  Treatife  00  Magnctifm,  with  a  tranflation  ;  and 
I  think  it  is  to  be  wifhed  he  had  printed  the  whole  of 
fo  carious  a  paper.  Tlic  curiolity  of  this  letter,  fiys 
Mr,  Cavallo,  conGn<  in  its  containing  alraoft  all  thai 


for  midtitadea  of  obfervations  of  the  Variation,  in  dif« 
fcrent  parta,  made  and  oolkdcd  by  Dr.  liidley,  oTer.t 
tura  the  whole  theory. 

Others  therefitce  have  ROQurfe  to  the  frame  an^ 
compares  of  the  earth,  oonfidered  aa iaterfperied  with 
I  H  k,  .1  r\  i^.elvc!,  uhidi  being  generally  fourid  to  run 
lurt^iui.  tlie  polar  npons,  the  needle  comes  to  have 
a  pchcr.d  tcndcney  that  way  ;  but  it  lilJon\  li.ippens 
that  their  dire£tion  is  exadly  in  the  meridian,  and  tbo 
needle  baa  oon&quently,  fat  the  mc{ft  pa*t»  iinne  Va* 
nation. 

Others  hold  that  divers  parts  of  the  earth  ha«e  dif^ 
fereot  dqsccaof  the  nufgnetie  virtuet  aa  fiune  are  more 
intemhiM  with  beterageneawi  matten,  which  prevent 

the  free  aftion  or  efTixT  of  it,  tlian  othi  r.^  arc. 

Others  au.lin  alLiibe  all  to  magiittit  (ock*  and  iroit 
mines,  which,  aflurdiinc  iruiie  of  the  magnetic IliaUe^ 
than  other  partSf  dfstr  the  ntctUe  more. 

,  Ij^SUft 


« 


Digitized  by  Google 


V  A  R 


[    63«  1 


V  A  R 


^  Lsftlfj  «thcn  iimfine  thu  canhqmkes,  or  high 

part'i  i>f  the  emnhf  Mdfa  chm«d  the  iragnrtic  wta 

of  tlic  i;1i>Ih-,  which  wa<!  originaffy  the  ftnie  with  the 

axtit  (if  tilt  r;i,t1l  itfclf. 

Ri;t  tuiiu-  (it  t:u-|f  thcoriri  f.in  he  tin'  tme  one :  for 
ftiU  tli.n  ^"■■it  pht  nnmrnon,  tl.i:  i'uri.il'f  ui.fiJ'c  /'art- 
attoH,  i.e.  (he  cortiiiiual  change  of  the  declination,  in 
one  and  llie  fame  place,  ia  not  accountable  for,  on  any 
of  (hefc  fiaindationii,  nor  is  it  even  conGllcnt  with 
them. 

Do£lor  Hook  coinmunicitcd  to  the  Roy iil  Society. 
IB  1674,  a  thcor)'  of  the  Variatioo}  the  fubilince  of 
ariiicfa  iB»  that  the  magnet  hat  ita  peculiar  pole,  diftaat 
to  drgreca  fram  the  pole  of  the  earth,  aboDt  which  it 

roovc«,  fo  as  to  make  a  revolution  in  ^70  years: 
whence  the  Variation,  be  fayi>  has  altered  of  late 
abont  10  or  it  oinuitc*  traj Teur*  aad  will  probaUf 


fo  continue  to  do  for  fame  tiin^  when  h  amSi  hevf* 
to  proceed  Aovcr  and  flower,  till  at  length  it  &• 
coaM  flationrjr  and  retnwratie,  and  fo  return  back 
apwn.  '  Birch*»  Hift.  of  the  Koyal  Society,  toI. 

p.  '31. 

Dr.  Hailiv  liai  f;ivt.n  :\  nciv  fyfltm,  the  reluit  of 
numerous  ob/cr^Muuns,  ai;l  iVLii  of ;)  r.iiifnber  of  voyages 
rj^nde  at  the  jiuIjIil'  i  vjjciico  011  tdi^  sccoinit.  The  lighC" 
wliicli  ifiiH  iiirLlior  lijs  tlinjwn  upon  this  obfcure  part 
of  natural  hillory,  is  very  great,  and  of  iiriportaat 
cunfe<)ueDCe  in  navigatioa,  ftc.  In  liiis  fyitein  he  has 
reduced  the  Ceveral  VariatkiM  w  dtven  pboealo  1  pre* 
cife  rule,  orotdcr,  iriiidi  befitt*  ippttrcd iXL  fnamm 
undaihttmy. 

Hta  theaiy  wilt  therefore  delerw  a  aore  ample  detait. 
The oUenraiions  it  is  built  upon,  as  laid  down  1:  ~ 
PhiloC  TranC  number  148,  uc  Abr.  vol.  i,     619,  arc 


naeateMrmdat.  I 


Pari*  - 


Urantbwg  •  • 
Copenhagen  • 

Dantzick 
Montpelier  - 

Brclt 
Rome 
Ujyniiiie 
Huiilun'a  fiay 
In  Hudfon'i 

Straits 
Beffi 

SirT.Smkl 
;  Sound 

At  Sea  >  -  ' 

At  Sen  •  ■  .  • 

At  Sea  -  -  . 
Cape  ^t,  Au-  ■> 

gudine  .  .  / 
Off  the  mouth  "l 

of  Rivet  Plate  J 
Csipe  Fn'o 
Eiit  r;iiii_t.'  ti 

M.ij'i  Uan's 

.St!,';fs  -  - 
Weft  Entnnee  I 

of  ditto  / 


iraiis  •  J 
ii.'*  Bay,  l 
•T.Smith's  [ 
und  •   -  J 


} 


I.uu(!Cu4e 

Yf,ir  or 
Obftr- 
vition. 

Variation 
ubfervetl. 

•  ' 

•  '  1 

0  / 

0  0 

1580 

II  15* 

6   0  e 

'"3  \ 

4  5 

1671 

2  »0W 

48510 

1683 

4  S^* 

1640 

5  oc 

1666 

0  0 

l68t 

2  30  w 

13  oe 

is  54" 

1672 

2  35W 

It  53e 

$5  4»" 

1649 

'  53  c 

j6'  2 

3  45 

19    0  e 

1679 

7    0 « 

4  oe 

43  37" 

1674 

I   10  w 

4-5"' 

i3  ijn 

1680 

1  4yw 

13    0 1 

M  JO" 

16R1 

J    0  w 

1  row 

43  30  " 

i65o 

I  21  »• 

79  40  w 

51  on 

J  668 

•  9  '  ^  " 

57 

61  on 

166S 

ig  30  w 

80  o«\ 

78  On 

1616 

57  0* 

jr  ow 

}8  40 11 

1682 

7  30  w 

SI  30 w 

43  50" 

42    0  w 

^1  on 

1678 

0  4oe 

35  ;ow 

^3  o» 

i6;o 

■•  l.V 

jo  30  s 

1670 

i'  30  e 

41  tou 

22  40  $ 

1670 

12  10  e 

'.*  30  f 

tf)-o 

I'    c  c 

1670 

'4  10  e 

Placasqbfervadai. 


j  Raldivin 

I  Cape  Agniltas 

i 

I  At  .Sea  -  - 
At  Sea  •  • 

!AiSea  -  - 
St.  Helena  - 
Ifle  Afcenlion 
Johaflna  •  • 
Mombafii 
Zocatra  -  - 
Allen,  Mouth 
of  Rid  Sea 
Dit^;|l  Roi/  - 
At  Sir;i    -    -  . 
At  ScT  -    -  - 
,  BomlKiy  -    .  . 
i  'Cape  Cotnorin  • 
I  HalUforc     .  - 
Fort  St.  George 

Wca  Point  of  ) 
Jaw     .  -  f 

At  Sea   .    -  - 

j  I.  St.  Paul   -  . 

I  At  Va:i  i);f  men's 
At  Ntw  Zca-  \ 
t  land  -  (■ 

i  Three  -  kings 
I    I^r  ill  ditto 
1  UitOttcuan 

Cwaii 


Longiluile 


73 
16 


Yearof 
Latitud*  Obfer- 
ratim. 


I 

20 

'i 

>4 
44 

40 

56 

47 

61 
64 
55 
7» 

V6 

87 
80 

lOf 

5« 


•4* 

j-|i70 


/ 

ow  I 

30  c ; 

oel 
ow  I 
ow 

SOW 

30w| 
o  e  I 
oei 
OC  i 


e  t 

40  o  s 

34  SO  » 


Variation 
observed. 


«<»7S 


34  30  » 
34  o« 
i4  oi 
16  oa|i677 

7  JO  s  1678 
ti  15  s  1O75 

40s  167J 
I  a  son  •  1674 


•  f 

8  loe 
2    o  w 
8    ow ' 
o  o 
»o  30  e 
10  iOt 

0  4oe 

1  o  e 
19  30  w 

16  o  vr 

17  o  w 


J0«   13   on:  1674    15  ow 

o  e  ;o  o  1  . 1676  !  20  30  w 
30  e    o  o   j!f>76  ,  I  i  33  w 
oe  1  27   oh:  i6',6  [34  ow 
on  [t6-6  I  12  ow 
I ) n 1 16^0  I   8  4H  w 
3on , i63o  j   8  10  w 
i^ni 1680  I   8  10 w 

1676  I  3  TOW 


•«4 


"I 

.wall  of  NiTw  "I  I  _ 
Cutnea.   >  fi"»9 
int  oi  "1 


i''  to 


o  e 
30  e 
o  e 
30  e 
o  e 
oc 
oc 

oe 

o  e 
Oe 
oc 

oe 
30  e 
oe 
oc 
Oe 


I  'o 
o 

^7 
>9 
8 

SI 

'3 
6  4c  H 

39  o  - 
3<  o  » 

42  25  s 

40  ;0  11 

34  35  > 

20  151 

4  30  « 


''^77 
1&77 

1643 

164s' 

1642 
(642 


17   30  w 

o  o 

9  o  e 

8  4oe 

6  zoe 


1643     f  45  e 


0265  1643 


5  50  « 


Upoa 


Digitized  by  Google 


V  A  R 


C  «S7  J 


V  A  R 


ITpOB  thffe  ohfervcd  Vaiutioiiii  Di.Hallty  nmlirs 
{cfcnl  mnark»i  at  to  ilic  \'ariation  in  dittrrcnt  pans 
of  the  world  at  the  time  of  hii  writing,  eaflward  and 
wrftu-atd,  and  the  fituation  and  diie£^>n  of  the  liaet 
nr  ^h~.k%  of  no  Variation ;  tnm  the wbok he  AAicei 
the  fnUoving  rheory. 

Dr.  Jftffyt  Theory  of  the  Farialm  tf  Ot  Mmflr. 
Tliat  the  WMle  glubc  nf  the  earth  is  one  great  laa^rtt 
having  foor  nu^clical  poles,  or  point*  or  attnAion  ; 
near  each  pole  of  the  iquistor  twu  ;  nnJ  i!>at  in  tbofe 
part*  of  th«  woild  wlucli  lit  nearly  adjao-'iit  to  any  one 
•  if  tiicic  in.i;:,;it-tlL-  poltt,  the  nectlle  i«  grovtrrfd  by  :t  ; 
the  neariil  pole  being  always  predominant  over  the 
more  remote. 

Tlie  pole  which  at  prcfcnt  i«  neareft  to  ti;,  he  con* 
jcdurcs  to  lie  in  or  near  the  meridian  of  the  Latul's  end 
of  England,  add  not^above  7"fran»  tbc  north  pole :  by 
this  polo,  the  Variatioof  in  all  Europe  and  Tartary, 

and  the  North  Sea,  are  clu<'*lr  governed  ;  thdiigJi  fliil 
with  fome  rc>;ard  to  tlic  other  northern  polo,  whole 
iMuntion  is  in  the  meridian  paffini;  about  ilic  middle 
of  Cdlifoniia,  and  about  I  ;*  from  the  north  pole  of 
the  world,  to  whicli  liie  ira.\11c  has  chit-fly  rcfpcct  in  all 
North  America,  and  in  the  two  oceans  on  cither  (ide 
of  it,  from  the  Azotetwcftward  to  japan,  and  fiirthcr. 

The  two  fontfaem  miignetic  poka,  he  inagiiie%  are 
rttber  more  difiaot  from  the  finith  pole  of  the  wmU  ; 
the  ooe  being  about  16^  from  on  a  meridian  to"  to 
thcweftward  of  the  Magelhnfc  Streight*,  or  95''  weft 
fron\  London  :  tliib  pole  commaiiJii  the  needle  in  all 
South  America,  in  the  I'acitic  Ocean,  and  the  gicatell 
p;iit  of  the  Ethiopic  Octsn.  The  other  majTiictic 
pole  fcciT.i>  to  have  tliC  j^reatcU  power,  and  the  laigcil 
dominion  of  all,  a:;  it  is  tlie  moli  remote  from  the  pole 
uf  the  world,  being  little  lefs  than  ao°dillant  From  it, 
in  the  meridian  which  paffes  through  New  Holland, 
and  the  ilUnd  Celcbcat  about  no*  call  firm  Lod» 
don  t  thia  pole  la  predoniraot  ni  tbe  Ibutli  pert  of 
Africa,  in  Arabia,  and  tbe  Red  Sea,  in  Perfia,  India, 
and  it*  iflands,  and  all  over  the  Indian  fea,  from 
the  Cape  of  (^ood  Hope  eaRward,  to  the  middle 
of  the  C'.reat  South  Sea  that  divider  Alia  from  Anie- 
I  'ca. 

iiadi,  he  obfcrves  fccms  to  be  the  prefcnt  difpoft- 
tion  of  the  magtirlic  virtue  thoughout  tlie  whole  globe 
of  the  eartb.  Jt  t»  then  jhewn  how  this  hypothena  ac- 
conota  forall  the  Variations  that  have  been  obfcmd  of 
latey  and  how  it  aofwen  to  tbe  linenl  remark*  drawn 
IVom  the  table. 

It  is  there  fiiferrcd  t!iat  from  the  wliolc  It  appears, 
t!..it  the  direct. un  ol  the  needle,  m  the  temperate 
iiiid  frl;j^ld  /(j.)eF,  drpeiidi  chielly  t:poii  the  eounter- 
poifc  of  the  forces  of  two  magnetic  poles  of  the  (anie 
natnre;  as  alfo  why,  under  the  fame  meridian,  the 
Variation  (hould  be  in  one  place  39^  degrees  well, 
and  in  another       de^-rcct  eall. 

In  the  torrid  xone,  and  particularlj  ahoot  the  cqia- 
tor,  refpeft  muft  be  had  to  di  the  foor  pdct*  and 
their  po6tiona  moftbe  well  confidercd,  othrrwifr  tt  will 
not  be  ea(j  to  determine  what  the  Variation  (honld  be, 
the  tifircit  pole  being  always  dronp,ilt  ;  ytt  fo  how- 
ever as  to  be  fometimci-  coi;ntetbiliiiCcd  hv  iht  united 
forces  of  tv.o  more  rotnotc  ooes.    Thii;.,  in  lading 

from  St.  Ilclciu,  b/  ilie  iik  of  Afoiuluiu,  to  Uu: 


equator,  i!,;  roiil-Wfl  (.  jmi!'.  ,  tiie  Vdriatiun  ii 
very  little  e  iMerlv,  a!id  utialicrablc  in  tlial  whole 
track  ;  V.  life  ilie  South -American  |>ole  (which  it 
mtich  the  ncarcd  in  the  aforefaid  place*),  requiring  a 
great  ealUrly  variation,  is  countcrpoifed  by  the  con- 
trarj' attrition  of  theNorth- Arreru-an  and  the  Afiatic 
loiuh  pole*;  each  of  which  lingly  h,  in  ihefe  pjrts, 
VClker  than  the  Ao«rican  fouth  p<Je ;  and  upon 
the  OOrtb-wcft  ooinrfe  the  diftance  from  tliis  laUer  is 
very  little  varied;  and  as  you  nvedc  from  the  Afu- 
tic  fouth  pole,  the  baUncc  is  liill  ])rcfcr*ed  by  an  aC' 
ctfb  towardi  the  N'orth-Ainci  ieai;  pule.  In  this  cafe  no 
notice  ii  taken  of  the  European  north  pole  ;  its  meri- 
dian being  a  little  removed  from  thofe  of  thefe  placea« 
and  of  iticlf  requiring  the  fame  Vnriations  which  are 
here  found. 

After  the  lame  manner  maj  tbe  Variations  in  other 
placet  about  tbe  equator  be  accottiited  for,  upon  Dr. 
M«lie]r*a  hjrpothefi*. 

To  ^ftr^' the  P'oriationof  tic  A  jjiaw  a  me- 

ridian line,  as  dir^cK-d  under  M.    1  ;  tiien  a  itile 

being  crerted  i:i  the  middle  of  it,  pLice  .1  needle  upon 
it,  iind  draw  tin-  rl^;ht  Imc  whicli  il  hangs  over. 
Thus  will  tlic  qtia:iti[y  of  the  Variation  anpear. 

Or  thus:  As  the  former  method  of  finding  the  Vn- 
riaiion  cannot  be  applied  at  fea,  other*  have  biwn  de- 
vifcd,  the  principal  of  which  are  aa  fbllow.  Snlpend 
a  thread  and  phtmmct  otertlie  eompafs,  till  the  ftia- 
dowpa&throo^h  tbe  centre  of  the  card  ;  obfervc  tin- 
rliumh,  or  point  of  the  compafs  which  the  (hadow 
touehes  when  it  is  the  fliortcA.  For  the  (hadovr  is 
thi  n  a  meridiaaline;  lod  oonleqnently  the  Variation 

i»  Ihcwn. 

Or  thus  :  Obfervc  the  point  of  the  compafs  upon 
which  the  fun,  orfomedai,  rifcs  and  fcu;  bifcdt  the 
arch  intercepted  between  the  rifing  and  felting,  a&d 
the  line  of  biiedioa  will  be  the  meridian  finei  oou* 
fcquentlj  the  Varktiion  ii  bad  ai  belbir.  Tfi'e  fame 
may  alio  be  obtained  from  two  equal  altiMdcs  of  tbc 
flme  ftar,  obferved  either  by  day  or  uij^ht.  Or  thus  : 
Obfervc  the  rhumb  upon  which  the  fun  or  liar  rifea 
and  fets ;  and  irooi  the  Liittide  of  the  place  find  the 
cailcrn  or  weftcm  amplitiule  :  for  the  d'fFereiiee  be- 
tween tbc  amplitude,  and  the  dillance  of  the  rfanmb 
obferved.  from  tbe  caftcTB  fbamb  of  thecaid,  !•  ihe 
Variation  fought. 

Or  thus :  Obferve  the  altitude  of  tbe  fuua  or  fimie 
ilar  S,  whufe  dcctination  i« 
known  ;  and  note  the  rhomb 
in  the  comprifs  to  which  it 
then  (■orr<.fpoiid'=.  Then  in 
the  tri.m;;le  ZPS,  are  known 
three  fides,  viif.,  YTL  the  cola- 
tit.ide,  PS  the  codecliaatioii, 

and  ZS  the  coahitudc  ;  the  angle  P/^S  is  tlienee 
found  by  fpherical  trigonometry  ;  the  fuppIemcQt  to 
whichf  viz  AZ$,  it  ijie  aaitnuth  tirom  the  foutL 
Then  tbe  dilfinrence  between  the  aaimuth  and  the  ob- 
ferved diflance  of  the  rhumb  from  the  fuuth,  ia  the 
Variation  fought.   See  Asjmu'b  Co>ip.\ss. 

The  ufe  of  the  Vai  wtion  i*  to  con  cc't  the  cijtufca 
a  ibip  bas  fleered  by  the  cumpafs,  which  mull 
nUvay:.  bc  dooe  bc&noe  thcf  lie  workedt  or  calcit- 
lalcd. 
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A"AtiAT;ov  '/  I  he  Vjr'uiiim,  \t*  gradual  and  con- 
lii'iu!  charre  i<i  the  Vaiiation,  obfeived  in  mj  place, 
hx  which  ihr  ({.iintity  of  tbc  VwntlM  bfoaDd  to  be 
diffrrcnt  at  difffT<nt  timii. 

ThK  \  .iriation,  ,i  ■(  (  rd'tif^  to  Htnry  jBond  (in  liii 
l^guudt  jtttind,  I^ontl.  1670,  pa.  (')  "  was  ii.  11  Uiund 
to  dccrrafc  by  KJr.  John  Mair  j  *dly,  by  Mr.  Ed- 
mund Cunlcr :  ^dly,  by  Mr,  Henry  Gellibraod ; 
4thly,  by  ni\fc!f  (Henry  Bond)  in  1640;  and  UIII7, 

Hr.  Robert  Hoolc,  attd  othcrt,  in  i66j  j"  which  ^   
found  «m  by  comparing  trgttbcr  dbferntioiM    oa  the  Vttiatiwi  «f  the  magnetic  needle,  at  UuUi 
at  the  Cmm  |ibc*t  et  dilfemR  tiflMit  Tlw^-    which  «*e  mtlicr  estrMrdinary 
Kumrf  wai  foot!  1(iH>wa  abroad  \  for  Khefier,  in  hw 
treatif.-  i'nti:IrJ  Mit'nr*,   firft  printed  at  Rome  in 
1641,  faj'i  tltdl  uur  cauntrjrnnan  Mr.  John  Grearet 
had  informed  htm  of  it,  and  then  he  ^i^ci  a  letter 
of  Merfcnne's,  containing;  a  diftinft  aLti-uitt  of  it. 

Thii  continual  change  in  thf  \'arMtion,  i«  jjra- 
daaland  univcffal,  a«  appean  by  aumerout  ob(ieraUoiM. 


which  14  B  cliange  after  the  rate  of  10'  per  year,  mi  a 
a  courfe  of  exactly  joo  years.  Ste  Philuf.  I  ran:. 
No.  146  and  No.  jjfij,  or  Abr.  vol.  i,  p.  6r;,  a;.  I 
♦ol.  •■.  p.  %  and  I'liitof.  Tr»nf.  vol.  4i,p.  iX.^,  and 
vid.  thy  p.  On  iIk-  fubKC*  of  ih-  Variation,  (i^ 

allu  Norman'«Ncw  Attia^tivc  1614;  Burrom'i Dikif- 
very  of  the  Variatioa  tjit  1  fioad'a  Lcagittidc  feiii»2, 
1676;  Ac, 

Mr.  Thoma*  Harding,  io  the  TraoiaAion  of  the 
RoyaJ  lri(h  Academjr,  vol.  4,  has  ji^iren  obfcmtiom 


.    -  ,      He  fuys  ibt  clmt.^c 

in  t!»e  VariatHm  at  that  place  i«  wifarm.    That  fri»m 

tlir  VL-jr  1^5',  111  ^^liuh  llic  V'.;ii.i'',  ii  iiuthitij^ 
(die  fiirnc  n^a;  l>iin.l<iii  in  th.it  yrir),  it  \-,\  litt 'i  going 
on  at  the  mt-iliiitn  rutc  o\  \  1'  to"  aiimnllv,  ;i:td  *«w 
in  Mav  1  ■ 


8» 

•J 

o 

2 


o'E, 
oE. 

o 

2W. 


TliM^  tlie  Vtiiatioii  naa^ 
At  Buis,  KGordiiig  loOrontius  Fin^eu^ 

in  1550 
in  1^140 

w  1660 

IB  1681 

in  I7|9  -  18  loW. 
w  1700  -  18  aoW. 

M,DcbI>ande  <ExpoAtion  daCalail  Aflronomique) 
•Uiemaa  that  the  Variation  ha«  chaneed,  at  Fan's, 
<6P  3o'  in  the  fpace  of  150  yean,  aUuwing  that  in 
1610  theVariaiiM  waa  S*  E:  and  fiaccj^^o  the 
needle,  whkti  wtt  alway*  uled  by  Maraldi,  n  more 
t!ur/  ajvaiiciid  fowarif  tlic  vt(?,  htyonc!  what  k 
at  that  period  ;  which  is  a  that^ge  after  the  rate  nearly 
•of  9'J  per  year. 

At  Cape  d'AguIhaa,  in  i6oO(  it  bad  ao  Variation  ; 
{■hepoe  Ac  Foitugucle  gave  it  that  aane)  \ 

-    in  1622  it  »ai  j'-VT. 

»  W. 


»hich  it  a  c' 


in  1675 

in  Itgj 
S'  per  )s:ar. 


o'E. 
o  E. 
40  E 


At  St.  Htlcna,  the  Variarwn,  in  1600  was 

in  1613 
in  1677  • 
in  169s  • 

-which  i«  a  change  of  nearly  5'  i  per  yeajr. 

At  Cape  Comoria,  the  Variation, 

in  ifiao  wa*  14*  2o'\V, 
in  i6tto  -    8  44  \V. 
in  16W  -    7  30  W. 
wliich  it  a  change  of  nearly  Ci  per  year. 

At  London*  the  Variation,  in  15S0  waa  ti<>  15'  E. 

in  1622  -   6  e  E. 

in  1634  -    4   s  E. 

ttt  t6f7  >    o  o 

,     in  167Z  •    2   33  W. 

t  in  1692  -60  W. 

in  1723  •   14  17  W. 

in  1747  -   17  40  W. 

»  1780  -  4a  4t  W, 


mfiliiitn  rutc  o\  12  :0 

791,  27*  ;  3' well :  txcct'diiig  that  at  London 
now  !)y  ^  or  4  (k'^'rrc*.     He  bringi  proof  of  hit  afler- 

tton  ui  the  uniturmity  of  the  Variation)  from  difistnt 
Butbetitic  recurdt,  and  ftatcs  the  operationa  hjnivfaieh  it 
ia  cafasaUtcd.  He  concliKlea  with  reooBmendJng  ic* 
cneacy  m  OHU'king  the  cxiAing  Variation  when  mapa 
ne  aadb  ««  not  only  oooducipr  to  the  cnA  dcfinitiM' 
of  boondariea,  but  aa  hying  tbc  bell  foondattun  for  « 
difcovery  of  the  longitude  bjr  fea  or  land. 

Thfory  of  the  Fariation  af  the  Var  'mlkim,  A<LCin!:i;g 
t"  ]  )r.  Hallf v's  thioi-y,  tins  cl  ause  in  iiie  uti. m  ■>{ 
the  C'jmpafj,  ii  l  ujijK  fi<I  uwi:i^-  to  liic  ditTtn.'iHJt  oJ  vclci. 
city  iti  ttic  inotions  of  ihc  internal  and  exteinal  parta 
of  the  globe.  From  the  obicn^tiout  that  have  been 
cited,  it  feem*  to  follow,  that  all  the  magnetica]  pole* 
bate  a  motion  wcAward,  but  yet  not  exaaly  roiwd  the 
asiil  of  the  earth,  for  then  the  Variatiunt  wonUoOBti* 
nue  the  fame  in  the  lame  panQel  of  laliuidet  oontnrf 
to  experienee* 

From  ilie  difagreement  of  fnch  a  fappoGtion  with 
experiments  therefore,  the  learned  author  of  the  theory 
iiivrnltd  tilt  tjilowing  hypothcls  :  *P!ic  cxlt  riial  parts 
of  i!if  (;[<.|)<-  he  confiiicrR  ai  the  fht]!,  and  tlic  intcruai  at 
a  iiulIciis,  f>i  inner  globe  ;  ni.J  IkIuclii  tlic  l*0  he  con- 
ceives a  tiutd  medium.  That  inner  earth  baring  tbc 
fame  common  centre  and  axit  of  diurnal  rotation,  may 
revolve  with  our  earth  every  14  hourt :  Only  the  outer 
fphere  having  itt  turbinating  motion  fomcwbat  fwiftcr 
or  flower  than  the  intemnl  ball ;  and  a  vct^  uiatite 
dilticreoce  in  length  of  time,  by  many  repetinnnii  be* 

idly  recede 


«^    ooming  fen&bie  \  the  internal  parta  will  gradw 
^    '    from  the  eileraal,  and  tbey  will  appear  to 


cither  eaftward  or  Wtftwardf  bj  the  diflietclice  of 

their  motion*. 

Now,  (uppofiri^;  fuch  an  internal  fp'iere,  having  fuch 
a  motion,  the  tuu  gnrat  diflicultiet  in  tlie  former  by. 
pothcfis  .ire  cafily  lolved ;  for  if  thil  exterior  IhcU  of 
earth  be  a  magnet,  having  itt  pole  at  a  dillance  from 
the  polet  of  diumal  rotation  ;  and  if  the  internal 
nucleut  be  hkcwirc  a  m^j^rt,  having  itt  polet  in  tu-o 
Other  placet,  dilhiu  ^ll'o  from  the  axit ;  and  tbefe  lat- 
tefi  m  a  flow  gradual  motion*  change  their  pkoe  ia 
rcfpeft  of  the  extemil,  a  reafonable  noconnt  may  thea 
be  given  of  the  four  ma^netical  pok  t  before  mcutloncdi 
and  alfo  of  the  changes  of  the  needle't  Variation. 

The  .iiulior  thinki.  t;iat  two  of  thefe  p  >l*.  .tie  fixed, 
and  the  other  two  moveable ;  viz,  that  the  ti\cd  polet 

«c  the  poki  of  tbe  cttcnnl  coitex  or  ibeU  »■  the 

canh  I 
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(Brtlit  tmi  tEe  other  the  pokt  of  tkt  magnelical 
nucleitt,  iodaded  and  moicable  nitliin  the  fbiaier.  Prom 
the  obfcrvations  he  infer*,  that  themotioB  Uweftwardi, 

and  conffoiicntly  that  the  nuclco«  hu  not  prccifdy 
atlaiiictl  tlic  fame  vel''>citY  «ith  tlic  ixtm'or  pavt;  ?n 
llicir  diurnal  rotation  ;  hut  fo  .cry  lu  itly  equals  ic,  that 
Ui         ri-vitliuions  thf  ilifTciL-iiLc-  isL.iicely  fcnfiblo. 

Tlial  there  is  any  difference  of  this  kind,  arife*  from 
lirncc,  that  the  inipulfc  by  which  th«  diunul  motion 
was  iropreOcd  on  the  cartb,  was  given  to  the  cxtcrnul 
parts,  and  from  thcttce  in  time  ocmtmuntcaicd  to  the 
Intcrniil  $  httt  To  at  not  ]rtt  pcrfedly  to  equal  the  velo. 
( i;y  uf  the  fiHl  motion  impnrfled  on  the  fiipeificiat 
pa;t8  of  thcgtobc,  an  J  fi^M  prcfcrvcd  by  tlitm. 

A?  to  tUi-  p-.i-cifc  j  Liiod,  obfcrvations  , ire  wanting 
to  detorm'ne  ill  'J. mi^'i  the  author  thinks  wc  may  rca- 
fuDjblv  fiMijtAtirc  that  the  American  pole  hat  moved 
weflwucd  46°  in  9-)  years,  and  that  it!  vrbole  period  h 
performed  in  about  7C0  years. 

Mr.  VVliiftiMi,  in  \m  New  Laws  of  Magnctifm, 
ratfei  fevcral  ob|e£ktoDaagaioft.thi»  ihcorj.  See  Mac 

M.  Ku!cr,  too,  the  fon  of  the  cekbratcJ  matbe> 
natirian  of  that  name,  has  cootroverted  and  cenrnred 
Dr.  Hallcy's  theoTV.  He  tl  uil;,  that  two  ma^nciic 
poles,  pLccd  on  the  fiirfacc  of  the  earth,  will  hiffici- 
Mtly  account  for  the  Variation  :  a  J  li''  then  eudca< 
Totirs  to  flrew,  how  wc  may  dcterinine  the  deciinatioa 
of  the  needle,  at  any  time,  and  on  every  p.irt  of  the 

S'ohe*  from  tiui  hypotliefit.  For  the  particulars  of 
•a  realbnTnff,  fee  the  Hilloire  de  I'Acaticmie  dcs 
?  It  nets  5c  Belle*  Lettrc*  of  Berlin,  for  1757}  alio 
Mr.  Cavallo's  Treatife  on  Magnctifm,  p.  1 1  ?• 

P'oriiiticn  of  the  KeeiiU  hy  Heat  and  C»U. — There  is 
a  fmall  Vaiiation  of  the  Variation  of  the  magnetic 
needle,  amounting  onlv  to  a  ft  w  minutt!.  of  a  ckgvcc 
in  t';r  farr.c  place,  at  different  hours  of  the  fainc  day, 
whivh  K  only  difcoverable  by  nice  obfcrvatioiu.  Mr. 
Georp:  Gfiihyi"  made  fevcral  obfervations  of  this  kind 
ia  the  yeart  1722  aud  i'23,  profciling  himfclf  alto* 
gethcT  ignovant  of  the  caufic  of  the  phenomena  he 
•hferved.    rhilof.  Tranf.  No.  jSj,  or  Abr.  vol.  7, 

p.  ZiJO. 

.•\bout  the  year  175c,  Mr.  Wargentin,  fccretary  of 

the  Swtiliih  Academy  uf  .Scii-iicts,  took  ixiticc  b<i[h 
i>f  the  rc.jiilu'  diurnal  Variation  of  tlie  n^itJlf,  aod 
«lto  of  ii3  htin;;  didurhed  at  the  time  of  the  .iiirora 
UHc.i'ii?,  aa  recorded  in  the  Philof.  Tranf.  yol.  47, 
p.  i:6. 

Ahout  the  year  17$6t  Mr.  Canton  commenced  a 
feriea  of  ohfervatlona,  amonnting  to  near  40001  with 


part  of  the  afternoon  t  aUb  when  it  m6«ea  mncheitbc* 
v.M>  after  niffbr*  or  fttddcnfy  both  ways  in  a  fliorttiioe. 
Thefe  irrcgolaritiet  feldom  happea  mor^  than  once  or 
twice  in  a  month,  and  fire  always  accomptnied,  as  fsr 

as  ^Tr.  C'liiton  otifi  ivccl,  with  nnanrorn  Imitnlis. 

Mi.  Caiilou  lays  down  .-.iir!  ovirjccs,  by  e:;peninei3t, 
tlie  following  pricciple,  vi/,  tli;ii  the  attractive  power 
of  the  maffuei  (whether  natural  or  artificial)  will  de- 
creafc  while  the  magnet  is  heating,  and  iocicale 
while  it  is  cooling,  tie  then  proceed'  to  account 
for  both  the  regular  and  iiregular  Variation.  It 
is  evidestf  he  (ays,  that  the  magnetic-  parta  of  the 
earth  in  the  north,  on  the  call  Irae,  and  on  the  well 
fine  of  the  magnetic  meridian,  eijually  attraA  the 
lijrili  end  of  tlic  iiccdie.  If  then  ihe  enllern  magnetic 
parts  he  heated  faller  hy  the  fun  in  the  movnioT,  than 
the  wc.lcrn  parts,  the  needle  will  move  w^-fhvard,  mi 
the  abfolute  Variation  will  incrtafe  :  wS;l:,  tl  i.  i  ttrafl- 
ing  partK  of  the  earth  on  each  fide  of  the  magnetic 
meridian  have  their  heat  inereafing  equally,  the  needle 
will  be  itattonary,  and  the  abfulutc  Variation  will  thea 
be  greateft^  but  when  tfaeweftera  magnetic  parts  are 
either  heating  falter,  or  cooling  flower,  than  the 
cafterft,  the  needle  will  move  eaftward,  or  the  abfolute 
V  '-rMtujii  will  I'afi- ;  and  u  licn    tin-   c.iflcrn  .ind 

wtlKiii  tnign;-tic  [laiis  are  cooling  equally  faii,  the 
nt-c'dlc  will  ?,g.\\n  hi-  ilitioflar^f  aod  the  abfiwite  Vai^ 
ation  will  then  be  kali. 

By  this  tlicorj',  the  Diurnal  Variation  in  the  furamer 
ought  to  exceed  that  in  winter;  and  accordingly  it  ia 
found  by  obfervatio;],  that  the  Diunial  Variation  ia 
the  ffloatha  of  June  and  Jtdy  ia  ahnoft  donbk  of  th»L 
1b  December  and  Januanr. 

The  irregular  Diunul  Varfat'on  mull  arife  from  fome 
other  caufe  than  th:it  uf  heat  communicated  by  the 
fun  ;  and  I  crc  Mr.  Canton  (ns  recourfe  to fubterraiKaa 
heat,  which  i&  generated  without  any  regularity  as  to 
time,  and  which  will,  when  it  happens  in  the  uortli*. 
aifedl  the  attractive  power  of  the  magnetic  parts  of  the 
earth  on  the  north  end  of  the  needle.  That  the  air 
nearcfi  the  earth  will  be  moft  wanned  by  .the  heat  of  it» 
is  obriotU)  and  tbia  has  been  often  noticed  in  the 
mam<nc[,  before  day,  hy  means  of  thermometers  at  dif- 
ferent aiilanees  from  the  ground.  Phibf.  Tranf.  vol. 
48,  pa.  526. 

_Mr.  Canton  lias  aiiiitXid  ro  li;s  ;i;ipei  on  tliisfuhjeiFl, 
acomplrli'  yiMi's  obfcrvations  ;  fiuni  '.-.liicli  il  npj.-c-.u?-, 
thpt  the  Diurnal  Variation  iacrcafcs  from  January  t» 

{uti-.-,  and  decicdca  from  June  to  December.  Ph3ol^ 
raiif.  vol.  ct»  pa.  39S. 

It  has  alio  beeo  ohlcTwd,  that  dtlF<re.it  needles,  ef. 


exciTicnt  Van.aion.oompaf8,  of  about  9  tnchei    pccnUj  if  touched  with  different  loadftonei,  will  differ 
'       '  •  If .1.  ^  ^  (hinutes  in  their  Variation.    See  Poleni  i£pift. 

lliil.  Tranf.  num.  4;  !, 

Dr.  Lorimer  (in  liic  happ.  to  Cavallo's  Masfoetlfm) 
adduces  (ome  ingenious  obl'erv3ti..rii  :>:i  tin's  rnhjrch  It 
mud  be  allowed,  (ays  he,  according  to  the  obfcrvations 
of  fevcral  ingenious  gentlemen,  that  the  colledive  mag> 
netifm  of  this  earth  arifes  from  the  magnetifm  of  all  the 
ferruginous  bodies  contained  in  it,  and  that  the  mag-, 
aetie  polea  ihould  tbere&re  beconfidered  aa  the  ceotrea 
of  the  powers  of  thofe  magfnetie  fubihinces.  Thefc 

pnl:-^  u-,ii'\  thcrrfirc  ^      11  t;  [■•;,:■' i'  nl^cu:   ii."  i  ;  1 .1 '  11  ;ig 

the  magactiim  of  luch  luL;u;;cc$  u  ;Uicvted  ,  and  if 


diameter.  The  number  of  days  on  wWch  thefe  obfcr- 
vations were  ma.It,  v.^s  f  ai.ri  the  D'urn;!  Variri- 
tion  on  574  of  ihtw  was  ru^iilar,  fa  a»  ihjt  the  -.ibfo- 
lute  Variation  of  the  neei'ilj  wcilward  was  inereafing 
from  ahosit  8  or  9  o'clock  in  the  morning,  till  alx>ut  1 
«r  z  hi  theafternooo,  when  the  needle  became  flation- 
ary  for  Come  time ;  after  that*  the  abfolute  Variation 
weftward  was  dccreafm^,  aad  the  needle  came  back 
again  to  its  former  fit  uatioOy  Of  neatly  {ot  in  tlie  oighti 
or  by  the  next  roorninjr.  TTw  Dinmal  VarfaiJon  il 
irregular  when  the  ncf.'lL  mo-.cs  fluwly  ca^^v.-i-d  i-i  t'lr 
tatter  pait  of  the  raoibing,  ot  weftward  la  the  latccr 
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vhh  ^f-.  CanloH  wf  ultow,  thai  tlic  penf  rxl  e%uTr  of 

t'.r  Dii.'i,  1  \' 'ii.,'.iu,i  .iril'i  ^  fnMii  tlu  'n-i'        .it  i'l  tlic 

Jl<i  l!K;(!'.1  V.!>d  aiicniUJll  l;i  ".lu   fiilLX  il.lV,  ii  vv.ll  i.alui'iiUv 

<>iVOr,  tliac  t!ic  fariitf  cuuff,  iklii;;  ^ i mtiinud,  may  oe 
futricicfnt  to  j>rotiiiL'e  tlic  giticirik  Vir  ulimi  iifthe  mas^. 
tictic  iitrcdte  liu  any  iiiiinbcr  of  year*.  I'or  .vc  mull 
cunliilcr,  tliat  ever  Tiiicc  .i>)y  xttctttiTe  uyirtvaiioni  have 
bera  nude  an  tbh  (vhft&,  iht  luiural  ilireAioii  of  the 
magnetic  iiecdk  ia  Eiirope  has  bfca  i'ui>nant]jrinotinr, 
liKiii  10  citi),  and  thut  in  other  :;;\tu  uf  the  WOnd 
it  has  continued  ittt  motion  «riih  cqu.if  cua&ancT. 

At  we  nraft  tbmfore  admit,  i'avb  Dr. 
\Im  ikt  licat  in  tliv  dllfeivnt  feafons  depend*  cliicfly  on 
ilie  fun,  and  tliTJt  the  monthi  of  July  and  Aujfull  are 
Ci nu'-iiil',  lii.iti,  fl,  vdilli-  J.;iiii,irv  run!  Febiiiavy 
.iiiL  Uic  ^-ylut.lt  iiiut,'.h>04  (l<c  •fi.if  ;  ;ind  that  the  tempe- 
raiijre  nf  the  other  nuinthj  fulit  into  tlic  refpedive  in- 
tenntdiate  degrees  t  i'o  we  miiit  cuuHder  the  iiitluencc 
of  heat  upon  inngnctifm  to  operate  in  the  like  manner, 
«i/,  tlat  fur  a  (l)oi t  time  it  fcarccly  manifctU  itfelf ;  yet 
in  the  courfe  of  a  ceuturjr,  theOonltancT  nd  regularity 
of  it  bcca<ne»  (ufiicicitlly  apparent.  It  would  there* 
fore  be.  idle  to  fiippofc,  that  luch  an  inBuence  could  be 
derived  from  an  iiiKcnain  or  fortnitani  eanle>  But  if  it 
be  allowed  to  depend  upon  the  conftaney  of  the  fnn'a 
incitloii,  and  thi<  appear*  to  hi"  a  caufe  ftifUcicnt  to  ex- 
plain the  phcRcmina,  we  (bould  (ajjrceably  to  New- 
ton'* firfl  law  of  philofophi/ing)  look  no  fartlicr. 

As  we  thereftxc  confider,  fays  he,  the  irsit^nyric 
pov.'i:r4  of  the  e.i:i';.  lu  hi-  concentrated  in  the  ruriiMntic 
polei',  and  that  titere  h  a  diurnal  Variation  of  the  tnag- 
iKtic  needle,  thefc  poles  mud  perform  a  fmall  diurnal 
icvohition  proportional  to  fiich  Variation,  and  return 
ii^.tin  to  the  fame  point  nearly.  Suppofc  then  that  the 
fuu  iti  hii  diurnal  revolution  pafleB  along  the  nofthem 
tt-upic,  or  alon;;  any  paralld  of  latnude  between  it  and 
the  equator,  wiien  he  comci  to  tbat  meridian  in  which 
tlhf  mngiictic  pole  l-i  litutted,  lie  wJH  be  mocli  nearer 
to  it,  than  in  any  otln-t  ;  in  tli'j  <>p[)uritf  miridiun 
he  will  of  courfe  be  il.t  Lul  til  tioiii  it.  As  the  in- 
fluence of  the  fuu'sheat  will  therefore  aft  moft  power- 
fully at  the  lead,  and  lefs  forcibly  at  the  grcateft  dif- 
t;Liic;,  the  magnetic  pole  will  confequcntly  dcfcribe  a 
lijiure  fotnething  of  the  elliptical  kind  ;  and  as  it  is 
wrtl  known  that  the  grcatcll  hctt  of  the  day  h  fomc 
time  alter  the  fun  hai  puffed  the  meridian,  the  longcll 
nxii  of  tht*  elliptical  ,liu;urc  will  tie  north  eailerly  in  the 
iiortliei  R,  and  raatb-catteily  in  the  fombcrn  heinifphere. 
A^ain,  .-IS  the  inflaeoce  of  the  Itin'a  heat  wTII  not  from 
thofe  quartets  have  fo  much  power,  the  ninjMn  tic  jdlts 
^aimot  be  moved  back  to  the  t  cry  fame  poiut,  ti  uiu  w  lucli 
they  fct  out;  but  to  one  which  will  be  a  little  more 
northcfh'  snd  ciiUTJy,  or  more  fouthcrly  and  eaOerly, 
atcorJni'r  [o  t'u-  Iir'ii'iij)li:-rcs  in  wiitch  they  are  fituated. 
The  fi^^uie*  itKrcKKc  which  iliey  defcribe*  may  more 
pnipcil)  be  ternic.l  e^liptoidal  fpirals. 

In  thti  manner  the  Variation  of  the  ma{;netic' needle 
I.:  thv  iiorthent  hetnifjiherc  may  Ik  nccounttd  ft>r.  But 
with  refpi  if\  to  the  foutbcin  hrmifpliCTC  wc  tnull  recoU 
tc^  that  though  the  tinea  of  dcchnatioo  in  the  north* 
em  Tiemifpliere  have  conAantly  moved  from  weft  to 
I  all,  yet  In  the  ^(atliem  htmJfithere,  it  is  eqtiatly  cer- 

l.  'A.::  m  jv  1'.  Ui>\::  1  .'.\\  tO  wetl,  ever  OnCC 

illy  obftivuiiuni  iuvc  been  made  on  the  fubjccl.  lleucc 


tben  tbe  I'nes  of  magnettc  dedi'nation,  or  Halleyin 

cnn  r  ",  .T  .thcy  nrc  noM'  commonly  Called,  appear  to 
Ii.ivc  .1  loi.ttaiy  niKtiiiu  in  the  fouthem  hemifphete,  to 
tlu-y  lii'.vc  in  the  northern  ;  though  bi^th  the  mag- 
netic pole*  ot  tlic  earth  move  in  the  fnine  directio  i, 
that  is  from  well  to  eart. 

In  the  northern  hetnifphere  there  was  a  line  of  no 
Variation,  which  had  call  Variation  on  iti  eallein 
fide,  and  weft  Variation  on  its  welUrn  fide.  Thift 
line  evHdcntly  moved  from  weft  to  call  during  the 
two  bft  centuriea ;  the  Usee  of  eaft;  Varialioa  moving 
before  !t,  while  the  fine*  of  weft  VaHation  (oUowcd  it 
with  a  proportional  pace.  Thefe  lloes  firft  paflcd  the 
A/.oresor  Wefteni  Iflands,  then  the  tncridlan  of  Lon. 
di)r>,  a  id  iiRrr  u  itr'.arn  nijr.ibcr  dI  yciu  Liter,  tlicy 
paiitd  tfif  liuridlan  ot  I'liiis.  Uul  lil  the  loutlicrn  hc- 
mifpheic  tl  trt  wah  aiu'thcr  line  of  no  Variation,  which 
had  call  N'ariation  on  m  nellrrn  fide,  and  well  Varia- 
tion on  its  eallem ;  the  line j  of  call  Variation  moving 
before  it,  «hilc  thofe  of  t!ie  weft  Variation  followed  it, 
Thi^  line  of  no  Vanuiioii  firti  pafled  the  Cape  dc«  Ai- 
gtiilleit  and  then  tlie  Cape  of  Good  Hope ;  the  lines  ' 
of;**,  10°,  1$%  and  20*  weft  Variation  following  it, 
the  bme  w  wu  the  cafe  in  the  nortbein  benifphete, 
but  in  the  contrary  dircAlon. 

We  may  jnil  faridtr  tv.tt  tirii  the  it?raof  Dr.  Gowin 
Knight,  which  wr,-.,  th.it  iliiseaith  !i,id  origin.Mly  re- 
ceived its  m.ijjnctirir,  urr.ulict  t'l.i;  :ts  TOagnclical  pow- 
en  had  bien  bii)',!i;:ii  ifto  att'on,  bv  a  mock,  which 
entered  iu\ir  llic  fou'.hfii.  ti  op  ic,  a  h1  p.'ili.J  o.it  at  the 
northeni  one.  iii»  meaning  appears  to  have  been,  that 
tUt  «ra«  the  courfe  of  the  magnetic  fluid,  and  that  the 
magnetic  poles  were  at  (irll  diametrically  oppofite  tu 
each  other.  Though,  according;  to  Mr.  Canton's  doc- 
triae,  thtj  would  mt  have  long  continued  fo)  fur 
from  the  intenfe  heat  of  the  fan  in  the  totrid  aooei  ne< 
cording  to  the  princIpKs  already  c\ plained,  the  oortli 
pole  muft  have  loon  retired  to  the  north-eailward,  and 
the  Iniilh  pole  to  the  foutli-calUva.d.  Tt  I.i  nlfij  c.iriou* 
t»>obLrvc,  that  on  acco»!iit  of '.lii.-  I'cnihcTti  hcaiiiphcre 
being  Colder  upon  the  \\  liu'c  tlun  the  northern  nemi- 
fphere,  tlie  ntagnetic  po'te*  would  have  moved  with  un- 
equal pace  :  that  i«,  the  north  mi^gnelic  pole  wouh) 
haw  moved  farther  ni  any  given  time  to  the  north-cal^, 
thun  the  fouth  magnetic  pole  could  have  moved  to  the 
fouth-eaft.  And,  aouoidiog  to  the  opinions  of  the 
moft  ingentoui  autbon  00  tni>  fubjcci,  it  U  gcnrralir 
allowed,  that  at  thia  time  the  nanh  magnetic  pole  is 
conlidCTably  nearrr  to  the  north  pole  of  the  eartri,  tkm 
the  foutii  ni;\i:nttio  piilt  is  to  thefonth  |)oh-of  the  earth. 

Il  iTiav  t.ii  t^icr  hv-  added,  that  I'cvi  r?l  ingenious  fea 
ofTi  rrs  a;e  of  uplnfon,  that  in  tlic  wtllern  pjirts  of  t'h  ' 
Knglilh  Ch;iiiiici  tlic  Variation  of  the  r.Ki^netic  nenilv- 
has  already  begun  to  dccreafc  t  having  i:i  no  pact  of  u 
ever  amounted  to  zj".  There  are  hovrvi'r  otlitr  per- 
fons  wlio  aftert  that  the  Variation  is  llill  inrrcafiiig;  iii 
the  Channel,  and aa  iiir  weftward  at>  the  luh degree  of 
longitude  and  5l*of  btiludc,  at  which  place  tbiey  fay 
that  it  anounta  to  about  jo*< 

0/tAe  Fariallm  Chart.  DoOor  Halley  having  coU 
Icded  a  multitude  of  obfcrvatinns  made  on  the  VanatioQ 
of  the  needle  in  many  parts  of  the  world,  wasbence 
e:i:ibUJ  r  i  iii,;*,  on  „  Mcrcator's  cliirt,  certain  lim  j, 
(hewing  the  Variation  of  Uic  cotopali^  in  all  thu!*- 

jiia^ei 
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placet  OTcr  wliith  ilicy  paficd,  in  tlje  year  1700,  wIimi 
tic  publifttcd  the  firft  cbait  f>f  thii  kind,  called  tht 

fartatiott  Charts 

From  the  conftrutlioa  of  tlii«  chart  it  ap[)car*,  tliar. 
the  loD^cudc  of  any  of  thofc  places  in^y  b<:  ltJi.iiJ  by 
it«  wben  the  IJtltudr  and  the  V'.iriati'Ki  in  tliul  y'l.vtt 
arekoowot  Thus,  hiiviiie  ibund  tiie  VariAliua  o)  the 
compajt,  dnw  a  paTan«?  of  kthude  on  tlte  cimit 
through  the  latitodt:  found  by  obfertrjlion ;  and  rlw 
point  where  it  c«u  ilie  curvet!  line,  whofe  Variation  is 
"the  fame  with  that  obfcrvcd,  will  he  the  plucc. 
A  ficniUr  proietl  of  thu»  lindiug  rhf  lun^fitudL-,  fniiii 
the  kmnvii  L"  ;  :'](  hi  !  inclinzti  ji:  or  (lij»  the  ncviilc, 
was  before  propofrd  by  Htmy  r><iiul,  in  his  licaiilc 
intitlcd,  The  Longitude  Found,  printed  in  1^176. 

Thin  method  however  is  attended  witii  two  con- 
fiderable  inconrenirr.ccs :  ill,  Tliat  whcwer  the  Va- 
mtiou  line«  caft  and  wift,  or  nearly  fo«  thi*  waj 
.■of  finding  Eltc  liii^gitude  beeomca  unperfeA,  « their 
interfcftioii  with  the  parallel  of  latitude  mull  he  very 
indefinite :  and  atrjong  aH  the  tradiii};  parts  of  the 
world,  this  impi'rftttion  is  at  prefcnt  found  chiefly  on 
■the  wtrtcrn  cuafts  of  Europe,  between  the  latitudif  ot 
45'  and  53°  ;  and  on  the  callem  fhorcB  of  North  Ame- 
rica, with  fome  parts  of  the  Weftern  Ocean  and  Hud- 
fbn'l  Bay,  lying  bet  ween  the  (itid  Ihorcs  :  but  for  tlie 
Other  |»ita  of  the  world,  a  Variation  Chart  may  be 
tttendcd  vith  confideFaMe  hencfic.  However,  the 
Variation  curves,  when  they  run  eaft  and  wc(k,  maj 
fnmetimcsihc  applied  to  good  purpofc  in  corre^kto^  the 


btli. 


hf(  r'-.ttions  cannot  bo  had,  as 


nary  and  whimfical  irrcguUrliiei  occur  in  the  Variatior;, 
tl:  It  we  c;i:inot  think  it  wholly  under  the  direftion  of 
0.1c  general  and  uniform  law  ;  bi't  railier  conclude, 
villi  Dr,  Gowen,  in  the  8  jth  pm^).  of  his  Treatllr: 
Upon  Atcraciicn  a:;d  Kipujliaa,  that  it  it  iiiflttcnced 
bi,  vjri.iui  ,-iiul  diiuieiu  magnetic  kttradlow,  perinpa 
u-\:.<lioncd  by  the  lauri^gcneotu  cowpofilioni  in  the 
great  magnet,  the  taitii. 

Manjr  otiier  obUcruuiens  on  the  Variatioo  of  the 
magnetic  needlf,  arc  to  be  found  in  feveral  »olumc» 


it  often  huppenii  i-n  the  lionlicrn  coalls  t»f  America,  in 
the  Wellcrn  Ocean,  and  ubout  K\  wtininJI.Mid ;  for 
if  the  Variation  can  be  obtained  exaf\ly,  llieu  the 
call  and  well  curve,  anfweiing  tO  the  Variation  in  the 
chart,  will  (hew  the  latitude. 

adiy,  A(  tiw  deviation  of  the  magnetical  meridian, 
lroi»  the  tew  On^  h.  fnbjeft  to  continual  alteration, 
tlherefore  a  chart  to  which  the  Variation  Knet  are  fitted 
for  any  yc^r,  ni'.f!  i  .  c  b'  l  ome  idVIvla,  unlcfs  new 
l.nts,  fliert  iii^-  liic  lL.tu  uf  the  Variation  at  that  time, 
be  diav.-n  on  the  chart :  but  ns  the  chanpc  in  the  Va- 
riuiion  is  very  flow,  therefore  nnv  Viiiiation  Charts 
piihlifhed  every  7  or  8  )ears,  wiil  anfwer  the  putpofe 
tolerably  well.  Aod  thuK  it  has  happened  that 
Halicy't  Variation  Chart  baa  ^Kcome  iifclcrs,  fur 
want  of  eocouragement  to  renew  it  from  time  ta 
time. 

However,  in  the  year  1744.  Mi  .  William  ^TonIlla^ne 
und  Mr.  James  Dcdfou  publilht-1  a  new  Variation 
Chart,  adapted  fjrth;H  year,  wMci.  wui  well  riceivcd  ; 
and  fiveval  inllaiices  c;  its  ^reat  utiht'.  !i:iving  been 
comt   .11  .         to  them,  they  tSc  V'.'.ri.it ion  lines 

anew  tur  t  ic  ytiir  1:36,  and^i  the  foilowiiig  year 
published  the  ^d  Vanation  Chart,  and  alfo  prcfentcd 
to  the  Koysl  Society  a  cnricua  pnper  concerniog  the 
Variation  of  the  magnetie  needle,  u  ith  a  fet  of  tabic* 
nancxedt  contaittiftg  the  refult^  of  upwards  of  50 
thon&nd  obfervation*,  in  fix  periodical  re»irw»,  from 
the  year  tTCot-.)  i-ji't  i;i^!u mi'!  .'.J  ip: r.j  tvcry 
5  det;ree&  of  L.tJiixIe  a^id  luji^itUiiL  iu  the  more  frc- 
ciii MiL'l  (.ct;i::  < ;  vvjrcli  paper  and  tables  were  printed 
ill  tiic  1  raidadipos  for  die  year  i'JS7« 

T'rum  tlie'.c  taidce  of  elHcnrations,  fncfa  extnordi- 

Vut.  ii. 


f'lii!, 


J  ji  tilii  iitarly  vol.  ^8,  p.  875 
vuL  p.  izo;  and  vol.  61, 


of  I  In: 
vol.  ^o, 
p.  422. 

V  A 11 1 .1 T 1 0  51  Cem^  ift.    Sec  Co  y  V  %  s  s . 

Vakia  riOM  ^  t!(/^'-/tTf,  in  Geometry,  isnfi  d  for 
that  inccjuality  or  chau^'e  whidi  uk&t  place  in  thecur* 
vatnre  of  all  curves  except  the  circle,  by  which  their 
cnrmtun:  is  more  or  Icfa  in  different  patu  of  tfccm. 
And  this  Variation  conftltutes  the  quality  of  the  ctir- 
vaturc  of  any  line. 

Neu  ToM  inakt*  the  ir.dex  ofllie  intrtjujilily,  or  Varia- 
t  ,:  II  I  1  Cuivatuu',  to  be  tiic  ratio  ot' tla- tiuvioif  01  the 
i^d.Uici  curvature  to  the  fluxion  of  the  curve  itfclf : 
and  Maelaiirin,  r.i  lid  the  perplexity  that  different 
notitms,  couned^cd  with  tlie  fame  term*,  occafion  to 
learners,  has  adopted  the  fame  dclluit  ion  :  biii  he  fugw 
gelU,  that  this  ratio  gives  rather  the  Variation  of  the 
ray  of  curvature,  and  that  it  might  have  been  proper 
to  have  mcafured  the  Variation  of  Curvature  rather  by 
the  ratio  of  the  fluxion  of  the  ctirvature  itfdf  to  the 
fluxion  of  the  curve  j  fo  that,  t'.e  i  ii  vamre  bcinj^  in- 
verfelyas  the  ia<liu$of  curvature,  aud  confecjucntly  ita 
fluxion  a»  the  ii  i\'  iti  of  the  radius  itfelt  direitK,  ni'd 
the  Iquarc  of  the  radiu^i  iuvcrfely,  its  Vj.iatjon  v  1 
have  been  direcUy  as  the  nuaUirc  of  it  aceordiu;  '1 
Newton's  defiiiiiion,  and  invtt  fkl\  a=;  the  f'juarc  ot  the 
radi'ii  of  curvnture. 

According  to  this  notion,  it  would  Iwve  been  mca- 
fnrrd  by  the  angte  of  contaA  eontatned  by  the  cuive 
ai.d  circle  of  curvature,  in  the  fame  irivitinei-  as  tht-  c:ir- 
vatuie  illelf  is  meafured  by  the  an^k  of  cmitjct  cun- 
taiiitd  by  the  curve  and  tangent.  The  rti'i  n  of  this 
remark  may  appear  from  this  example:  'I'hi-  Vniuion 
of  rui^'.ituic,  accordtn;^  to  Ncwioi/a  explu  itioii,  ii 
uuifunn  iu  the  lugurichmic  fpital,  the  fluxion  of  the 
radius  of  curvature  in  itns  figure  being  alwaya  in  the 
fame  ratio  to  the  Huxion  of  the  cuire  \  and  yet,  white 
the  fpiral  is  produced,  though  it*  curvature  dccreafes, 
ii  never  vail ilbcs ;  which  mull  appear  a  flranv  c  p.u.iJoJ^ 
Tothofewlu)  do  not  attend  to  the  Import  of  Ne^Nlm** 
df;"i!;it!i)n,  Ni,wt(>n'j  ?■!  I'l  1,1  af  riiixiuti^  atlil  Int. 
•Seiics,  pa.  7''>.  Machuii  iii  i  i'iux.  ar;.  31^6.  PhilufJ 
Tiaiif.  u.uu.  46?,  34.:. 

Tlic  Variatlan  ot  c'.n  vature  at  any  poirit  of  a  conic 
fcction,  h  always  ns  tlic  tangent  of  the  aM;>',v*  contained 
by  the  diameter  that  paffes  through  the  point  uf  cc!i- 
taAt  and  the  petpeiidicular  to  the  curve  at  the  faim: 
no!iit»  or  to  the  aofjle  ibtmed  by  tlic  diameter  of  the 
fceiion,  and  ofiliccirdeof  curvjtttre.  Hence  theVa* 
ri  it't  11  (if  curvature  vaiiif^'.e:,  .1;  thr  i  -.treniini  j  itf  either 
iix;^,  .i.  d  it  gi'catcit  when  the  acute  an^le,  contained 
by  the  diameter,  puiEng  tluDU^  the  potnt  ofooutadc 
and  fhe  tangent,  is  kanL 

Wiien  the  conic  fe^lioa  iia  piuabfilaatlie  Vaiittian  it 
.  ♦  N  •  .  a*. 
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Hth«  tan^otof  the  MtU,  coiitaintd  bv  the  r'ght  lint 
drawa  fraa  the  point  of  coauA  u>  tkc  and  the 

perpendicular  t«  the  an«r.   Sec  CvkTATVftl. 

From  Nt"  t"n's  r^f  finitioa  may  be  derived  pnAieil 
rules  t'ur  iht  Vaiiatiijii  of  cur»ature,  a«  followi  I 

I.  Find  tlie  radiin  of  ctirrafiire,  or  rather  iti  fluxinn  j 
theo  divide  thi»  fluxion  by  the  fluxion  of  the  cur»e,  and 
the  anotient  will  pivc  the  Variation  of  curvaUire  ;  ex- 
ICnMOatilig  the  Buxions  when  neceflary,  hy  the  eq'is- 
ri«n  «f  lheeur«r»  or  perhapi  by  expiediag  their  '.aw 
hy  hetp  of  the  tangent,  or  ordimte*  orinbnanniil,  &c« 

t.  Since  or         (puttine  A  =  0  dtnotea 

— —jr 
tlic  radius  ofcurvaturc  of  any  curre      wbofe  ■bfeifi 
X,  and  ordiaatcjr  j  if  the  fluxion  of  tWa  be  divided  hj 
«f  and  *md  «  be  cxtcniHnatcd,  the  general  value  of  the 

Tariatioo  will  come  o«t."^'-^^<'  >then 

fiihftiiutinfr  the  values  of  7,  >V  >  (roiif.  l  fr.jm  t^e  etjua- 
tton  of  the  Ciirvf)  into  thik  quaiuisy,  h  w  11  ;^ive  the 
Tanatiun  fm  l,  t. 

E*.  Let  t  t  c-ii  vc  be  the  parabjla,  whofe  cqiuiiiun 

a 

m  ax  =  Jf*.   Here  then  zjj  =      =:      and  j  ~  J^l 


—  J*^ 


be«e«jr  =  — =— .  «,d^-^— ^ 

The«f«t  -y^+;;('-^.^)^^3^4.^x-L±2!  = 

,»  » 

^  ( I  +   }  X  — —  J=  — ,  the  Vana. 

tton  fought. .  Emcrfoii'*  Flux.  pa.  zzd. 

VARIGNOtf  (PBTEft)i  «  celibrarcd  French  raa. 
tbctnatjcianand  pnclt,  watborn  at  Caen  in  l6{4t  and 
iSed  fuddenly  iu  1722,  at  68  years  of  z^y.  He  was. 
the  fon  of  an  arehilcS  in  raiddliug  circuuiUanccs,  hut 
had  a  college  education,  bcinf;  intended  tur  ilie  church. 
An  accident  tlnew  a  copy  of  Eut  lid's  iiUments  in  liii 
way,  which  jrave  hi.u  a  ilronj;  turn  to  kind  oflearn- 
llig.  The  itudv  ot  gcDirdry  ltd  hiiu  to  tlie  worki  of 
Dea  Cartel  on  ttieCanic  fciuiccaod  iheic  he  waa  Qruck 
with  that  new  light  vhich  hiii»  fiocn  thenoe,  fpicad 
a«crthe  world. 

He  abridged  biaielF  of  the  necelEtficaof  lifi;  to  par* 
chafe  hooks  wf  this  kind,  or  rather  coiifiJered  them  of 
that  numhtr,  si  indeed  they  might  tu  be.  What  cou- 
tributcd  to  heighten  this  pa(!;>'>.;  in  !  ..n  .v:is,  thu  lu- 
fludicd  in  piivate  :  for  Lis  nliiinn  ;  iil.ki  >.iig  llimt  tlic 
books  he  ftuuied  were  nt:  fuch  .li  v.cra  commonly  ufcd 
by  other},  ftrungly  oppofeJ  hi»  applieatioa  to  them. 
A*  there  wa«  a  iieceflity  for  hlsbeil)|g  AO  cuiclcli.ilUc,  he 
couiidutd  his  tlaological  lludin,  jtt  noteaiircly  (aeri- 
4!cing  Ilia  favotiritc  fubj(^  to  them. 

At  thia  tine  the  Abbe  St.  Pierre,  who  Audted  phi- 
lufuphy  in  the  fame  college,  became  acouaioted  with 
hins.  A  t.iile  in  Cunt  mo  n  for  rational  uibjcdls,  wlie- 
tfu  r  r -5  ur  tnrtapliyHC!',  ard  rot.tinual  tlifput^iuu^ 
fown-.J  tlic  bcr.l';  .jf  their  fiicMilM'p.  They  were  mu- 
tiidUv  Itrviccabie  to  each  other  in  thk:ir  ttudre«.  The 
AbbI,  to  enjoy  Vatignon's  couipuyivitb  gr>.'itrr  (jfe* 

Ibdgvd  bin  wttb  binUf  i  tbwb  pnwuif  tLiU  mm 


r  iifihle  of  hit  merit,  he  rrfoUcd  to  gire  him  a  (urtuRC, 
tlut  he  might  fully  purfue  his  genius,  and  improve  his 
lilciils  ;  and,  out  of  only  18  liundrcd  livrei.  a  year, 
wit'ch  !ic  bad  himfelf,  he  conferred  300  of  thcao  upou 
V.i  T^iion. 

The  Abbe,  pcrfgadcd  that  he  could  not  da  better 
than  go  to  Pari*  to  ftudf  philofopby,  fettled  tbefe  iar 
i6»)6  with  M.  Vari^n.  in  the  fuburbiof  SiL  Jaeqoei. 

Til* re  each  ftudicd  in  hisown  way;  the  Abh«  applf* 

iiij;  liiinttif   '.J  tlic   Uud)         r.  ill r:i,  ai-1  ihc 

piintiplt& ;<t  govtrnmeiit  i  v-Lslj  \  siif;;i  Hi  v\aj  i*iio»ly 
Occupied  with  the  ina;heinatic». 

I,  lay*  Foiitentlle,  who  wai  ihcir  countryman,  often 
wrf.t  to  (te  ihein,  loinetimcs  fpeuding  two  or  three 
dav»  wiUithem,  Tiicy  l<n !  'I'l  roi  m  for  a  coupk  of 
viilteTii  who  came  ftom  the  i  .n  j  o.itice.  Wejoiacd 
tbffether  with  ibe  grcatell  pleaiure.  We  were  jomgt 
full  of  the  firft  ardour  for  Icaowkdge,  ftron^j  unitedik 
WiO,  'A!i:it  vn.  u^i  ''  M  ;l  ;hen  perhaps  dif^ofed  to  think  fo 
gutai  A  luijij^iutis.  Unit-  known.  Varignon,  who  had 
»  llrong  conrtitutioo,  at  hall  in  hi*  yoatli,  i]xnt  wlmlc 
dji}«  in  iludy,  without  any  aiiiufeinent  or  rccrr.-itioii» 
cxcc[)l  wull»;:ig  f.itnctiitiii  in  line  wcaihc.-s  1  have 
heard  him  fay,  that  in  lludyiiig  after  fupper,  at  he 
tiltia'ly  did,  he  wa^  uiicn  fuipriltjd  to  hear  the  eUick. 
Ariiu;  two  in  ibAntomiag  }  and  waa  much  plcafcd  that 
four  hour*  reft  w«i«  fuflicicnt  to  tefrelh  hire.  He  did 
not  leave  lii^  (liiiies  with  that  heaWocfa  which  thef 
ufually  crcHte  ;  twt  v.i;h  that  wcarinefs  that  a  loag  ap- 
pli'.Mtion  might  ocui. .1111.  lie  ic;:  o!J  aii.l  iivcv, 
rr.kd  with  plcafure,  nitA  iMpttiient.  to  icucM  it.  la 
{peaking  of  mattiematicii,.  he  would  laugh  fo  freely* 
tiut  it  Iccmctl  a«  if  Iu;  had  Uudied  for  dtvcriioo^  No  ' 
condition  was  fo  much  to  be  envied  aa  bia  (  bia  life  wa^ 
•'Contioual  eojorn<nt«  ddighting  in  qaietacfi. 

Li  the  folitary  fabuib  of  bt»  Jacqiie%  he  formed  how> 
ever  a  connexion  with  many  other  leMVCdmcn  ;  at  Du 
Hajntl,  Du  Vcniey,  Ue  la  Hire,  &c,  Dw  Venicy  oftcO 
aikcd  i.i  i  ;ilTht  ji.LL- ill  p,.rlj  (it  .jn.iioiriy  .  imocfltd 

with  nici-luiuits  i  thvy  t^ii'-iiutd  luj^cuier  (Lc  f.'^>ril;on» 
of  the  iniifclc»,  and  tiieir  dirediont }  heuot  \  ^i  ,,;iioti 
leaiiicd  a  good  d;:jl  of  anatomy  from  Du  Veincy, 
which  he  nrpaid  by  ilie  application  of  mathf  nutical  reai> 
foningtoihat  fubjcdt. 

At  leqgthf  ia  16S7,  V.-iiignon  made  himfelf  knowo 
to  the  public  1^  a  Treattfc  on  New  Mcchaaici^  dedi- 
cated to  the  Academy  of  Scieocea.  Hi»-thoa»bn  «• 
thitfol  in'l  u  cre,  inefhA,  quite  new.  He  dllcovcrcd 
trothj,  .iiid  l.iid  open  their  foureca.  Iff  this  Work,  be 
den.ondr.it'jil  ilic  iicctfiity  of  an  equilibrium,  in  i  uh 
taica  as  it  happens  ir,  though  thccaufc  of  it  it  not  tx» 
adly  known,  llils  cii.^^ivtry  Varignoa  made  by  the 
theory  of  cotrpouiid^nGtiuiii,  and  W  what  ihii  ciTay 
turn&  upon.  ^ 

Thit  new  Ticaufc  on  Mecbanin  waarrcatly  admired 
by  the  tatatbcmaticnne,  and  procured  uie  author  two 
cunlidcrable  phoci,  the  one  of  Gaometriciaa  in  tlie 
Academy  of  S<:irace!<,  the  other  of  Profcflnr  «f  Mn» 
tiu.'iuiK.^  ill  tliL'  College  of  Maiariaci  lo  wbidi  he 

wiin  Uu'  liul  peiiuii  {.iited. 

Vatiguon  catched  eagerly  at  tliL  Science  c-f  I;ir'iii  lefi- 
inala  a*  fooa  aa  it  appmrcd  in  ittc  wurld,  aitd  became 
one  of  its  moft  eailv  cultivators.  Wlien  tliat  fubhitic 
u4  bcaiHJf«l  actbiNl  WM  attacked  in  tbe  Acatkay  it- 

fclf 
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felf  (Toe  it'ewild  MC  einpe  tk  fcae  of  aQ  innovat  ion  j 
Iwctme  one  of  itinoft  xnbw  ddenders,  and  in  iq 

vour  he  put  a  Tujltiice  upon  hi»  natural  character,  wl 
abhorred  cunttrntian.  He  {bmetime* latneBteJ, ' 
thin  difputc  had  tnUrruptcC  liini  in  hi* enquiries  into  jln: 
Inttg^rs!  Caleiilstiun  To  iar,  f  list  it  would  be  difT'-iilt  f  T 
hi6i  tti  relume  Ills  (iil'qu  litiijii  vlicrt  he  lui!  Ir-h  It  off. 
He  -acTiticed  inhnitehmala  to  the  intereft  of  Inftnitdi- 
mals  and  gave  up  the  pleafure  and  glory  of  making  a 
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wImb  be  «n  ia  1  titc  ilM  ttMfacd  Urn  wdMbniC 
•boat  dung*  of  lint  tdmi  1  wi  diat  (^eattenum/iiiflu* 

evced  only  by  ihc  iatereil  of  tht  fci  jiu-e.,  l- at  fed  it  to 
be  printed  in  (be  metnoin  of  the  Acadcair  of  Scicnccs> 
ur.kdawn  to  the  auiboft  *lw  ibw  made  M  ttUCfc 

Ht  riCui  I  It  J  ii  iistjffafc  ;  liiil  tl.ir  rem -mbraacc 
of  what  he  had  ioiered  did  oat  make  him  more  pru- 
dent for  the  future.    The  wliule  imprefTion  of  his  a- 


lanbtr  procreiii  in  them  when  called  upon  by  dutf  to  jtli  ftr*  NtvSj^kmrf  Aitthaaict,  Ufii^  been  foldoff^ 


uncleiufce  tiieir  defence 

AJl  ikit  ptiaMd  «ol«mei«f  tlie  Acadeiiiy  beor  wit« 
hrfi  to  hit  «p|iUc«tiim  tnd  mdnllrf  «  Hn  work*  are 

never  detached  pieces,  but  complete  theorie*  of  the  htrt 
of  motion,  central  force»,  and  the  rrfitUoce  of  mediomt 
to  moti<in.  In  tlicfc  hr  niakc^  Inch  vie  of  hiJ  n)lr?, 
that  notliiti^  dcipri  t;ini  chal  Um  any  connexion  with 
lie  fubji'Ct  hi;  ticyrp. 

CfCumctrical  ccriaintf  is  by  no  mean*  incompaiihic 
with  obfcixrity  a«d  coa6iGao«  and  tboie  are  fometimei 
fo  great,  that  it  it  furpriinga  matfaematician  Ihoold  not 
uS-i  hit  Y  A)-  in  fu  dark  ud  peiplcnDga  labrrioth. The 
work*  of  M.  Varigaoa  mtct  occafioo  thii  di&grreable 
fnrprire,  he  onkek  it  hit  dncf  cm  to  pbcccrery  thing 
in  the  clcarcft  b'ght ;  he  docs  not,  «•  fime  J^rrat  men 
do.  coafult  hit  eale  by  dechnthg  to  take  the  trouble  of 
bt  iii^  mcthrKli'ja!,  a  trouble  much  grtatrr  than  tlmt  ot" 
coiDpcjfttio:!  itTrlF;  he  does  not  endea*our  to  acquire  a 
it-ViU!:itint>  fur  profoundneft,  bj  Itttl^g  S  glflt ded  CO 
be  gueiicd  by  the  reitder. 

He  was  pcrfedly  acauainted  with  the  hiftory  of  ma- 
theowtici.  He  learaed  it  not  merely  out  of  curiofity, 
:  bnt  baOntCe  be  wai  dcfirous  of  aeqtiiring  knowledge 
"Atm  every  <|iieiici<  Tbit  htftoffcul  fcao^le^x  ie  doubt* 
kb n ornament  ra a nttbenaticiiii*  Itat  itH m onM- 
tneat  which  itby  ao  meem  without  its  utility;  Indeed 
h  may  be  laid  down  m  •  maxim^  the  raor$  dilicrcDt 
ways  the  mtnd  it  oocnpjcd  ui»  spaa  ■  fehjcfii  tbe  mat 

it  improves. 

'i'lioiigh  Varigncn's  conftitutJon  ilid  not  frcm  wfy 
to  b«  impaired,  afliduity  tind  consiant  applic.itii^n 
broogfbt  upon  him  a  feverc  difeafe  in  I'Of.  Grcit  abi- 
lities arc  generally  dangerous  to  tbe  pofleflbrt.  He  was 
fir  months  in  danger,  and  three  years  in  a  languid  (late, 
wbicb  proceeded  faim  bii  (piriti  beiag  AmSk  neMr 
■cxhaaied«  Hefaidtbftfbirietalia  whea  ddMoalwitft 
a  fimr,  be  thoii|^t  bimblf  bi  the  midH  of  t  breft) 
where  dl  the  hares  of  the  twee  wereeo^ffed  with  si* 
[Ttbraii-al  cslculiuion'.  Coi'lcmnri!  hy  hii  rhyf;i.:a::s, 
his  frit:iirf^,  ami  iiimfcU',  to  liy  alidr  ail  itudy,  he  rr.ukl 
OOt,  wbtn  sloncin  his  (  hsiTitxr,  aTri:>1  taking-  '.:p.T  boi^k 
of  mitheroaiiL-s,  k  IiIcIi  tn-  hid  a';  foon  as  he  heard  any 

Erfim coming.    He  again  relumed  the  altitude  and  bt- 
viotir  of  a  lick  man,  aod  ieldom  had  occafion  to 
ODanterfeit. 

InfCgaid  tobiaclwiadcr,  Fontenetle  ob  ferret,  tiaS, 
.  h  me  at  tbb  line  that  a  writing  of  his  appealed^  tit 
which  he  cenfmed  Dr.  WaUie  far  liann|^adraaced  tbal 
there  aie  certain  fpacet  won  than  iafiaite,  which  that 

|rrta(  gconiftriclan  ufcribes  to  lirpcrholas.  He  main- 
taintJ,  «ju  the  coiitr.,ry,  that  tlity  were  finitr.  The 
criticifm  was  foftcncd  with  ill  the  politencfs  and  refj^rt 
ioMirinablei  bat  a  criticifm  it  was,  though  be  bad 
mittenitOBly  fiwlpviMf.  Bekt  M.  &tt  fait, 


he  fomed  a  de^n  to  publiOi  a  feeoed  edition  of  it,  or 
raiber  a  woA.  e&tirelf  Msr,  tbowh  tipon  the  fame 
pkn»  but  more  eateoded.  h  ntoft l>e  eafy  to  pete 
M#ainch  learning  he  muA  have  acqu  ted  in  On:  iti-^  - 
ral;  btit  be  often  complained,  tiiat  he  warned  umc, 
thou^^h  he  viae  by  no  means  difpofcd  to  lot'e  any.  Frc- 
que:it  viliti,  either  of  French  or  of  foreigners,  foine 
of  wbuin  went  to  lii'ii  tliat  tluy  n  !.;''iT  have  it  to  f<iy 
that  thty  hiid  iecn  him  ;  and  others  to  Cunfult  him  and 
Improve  by  hi*  convcrfation :  works  of  mathematics, 
which  the  authority  of  fome,  or  the  friendlhip  he  bad 
fur  others^  engaged  him  to  examine,  and  which  he 
thougbt  biinMf  Miljeed  to  give  the  moft  emft  acraoMt 
of  }  a  literary  comipondeBce  irtth  all  tbe  ehkf  itntfae< 
maticlans  of  Eojrope ;  afl  tbefe  obAfUif)e«l  the  book  he 
had  undcrukrn  to  irrfte.  Thus  a  tnan  acquires  reputatiini 
by  haviiip;  a  ^le.lt  dc.il  rfkifurc  time,  'and  he  lofcs  this 
pfCL'iiv.i,  li  iiiK-  ,is  f(jii!i  a:;  he  has  acquired  rcptitScioil. 
Add  to  th  that  his  b-;l  fcholars,  whether  ifi  the 
Co!Ie;i;c  of  M^iiuirinc  or  llic  Royal  College  (for  be  had 
a  prufefTor'u  chair  in  both),  fnnietimci  requcrted  prirate 
letilures  of  him,  which  he  conld  not  rthite,  Ue  tighcd 
fbr  his  two  rfr  three  months  of  vaGatioin»  for  that  was 
all  the  Iciibre  lime  be  had  ia  the  year  t  no  (eoaer  wene 
they  come  but  he  ictited  kno  cm  feBoa'tty,  where  bit 
time  wai  enttrrly  bit  0«ni;  aad  tUe  days  faiBed  alwaya 
quickly  entled; 

Notwithftaiidir.|f  ti"'.  rrcat  defire  of  peace,  in  the 
t«trr  p.-!Tt  of  hislif-.'  ho  v. a  iiivolred  in  a  difptite.  An 
It.'.li.JM  mii-.k,  \\':'kd  in     ;i:Iii-;iu:'i;s,  nttacked  hire 

upoc  the  lul:>jectof  tasigLtits  3i:,d  itic  angle  of  contact ia 
ctuve*,  foch  3fs  they  are  conceived  in  the  arithmetic  of 
inhnites ;  he  aafwaed  by  the  UA  memoir  he  crergaic 
to  (he  Academy,  and  the  only  one  irbkfa  tuaed  upoa 
a  difpute* 

In  tbe  lifltwftynn  of  hit  Eft  be  waaaMaelced  wilb 

an  ailhitiatic  cooiplaiot.  This  diforder  increafed  every 
day,  and  all  remedies  were  InciT^tual.    He  did  not 

li.iwcvcT  CL-f  fc  from  ai;v  of  h" .  eut!niiju:v  bufineli  ;  lo 


etturc  at  the  College  «f 
1711,  be  died  fud> 


nrapb  ir 
Hi  ^ 


t!i  "t,  rd't;r  h.ivitj-  tiiii(>i:-d  hii 
.M-/srine,  rr,  th.e  jldofDc 
d(  nlv  the  toiiowing  night. 

His  charader,  fays  FontencIIe,  was  ai 
hit  fiiperior  ondeWlatidiDg  could  require, 
hot  apt  to  be  jealous  of  the  hme  of  others :  indM  b^ 
«raa  at  the  head  of  the  .Freadk  matbcimti^'aaa»  aad 
Mte  of  the  beft  la  Evrams,  It  tsall  t»  Mraad 
boHwer,  OttnAen  a  aetritfca  ivaaoflcred  to  him,  he 
«iaa  toe  bally  to  ol^eA.  The  fire  of  his  genius,  the 

Various  in  fights  into  every  fiifi'iert,  nad^;  toi)  impetuous 
an  opporfitiun  to  thole  tliat  were  ofTertd  ;  fothat  it  waa 
DOi  eafy  to  obtain  Irora  him  .t  favourable  attention. 
His  works  that  were  publiflied  fepanitcly,  were, 
I.  Projet  d'toaeNia>wkMad—i^>n  410,  Paris  1687. 
4NX      .  2.  Det 


Digitized  by  Google 


V  A  U 


[  M  1 


V  A  a 


I.  D<t  Noiivdkt  Copjeftunrci  Air  la  F^utcnr. 
3.  Monvdfe  McdMtiifoe  «a  Statiqvc,  s  umb.  4tn» 

At  to  hit  nemoSit  in  tbe  volutnct  «f  the  Academy  of 
Scienccfi  the j  art  far  too  numerou*  to  be  kcfc  partial- 

hurtz<dt  thcT  cxtcnJ  through  a!moft  all  the  Tolutuct, 

duwn  to      dc.1t!;  1-:.'. 

VASA  Couiruia^,  iu  liytifiiiilbtt,  art  two  vtiTtts, 
fo  con^ruitcd,  as  that  one  of  tlitm,  ihougb  (mW  of 
wine,  will  r.dt  run  a  drop,  ui.Ufj  Uie  other,  beinj;  fiill 
of  water,  do  run  alfo.  Their  llr-jfturt  t.ud  appai^itvi 
rr.uy  be  iit:i  iu  Wcliiut,  Elcmeni.  Mathef  ium«  3, 
Hvdiaul. 

Vault*  in  Archite£hire,  m  arched  roof,  lb  cod* 
triicdi  at  that  the  fe*enJ  ftooca  of  which  it  coafiflt, 
bf  their  difpofitkm  into  the  form  of  «  cune,  miituaUy 
bllaiii  each  other;  as  the  tTche*  of  hnd|^.  ttc. 

Vaults  arc  to  Ijc  pn  ftrrtd,  on  many  occafion«,  to 
fuITitb.  or  flat  ceiling's,  as  thuy  give  a  greater  rift  and 
elevation,  and  arc  slto  more  firm  and  di.'  i'  ^c. 

'Ilie  Ancients,  Sllmafiiis  ob(.  i  Vi-s,  Mm  uiiy  thiic 
kind 5  of  vaults ;  tlie  full  the  Jji  tirx,  m  1  n^Jlewife  ; 
the  rd,  the  tjfui'o,  tortuilt-wifc,  or  urci-w  .it  ;  the  3d, 
the  .'jn./'.',  ttiaJe  ft-.tU-wilr. 

J^t  the  Modcriu  fulxlividc  t^etc  three  forts  into 
•  great  many  mote,  to  wh'cb  they  give  diifeieiit  names, 
wcordine  to  their  Egatca  and  life:  (omc  arecirctdar, 
other*  elliptical.  Sec, 

AgAin,  the  fwcepi  of  ibme  are  hr?er,  and  otheit 
lefs  portions  of  a  fpherc:  all  above  hemifpherei  are 
called  ki^h,  or ftirmtattltJ  ,  all  that  arc  leGithaa 

licmifrihcrt^,  ate /oty,  ox jm Li-jiJ  I'^uht,  fitc, 

111  W,v.,c  tlie  heieht  i* greater  than  the  diameter ;  in 
others  it  ia  ivfs  :  tneie  arc  others  again  quite  flat»  oolj 
nadc  withhatinfes ;  others  oven-like,  and  othcragitt** 
ing  wider  ;it  they  lengthen,  like  a  truinprt 


Of  V^aultB,  fome  are/w^iV,  ollic:s  </#«^.V,  trofsy  Sa- 
fftadinlivet,  ftc. 


guul,  borisnttd, 

ftniaH,  6txt  tie.  'Tbew  «fc  'aUb 


^satdhuf  aimiiarp  oiBaittt 
■Ub  (kAu  Vadti,  witli 


JWijlJir  VAt'LTJ,  are  thnfe  whteh  coTerthc  principal 

paitS  of  building!' ;  in  i;oiitr3;!i[lluf*.lo!i  fi'  ■!!  tlic  'V'f,  or 
fubordinate  Vaultt,  vvhicii  only  cuvcc  iuine  iiu^il  puil ; 
as  a  paffage,  a  gate,  8(c. 

Dtubic  \'ault,  is  fuch  a  one  7,^,  being  built  over 
another,  to  make  the  exterior  dect'rati.tn  range  with  the 
interior,  IcaMes  a  fpace  between  the  convexity  of  the 
one,  and  the  concaTity  of  the  other :  as  in  the  dcme  of 
St.  I^'a  at  London*  and  that  of  St>  Peter's  at 


Vaif  LTS  mth  Cn^Qrtimaatt  m  fnch  whofe  fwcns 
or  lotier  face,  ?« efiricbed  with  panneb  of  finiJpttne,  fc- 

ji  ir.iti  'J  Vy  ]  tathands.  Thefc  ctMnpaaliments,  which 
are  of  liiiki  tnt  figures,  according  to  the  Vaults,  and 
r.rc  ufually  gilt  on  a  white  ground,  arc  made  with 
fliK-co,  on  brick  Vaults  ;  m  in  tbc  church  of  St.  Peter's 
at  Ronne  ;  and  with  plaib.  r,  on  iii«l>er  Vaults. 

Thtory  of  Vaults. — In  a  fcmicircular  Vault,  or 
arch,  being  a  hollow  cylinder  cut  by  a  plane  through 
its  axis,  Handing  on  two  impofts.,  and  all  the  ftones  that 
eompofe  it,  being  cut  and  placed  in  fuch  a  manner,  as 
that  their  joints,  or  beds,  bang  profawced,  do  all  meet 
be  centre  oftlie  «anlt }  it  la  en  dent  thntaU  the  tooei 


i«tb«<  .  J3t  *  •   s'~ 

KHift  be  cut  vct^trifef  or  vidcr  at  tapui4  abote,  ibtbnmi^mtVU^ttimitiAiktVmvAt 


than  l.c'< Av;  ly  Ttrtoc  of  wUldi,  they  fuftain  ctcft 
Ct!.er,  and  mutually  oppofe  tbc  cftwC  Of  tbcir  Wcif^t 
iriucbdctemiinca  thcai  to&U* 

The  Aoae  in  the  middle  of  tbe  Vevk,  wliicb  it  per. 
pcndicular  to  the  boriaoo,  and  it  odkd  tbe  if|r 
t'aah,  \*  ftiAtined  on  each  Hde  by  the  two  conliguou* 
ftoncf,  aS  bT  twoincLned  ;.i!.ir..i. 

The  Iccond  Hone,  which  Is  on  the  right  or  kftofthe 
kf  r-ftonc,  is  fuStaincd  by  a  third ;  which,  by  virtue  of  il<« 
fipure  of  the  Va'ih,  i«  ne-peffanly  more  inclined  to  tlie 
ftco'id,  ihaii  lit  Kcr  :.  !  m  to  tnc  firtl  ;  and  confequenlijr 
the  fecond,  in  the  eWoit  it  makes  to  fall,  cmpbys  a  kis 
part  of  its  weight  than  the  firft. 

For  th«  CuAc  re<dun,  all  the  llonc*,  reckoning  fipom 
the  keyftone,  cniDloy  ftiU  a  lc£i  and  leb  part  of  their 
weight  to  the  la!);  which,  telling  on  the  homoMli 
plane,  employs  no  part  of  itt  tirdght,  or  owkci  Wi 

efioit  to       at  bcuig  cntifdf  fnpportcd  by  tbe  a» 

pott. 

.■>  r'l  'Mt  pnliir  ti)l>c-  aimed  at  in  Vaults,  is,  :!.it 
all  iht  lc-4ii.>,I  it.iiiis  n;.;kc  an  equal  tffort  to  fall :  to  c!- 
fn  t  tins  I!  s  i  viiiiTit  th.Tt  as  each  (tone,  reckoning 
from  the  key  to  the  inspon,  employs  a  Utll  Icftaadiria 
part  of  its  whole  weight ;  the  Aril  only  emptloying,  Amt 
exampki  cme-half ;  the '  2d,  one-third  ;  the  jd*  one* 
fourth  I  tcet  there  is  no  other  way  to  make  thcCedif* 
litrent  pntn  equal,  but  bjrn  propovtiDnablc  angmentttiMl 
of  tbe  whole ;  that  it,  tbe  weead  flooe  muft  be  hoi^ 
vier  than  the  Pirft,  the  third  hearier  than  the  fecood^ 
and  fo  on  to  the  iaft,  which  (hotdd  be  valUy  heavier. 

La  Hire  ilemr,ii[lr,(ti  s  wlut  that  propoiticm  is,  irt 
which  the  weights  of  the  Ikoncb  of  a  femirirrular  arch 
niuil  be  incrcafed,  to  be  in  equilihrio,  or  to  tend  with 
equal  force*  to  fall ;  which  gives  the  tirmclt  difpofiiion 
that  a  vault  can  have.  Before  him,  the  architedshad 
00  certain  rule  to  cundufl  themfelvet  by  ;  but  did  all  at 
random.  Reckoning  the  degrees  of  the  quadrant  of 
the«rcle,  firaoa  the  kcyOonc  to  the  impoft  {  tbe  length 
or  weight  of  «nA  flooe  OMift  be  fe  mncb  greater,  at  it 
it  fiirthcr  from  the  key.  L»  Hilt's  t  nlr  is,  to  augment 
the  weight  of  each  (lone  nhove  that  of  the  key  ftone, 

a'=  n-.iu'h  js  t!'e  tan;ri  :.t  (jftliearch  to  the  ftoBe  excct:'» 
tl.t  tan-^i-Ht  ot  till-  .TtcK  ot  ii  iH  the  key.  Now  the  tangcr.t 
4>t  till'  lalt  it«MC  b<'iMmi-i  iiitur;i-,  and  coniVrjii:--;tIv 
the  wsight  thouki  be  lo  (00  ;  but  a»  lufinity  lias  no 
place  in  pra^ice,  the  rule  amounts  to  this,  that  tbe 
tail  llonc  be  loaded  as  much  as  pofTible,  and  the  others 
in  proportion,  that  they  may  the  better  reiift  the  effort 
which  the  Vault  make*  to  fepaiate  tbciV';  which  ia> 
called  thc,;&^  or  drift  of  tbe  Vault. 

M.  Parent,  and  other  avtbon,  lumiiice  determined 
dtecnrrr,  orfij^ure,  wliich  theeitradoi  or  outfidcof  n 
Vlui'i,  w  im  .k- sntrados  or  infi<!t  b  ^p^:erical,  ought  t* 
h.i-'t,  ihit  all  the  tlooes  may  Ik  hs  •c4uilibrio. 

The    above   mlv  ol    i.a   Hirc'ji    has  fince  been 
found  not  ;icciirate.    Sec  Arch,  and  Baiooi.  See 
.  alfo  my  Trtiitife  on  tbe  FiiRciplct  of  Scid^n,  aiul 
Em-jrlon's  C  iinllrui.'.ion  of  Arcfact. 

Kty  'f  a  Vavlt.    Set  Ksr,  MiVoussois. 
•Rewiot  fHKngt  up  of  a  Vavlt,  are  the  lidet  whiclt 
fuO.iin  it. 

ff.dcnth't  of  oVavlt,    Scc PlMMMTirS. 
Jmfa/I  af  a  VAULT,  it  tbe  ftOMC  opou  wfaich  is  bid 
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VEA.DAR,  in  Cbronobgy,  the  t^thmsntli  of  the 
Tewilh  cLtitfuilical  year,  anlwcring  commonly  lo  our 
Man;U ;  itiii  moiitb  i<  intercalated^  lo  prcfciti  the  he- 

Cing  of  Mifan  from  belli;;  reinoTcd  to  the  end  «^  Fc* 
ry. 

VECTIS.  In  Mechanicf*  one  of  the  Cmple  mecha- 
lllcd!  powcr»,  mote  ufuully  cikllcd  the  i...  vt.>i. 

^  V£Cl'Oi<«  or  Riulim*  VtOvr,  in  Agronomy,  is  a 
Uac  fii^eled  to  be  drawn  from  wf  planet  moving 
•ovod  a  centre,  or  the  fbcot  of  tn  cUipte»  to  ib^t  cen. 
tK,  or  foeiH.  It  it  Ib>cal)edt  beoaufe  it  if  that  Une  l)y 
>  whidi  the  phnet  fecms  to  be-carried  round  its  centre  \ 
■nd  irith  which  it  defcribct  areas  proportional  to  the 
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in  unifgrmly  accelerated  motions,  t>  c<  /,  and  i  OC  l» 


VELOCITY,  or  5vi'i/>«f/"i,  in  iMechanic*,  is  that 
sffet^ion  of  motion,  by  which  a  moving  body  pafles 
•«er  a  certain  fpace  in  a  certain  timi.-.  It  Is  alfu  called 
ttlertiy ;  and  It  is  alwuys  proportional  to  the  fpacc 
aMved  vnx  in  «  men  time,  wImi  the  Vckwkf  is  vni- 
ftraif  or  niwnye     fim  du  MfdM  time* 

Vdnci^  ia  either  imiform  ur  varlaMe.  Umfarm,  or 
eqnal  Velsatyt  it  that  with  which  a  body  paflin  alurays 
ever  ffiu.il  fp.icci  iM  tiiiHS.     Aixl  it  is  t'.'rf.ji//,  or 

utiequiil,  wlicn  thi-  l;,jac«s  paiiid  ovrrin  ec^vA  tirrK-i  src 
uncq.i.il  ;  v.i  which  cafe  it  \t  eh'Li:r  iuwlfrntftl  ur  rtijn.'^ 
Velocity  i  and  this  accckmiioni  or  retardation,  majr 
alTo  be  equal  or  imcqnal,  i.  e,  naUbno  or  miabfef  Ice. 
See  AccKLsmATiOH,  and  Motion. 

Vekicity  it  lifo  cither  aiJUmt  at  rdaAm.  Mfolate 
FHtt^f  it  that  we  hnw  hiih«ts  been  eoofidering,  in 
wliieb  the  Vdodty  of  ibody  wcsnfidcred  limply  in 
kfelf,  or  S9  pafTinj;  ovtr  a  teitiiin  fpai  L  i:.  .1  -iTtain 
time.  But  rf/iS^i-vf  or  rcj^i'.-.vc  hilly,  li  li.ut  vvitJl 
which  bodies  approach  to,  or  rcrcdc-  tVnin  -jin'  :)ua;l,(T, 
whether  they  bolli  move,  or  one  01  ilicm  bf  Lit  rclK 
Thus,  if  one  body  move  with  the  abfulute  Wlocity  of 
2  feet  per  fccond,  and  another  with  that  of  6  feet  per 
fccond  ;  then  if  they  move  dirc^ly  towards  each  other, 
the  relative  velocity  with  which  thejr  approach  ia  that 
of  t  feet  per  fKond  t  hat  if  thef  nofc  botb  the  ftne 
way,  fo  that  the  hiter  ofcrtake  tlie  fonner,  the  n  tV.c 
relitive  Velocity  with  which  that  overtakes  it,  is  only 
that  of  4  fjct  Kcinid,  ur  otily  half  of  the  former  ; 
and  conki]urndy  it  wjU  take  double  the  time  of  the 
former  beh  i  L  tluy  come  in  contadl  together. 

VEtociTV  in  <j  Rifbt  Xirrf.-— When  a  body  moves 
With  a  unHbmi.Velocitf,  the  fp^Li^  DalUd  over  by  it,  in 
diflinpeiit  tinwh  ate  proportioiNd  to  the  tioMt  %  alio  the 
ftwccadcfcrihedhy  two  diflercnt  onfimii  VdociHet,  in 
tkefame  time,  are  proponknal  to  the  Vdocitiet  1  and 
•bnCcquenth^  wEea  both  tiotrt  and  Velocities  are  on. 

Stial,  the  ipactb  ikiiiibi.l  arc  iii  tlic  loinjiouiu!  ratio 
the  tisies  aitii  Velocities,     i'hat  is,   S  «  'i'V, 

aad^gc  /v;  or  &  1  r  li  TV  :  m,  lieac«  alft^ 

V  :  «  ;        y>  «c  ibe  Vdodty  ia.ac  die  %ace 

rcflly  and  the  time  reciprocally. 

But  in  uniformly  accekratcd  molions  v  the  L (I  de- 
gree of  Velocity  unrf'jrmly  g.iincJ  by  a  body  in  begin 


or  cc  -0*  or  oe  /*.    And,  in  fluxion!!,  i  =  vi, 

VkLociTT  «/■  BcJl'j  ti:e%  'fj  in  Curvfi. — Accordint 
to  Galileo's  fyftem  of  the  fall  of  hearr  bodies,  which  la 
now  univerfaily  admiited  anion?  philoropbers,  theVe* 
1  i<itic!<  of  a!x)Jy  falling  verticnlK-  are,  at  euth  m',ment 
OS  its  fall,  as  the  fqu.ire  roots  of  the  bc:,,!i''  rmm  whence 


r„t:< 


•he 


of  the 

!  't»r  dc- 


It  has  fallfii 

dtfocnt.  And  lu'nct  htr  tiftmd,  ihat  ^ 
fccild  alonj;  ;  :i  i.iijhu-il  ;'i  the  Vttocities  .t  at 
the  diffcttnt  times,  vrill  be  in  the  fame  r<itio  :  for  liuce 
its  Velocity  IS  all  oiving  to  it«  foil,  and  it  only  falls  at 
much  ai«  thra-  is  perpcndlcuhr  height  in  the  inclined 
plane,  the  Vdnciry  (liould  be  (Ull  meafnred  hj  that 
hej^tt  the  faint  :u  if  the  M  were  vertical. 

The  feme  principWIed  htm  alfo  to  conclude,  that  if 
a  b<idy  fall  through  f;  • ,  rnl  contiguous  "r.dju.j  planes, 
mak"ng  »ny  auj-lcs  v.kh  ciich  other,  nnachlikea  (licit 
when  brcktn,  the  Velocity  would  flil!  lu-  regulated  after 
the  fame  nMimcr,  by  the  vertical  hrijjhts  of  the  different 
pLntb  taken  ta;;tthci'.  confiJerlng  the  la!l  Velocity  as 
the  fame  that  the  body  would  acquire  by  a  £dl  ihransh 
the  fame  pcrpeadicttlar  height. 

This  couclufitn  it  rLL:r;,  CD  t"iuiiii  to  he  acquicrced 
in,  till  the  year  1672,  nJiin  it  was  dtuiuiiil rated  to  be 
fftifc,  by  Jamci  Gregory,  iu  a  fraall  piece  of  hisintitled 
TiDtamina  qutdam  Gtannti  ica  </<•  Muiti  PtnduH  Pre 
j.<7vr.(w.  This  piece  has  been  very  little  known,  be- 
caufc  it  wras  only  added  to  the  end  of  an  obfcure  and 
pfeudonymous  piece  of  his,  tiien  publiOtcd,  to  expoTe 
the  errors  and  vaiiit\-  of  Mr.  Sindair^.  profeffor  oF  na- 
tural philofophy  at  Glafgow.  Thitliltle  jeu  d'cfprit  of 
Gregory  11.  mtitlcd,  TL  grttit  and  nc-ut  ef  iry}-:LI>i<f 
y UHity  :  or  j  t/i/l-jvtry  0/  tic  /gnorancf  anj  yirn'gjnci 
cj  iL(  ^real  and  nt^  Arlifl,  In  hit  P/euJo-Phikjl;  l  l  al 
ii'r-mgi:  Ij  M.  Patriik  Maihrrt,  jlr.  h-BeM  to  iht 
Unl-uerfiij  r4  S.  Au  irr-x-:.  In  the  Tnxt.nmia,  Gregory 
flicws  what  the  rr.1l  Velocity  is,  whith  a  body  acquires 
by  defccnding  down  two  contiguous  Inclined  pune^ 
forming  an  obtufe  angle.and  ihat  it  is  difCnent  from  the 
V  JQcity  a  bodv  acquires  by  dcfcending  perpendicularlr 
through  the  fame  height;  alfo  that  the  Vilocitv  in 
quitting  the  firll  plane,  is  to  tlut  v.  ith  which  it  enters 
thit  kcvjj  J,  aadin  this  latter  din  £ti.;r,  nj  ra<Jiiis  to 
tii£  cuii.iv  ul  the  angle  of  inclination  bciwccn  the  two 
planes. 

This  conclufion  however,  Gregory  obrcnitsi,,doei 
not  apply  to  the  motiont  of  defccat  down  any  curve 
hues,  becaufe  the  contignoiat  paita  of  curve  Uon  do 
BOt  form  any  angle  between  them,  and  eonfcwKntll^  no 
Mrtof  thu-Vclocity  is  loll  by  puffing  iVom  one  part  of 
the  Clim  to, the  other  t  and  hence  he  infers,  thu  the 
Velocities  acquiied  in  dcfccii.:ii.-  down  a  continued 
curve  line  are  the  fame  as  by  i«!ling  perpemhculariy 
tl.r.  i;,;;i  iliL  lairu  iii.ij_;Ut.  This  principle  is  then  as. 
plied,,  by  tiic  4uitior,  lo  the  oMtion  of  pendulua*  and' 
.  pro}v^iles> 

Varignon  too,  in  the. year  1693,  followed  in  the 


-         „  -.  ,       {     .    -  f-«n«  '^V'^'ng  thatihe  Veiodty  lort  in  paiiioc 

ning  from  reft,  IS  proportional  to  the  time  ;  and  tlje  >  from  one, right  Jincd  diieftini.to  tnotfaer.  becomes  in- 
foace  defcrilied  from  the  beguming  of  :hc  moiion,  !»  a*  ..definitely  fmall  in  thecourfeof  a  ooivcllne-  and  that 


tbei  produA  of  the  tine  and  Velocity/or  aa  the  fqoare 
af  the  Velodty,'  or.  at  the  ffaait  of iiie  ^SaSk*  lliat 


therefore  the  doflrfne  of  Cjlileo  hoLU  f^ood  h,r  the  de- 
ftent  of  bojit,  down  a  curve  line,  viz,  that  ihc  Velocity 

6  wqiiihcd 
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ccqiiir^il  nt  unj  point  of  the  corviet  it  t<wai  to  that 
which  would  be  acquired  .fayi  a  fidl  tblWIgb  tht  Smc 
pirpK.mdiciiI.ir  altitude. 

The  ranirtr  of  cvcr]>  curve  il  abundantly  determined 
i  by  the  lalio  uf  the  orimailtA  to  the  currerpuniiing  abf- 
■cilkt  i  and  the  ^lenee  of  eiM*e*  <n  general  may  be 
concctv;(l  N»  roiififtinj;  lOtbU  ratio*  whicli  may  be 
rird  in  4  thrul'ind  different  ways.  But  chit  fame  ratio 
ili  be  alU)  that  of  two  fitnple  Velocitiej,  by  whofe 
joint  efTi't't  aboc?)-  may  dcfcribc  the  curve  in  qticftion  ; 
^■•;iJ  c  intVq'jfiiily  ilie  rfFtnce  of  all  curv, in  f;eneral, 
i«  tbc  fume  tiling  as  (he  coacoitffc  or  coiubiu;ition  of 
all  the  forces  wiiich,  taken  two  by  iv-o,  may  move  the 
jbrae  body.  Thus  we  have  a  mull  Ample  and  general 
ccuau'on  of  all  poQiblc  curve**  and  of  all  poflible  Ve> 
lociticb  By  moM^ti  dna  eaaan'oa*  at  fiion  at  the 
two  fimple  Vdfl^ia  of  a  hoAf  are  kaown,  the 
curve  icfultuif  tnm  tbcm  ia  iiwacdiately  deicr* 

tr.tned. 

It  may  he  obfervcd,  in  prticular,  accordin;;  to  this 
equation,  that  an  uniform  Velocity,  coaibin^  with  a 
A^cldcity  that  alwayt  varies  as  the  fciuare  tootl  of  tbe 
heightii  the  two  pnxhice  the  pitrticuiar  cum  of  a  p«- 
raoMi^  independoit  of  the  aii^le  made  br>-  the  direc- 
ttooi  of  the  twefciect  that  give  the  Vdoctiwit  and 
CMifrquently  a  cantmn  bill,  fltot  either  borizontdlf  or 
obliquely  to  the  hortion,  mutt  always  ili  fi-rlhc  a  puta* 
bob,  were  it  not  for  tlic  rcliitanct  of  t'u-  aw. 

Cireu/ar  \' f.Lni:n\- .    Hoc  Circjlaii. 

•JnilmlV  y\.or.  IT  ■{ ,  in  Guniirry,  denotes  the  Velocity 
witii  ivliicli  military-  iirtijcctiles  uiuc  from  the  mouth  of 
tbe  piece  by  wiuch  they  arc  difcharged.  This,  it  it 
iioir  knowo,  i«  tniKh  morr  coufiderilfie  than  wa«  for* 
jneily  aptnchaaded.  Jcor  the  BKtbod  of  eftimating  it^ 


and  the  rcfult  of  a  ^uriety  of  cxprrimentt,  by 
Robtiu,  and  niyftlf,  &c,  ice  the  articles  GtfM,  Gun* 

N£IY,  PaOjeCTllE,  and  KEtlSTANCE. 

Mr.  RoUm  kad  hinted  in  h{«  New  I'rincipte»  of 
of  Guaaerjr,  at  aaotber  method  of  meaiianqg  the  lai* 
tkl  Velockiei  of  nOtifiy  pRneftilea»       from  tlw 

arc  of  vibrarion  of  the  gun  itfietf,  ta  the  ad  of  etpld« 
lion,  when  it  it  fufpcnded  by  an  av't  like  ■  penduldm> 

And  Mr.  Thr>rii;)loii,  in  hii  cicpcriinent*  (Philot 'IVjinl. 
♦ul.  71,  p.  32y)  has  puriued  il.e  fame  idea  at  con- 
fiderable  length,  iti  a  tn:ml)er  of  expcrimeiitj:,  fion 
whence  he  deduce*  a  role  for  computing  the  Vclu* 
city,  which  i»  foiinwkil  diflbRnt  from  that  of  Mr. 
Rikiint,  but  which  agrect  very  well  with  hit  oven  eapC" 
nmentt. 

Tbia  ndekomnNer  beisg  diawn  oulf  Snm  tbe  cxpe> 
tvitb  a  muflcet  bwrrvl,  and  wW>  a  fiilall  charge 

of  po«'der,  iK-riJcs 'leliij^  difTcrcnt  fioni  lliiit  in  l\:c 
theory  as  propofcd  by  Rulnus  ;  il  was  tulpi:cted  that  it 
would  mit  hold  ^'<K)d  wheo  applied  to  cannon,  or  other 
fatrgc  piecet  of  ordnance,  of  ditkucai  and  vaiioua 
Icnatht,  and  to  larger  charges  of  powder.  For  thia 
realoD,  a  great  multitude  of  eaprrimeutt,  at  rdaled  ia 
my  Trad t,  vol.  1,  were  iiiilitutzd  with  caattM  of 

liuMB  kagika  aad  ckwyd  widi  aMty  diiimat  quaali* 
tiea«f  powder  f  aad  llie  laitkl  Velocitiaaof  tke  (hoc 

were  computed  both  from  tbe  vibratiou  of  a  bdliAie 
pendulum,  and  frcioi  the  vibration  of  the  gun  rtfelft 
but  the  co«fequencc  was,  thai  thclc  t"u  liardly  ever 
agreed  tupether,  and  In  many  caie»  they  dilfercd  by 
alitioil  4C0  feet  per  iccoud  in  the  Velocity.  A 
brief  abllrad  fur  a  comperiibn  betweeo  tbelc  tw« 
tft  toe  mowing  tibleti  lisb 


1       » ,^>uncet.  1 

'  ... 

4.  Ounces.  1 

8  Ouncet. 

1      16  Ounccn. 

No.|i   Velocity  by 

Ditf, 

Velocity  by  1 

Diff.  1 

Velocity  by 

Dili",  i 

\  eiotiiy  by 

Diff. 

|j  Gun 

Pend. 

1  Gun 

Pend. 

Gun 

Pend. 

Gun 

Pend. 

»  8jo 

3  9'9 

4  II  9^9 

1  970 

50 
28 
—  I 

-41 

j  "3? 
1203 

1 194 

1317 

troo 
1180 
1300 
1370 

3S 
23 

-53 

1445 
I5»i 
1631 
1669 

»4JO 
1580 

1 790 
1940 

«S 

-59 

-159 

-171 

•345 

1730 

•377 
1656 
1998 

2i06 

-32 
-171 

-5.S 

—  376 

in  thit  table,  the  firft  column  (hews  the  nomber  of 
the  gun,  a*  they  were  of  different  lengtht ;  viz,  tbe 
tirngrh  of  number  I  wat  30  {  iadiev,  number  2  waa 
4S|  incbcit  mwihcr  3  waa  60  inebc%  and  aumbcr  4 
nai  83  inchea,  nearly.  After  tbe  firftaolitam»  die  veR 
of  the  table  it  divided  iato  Ibor  fpacet,  for  the  four 
cbarget,  2,  4,  8,  16  ouMYt  of  powder:  and  each  of 
thefc  is  dividcti  into  three  colunnit  :  in  the  firft  of  the 
*three  it  the  Velocity  of  the  ball  as  drterniined  from  the 
vibration  of  thegtin  ;  in  the  fecond  it  the  Vclrxrity  ss 
determined  frotii  tbe  vibration  of  the  pendulum  j  and 
{n  tbe  third  it  the  differettce  between  ihf  two,  beng 
—ay  factfcr  fiwd^  whkkiaaatkad  wkhtbei 


tive  fign,  or  — ,  when  tkc  (bimcr  Velocity  ia  t«o 
•tberwife  it  it  pofttive. 

Fiamtlw  comparifon  contained  in  thit  table,  it  ap- 
frntf  im  flcneait  that  the  Velocitict,  determined  by 
tbe  two  dufermt  wayt,  do  not  agree  together ;  and 
th.it  therefore  tire  method  of  dctemiininj^  the  Velocity 
of  the  ball  froin  the  recoil  uf  the  gun.  Is  not  jftncr.illy 
ttue,  although  Mr.  Robins  and  Mr.  Tlicmpfon  had 
fufpeAod  it  to  be  fo;  and  confrqnently  that  the  elftft 
of  the  inflamed  powder  on  the  recoil  of  the  gun,  it  D«t 
cza£Uy  the  &me  when  it  ia  fired  without  a  ball,  ai 
«keait  iaSred  with  ooe.  It  alfo  appears,  that  ihia 
>.m  ao  waya  tcgulRr,  B«tbcr  ia  tkc  difoen* 
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fsnrwftli  tlte^Ame  charge  oF  p<Mder,  »or  In  the  Sunt   M  tht  hathr  Ibte  of  v^getaUn^  a*  orininalt.«>VeB> 

'  '  '  '    "    tihton  are  alfo  of  otccllcnt  ufe  for  drying  corn,  hcp% 


gun  with  diffirrent  charges  :  That  with  voy  fmaM 
char;jes  the  Velocity  by  the  gun  it  greater  than  that 
by  the  pendulum  ;  but  that  tfie  liitier  uU\>ays  gains 
upon  the  former,  ;'3  ihf  I'birpe  i-s  incrtaftd,  and  foon 
b*.!''."!!?*  cqi:jl  til  it  ;  and  a!l'TA-:!r<'.s  |.-')eH  nn  to  cxi  ctd 
it  nu)ie  and  more:  That  the  partictiUr  charge, _at 
which  the  two  Vclocitie*  hecome  equal,  it  different  in 
tbediflerent  gitntt  and  that  thi*  chary^ei*  left,  or  the 

aualttf  (bonertaket  place,  as  the  gttn  it  longer.  And 
tbia.  i^etber  we'ttfe  the  actual  Vdocitjr  with  which 
the  hall  ftrihn  the  peMnlttm,  or  die  ftme  iueioaM  bj 
th?  V.'J.  my  loll  by  the  rt/iftancc  of  the  air»  iB*it» 
flij^hi  friitn  the  f^n  to  the  pendulum. 

VEN  riLATOR,  a  naacliinL*  by  whicli  i!ic  i>oxijii» 
air  of  any  dofc  place,  »s  an  hofpiiaii  gaol,  (hip,  chain- 
ber,  ftq  aiaf  be  dilcbai||ed  and  cbanged  br  frcih 
atr. 

The  aoxiont  qnaliciet  of  bad  air  have  been  long 
bMWD  i  and  Dr.  Hale*  and  oUi«i«  have  tabansreat  paiaa 
t$  point  ont  the  auicbieli  arifing  fiwn  fbd*  aur,  and  to- 
prevent  or  tcmedythnn.  Tbaf  philofiipherprapofed  an 

eaff  and  effcAOTl  one,  by  the  ufe  of  his  Ventiliton  ; 

the  account  of  which  wa;  iiad  brfi)re  tlicRo} Socie- 
ty in  May  ;  aiiJ  a  f  inber  account  of  it  mny  t)c 
fee:i    i::   (lis    iJcicrlption    r,{     V'L-ii'i'.Tf ors,    printed  at 

lA>ndon  in  8to,  1 743  ;  .t"  d  IHII  (arthcr  in  part  2,  p.  32^ 
printed  in  1758  ;  where  the  ufcs  and  applications  of 
tbcm  are  pointed  out  for  ftiipt,  and  prifont,  dec.  For 
what  it  faid  of  the  foul  air  of  {hip»  may  be  applied  to 
that  of  JB*al*»  nrincai  workboufca,  bofpitab^  barradav 
9k,  In  minen,  Ventitaton  may  jruard  again  ft  the 
ftiffocationt,  and  other  terrible  accidents  arifing  from 
damp*.  Tile  air  uf  gaolt  lias  often  proved  infci^ionii 
and  wc  liad  a  fatal  proof  of  this,  hv  tlic  ,Tkci- 
drnt  that  happened  fomc  yean  lince  at  the  Old  Baile)' 
ffffioni.  After  that,  Ventilators  were  ufed  in  the  pri- 
fnn,  which  were  worked  by  a  fjaaU  windoiiU*  {daoed* 
oil  the  top  of  Newgate  j  and  the  prifba  beeaoie  moie 
bealtby. 

Dr.  Halca  (wther  fuggefts,  that  VientHltort  n%ht 
be  of  a(e  in  making  ult ;  for  which  purpofe  there 
OtwiIJ  be-  a  ftream  m  «-atcr  to  work  them  ;  or  they 
!t;'L:!il  be  worked  by  a  windmill,  and  the  bn'ne  fhonld 
he  111  \nng  narrow  carm!«,  rovrrfd  with  boardt  of  can- 
vas, about  a  foot  l,'  ovc  the  hirf.irr  ot  the  br^ie,  to  mu. 
fine  the  ftream  of  air,  fo  a*  to  mukv.  it  atl  upou  lUt  fur» 
ftce  of  the  brine,  and  carry  off  the  water  in  vapours. 
Thus  it  might  be  reduced  to«  dry  fait,  with  a-faving  of 
fuel,  in  winter  and  fummer,  or  in-rainy  weather,  or  any 
ilate  of  the  air  whatever.  Ventilatoi^,  he  appretien  J?., 
might  alfo  ferve  fcrtliyln^  linen  Lutij;  in  low,  lonjr, 
narrow  gallci-ici,  iTpeci  illy  in  diimp  or  rainy  weather, 
and  alio  in  diving  wotlim  cloths,  after  tlicy  arc  fidlid 
■  r  J  .d  ;  and  in  thu  cafe,  the  Ventilators  riii;ht  be 
worked  by  ilm  luilitig  watcT^mill.  Ventilators  might 
alfo  be  an  ufcful  appendage  to  malt  and  hop  kiias ;  and 
the  fame  author  is  farther  of  opinion,  that  a  vcstilation 
of  warm  dry  air  from  the  adjoining  ftmef  witb  a  cau. 
tiona  haad».  might  be  of  fovioe  to  tnea.aod  pkntain. 
grMOrhetifea  I  where  it  !•  well  known  that  ear  foD  of 
tiw  raadd  vapours  which  perfnire  from  the  pianta,  is 
veif  dnkindly  to  them,  ai  well  a  the  rapours  from 
badiaaaifttb-aMaa  lar  facfliairia 
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imdmalt. — Gunpo»-der  may  be  thoroughly  diied,  by 
bl  nv-  ij;  air  up  thiou|;h  it  by  means  of  Ventilators  j 
wSi  -h  ii  nf  )^r!at  adTar»»i!«ife  to  the  rtrcn^^lb  of  it. 
'I'ji  .l :  VeiiiiU' j;  s,  t  .t  n  t  li  1  n slier  one.*,  will  alfo  ferve 
t  >  [i.r.ity  »o4  eafilj-,  and  effectually,  the  bad  air  of  a 
Owi'a  well,  before  a  perfan  is  fcnt  down  into  St,  b^ 
blowing  air  through  a  trutik,  reaching  near  the  bottom 
of  it.  And  in  a  fm^ilar  manner  may  (linking  water, 
and  ill-tafted  milk,  iic,  \k  fweetened,  via,  by  pafliHg 
acBrrent  of  air  tUronfHi  them,  from  bottom  to  top, 
wliich  will  cairy  the  offenilve  parricl!-!)  a'm^  with  it. 

For  ffiefe  and  other  ufcs  to  which  livy  might  be 
appl'.'d,  an  vvJ'l  Ji  l>n  a  puticuliir  ac-xjunt  of  the 
cuiiitruction  and  diipuhuu:i  01  Vcntiiators  in  Oiips,  haf< 
pttab,  prifons.  Sic,  and  the  bcnelits  attending  theui, 
fee  Ha!e»'t  Treat ifc  on  Ventilators,  part  2  pafliin  ; 
the  Pfniof.  Traiif.  vol  49,  p.  ^32. 

The  method  of  drawing  off  air  from  ihipt  by  1  

oP  fife-nipee,  which  bmebave  pteferred  to  Venlihtorv, 
wi»s  publifhed  by  Sir  Robert  Moray  in  the  Philof. 
Tr.inf.  for  1665.  Thefe  are  metal  pipes,  about  2^ 
inc!)i-4  li.T:ni'er,  i-'sc  of  which  reaches  from  the  firc- 
plij<  to  t!:L-  wi  ll  n(  »lie  fliip,  *iid  other  three  braDchcs 
j^'o  to  otLir  tiurts  iit  tni  II  i-i;  the  lloTc  hole  and  afh 
h»lc  being  clofcj  up,  the  lire  in  foppltcd  with  air 
through  thefe  pipCB,  The  dcieCts  of  thefe,  compared 
with  Vcntilaton,  are  particularly  ^examined  by  Drw 
Hnles,  uhi  fapra,  p.  115. 

In  the  latter  part  -of  the  year  1741*  H.  TriewnU, 
military  arcfaitcato  the  king  of  Sv^len,  informed  the 
fccrctary  to  the  Roynl  Society,  ihut  he  !iad  i;i  the  p,  t- 
fprinjr  iuvcated  a  mdchuic  for  u!e  of  Hiipa 
In  i'.i-v,f  out  the  fotil  air  from  under  tlieii  deck.*, 
which  cxhaiiticd  3617*  cubic  feet  of  air  in  an  liour,  or 
nt  the  rate  of  -1732  tnns  in  24  hours.  In  1742  hi: 
feat  one  of  thefe  to  France,  which  wjis  approved  of 

Sthe  Academy  of  Sciences  at  Pari:>,  ai.d  the  ttavy 
Fraaee  tm»  onkrcd  to  be  foraifltcd  with  the  Uka 
Veitiihtoie^ 

Mr.  Erafmus  Kiiitj  propofcd  to  have  Vcntilatora 
wotked  by  the  fire  engine!,,  in  mines.  And  Mr.  Fit2« 
ger.dil  h;is  fuggcfted  ail  Improved  mrtliod  of  doing 
thii,  \v1iich  he  has  alfo  illuilroted  by  tii^iiri-i.  Sec 
Philof.  I'rjinf.  toI.  50,  p,  727. 

There  are  variotts  vrav s  of  VctHilatioa,  or  chaogiag 
the  air  oftvoma.  Mr.  Tidd  contrived  to  adout  fielhiatr 
into  a  room,  by  taking  out  the  middk;  upper  lafb  piuK 
of  glafs,  and  fixing  in  its  pUcc  a  franK  box,  .witll  a 
round  hole  in  ita  middle,  aboot  6  or  7  iiKbet  diame- 
ter ;  in  which  hole  ate  fixed,  behmd  each  other,  a  tct 
of  f;ii!sof  very  thin  broad  copp  .1 -plate*,  \vK:cli  f;ni.ail 
over  and  cover  the  circular  lioic,  io  us  to  make  tin:  air 
which  enters  the  ror>m,«nd  turning  round  thc(«.-  faii^,  ru 
fpread  round  in  ihin  (beets  ftdcwayst  atkd  fu  Dot  to 
incommode  perfons,  by  blowii^  dtrc<5Uy  upon  them, 
as  it  wonld  do  if  it  were  not  hindered  by  the  faili*. 

This  method  however  is  very  unfcemly  and  difajjrec* 
able  >ia  good  rooms  :  and  thctefere,  i»tt«ad  til  it,  the 
late  {agern'ooa  Mr.  John  WhitehoiA  foMitnted  fno* 
iher;  which  was,  to  open  a  fmall  (quare  01  rcttattghr 
hole  io  the  party  wall  of  the  room,  in  tlie  upper  part 
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•fi'f  ;  ami  before  it  !'.«  phrt-ii  a  tliin  j /Tree  of  riittll  or 
pj'.'iLoarJ  f;c,  atlaclicil  to  the  wall  !;»  iia  hnxcr  part 
■j'.iU  hclow  the  liolc,  b«l  Jcchiiiiig  from  it  upward!),  fo 
a>  tt)  give  the  n:r,  that  ciittri  hy  thf  hole,  a  ditcAioii 
upward*  .i;;3:iif;  the  ci.-'ir.p,  akm;*  wliicli  it  fwcep*  acd 
difpcrfes  i licit  tin  ii.;h  rht  roimi,  without  blcwinj;  in  a 
-cunvnt  agJitri((  lk.v  i>i.-rioii.  Thi=.met!*r.i.l  i«  vcr)- ufeful 
to  cure  fmoky  clkiiniKytt  hj  thut  admitting  convcoi* 
•<Dt)y  fitffi  air.  A  piauiv  placed  before  the  bolepre- 
Tcnuthc  fijjiit  d'  ii  Irotn  tliifi^'urinp  l\\e  room.  Tnis, 
and  many  c>=h<  r  mrthcds  of  \'ci.tilatinj;,  he  meant  to 
have  publini'd,  and  wjs  ro'iipicd  upon,  when  dt.iih 
put  .in  ti:d  t<i  hii  u'.'lTuI  labours.  Thrtr  have  fjnct  bcm 
JUibliHiird,  v';'.  in  JTOJ,  4I0,  by  Dr.  WiUan. 

VEKl  .S,  in  Allr'  ncm^,  c;ici)fthc  inferior  planet*, 
but  tilt  bri^htcll  ;ir.'J  to  if  ;  iiiratxe  the  largcft  of  all 
the  jdancia »  and  it  dcfij^ncd  by  the  xnark  $ ,  fuppofcd 
40  he  •  ynde  rcpie&ntation  uf  a  ivin«l«  figwrC)  with  her 
trailing  Tobe« 

Venus  is  eaitly  didincniiAed  from  alt  the  ntlier 
•pl.UKti.,  h-'  hvr  whiisucls  :ind  br. ;  -T-:,  in  \v;.;cl,  ilic 
excccd&  all  tlr:  rc.i,  cvc;i  Jnp'tcr  i.;i^lfl-,  a;;tl  uM.  h 
is  fo  conftdiraSV',  th;U  in  ..  diifKy  j  lace  fiie  catifc*  11 
•jUkc*.  to  projicl  a  Icnfiblc  flvidow,  and  flic  is  often 
Nilib'c  in  lilt  day-time.  Her  place  in  thefyftcm  is  the 
fecond  from  the  fun,  vi/.,  hLtween  Mercury  and  the 
earth,  and  in  magnitude  i^i  ab-jut  erual  to  the  earth,  or 
■rather  a  littU  lirga  acoordiug  to  Dr.  Ucricbcl't  oblei^ 
•vationi* 

As  Venus  moves  round  the  fun,  in  a  circle  beneath 
that  of  the  cutlh,  (Ve  ii  never  kcii  in  oppofition  to  him, 
nor  indeed  very  f.ir  from  iiim  ;  birt  fctn.  to  tiu  vl  ijack- 
vardand  forwaid.  paflipfr  hira  from  fide  to  fide,  to  the 
diflence  of  about  47  or  48  d(p«C%  faotbtntji^  wbicb 
is  her  greatcll  ch^iiga;;on. 

When  flic  apfirnis  wcfl.  of  the  fun,  which  is  from  her 
lofciior  cofijuodion  to  her  fop^nor,  Ihe  rifes  before 
bimt  or  !•  a  morning  tfar-i  and  it  ctilkd  jHMf  lnryi,  or 
Lucifer,  or  iIk  Myrntug  Awj  md  when  ihc_  la  caft> 
•wards  from  the  fun,  which  ia  from  ber  fiiperior  con* 
jTinftion  10  her  it'.tVii  flic  fits  after  him,  or  is  an 
evrnijig  ftar,  and  is  called  Hcffirui,  or  h'^-JfcT,  or  the 
r.'-aitpg  fiart  beiog  each  o/  thofc  in  ill  turn  Ar  S90 
days. 

The  res!  diameter  of  Venus  15  ne«i'v  iT:j  to  that 
of  the  earth,  bein^'  sbont  9C0  n.iles  ;  her  apparent 
mean  diameter  ftcii  tVii-n  the  earth  ^9  ',  Iter  fmrn  the 
fuo,  or  ber  horizontal  paraiiaz,  yi*  \  Jmt  *a  kcnfraoi 
the  earth  accordinj^  to  Dr.  Herfchcl  t  her  dit 

tance  from  the  lun  70  nullio.i  of  inilts :  her  eccentricity 
"ft'ie  fiime,  or4r)^,ooo  miles ;  the  inrlination 
of  iier  CJibit  to  the  pi.mc  of  the  ecliptic  J  <  '  ;  the 
points  of  their  inff  rff  Ction  or  nodes  are  14'''  of  II  and 
the  place  of  her  aphelion  zs  4°  zo' \  her  axis  in- 
clined to  her  orbit- 75''  o'  }  ber  periodical  courfc  round 
the  A>n-«a4'  daft  17  bourt;  the  diurnal  lotaiiun 
ronfid  her  ads  verjr  vncrrtaiiit  being  according  to  Cuf- 
fini  only  2  3  bouri»  bat  aOcorditiK  to  tbc  obficrrations  of 
Bianchini  it  it  in  24  daya  B  bams  \  thotqrh  Dr.  Hcrlicbel 
thinks  it  cnnnot  he  fo  much.    See  alfe  rLawiTi. 

Vcru^,  x'  iieii  viewed  tlir.uu-h  .1  Itli-fccpe,  is  nin-!y 
fcen  to  '.tiitic   Willi  ;i  tu^l  t.ur,    l)'.:t  j)liu1t.«  <iiiil 

(  ii;;!!^-':-  \\.\  l-i  c  tlu^fe  <:t  the  moon,  bi-in^  in.  11  :inil>^, 

decrcai'ui^,  luirntdi  gibbotu,  &c  :  hex  iUuiaioated  |>art 


■beinr'  ei-nn.i:  tlv  turned  toward  the  fun,  or  direftcd  to- 
ward iLl  ead  when  fhe  in  n  inorainjj  lUr,  and  toward 
the  weft  when  an  evening  (Vsr. 

Thcfc  dificrent  phah  «  of  Vcnut  were  firft  difcovcre^l 
by  Galileo  t  si^io  thus  ftiililled  the  predi^iW  of  Coper- 
nicus:  for  when  tLia  e>rc^:ic  u  aftixMiomcrKvived  the 
ancient  l^tb^OrcM  fyHcni,  afTtrtiitp  that  the  earth 
and  plaacu  move  mind  tlie  (on,  it  watot^ed  tbat 
10  fuch  a  cafe  the  ptiafet  of  Venus  fliotdd  refemblc  thofe 
of  the  m<Kni  ;  to  which  Oip-rtiicus  r  .  ^Iied,  :hat  fome 
time  or  other  thit  refembLiiice  would  be  found  out. 
G  ihlco  fent  an  account  of  tiie  firll  <i;lVovery  of  tUelc 
piiafes  in  a  letter,  written  bum  Morence  in  1611,  to 
William  do  Medici,  the  duke  of  Tufcji.y's  aiabjffador 
at  l-'nifjur  ;  rfrftrlr  ;  him  to  communicaic  it  to  Kepler. 

Thekttcr  j>  t>t  r  t  .lithe  preface  lo   Keplei's  U^op- 

trict,  and  a  tiauliditiun  of  it  in  Smith't  0|Mict»  p.  4161 
Hariiiff  recited  the  <A>fervatioi»  he  bad  made,  be  addi» 
•*  We  nave  beneeUie  moil  certain,  ftiiHble  decifioa  and 
demonftration  of  tww  gtanJ  qucllion.s,  which  to  thia 

il.n-  'i:!\c  bun  (Vinbtfiil  rir.d  difputed  araon^  the  pre^ttil 
II.  iilci.!  ut  rralon  in  tiu-  world.  One 's,  that  the  planet* 
in  their  own  natuie  are  opake  b.vhcs,  attiibutiiig  10 
Mercury  what  we  have  feeu  in  Venus  :  and  liic  other 
is,  that  Venus  necelTaiily  inoTCarannvl  the  Um  ;  as  abu 
Mcicnry  and  tbc  other  planeii;  a  thing  wdi  believed 
iiidetd  Djr  Pythagomat  Coper  Kcpkr,  andmyfclf, 
but  never  yet  provedi  •«  now  it  it,  by  ondar  Isipci^B 
upon  Vcnnti" 

CufTiiii  antS  Canipnni,  in  the  years  166 ^  .nt!  1666, 
difcovcrtd  Ipots  in  the  f^ice  of  \'tuu? :  jri>ai  iLc  a{;- 
pcarnnces  o(  which  the  former  alctnaiucd  her  n  otio;; 
round  her  axis ;  concluding  that  this  revolution  wj-i 
pcrfonncd  iu  Icfs  than  a  div  ;  oi'  at  leall  that  the  bright 
fpot  which  he  oblerved,  finilbcd  its  period  either  hy 
tcvotuiionor  Cbntion  in  about  ;j  houi.>.  At:d  de  la 
Hire,  in  ly^o^  liirowgh  a  tckfcgpe  of  xd  feet*  difco- 
wred  fpot*  in  Venn* ;  trhidi  be  found  to  be  larger  thaa 
ibofe  in  the  moon. 

The  next  obfeivatfons  of  the  fame  kind  that  occur, 
are  tli<if<  ofrij-iiii^r  I'linanchiiii  at  Uoaic,  i:i  1736,  i  ^j-, 
I 'JO,  who,  with  Cainpaiii's  gblfcs,  dii'covctcd  fevctal 
dark  fjMits  in  the  ditc  oi  Vencs,  of  wliich  lie  pave  an 
account  and  a  rcprcfcntatiou  in  book  entittid  Hciptri 
ft  Phofphoii  Novn  Plienoitiena,  publithed  iit  Romt: 
in  1728.  Fraai  fcveral  iuccefliivc  obfersatiuoa  iiiaa- 
chini  eondodea*  that  a  rotation  «f  Vcona  about  ber 
Mia  trat  not  completed  in  2j  hourtt  at  CaCioi  imegineft, 
but  in  24I  days;  that  the  north  pole  cf  1I113  rot.nion 
fatrd  the  .'v  iii  iit,;:<:e  ci  Acrarii:',  ar'i  was  elevated 
15"  i.hovc  the  ^jLiiC  oi  il.t  itilptic.  Slid  that  the  iisis 
kept  (lankllcl  to  itttlf,  during  the  pLnci's  rcvoluii»>n 
aii>out  the  fun.  (.'ufliui  the  Ion,  though  Itc  adinili  tiw 
accuntcy  of  liiauchuii's  ot>reivatioD^,  difpntes  the  con- 
clusion drawn  from  thea>>  and  iually  obftives,  that  if 
wc  fuppofe  the  petMHl  of  the  rc.latk>ii  of  VtlHM  to  be 

.  a)  h.  aoiwa.  it  agncaequally  well  with  the  obtRWiioM 
both  of  hi*  father  and  Siavchini »  but  Ufts  ■Vfol'e  in 
JS4  d.  8  h.  then  his  father*!  obfcnwtMM  mu A.  be  lejeded 

asof  DO  confc^ueiire. 

lii  the  rinVi?".  Traiif.  I'g:,  s  e  f  u'Tjlird  the  refiilts 
of  aeoutle  ol  obfervatioiis  <>u  the  planet  Vcnu*,  bepuo 
in  the  year  1  ^t»0,   by  Mr.  iWbroeter,  of  Ililiruttial, 

Jicnwn.   Vron  tiiek  obictTUioat,  the  a«tbor  safen, 
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lliat  Vfni'i!  lui  nn  atmof[-,!ifrf  in  fon-r  rcfpii^'  fin-iiUi 
to  that  I'fujr  cartli,  Liii  f..r  <.xc«Ldiiii;  tluil  of  tiic  r.ifon 
i&  denCtjr,  or  power  to  uTaken  the  raj»  of  the  fun: 
tlut  Ibe  diaraal  pt  i  i  <d  of  tin's  phoet  it  prateUf  mttch 
ittnger  dunttbat  of  otlier  planets:  that  tlir  mcon  alfo 
Im  an  atmorphefCt  though  Ida  drnfc  and  hi^h  than 
than  of  Vcnui;  nd  thut  the  moimtaiM  of  thu  planet 
'■  are  5  or  6  timA  a*  high  a$  tbofe  oa  the  ea^h. 

Dr.  Herfcheltoo,  brtwcfn  the  years  1 77 7  and  1795, 
liat  made  a  lon(»  fcric*  of  obferyations  on  this  planet, 
accounts  of  which  arc  ;;ivcn  in  the  Philof.  Trailf.  for 
179^.  The  rclu'.ti  of  tht  i'iL- uhlc-i  rations  arc  :  that  the 
planet  rerolvrs  about  iti  jxis,  hi>\  the  time  of  it  is  un« 
crrtain  :  that  the  piilition  vt  it*  axis  is  aifo  rtry  un- 
certain :  that  the  planet's  atmofpherc  is  vcrjr  conlidcr- 
ablet  that tittpluiet hat jnohaUfhSbaiidiaeqialhica 
M  iti  fm&GCb  Mt  be  haa  not  beea  able  to  (w  oHieh 
«f  them»  owing  ft^ft  tp  the  .fieat  denfity  of  ha 
ataBoTplicTVf  aa  to  the  umimtBiaf  of  Venn*,  bo  eye, 
he  fayit,  which  ia  not  oonllderably  better  tlian  his,  or 
-aflilUd  by  much  better  inftnintents,  will  ever  get  a 
fij^'lit  i)f  th<  in :  ai.d  that  the  if  ^parent  diameter  of  Venus, 
"at  ;hf  niciui  uiiiniin;  ftvmi  ihj  earth,  i«  l8''79;  from 
wlicucc  it  may  In;  iiircrrttl,  that  tlil«  plaint  is  fomtwlial 
larger  thaa  the  earth,  iufiead  of  being  Icfis,  as  lutiiwr 
aflronomers  have  imagined. 

Sometimes  Venus  ts  feen  in  tl>e  difc  of  the  ClUi»  in 
form  of  a  dark  round  (pot.  Thefe  appeannoe«»  cdlcd 
'  Traufitst  happen  but  leldoo,  via*  whcit  the  catth  ia 
alxnit  her  nodes  at  the  tine  of  her  inferior  co^aoAMn. 
Om  of  thelie  tranGu  was  fccn  in  England  ii|  1639  by 
Mr.  Honox  and  Mr.  Crabtree  ;  and  two  in  the  prefrnt 
century,  viz,  the  one  Jur.c  6,  1761,  and  tlu- othtr  in 
June  1769,  There  will  not  happen  another  of  tlicm 
till  the  year  1S74.    Stt  I'ar  aliax. 

£xcTpt  fuch  traoiits  as  thcfc,  Venus  exhibits  the 
fame  appearances  to  us  regularly  every  8  years ;  her 
Coojua4^ooa»  cUmgations,  and  tintea  of  riling  and 
fettuv,  being  nearly  the  lanieb  oa  the  fiune  daya* 
as  bcture. 

In  1672  and  i686>  CalCni,  with  atcklirape  of  54 
fiwt.  tbaught  heiaw  a  iatellite  move  naad  tlua planet* 
at  the  diniwe  of  ahont  |  of  Vcnw^  dwneter.  It 

had  the  fame  pliafts  as  Vcniis,  but  uitlioot  any 
defined  font; ;  and  its  di;i:in.tcr  fciatc  excecdcJ  ^  of  the 
diameter  of  Venus.  Dr.  (jie,;ory  (Altron.  lib.  6, 
brop,  1?)  thinks  it  tnorc  than  probable  that  this  was  a 
latellite;  and  fuppofl'S  that  the  reafon  why  it  i:.  r.ot 
mure  frequently  Icco,  is  the  unutucfs  uf  its  iurfacc  lo 
refled  the  nty*  oftlic  fun's  light ;  as  is  the  cafe  of  the 
fpol*  in  the  asoon  $  for  if  the  whole  iik  of  the  moon 
were  compofed  of  fiicb,  be  thioka  Ae  codd  aot  he  feco 
Ibiiiraato  Venus. 

Mn  Short,  ill  1740,  \vith  a  rrflr^ing  tdeleopc'of 
l64  inches  focus,  perceived  a  fmall  ttnr  near  Venus  ; 
witn  another  telcfcope  of  the  fame  focus,  magnifying 
50  or  60  li:nc:i,  ai:J  lilted  with  a  tnicromctcr,  he  found 
its  diftanire  iViua  V;:nus  about  !o';  and  with  a  mnt^- 
nifying  pcwer  of  ^4-^,  he  obk-r^rd  the  tlar  alTtime  tiic 
fame  phafes  witii  Venus  ;  its  liiamctctr  iecnied  to  be 
about  or  fomewh.-it  Icf?,  of  xhc  diameter  of  Venus ; 
ita  light  not  lb  bright  and  vivid,  but  exceeding  lharp 
and  well  dcfiaed.  He  viewed  it  for  the  fpaoe  of  an 
bourj  but  ncTcr  had  tbegood  fortune  to  lee  it  after  the 

Vow  IL  * 


fa  ft  morning.  PhiloL  Tranf.  r.^nibci  4J9,  p.  64*^,  or 
Abr.  irol.  8,  p.  :o8. 

M.  Montaign,  of  Limoges  in  France,  pr|parIog  for 
d>feiving  the  tranfit  of  1761,  difcovcrcd  ia  tne  preced- 
ing month  of  M.iy  a  fmall  ftar,  about  the  diftance  of 
:o'  from  Venus,  the  diarartcrof  it  being  about  I  of 
that  of  the  pJatKt.  Othera  have  tUo^  thought  they 
fiiw  a  Che  appcannee.  And  indeed  it  mun  be  ae> 
knowleJ^^,  that  Venui  may  h.ivc  a  Citellite*  though 
it  is  difficult  for  t>s  to  fee  it.  Its  enlightened  fide  can 
Tirnx  he  hillv  tn:iicd  ;ii\'.anl<  U',  but  whcr>  Vcjjuf.  is 
be^■<)^J  the  f  .ii  i  in  vkiijtii  cafc  Vetjijj  herfclf  appeal » 
little  lii/f'.'^t  than  an  ordinary  i\ar,  and  therefore  her 
fatellitc  may  be  too  fmall  to  be  perceived  at  iucli  a 
diliauce.  Wlieu  Ihe  is  between  us  and  the  fun,  her 
moon  has  its  dark  fide  turned  toward*  utt  and  vrben 
Venus  is  at  her  greateft  eloiigatioa*  there  ia  but  half 
the  enlightened  lide  of  the  anon  tamed  toward  vt, 
and  even  then  it  may  be  too  lar  dUfamt  to  he  ttta  by 
UK.    But  it  was  prefuated,  llMt  the  two  tranfitt  of 


1761,  and  17^9,  would  aflbrd  opportunity  for  deter- 
mining this  [joint  ;  a,:il  vet  «c  lu-'  ii:nl,  .  'tUough 
many  ohfcrvera  directed  ihtir  attcntii):i  t<j  ihi^  uliitCt, 
ttiat  anv  latillile  w..i  liien  tern  in  tlie  liit.'b  din:  ;  i,idu» 
we  except  twu  pcitons  vix,  a:i  aiu)iiy[ni>u»  wiilcr  iu 
the  London  Chronicle  of  May  iH,  w  ho  fayi  that  he, 
law  tlic  fatcllite  of  Venus  on  the  lun  the  day  of  the 
traefit,  at  St>  Neot's  in  Huntinedonlhire  ;  that  it  moved 
in  a  track  paaalkl  to  that  of  Vcaaa*  but  nearer  the 
ecliptic  I  that  Veant  quitted  the  f«n*a  difc  at  U.mU 
antCa  afur  tt,  and  the  fatcllite  at  6  aunuteiainr  9«, 


and  Id.  Montatgn  at  Limoges,  whole  acoount  of  hie 

obrrrvatluas  U  111  t!ic  MetiMir^  ot  ih.c  Acaderr.r  of 
r.irii,,  fium  u1kii.;c  the  following  ccrtiticate  is  ex- 
traiftcd  :— Certifica  1 1..  "  We  having  examined,  by 
order  of  the  Academy,  the  remarks  of  M.  Baudouta 
on  a  new  obfervation  of  tlie  fatellitc  of  Venus,  made 
at  Limoges  the  iith  of  May  by  M.  Montaign.  Thia 
iburth  obfervation,  of  great  iaofportance  for  the  theory 
of  the  latcllite,  has  (hewn  that  it*  revolution  muft  be 
longer  than  appeared  by  the  ML  three  obferratioat. 
M.  Bandoaia  believes  it  amf  be  fixed  at  it  dayaf 
aa  to  ita  difhincc,  it  appear*  to  Urn  to  be  f  o  femi» 
diameters  of  Vemu  ;  whence  he  infers  that  the  mafs  of 
Venus  is  equal  to  that  of  the  earth.  Thin  mals  of 
Venus  is  a  vciy  ciTcniial  element  to  aflronomy,  as  it 
entera  into  many  computations,  and  produces  different 
phenooKaai  ttc. 

Signed  L*  Abbe  De  La  CaiUe, 
De  La  Landc." 
VERBERATION,  in  Phyfics,  atcrmufcd  to  er- 
prefs  the  canfc  of  found,  which  arifeeffoma  V  crbm« 
tion  of  the  air.  whenllrtidtt  in  divers  manaeny  kttlie 
Icveral  parte  of  the  fonoioua  body  liril  put  Into  a  vow** 
tory  motion. 

VERNAL,  fomctliing  belonging  to  the  fpring  fca- 
ton;  as  vcmaJ  lii'ns,  vernal 

VF.RNIl'.R,  IS  a  fcale,  or  adiviiion,  well  adapted 
fo:-  the-  j^iadoation  of  roatlicmatical  inflrjments,  fa 
railed  from  its  inventor  Peter  Vernier,  a  genttemao  of 
Fianche  Comi^,  wIki  communicated  the  difcovery  to 
the  world  in  a  fnuli  tra£l,  entitled  La  ConArudion, 
i'Ufagc,  et  les  l'ropriete<e  du  (^£dr.'iui  Nouveau  de 
Matben-«.i^ne  ks,  piiatcd  at  £(ilUi.l»  in  l6}u  Tbw 
4O  waa 
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I  an  impfOnmcBt  on  tlic  method  of  dMfion  propofed 

by  Jjni?:i:i  Ciiniin,  prii.t-i!  hy  TtcIio  In  Claviu*'* 
Ailrulab>L'.  ^  KQ  v  Vi  riii-,r'i  inctlnxl  of  divirmn,  or 
dividing  ]<\  .tr,  hiru  vtiy  comrnonly,  thoujjh  trro- 
ocoufly,  called  by  the  name  of  Nonius ;  the  metliod  of 
HonSm  bong  rtrj  difCncBt  fnm  tbitt  of  Vernier^  tnd 
iflvch  leb  eonveaicat. 

When  the  reUtire  imtt  of  any  Km  it  (b  divided  into 
tnuiy  fmaQ  eqoat  Mrti»  dwie  parts  may  be  too  n  aaicfOM 
la  be  fmroduced,  or  if  tntradticed,  tliry  n  ay  be  too 
tluK  t.)  >ii;c  anc/tlier  to  be  readily  counted  or  cdimatcd ; 
for  whicli  I 


inches,  and  38  Inindrcdtbs,  or 

drcdllis. 


2  tentKs  nd  8  hon- 


trived  fut  clUmntJiig  th 
fionsi  into  which  tin; 
cornr-iodiouHy  divided 
Vernier's  hnn  been  moft  ji  illy 
Fortbehiilot-y  of  this,  au  lutl 


n  tlicre  liiive  been  vinous  int:tio<U  v"oii- 
'  aljcju  Jt  parts  of  tbf  Imall  di»i- 
rcl.ntivc  unit  of  a  line  may  be 
and  .imon^  thofc  mrtlioda« 
prefirrcd  to  all  others. 
.T  inventions  of  u  fimiUr 


ntnnt.  See  Rjobiaa*!  Math.  Ta&»,  vol  a.  p.  a6s, 
ftc. 

\'eniict's  fcalc  i<  a  fniiU  moveable  irch(  or  fcale* 
fl-dinj;  al'jiig:  th;;  liitib  of  a  <niadrant,  or  any  other 
graduated  fctde,  and  diviilrd  into  c'lwA  parts,  that  arc 
one  Icfs  in  numlK'r  than  the  divilionu  of  the  purtion 
of  the  limb  correfponding  to  it.  S.>,  if  wc  want  to 
fnbdivide  the  grad'.iations  on  any  fcale  into  for  ex.  10 
tqual  parts  ;  we  muft  make  the  Vernier  equal  in  len^tk 
to  II  of  thofe  graduations  of  the  fcak,  bnt  divtdtnff 
the  fiime  IcMtb  of  i!k  Vcnier  ilfdf  00I7  into  le  equal 
parts;  for  tfieo  it  ie evident  that  each  divifion  on  ihc 
Vernier  wiH  be  tV*  longer  than  the  gradattoni 
€>n  the  inilrument,  or  that  the  divi  '  n  On-  lormcr  is 
equal  to  4^  of  the  degree  on  the  latter,  as  iLat  gains  i 
in  10  upon  this. 

•  Thus  Irt  AB  be  a  part  of  the 
oppereod  of  a  barometer  tube, 
theqoickfilm  ftanding  at  the 
priK  C;  from  28  to  31  is  a 
dntoftbefodeof  inchet,  viz, 
Rom  38  inehea  to  91  inches, 
divided  into  lOlhs  of  inches; 
atid  the  middle  piece,  from  I  to 
10,  ib  ilio  Vernier,  that  flidiPS 
up  and  down  in  a  groove,  and 
having  10  of  its  divifiona  equal 
to  1 1  tenths  of  the  indlCtt  fot 
the  ourpcfe  of  fubdividiiif  ewerf 
ikA  at  th*  inch  into  10  Mite» 
«r*  the  indict  into  centefiu  or 
lOOth  Dim.  lo  pradice,  the 
method  of  counting  is  by  oh- 
fcrving  (when  the  Vcrnirr  is 
fet  with  its  indci  at  top  point- 
ing exaflly  againft  the  iipp^r 
ibrfacc  of  the  mercury  in  the 
tube)  which  divi&}n  of  the  Vernier  it  is  that  exactly, 
or  oearcftf  coincide*  with  n  divifioa  in  the  fcalc  of  lotha 
ofindicti  lor  that  wiB  dieir  the  number  of  MOths* 
ikver  the  lothi  of  inches  next  below  the  index  tt  top. 

So,  5n  tl>c  annexed  figttre,  the  top  of  the  Vernier  is 
betwi  fti  1  and  tcKiris  ahovc  the  inches  of  the 
barOTTi  -tt-r ;  .-;iid  bicauft.'  the  divilion  of  the  Ver- 
nier id  Tr  i-ii  to  coincu'.c  With  a  divifioii  of  the  fcale,  this 
iievfs  that  it  is  8  centefms  more :  fo  that  the  height 

«C  Ihc  ^jidcklilser  alMf  ether*  it  jcrsBi  thtt  i%  |b 


t^ 


to". 


ll  il.c  fcale  ucre  not  inches  and  loths,  btit  degrees 
of  a  (piadi-aiit,  i^-;,  il.i  ii  the  8  would  be  /gofadegrfCf 
ft  i  ot  if  every  dlmion  on  the  fcalc  be  ic  minutefp 
then  the  Vernier  wiU  fubdividc  it  into  finale  ii^iiuitea* 
and  the  8  will  then  he  8  miaotM.  And  fo  for  any 
other  cafe. 

By  alitriag  the  nnmber  of  dinfions,  cither  in  the 
degrees  or  in  the  Vernier,  or  in  both,  an  angle  can  be 

olJcrvcd  to  inany  d  [Fcu  iit  dcj,'ret«  of  accuracy.  Thu^. 
it  a  degree  on  a  quadfaiit  be  divided  into  13  parts,  eadi 
Liii)^  5  iiii;:utea,  and  the  length  of  the  Vernier  he  if 
fuch  gaxU,  or  i^^,  and  divided  into  >o  parts*  thca. 

12         20  ~  240  ~  4  ~     ^  • 

il  the  fmalkil  divifion  the  Vernier  will  mcafuretai 
Or,  if  tbc  length  of  the  Vernier  be  nnddifidfid 
into  |Op«t%  then 

la      30     360  V 
ia  the  finaBeft  part  in  tbi*  cdct  AUb 

11    '50  600 

is  the  fmallcil  part  when  the  Vernier  eitcods 
See  Robcrtlbn'a  Navigation,  bookcji  p.  279. 

For  the  method  of  applying  the  vernier  to  a  qua- 
drant, fee  NtiJi'yj  QvADK AH  T.  And  f.)r  the  appli- 
cation of  it  to  a  teleJcope,  and  tlie  principles  of  ita. 
con(lrti6iion,  fee  Smiths  Optics,  book  ^,  ft  ft.  861. 

VERSED-J'w,  of  anarch,  is  the  part  of  the  diame- 
ter intercepted  between  the  fine  and  the  commencement 
of  the  arc  ;  and  it  is  equal  to  the  diffinence  between  the 
radius  and  the  cofine.  See  f^afid-SvtM,  And  fan- 
tava-fiJJmet  f«c  Covsaiai>>fisi^. 

VEKTEX  ef  m  tithe  angular  point,  or  the 
point  where  the  lees  or  fides  of  the  angle  mt  t. 

Vestex  of  a  Figure,  is  the  uppcrmoU  point,  or  the 
vertex  of  the  angle  oppofite  to  the  bafe. 

Vestex  of  a  Curve,  is  the  extremity  of  the  axi*^ 
or  diameter,  or  it  it  the  point  where  the  diameter 
meets  the  curve ;  which  is  alfo  the  vertex  of  the  diar 
inclcr. 

VuT£x  9f  a  Gh/i,  in  Optiei*  the  lame  aaita  pole.* 
Vatraz  »  aUb  nfed*  b  Mronontf,  fcr  the  point 
of  th£  heavens  vertically  or  pctpendtCBfau^  over  onr- 
hcadi*  aUb  called  the  zenith. 

VaiiTBZ,  Pall'  of  the.    See  Path. 
VERTICAL,  fomething  relating  lo  the  vertex  or 
hiriiell  point.  As, 

VgRTiCAL  Point,  in  Aftronomy,  is  the  fame  with, 
veitex,  or  zenith. — Hence  a  flar  is  (aid  to  be  Vertical|i. 
when  it  b^itpena  to  be  in.  that  point  which  k  perpen- 
dicularly over  any  place. 

VtBTicAL  Cireltt  IB  a  great  eirde  of  the  fpheic^ 
pafliiip  ihrtin;;h  the  zenith  and  nadir  of  a  plaee.— The 
V  crtic;,]  circ]-.i  are  iilfu  cnllrd  a^.tinuth].  The  meridiail 
of  any  place  is  a  VcU^al  ciicle,  viz,  that  particular 
one  which  p-JFij  thrnugh  the  north  or  fonth  point  of 
the  horizon.-.— All  tlje  Vertical  circlet  iotCJfKCl  one 
in.lhe  aenilb  and  nadir. 
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The  ufe  of  the  Vrrtical  circles  iii  to  eAinate  or 
neaTure  the  hei^-'.it  of  tin  llais  uc,  n-.id.  llicir  diltaiucs 
from  the  Kcaitk,  Mbkh  is  rt  tkoncdon  theic  cirdrs  ; 
and  to  find  dwtf  ntlera  and  wcllcrn  ainplitudc,  hj 
.^fcnriiigf  bow  rtanj  df^rccs  (he  Vertical,  in  which 
.tic  ftar  rifraor  feta,  i»  difiaiit  from  the  mcrulian. 

Primf  V tKTic AL,  is  thnt  Wrtkal  circle)  oruinuirii, 
«r!iich  ^flcs  through  th<;  polct  of  the  ncridikB  |  Of 
which  19  perpendicular  to  tite  ■Kriditlli  HmI  jnUct 
thn>ti;:;h  the  cquiuo^tial  points.  • 

Prim  ViftTRAU,  in  DMliflg.  See  PkiiiB  r«r> 

licnfs. 

ViRTicAL  cf  n'.'.-  S'tn,  h  the  Vertical  wlu'th  j);ilTc» 
thraagh  the  centra;  at  the  fun  at  a/iy  momeut  tti  tiioe. 
•^Ittvfc  ia,  in  Dialiii^g,  tu  lind  the  dei^^Unatiuii  of  tbc 
plane  on  which  the  dial  h  to  be  drawn,  whii  h  i«  diMic 
by  obfcrving  how  many'  degrees  that  Vertical  ia  diUaut 
float  Uie  ncridian,  afbsr  wm^kiog  -ihe  |wiiit  or  lise  of 
the  Atadowupon  the  plane  at  any  itnita. 

VKanCAL  ZJm/.   S«c  ^-rZ/Vtr/ I)i  m,. 

VcaTiCAL  J.iiu,  in  Dtaliin^'.  is  %  line  in  any  plane 

perpcn(iic"l:ir  to  the  lioiizoit.  Tli'i  ii  heft  found 

and  drawn  on  an  erect  aiul  icclmmi',  plain:%  by  ileadiiv 
h<>l,)inj^  uj)  a  rtring  unil  pluir.mct ,  and  tluii  itvirLi.p^ 
two  point*  «t  tlic  lhadow  of  the  thread  00  tlie  ^4i>e, 
a  good  diHance  from  cm  MWCher  t  and  dimwnf  •  line 
through  thefe  rearka. 

VeaTieai.  Line,  in  Conies,  is  a  line  drawq  on  dw 
Vertical  pbne,  and  throueh  the  vertex  of  tbecoM. 

VciiTicAi.  Lmt,  in  Fcr^caive.  See  feMHof Lmi. 

Vertical  Plan*,  in  Conica,  is  a  plane  paffirt}; 
through  the  vertex  of  a  cone,  and  parallel  to  any  couic 
&dion. 

VtRTiCAL  Plmw,  in  Perfpe^ivc.  Sec  I'LAKt  auJ 
Perspective. 

VaaricAL  /Ingki,  or  Ofpoftt:  Angltt^ 
in  Geometry,  are  ftich  as  have  tlieir 
lege  or  Me*  continuations  of  each  otfaera 
wid  nliSe 


CDnfequeiitly  have  the  fame 
^eitcBariM(l«r poiat.  Setlieangke 
0  and  3  are  Vcnkal  angTc«{  aa  aUb  the 
Vigles  r  and  </. 

VERTICITY,  is  that  property  of  the  magaet'or 
l[)ac!llc)n«:,  or  of  a  nLctlif  &c  toucht-tl  »ith  it,  by  whicli 
it  turns  or  directs  it  felt  to  fome  peculiar  point,  as  (to 
its  pole. — The  attraciinn  of  the  —igU  mt  klOOM 
king  before  its  Verticity. 

VERU,  a  comet,  according  to  fome  vritef%  rf- 
fembling  a  fpit,  being  ncarhr  the  iaoK  aa  the  ]oiicbCte% 
only  its  bead  t»  raiinder*  aiiili(*Uraiii  kM^^.afldfliag«r 
^inted.  '3 

VESPER,  IB 'AArow»my,,  oaOcd  allb  i/c9«riu.  aad 
the  Evtnrng  Star,  is  the  planet  Venus,  when  (he  is 
rjdwiird  of  the  fun,  and  conftquenUy  fits  after  him, 
«nd  fliines  as  an  evening  liar. 

VESI'ERTINE,  in  Aftronoroy,  i»  irhen  a  planet 
is  diTcenciing  to  the  wcft  after  fita-fit*  or  ftiliea  u'm 
■evening  )Ur.  '  . 

VIA  Lactca,  ni  Annummf,  die  iriillifwaj,  or 
Oaloxv.   ^ec  Galaxt. 

Via  Solis,  or  fun's  way,  is  ufed  among  aflrbno- 
nert,  for  the  ediptic  liiRt  or  path  in  whicb  the  fin 
■ieem  alwtya  to  aiofv. 


nn»iion  of  a  body,  as,  fur  exampJe,  a:pendiihmi,  yhidi 
being  frwij  fii^tiijcd»  fwiiifi  or  vibiaui  fnia  fiic 

fioc. 

Alechantcal  authors,  intl^ad  of  Vibratfti,  often  ufc 
the  term  o/irilijihn,  cfpccialW  when  peaking  of  a  bodf 
that  thuii  I  wii^a  by  incaos  of  ita  own  gravity  or  weights 
The  Vibrations  of  ilic  lame  pendulum  are  all  ifo- 
chfMwl  I  that  k.  they  arc  perfurmed  in  aji  equal  time, 
atleaft  in  the  f^mc  Utitudc ;  for  in  loner  LctuiiL-!.  they 
are  fcund  to  Lc  llo*ver  than  in  hij^hcr  oula  o<x'  Pch. 
i  (  LVM.  Ill  oui' iaiaude,  apendulumjQj  itwhesloi^^ 
Tii.inif  B  kconji,  iiiiiitit<(T  60  Vibrafjons  in  a  minute. 

I  !ic  Vil>i<niuin  uf  a  li):i^ci  ptniiiil  jin  take  up  cnoi« 
time  than  thofe  ot  a  ihurter  one,  aud  that  in  tbc  fuh* 
duplicate  ratio  of  the  Icngtlia,  or  the  catJO  of  the  fquM 
roots  of  the  lengilis.  Thus,  if  one  peadolHai  ^  40 
inches  loacr,  aiid  ajsother  onlv  10  iochca  hMig,  the 
loraKrarillbedowblc  the  umeottheiaucrtq p«rfcr  in  v 
a  Vibration  ;  fcr  ;  v^io  :  s  v'4  s  i/f,  tha.  ,  « 
«  to  I.  And  hccaufe  th«  ruimber  of  Vibrations,  made 
in  any  given  tinve,  it  retiprocalS)  at  ilic  duration  of 
ooe  Vibration,  thcuiiiic  numberoffuch  V*bratj'oa» 
ii>  in  tlw  recipivcul  lubviupiicatc  ratio  of  the  Ici^tha  of 
the  (Kii Julmus. 

M.  MouioK,  a  prieikof  Lyons,  wrote  atreatife,  ex> 
prc&ly  to  (hrw»  that  by  weans  of  the  number  of  Vibra- 
tioaa  of  a  given  pendiitlum,  in  a  certain  tiai&  nUT  be 
cdahhflicd  m%  ittit««rfid  mcafure  througbo^taewbale 
wodd  i  and  aiw  Sol  the  jiemalneafnicadukt  are  ia  iJe 
.aiiiaBgtis».itt  (vdi  a  wnacr»  aa  that  they  might  be 


recovered  again,  if  at  any  tiae  tl'',y  flhj  jld  .:.;i_nj-;L:  to 
be-hft,  as  is  tKecafe  of  moll  of  tiu  ji  cjci.i  uiesmrcs, 
whii;!i  wc  row  only  know  Ijy  coDjciflure. 

Jiff  Vibrations  0/  a  Sirelcctd  CltrJ,  or  Stn'i»^ 
arife  from,  iu  elaliicit)  i  which  power  being  in  >fMt 
oifc  finaiW  tojnavitj',  ,*s  acting  uniformly,  the  Vibn* 
lioiis  of  a  chord  fullosv  the  iaoie  laws  as  thofe  of  pea* 
dulums.  Confequentlf  the  Vibcnioaa  of  the  lule 
chord  equally  ilretcbed,  thoy^  thor  hc  «f  nacqaal 
lengtha*  uc  ifochwaal,  «r  •«(«  pcArmd  ia  coual 
tnca{  mA  lh»%imiiM«r«he|i«M«iirVJbnttion  ate  to 
one  aaothcr  invcfiiely  aa  *tTl^fYnr,  «r  pamn  hr 
which  they  are  flretched. 

The  Vibrations  nt  a  iyung  too  are  proportional  to 
the  pi)wer»  by  whi(.!i  it  is  bent.    Tbcfe  follow  tlie 
1  ,K3  ;!»  thofc  of  the  chord  and  pendulum  ;  aad 
coniajiicnUy  are  tiochroiial ;  which  is  tljc  foundalioH 
of  fpnng  wMches. 

Vibrations  are  aHb  tifed  mP^jfiett  tact  andibr 
tiinend  other  reguUr  alternate  a*0(ifl«L  ScaTatioa.,  for 
mAmm^  ii  fi^paftd  tl»  •he-pci&ntaed  by  meous  of  tlie 
f  tbsdtor;  siption  of  lke:«Miunti  of  tie  nervci,  begtm 
by  extcraal  objetis,  and  propagated  to  ihc  bt..!n. 

This  do^lrine  baa  been  particuhrly  liiiuhitcu  Uy  Dr. 
Hartley,  who  '>i:«  exfcnJtd  it  futiicr  than  any  othi-r 
writer,  in  cuallniiing  a  tew  theory  of  oilr  uctital 
-operations. 

The  fame  ingeaious  ambor  aiib  applis*  the  do&ine 
of  VibratioM  to  the  cxplniKiiiou  of  mufcidat  saotiou. 
which  hethiadn  t»  perforoicd  ia  the  fimie  gewnii  mm- 
ncr  «t  fenfiitioa  «nd  the  jwmeptioa  of  Mofc  For  a 
wrtiodkr  aeoDint  of  h«a  thcety*  and  the  argu.Tcni« 
iyisihiebit  Ufupported,  feehiaOUcrvatiuci  on  Mau, 
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The  fereral  forts  and  ra)  «  of  lighl,  Newton  conceives 
(o  make  Vibraiiuna  uF' divers  tnngtlitu<1^6  ;  whicli,  ac- 
cording to^ofc  magnitude,  excite  fcotMion*  t4  fcvcral 
coburs ;  much  after  the  fame  nnuter  a«  Vibftliow 
«f  air*  aooonlHig  to  their  lemal  awgnitudn,  vt' 
cfte  feAfiitfons  or  fetenil  fousda.   See  the  ankk  C»> 

Heat,  according  to  the  fame  author,  it  onlf  an 
3  cidrnt' of  ligilt,  o>-c.il"ioi;«d  by  the  r.i\s  jjuUiii^^'  a 
line,  lubtilr,  ethereal  medium,  which  ptrradet  all  iw- 
dies,  into  a  vibntivc  mot«M*  whkh  gnt»  us  thai  fen- 
fiition*    See  Heat. 

'  Framthe  Vibrations  or  pulfes  of  the  fame  medium, 
tie  aecQttntt  for  the  altemate  tin  uf  eafy  reflexion  and 
caff  tranfinifflon  of  the  nya. 

In  the  Philofophical  Traniaaianit  il  ohlcnfd,  that 
the  butterfly,  into  which  the  filkmiiB  h  tnnifiinaed, 
makes  I  JO  VibratioM  Of  OMlioiM  of  ita  vhigat  hk  ma* 

coition. 

VIETA  (FRAKt  i5),  a  very  celcbr.itctl  Fr'.  iic?!  trw- 
thematitian,  w  as  born  in  154O  ;»t  Foittenai,  or  i-omcnai- 
■|e-Com<e,  in  Lower  Poitovi,  a  province  of  France. 
He  wa»  Maftcr  of  Requefts  at  Pans,  where  he  died  ia 
1603,  beini?  the  63d  year  of  his  age.  Amongothcr 
'  Branches  ofWamine  in  which  he  excelled,  he  was  one 
af  the  moft  ri-rpf«al>le  mathemattciaM  of  die  l6(h 
Centur^ ,  nr  indt  cd  of  itiiy  ,>;"-.  Hi«  wntii<p4  abound 
with  mii  ^s  uf  'f^rrnt  origiiiaJity,  and  the  fineil  frcn'uft 
•I  well  as  iiitiule  application.  H;i  npf  licatiQu  wsh 
fuch,  that  he  ha»  fomclimc»  remained  in  I. is  'Uuiy  for 
■  Ibree  days  together,  without  eating  or  Iltcpin^.  H  s 
•  inveatioat  and  improvementi  in  all  parts  of  the  nuthe* 
matic*  were  very'  confiderable.  He  «-a»  in  a  maiiaer 
the  invenior  aao  iutrodnoer  «f  Speciear  Algebra,  ia 
'which  lettei*  are n(ed  inAead  of  itnniben,  a«  meU  aa 
of  many  bcautif  il  theorems  in  that  fciencc,  a  fidl  ex* 
planatiun  of  which  n  ay  be  feea  under  the  article  At- 
Cf  hK  A.  He  made  ii'i'o  cimfiderable  impro.cn-.oi  ts  in 
geometry  and  trigoiiomciry.  Hi»  angular  ftction*  arc 
a  very  injrenioua  and  mafttrly  perfoiraance:  by  thcL- 
he  was  enabled  tb  rcfoKc  the  problem  of  Adrian  Roman, 
propofed  to  all  mathematiciana,  amounting  to  an  equa- 
tion of  the  45th  degree.  Romanua  wa»  fo  llruck  with 
kb  fagacity,  thtt'he  imracdhitely  quitted  his  refidciice 
of  Wirtzbourg  in  Franconia,  and  came  to  FrMce  to  wfit 
him,  and  fohcit  hie  friendlhlp.  Hin  Apollontua  Gallua, 
being  a  reflorjtion  of  AjH.illonins's  ir:ic\  o')  Tan^cncifi, 
;iud  many  other  ;;La:r,t:lr'i  ;il  pieces  lo  be  touiid  iu  liis 
works,  ihevr  t!ii;  tintill  jiid  f^cniiis  for  true  geome- 
trical fpcculations — He  gave  lome  maflcrly  traAs  on 
'I'rigonometry,  both  plane  and  fpherical,  which  may 
be  found  in  the  -CoUe^ion  of  his  works,  puf)Iifhed  at 
LevdeniB  i646,>bf  Sch>>oten,  befide&  anothir  !ai;;c 
and  ftparate  volume  in  folio,  puhliftied  ia  the  author'* 
life-iime  at  Pitis  in  1 S74,  containing  eztanGve  trigo* 
tir:rTittiiC:\!  '.iV:li-<,  with  the  txinllruftLon  and  ufe  of  the 
f  .mc,  »iiic'i  .-I-',-  ^^irtici:]  irly  dt  lci  lbed  in.  the  intro- 
d  i.'ii  n  tL>  nn  L:  i^ar  ihm',  pp..  4  3cc.  To  this  comf.letc 
ti<..4tilf  un  I  riKonoraetry,  pl.ine  and  fpherical,  a*e 
(ubjuined  feveral  mifcellaneous  problems  aad  obferva- 
tiitui,  foch  as,  the  quadrature  of  the  circle,  the  dupli- 
cation of  the  cube,  Sec.  Computations  arc  here  givea 
«jf  the  ratio  of  the  diameter  of  a  circle  to  the  circumfe- 
itace*  and  of  the  lengtlt  of  the  fine  of  1  mimite^-  both 
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to  a  great  many  placet  of  figures ;  by  whwb  ikc  found 
that  wefincoci  Biimttii  • 

between  990811(1950 

and  390688SOSO 

alfo  the  diameter  of  a  circle  being  icoo  fee,  that  the 
perimeter  of  the  infcribed  and  circamdEribcd  polygoa 
of  }932i6  fide*,  wiB  be  a»  foUowa,  toe,  the 

perim.  ofthe  iaforibcd  polygon  3H'  59*S>3  f 
perim.  of  t be drcomfcribed polygon  3 14' J 9^6, jy 

and  that  therefore  the  circumfcmee- of  the  dfdclic* 
between  thofc  l\vo  nuinbcre. 

Virta  liavin^  obferved  that  tlutre  were  many  faults 
in  the  Gregonm  Calendar^  aaittbc^eaiftcd,  he  cona- 
pofcd  a  new  form  of  It,  to  whkfc  be  added  perpetual 
canons,  and  an  explication  of  it,  with  remarks  amt 
objefLion!)  again  ll  CLivius,  whom  he  accufcd  of  luviof 
de'fbrin  d  tli  -  true  LcUm  wfamattOD,.  bf  not  t^^Uif 
andcriUiiding  it. 

Befidcs  th«fe,  it  fecms  a  work  ;;;rc3tly  cftccinerf,  and 
the  lofs  of  which  cannot  be  futhctenily  drpiorcd,  waa 
his  IliirmonioH  C.tlrfit,  which,  being  aonuMiaieaBBd  tt» 
fother  McrCcnne,  waa,  by  foow  pcrfidioui  aoquaintaaoc 
of  that  honeft-niinded  pcrfbo,  farreptttiooflf  takea&aoL 
bin,  and  irrcrorerablj  lofl,  or  fapoicffed,  to  the  fpWK 
detriment  of  the  learned  woiM.   There  woe  alfo^ 

is  f:iid,  other  wnrk%  uf.tn    ll  ro  n  Otaicit  kind>.  that  luWC 
been  buried  in  the  mini  <jf  time, 

ViLta  vas  alfo  a  jiroluuiid  decipherer,  aa  accom- 
pli ilimrnt  ttut  proved  very  ufctul  10  tits  couutiy.  Aa 
tfu-  difT^reiit  paita  of  the  Soanith  monarchy  la^  very 
di^nt  from  one  another,  when  they  had  occatioo  to 
COnwunicate  any  fccret  deligos,  tbcy  wrote  them  ia 
dplmt  and  inknowo  chaiai»n«,  daring  the  difoiderft. 
oftheteagnet  the  cipher  was  compoud  of  move  chaa 
joo  diffcrLiit  charader?,  which  yiclJcd  their  hidden- 
Contents  to  ti.e  penetraf'n^'  genius  ot  V'icta  alon^.  Hi*, 
(kill  fo  difi  oiiccrted  the  Spjiiilli  cotiiicils  for  two  years, 
th.-it  they  ptibliihed  tt  at  Rome,  and  other  (>artt  of 
l.iir  jpe,  iluitthc  French  king  bad oolfdilcovendtfactr 
ctpbera  hv  means  of  ms^'t;. 

VINCULUM,  w  Algeb  ra,  a  mark  or  chanfteTy 
either  drawn  o*cr,  or  ti^oding,  or  fooe  Other  WVf 
accompaitying,  a  fafior,  dinfor,  dividend,  fte,  when 
it  is  compounded  of  ftveral  letters,  quantities,  or  tcrrna* 
t«  connect  them  together  as  one  quatktitr,  and  iliew 
tiiac  they  ate  to  be  nudtiplicdf.  or  divided*.  &(*  te|gc«  * 
ther. 

Vieta,  I  think,  £rfl  ufcd  the  bar  or  line  over  the 

?Bantitie«,  for  a  Vincolum,  thut  «  and  Albert 
lirard  the  parenthefis  thus  (a     ij  i  the  former  wajr 

bcir.^  no.v  clilePy  iifrd  by  the  Fngltfh,  iind  the  latter 

by  moft  other  Europeans.  Thus  a  +  b  x  r,  or 
'{a  +  IJ  X  (f  denotca  the  produ&  of  c  and  the  fu^ 

a     I  canftde^d  at  ooe  quantitf.  AJfo  v'o  -f  or 

-f  !>),  denotes  the  f^uare  root  ofthe  fum  4  +  S. 
oi(.Tir".i:iu  -i  the  r:i..ik  :  li  :et  bclore  -i  ei  nipound  factor, 
a>  a  V  inculum,  cipcciaUy  when  it  is  very  long,  or  eii 
infinite  fotiets  tbui  3*  X 1 1  —  S«  +  3<*  —  4^  •l-5«* 
&c. 

VINDEMIATRIX,  or  ViKDtMiAToa,afixed  tlar 
of  the  third  magntcudef  ia  the  northcin  wing  of  the 
MoldbtMia  Virgo. 

V1&G0« 
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VIRGO,  in  Aftronomy,  one  cf  t!if  fign;  or  con- 
tellatiuns  of  the  zodiac,  which  the  fan  i.:.:rrt  a'loiit 
the  Jill  nr  2:<1  c)f  Auf;i:ll  ;  being  one  of  the  48  o!d 
coailcUation),  and  i»  mcationcd  hy  the  aflronomcit  of 
all  ages  and  nation*,  wbofc  worki  have  readied  ui. 
AncK  iii!)  iJk-  figure  wsb  that  of  a  girl,  alraoft  naked, 
witli  ail  c.if  cf  c.irn  in  her  hand,  evidently  to  denote 
the  time  of  harveil  among  the  people  wlw  istcatcd 
tbi*  Hgn,  whoever  ther  were.  But  the  Greeki  wmA 
aJtered  the  iSfUKt  ^  iih  clothe;,  win^i,  &e»  and  mri- 
oufly  explained  the  origin  of  it  by  their  oim  fabfei : 
thus  they  ttH  \i;  that  the  virgin,  nc.v  t  ;  ilvd  iri^j 
the  fkies,  was,  while  oa  earth,  that  Juftitin,  ti  c  iJj4i|^b- 
ter  of  Allraeii*  and  Ancor.i,  who  lived  iti  liic  golden 
age,  and  taught  mankind  th<.ir  <Jiity  ;  but  who,  when 
their  crimes  increafe^l,  w:m  cib!:;'Ld  to  leave  the  earth, 
and  take  her  place  in  the  beavens.  Again,  Hrfiod 
pTCl  the'celeftial  maid  another  origin,  and  fays  (he 
WW  the  dauehter  of  Jupittr  and  TKemit.  There  are 
allb  otbcta  wbo  depirt  from  bcith  thefc  account!,  and 


V  I  s 

diftance,  and  dcfodt  flft  tbc  cftcMf  of  the  auk  po> 

ducing  it.  ^ 

Vis  /tterUratrixy  or  Mtrkrniii^  fores,  ■!>  that  centri- 
petal force  irhich  produces  an  acc«letBte<i  motion,  and 
IS  proportional  to  the  velocity  which  it  generates  in 
a  given  time  {  or  it  it  as  the  motive  or  abfolute  force 
direftly,  and  ai  the  qmmilj  of  miter  nweed  is* 
vcrfel)-. 

Via  Iiufrffi  it  defined  by  Mcwion  tobc  tlieaidie» 
eaeiciled  on  any  twdf  to  cbmoe  iu  AatCp  either  «f  reft 

or  mannmg  untforaily  m  ■  nvKt  line . 

Tins  force  confifta  altogctlur  In  thr  afl'cin  ;  and  has 
na  place  in  the  body  after  the  action  is  cealcd  :  for  thir 
body  perfevcmift  every  aew  ittteby  the  Fit  kurHm 

alone. 

This  Vis  imprcfla  may  arife  from  vartout  caafr*}  ae 

frcm  pcrci:flioni  prcfTion,  and  centripetal  force. 

V'lj  Iftrrtif,  or  powxr  of  inadivity,  ii  defined  by 


1 J 

Ncwion  to  be  a  power  iroplaatcd  id  aUmatteri  by  triiacL 
It  refifta  any  change  enoeaToured  to  be  nnde  ia  lit 
■lake  her  to  have  been  Erigone,  the  datiffhter  ^  Sate,  that  ii»  by  vbidi  U  beocune*  dificuh  to  atlcr 
Tcarini :  «dtik  olbcra  make  her  Parthcne,  the  daughter    its  ftate,  eithrr  of  reft  or  motwn. 


aau^hte 

ijfApolht,  who  placed  her  there  ;  and  others,  Friim  ilie 
cir  of  com,  make  it  a  rcprcfcntation  of  Ccrci ;  and 
Others,  fiuiu  the  obfcurlty  of  her  head,  of  Fortune. 

The  ancients,  asthiy  j;avc  each  of  the  la  months  of 
the  year  to  the  care  of  Ionic  one  of  tlic  1 1  principal 
deities,  fo  thry  alfo  threw  into  the  protr'tion  of  cncb 
of  thcfc  one  "f  tb*!  1-  f'gn*  of  the  Zi'J  Hence 
Virso,  from  the  ear  of  corn  io  her  hand,,  naturally  iielt 
to  the  lot  of  Ceit^  aad  we  acoordft^y  ftid  it  cJkd 


niis  ji:)H;.r  llicn 
power  ci  atillin^,  by 


i.ch 


tvtry  hud' 


as  much  aa  it  can,  to  perfevere  in  its  own  Itate,  whethrr 
of  reft  or  tniiffjrm  rcflilinear  motion  ;  which  po\»-cr  i» 
Hill  pfiJi)ijiii.,:ijl  to  the  body,  or  to  the  quantity  of 
matter  iti  it,  the  fame  as  the  weight  or  jrravity  of  th; 
body  ;  and  yet  it  is  c}uitc  dilTcreiit  from,  dnu  cvtu  in- 
de(>cndcnt  of  the  force  of  gravity,  and  would  be  and 
_  ^  aft  juA  the  fiunc  if  the  body  were  devoid  uf  gravity* 

Signpai  Ccreria.  Trnt,  a  body  by  this  fiaree  le&Aa  the  fame  i  d  aU  diree> 

The  ftan  ia  tile  oonlldlaition  ^^i^  in  Btdony'a    tioaa,  upwards  or  downward*  or  obliquely ;  whereat' 


catalogue,  are  33  ;  in  Tydio^i  33  ;  10  M««c!iaa^  je  { 

and  in  the  Britannic  110. 

VIRTUAL  Kiui,  in  Optics,  Is  n  print  in  the 
axis  of  a  glaft,  where  the  contiouatiun  of  a  refra^d 
wy  inceti  tU  Hw^  let  1>  be  the  «entR»  and  JDB£ 


tlie  axis  of  the  glab  AB  ;  upon  uliiJi  fall*  the  ray 
FA.  Now  this  ray  will  not  prucniJ  llraight  forward, 
as  AH,  alter  pafTing  the  gtafs,  but  will  take  thecourfe 
AK,  being  dcflcdcd  from  the  perpendicular  AD.  If 
then  the  nfraf^ed  ray  RIA  be  produced,  br  AE,  (o.thc 
ttie  at  this  puiiit  E  Mr.  MbUaen  cwt  the  nimat 
fieutf  «w  fmt  ^ divtrgaue, 

VIS,  a  tMM  word,  IwnUytog  force  er  power) 
adopted  by  tvritert  on  phyacii.  to  expieA  divert  kiada 
of  natural  powers  or  factiltiea. 

The  term  Vis  ii  eit'-ur  a£^ive  or  paffive:  the  fli 
aRivit  is  the  jiovvir  of  producing  motion  ;  the  I'it 
fttjiva  is  that  of  rcctjiv:ii|^r  or  kifinN;  :t.  The  /'/'/ 
aUiva  is  again  fubdiviJed  lulu  k'lt  vt's^  and  k'tt  mor- 


Vis  AhfuluUi,  or  ah^olule  f»rct,  is  that  kind  of  cen* 
tripetal  force  which  is  roeafurcd  by  the  motion  that 
would  be  gencnted  b]r  it  ia.»  given  bedy^  at  a  giirea. 


gravity  afts  only  Jov. .ii-ilj. 

Bodies  only  cxeit  tiiis  jiower  in  cUaugcs  brought  on 
their  ftate  by  foine  Fit  imprt^a,  force  imptclkil  on. 
them.  And  ilic  ex!.rcife  of  th(»  power  is,  in  diiKrenc 
rcrptcls,  both  refjilaiiee  and  iinpetiis  ;  uhlian^e,  at 
the  body  oppofes  a  force  imprelied  on  a  to  change  iti- 
ftate;  and  impetus,  as  the  fame  body  end«:tvoui9  tO' 
ehange  the  Aate  of  the  reiifling  obOaclc.  Phil.  Nat.. 
Princ.  Math.  lib.  i. 

The  Vii  inertite,  the  fame  great  satbor  eUewhete- 
ehferves,  is  a  paiFive  principle,  by  which  bodies  pcrGft* 
in  their  motion  or  reft,  and  receive  rrution,  in  propor- 
tion to  the  force  imprefling  it,  and  riUll  a.  much  as> 
they  are  refilled.    Sec  Resistance. 

Vis  In/ita,  or  imtati  forrt  of  m.^tter,      a  power  of 
refifting,  by  which  cverv  bi)ily,      nu;i  h  a;  in  it  lies, 
endeavours  to  pa'fcverc  in  its  pret'eot  itatr,  whether  of> 
reft  or  of  moving  anilbnaly  forward  in  a  right  line. 
This  force  is  always  prapertiotial  to  Hie  quantity  of, 
matter  in  the  body,  and  diftinrs  in  nothing  from  ihe.- 
Vi*  inertise;,  but  in  our  Bianaer  of  ooaceivrog  it., 
Via  Cttiiriptttu  See  CiNTairiTAL  Font- 
Vis  Jihtrix,  or  mdwujfirtc  of  a  oentripetal  body,, 
is  the  tendency  of  the  whole  body  towards  the  ctmtre, 
rtfulting  from  the  ttndLii  :;  ■  f  ;:!!  ihi-  p.uts,  tr  r!     |  to- 
portignal  to  the  motion  which  it  L'tnei  Jcs  in  a  g»>eu 
time  ;  fothat  the  Vis  motrix  is  to      \  is  acceler.Urix,. 
as  the  motion  is  to  the  cchrity  :  and  as  the  quantity 
of  motion  in  a  body  it  eilimated  by  theprodu^  of  the 
velocity  into  the  quaatity  of  oatteri  fo  the  Via  ototn'e 
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«rUcs  from  the  Vi»  accderatrix  muUIpJIcd  by  the  quan- 
tity of  ir.attrr. 

TIm  foUAwcn  of  Leibnitz  nfe  the  teim  Fit  matrix 
fv  the  (am  of  t  bodf  m  matioii*  itt  bmefenfe  u 
th«  NewtoniM*  vk  the  term  Fit  bnrd*  %  thii  Utter 
they  ullow  tn  be  inherent  in  a  txxly  at  rrft but  the 
icr  ncr,  or  Vig  tnutrix,  a  forte  ii.l.  r.-n'  In  the  fame 
Ivjjj  only  v.hilft  in  motion,  wUkii  a  tii.i'  y  c^rne*  it 
fioin  plucr  lo  ^ilacc,  by  acling  upon  it  always  wiii.  the 
fisTn:  uitcufity  in  every  plijiical  part  of  the  lini;  vvhi-'h 

Vi5  1/ ».'«>,  au<l  Vi»  ftia,  in  Mechnnics,  mrt 
"tcrir, .  d  by  Leibnitz  and  his  follower*  for  force, 
which  ihcy  (UlUnguiih  into  two  kinds,  Vu  mwtaa,  and 
Fit  m'td }  tinderhaading  by  the  fonacr  unf  kind  of 
■yreflinvi  ov  m  emkMoor  to  move^  not  fnflkicnt  to  pro- 
duce aAiud  molioa,  wdcf*  hi  aftioo  on  %  body  be  cun> 
tiiintd  for  fomc  time  ;  and  by  the  Litter,  that  force  or 
power  ofafling  which  tclidesin  a  body  in  motion. 

VISIULE,  fomethir..  tji  t  \t  an  o\^fsSl  of  nfiOQ  or 
Cj;lit,  or  tilt  property  of  a  U-m. 

Tilt  Cariefiaiin  fay  that  li,.'it  .tIith-  is  thcpvt>per  oh- 
■ivct  of  vii'ioii.  BmI  according  to  Newton,  coli>',!t  nlonc 
1!  the  projitr  ohjctl  of  li^'lit ;  colour  beinR  fhjt  priipc  i : y 
of  li>rht  by  which  the  hght  ilfelf  ii  Vifible»  and  by 
which  the  iiBagei  of  opake  bodiet  are  paiotcd  on  tlw 
ivuniu 

Jit  t»  tie  Xiuttuit  tmd  Pbt*    FffUe  OtftBtt 

Pl>ilofopher=,  ingrrtrril  1;r  J  fjrnii:rty  (aki  n  fpr;na"it- 
ed,  thilt  the  ]  la^r  tn  wliith  tl.c  eye  iti'  u-  <inv  \  .JiMc 
object,  fecn  by  n-fliCtlon  or  vi'trjv.lu;ti,  i:  tint  iuv.IulIi 

•the  %ifiia!  my  tncct»  a  pcrpciuiicnlar  from  the  object 
-upon  the  receding  or  the  rffraAin^plauc.  That  this 
ii  tlie  cafe  with  refpcft  to  plane  mtrrors  is  uiiivcrfally 
acknowledged  ;  and  fome  t-xpcrimcnts  with  mirrors  of 

^tbcr  form*  feeoa  to  favour  the  fame  conclufion,  and 

■thn*  afbtd  reafon  for  cxtendini^the  ar^.ilojr^'  to  all  cafci 
of  vifion.    If  a  ripht  line  be  ht  ld  porpcndiciihirly  over  . 
a  convex  or  concave  mirror,  its  image  feems  to  make 

•one  line  with  it.  The  Lmv-  !>  the  cafe  with  a  rigt  t 
line  held  perpendicukily  \»  iMn  water;  for  the  part 
which  in  within  the  water  Ur-ns  tn  be  a  continuation 
of  that  which  ia  without.  But  Dr.  ll.irrow  called  in 
quetlion  I  Lis  method  ofjtidgtii^  of  the  place  of  an  objcCt, 
and  fo  opened  a  new  field  of  inquiry  and  debate  in  ihis 
brnnth  of  fcience.  Tliis,  willi  other  optical  invclliga- 
tiontt  be  poUiibcd  in  Ida  Optical  L«duit«t  ftrft  printed 
in  t674.  Aecordiii}^  to  him,  we  refer  every  point  of 
an  oh}t:&  to  the  place  fiom  whtdi  the  pencils  of  Kght 
ifTue,  or  from  which  they  would  hate  iflurd,  if  no  re- 

flecliilg  or  rrrrncliiii;  fiihRuutc  n:t crvcrt i!.  Pinfu'iij^ 
this  principle,  Di'.  liju^jw  pioctcJcd  to  i.-.^ciiigate  lac 
place  in  wt.lch  the  rays  iffiiing  from  each  of  the  points 
of  an  object,  and  that  reach  tlic  eye  afier  one  reflrfliun 
or  refraction,  meet  ;  and  he  found  that  wl.tn  tlie  re- 
frading  furface  was  plane,  and  the  refi-a^ion  was  made 
fipoflt  a  denier  racdinm  into  a  rarer,  thofci  rays  would 
alwaya  meet  in  a  place  between  the  eve  and  a  pei]pen< 
dieiifar  to  the  point  of  incidence.  Il'  a  convex  mirror 
be  ufed,  the  cafe  will  be  tbefaR-c  ;  but  if  i]  c  iViirror 
.be  plane,  the  rays  wiDncCt  in  the  pa^^  cuJ  cuUr,  and 
beyond  U  if  it  be  coMave.  He  alfo.detrmmiedt  new 


4   ]  VIS 

cording  to  thefe  principles,  what  form  the  Inugc-of  ■ 
right  bne  will  take  when  it  is  prefented  in  diTr;reut 
manners  to  a  fpherical  maotf  or  when  ttisleea  UuoRg^ 

a  refracting  medium. 

Dr.  fianow  hemenr  noticea  aa  objeclion  agaiall 
the  maxim  abofC  nienuoned*  concemiug  the  fuppofed 
place  of  vifiblc  objefls,  and  cm  IilIj)  owns  that  he  was 
not  .-iblc  lo  Rive  a  fatisfartory  loluiion  of  ir.  Tlie  ob- 
jettion  is  this;  Let  an  objcci  be  placed  l.ryo  iJ  llie 
frtcws  of  a  convtfK  lent,  and  if  the  eye  be  t  lofc  to  the 
i::i;>.,  it  u',11  ,!p;Kar  cunt'.il.,-.'!,  but  \  jry  iicjr  t-j  It.  IrJC 
pbce.  It  the  c)C  be  a  little  witiiJn\  vn,  tiie  contulion 
wiU  increafe,  and  the  objcd  will  fcem  to  come  nearer  f 
and  when  the  eye  is  very  near  the  focus,  the  oonfiifio* 
will  be  very  great,  and  the  objeA  will  feem  to  be  dcrfiE 
to  the  eve.  Batcnthia  expetioient  the  eye  receiven 
no  mys  bnt  thole  that  are  coneer^ing ;  and  the  point 
from  which  they  iffue  is  fo  far  from  &-iiu;  lu  irtr  :Ka;i 
the  objeA,  that  it  is  beyond  it ;  notwitLlLn  diu^  whi^ii 
tlie  (ilijcrt  15  cuncfival  to  he  iiuich  maicr  than  it  is, 
thoii>;h  no  very  dillintt  idea  cm  \tc  tiii  ii;cd  of  in  prc- 
cifc  <lill.inrc. 

The  tuft  perfon  who  took  much  notice  of  Dr.  Bai^ 
row's  hy[>otneru,  and  the  difficulty  attending  it,  was 
Dr.  fierkclcy,  who  (to  hia  JLfiay  oifta  New  "Dicoiy  of  - 
Vifion,  p.  30)  obfervts,  that  the  circle  fotmed  npoa 
the  retina,  by  the  nja  which  do  not  come  to  k  focwb 
produee  tlx  lane  coirfhlion  in  the  eye,  wlietber  they 
crola  one  another  befiore  they  reach  the  retina,  oi  tend 
to  it  afterwards  ;  and  therefore  that  the  jiiJi;nKi;t 
c  nicerninj;  Jidaiiee  will  l-e  the  farm:  in  both  the  e'lfes, 
witho'it  nay  rej,;ard  to  the  plsce  from  wh,\  h  liic  rays 
originally  ilTued ;  fo  that  111  this  calc,  by  t.  ceJinjf 
from  the  lens,  as  the  confufion  incrcafcs,  which  aiwaj-s 
accompanies  the  neamcfa  of  an  ob}eifl,  the  mind  will 
iiif!gc  that  the  objet^  comes  nearer.  See  Jfffatvit 
I)r<  r  wcs. 

M.  Bouguer  (in  his  Trait6  d'  Optique,  p.  104) 
adopts  Barrow's  general  nBzii%  m  fupiMfing  that  we 
refer  objefts  to  the  place  from  which  the  pencils  of 
rays  feeraingly  converge  at  their  entrance  into  the  pupil. 

But  when  rays  ilTue  iror.j  heluw  (he  lurfacc  ot  a  \c:'il 
of  water,  or  any  ether  tclr-jCtmi;  rrietiiutn,  he  liuds 
that  there  ^rc  alw.iy5  f.vu  difiereiit  places  of  this  icvm- 
tn^  convergence :  one  of  tiiem  of  the  rays  that  iifuc 
from  it  in  the  fame  vertical  circle,  and  therefore  Ml 
with  different  degrees  of  obliquity  upon  the  Airface 
of  the  refrad^ing  medium  ;  and  another  of  thofc  that 
fall  upon  the  furface  with  tlte  fame  degoee  of  obliqni^t 
entering  the  eye  laterally  with  refpe^  to  one  another. 
He  fays,  fomctimes  one  of  ihcfe  images  is  atteitile  J  to 
by  the  mind,  and  fomctimes  the  other;  and  d  iTeret.t 
im.igr'i  may  he  obfci  vrd  i)y  liif^erent  pcrfoi;*.  And  he 
.aids,  th.Tt  .in  ubjcit  plunged  m  water  alTurds  au  ex* 
amjjle  ot  this  duplieity  <if  ima^;(.s. 

G.  W.  Krath  ha*  abiy  fuppuited  Barrow's  opinion, 
that  the  place  of  any  point  fecn  by  refledton  from  the 
furface  of  any  medium,  is  that  in  which  rays  ifTuini^ 
from  it,  infinitely  near  to  one  another,  would  meet ;  and 
confideiin^  the  cafe  of  a  diSant  objcfl  viewed  in  A 
concave  nunor,  by  an  eye  very  near  iff  when  the  image, 
according  to  Euclid  and  other  writers,  would  be  be- 
tween the  eye  and  the  objed,  and  Smtdw's  rule  cauoot 
br  ii.fplicd||  he  fiqr*  that  iadMolv  the  fpecttlnm-naf 
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voL  i:,  p.  35:1,  2^6.  Sk  PvidU^i  HUL  «rLiglit 

&c,  p.  89,  683.  ^ 

From  the  principle  above  inuftrated  ^e^•eral  remarka- 
ble plienomcna  of  vifidit  may  he  accounted  for:  at— 
Tlut  if  the  djftaiice  betwctm  two  Vifibic  objeds  he  an 
angle  ttist  is  infc-tifible,  the  di&ant  bodies  w'!l  appear 
as  if  coiuigtioiis :  whence^  a  Goatimious  body  KHtj^ 
the  icfuU  of  imnl  contiguoM  oie^  if  the  diftaocea 
betmc*  fcwal  Vifibkt  fubteod  iaCenifible  anglei,  thej 
will  appear  one  contmuous  bodj  t  which  give*  a  pretty 
iQuftration  of  the  notion  of  a  continuum.— Hence  Ma 
parallel  lincsi,  and  long  viAaa,  coiififtlng  oT  parallel 
rows  of  trcrs,  frcni  lo  converge  more  and  more  the 
farther  tUey  arc  extended  from  the  eve  ;  and  the  roof* 
and  Hnnri  (if  bng  extcoded  alleys  feen,  the  fortner  to- 
defcend,  and  the  Utter  toafeendt  and  approach  each 
Mhcrt  bccuifc  the  appaicnt  mumltadea  of  their  per< 
.pcadiCDlar  iatenah  ire  peipetaaOf  diminidiuigi  vnuk 
ft  tlie  fiine  tioK  i*c  nilluK  their  diftanoe* 

The  mtnd  perceive*  the  diftance  of  Vifihle  obje£ls, 
ift,  From  the  difiiereut  confitfur^tion*  of  the  eye,  and 
the  manner  in  wbieh  the  rsnri  Arike  the  eye,  and  ia 
which  the  ima^e  is  imprelTed  upon  it.  For  the  CJC 
dtjjpofet  itfclf  d^fT^rently,  according  to  tlie  ^Seitat 
diilaneca  it  ia  to£w;  mt,  Ibr  remote olqeCb the 
pil  it  dtbtfd,  and  thie  eryflalRne  broa|^  oearer  the 
retina,  and  the  \\liole  eye  is  m  ide  more  gtobout; 
•Q  the  contrary,  for  near  ohjcvfls,  the  pupil  it  con- 
tra£lcdi  the  cryftalSinc  thmH  forwards,  and  the  eye 
lengthened.  The  mode  of  perfcrming  this  however, 
lias  jrreatly  divided  the  opinions  of  philofophers.  See 
PrielV.q  's  Hift.  of  Light  &c,  p.  6^8—65*,  where  the 
fcvcral  opinion*  of  Defcartes,  Kcpkr,  La  HirCf 
tre  lie  Roi»  Porter6eld»  Juno*  Muflchiaibrock^  l(e» 
flated  and  eiaimned. 

Again,  the  diftance  of  VlfibJe  obje^^s  h  pxi^^eA  of 
by  the  angle  the  objeA  makes ;  from  the  dillin£l  or 
coiifiift'd  reprefentation  of  the  objtfti ;  and  from  the 
briikucl*  or  feeblenefr,  or  the  rarity  or  denfity  of  the 
cays. 

To  this  it  ii  owing,  ift,  That  objefb  which  appe«r 
obfcure  or  couftifed,  are  judged  to  be  mur^  remote  ;  a 
principle  which  the  paintcnmal^enfe  of  to  caofe  fome 
of  their  figures  to  appear  fitiher  ^ftlHC  Ham  Otheit  on 
the  lame  plane.  2d,  To  thi*  it  i*  likewifc  owing, 
that  rooms  whofi;  walls  are  whitened,  appear  the  fmalT- 
or  ;  that  iieldt  cuvLrcd  witli  fnow,  or  white  flinvtn, 
(lievv  Itffs  thin  when  clothed  witli  grafs  ;  that  inuua* 
tiiins  covircd  w:th  ftiow,  in  the  night  time,  appear  the 

nearer,  and  that  opake  liadiea  appear  the  mocc  remote 
Mi  the  twil^.. 

JU^^mhuk  of  Fijibk  Olfigt, 

The  quantity  or  magnitude  of  VIliMc  otfeAsk  i» 

known  cliii-ily  by  the  an;Tle  contained  between  two 
rays  drawn  from  tb<  two  ex'rcmcs  of  tlic  object  lo  the 
centre  of  the  eye.  An  obji-ft  appears  fo  large  at  is  the 
.angle,  it  ikbtetula  ^  ox  bodtca  liecB.  under  a  £reatcr.aflg^. 


AppCWmateri  and  thofe  under  a  hfk  an^Ie  hr», 
ftc;  Hence  the  fame  thing  appears  greater  or  ic^ 
as  it  is  nearer  the  eye  or  farther  offt   And  thia  it 

called  the  apparent  magnitude. 

But  to  j'ldn;^-  of  the  rcrd  magiiifjJc  of  an  objeA,  we 
mull  conlider  ibe  diilancc  ;  for  lincc  a  near  and  n  remote 
objcA  may  appear  under  equal  angles,  though  the  m^ 
nitudct  be  different,  the  didance  muft  oecci&rilT  bo 
cftinieledt  becaufe  the  magtiitude  it  great  or  finaH  ae* 
oofdimr  aa  the  diftance  ia.  flo  that  the  real  magnitude 
)•  in  the  oomMimd  t«tto  of  the  diftance  and  the  appa- 
rent tiugnitude;  at  Je^jft  whrn  the  fubtcndtd  angle,  or 
apparent  magnitude,  isvcryfmalli  othctwife,  ti»c  real 
nugnitiidc  will  be  in  a  ratio  compounded  of  the  dif- 
tance and  tlie  fine  of  the  apparent  niagtu'tude,  neariyn 
or  nearer  ftill  its  tangent. 

ilciicc,  objcfb  fecn  under  the  fame  angle,  have  theft 
magnitudes  in  the  lame  ratio  as  their  dillattoes.  The 
chord  of  an  ate  of  a  circle  pcen  of  eqaal  magnitude 
front  cverf  point  !n  the  circiunferencr,  though  one  ' 
point  be  vaftfy  nearer  than  another.  Or  if  the  t  •,  r  he 
Hsted  iu  any  point  in  the  circumference,  and  3  tight 
line  be  movtd  roiiiid  fo  aa  Its  citrcrTii.-s  be  al'A-:iys  in  the 
ptriplicry,  it  will  ap])'.ar  of  the  fame  magnitude  in 
every  polition.  Ard  the  icifoii  ia,  becaufe  the  atfgic 
it  fubtends  is  always  of  the  fame  magnitude*  And 
hence  alfo,  the  eye  being  placed  in  any  angte  of  a  K» 
guUr  polygon,  the  fides  of  it  will  all  appear  of  equal 
otagnitudie ;  being  all  ctjuai^choida  of  a  cavie  deTaibed 
abontit. 

If  the  magnitude  of  an  objeQ  dircftly  oppofite  to 
the  eye  bt-  equal  to  its  dlf^r.ncc  from  the  c  c,  ihc  whole 
objeei  w:H  he  diih'nfily  icen,  or  taken  in  by  the  eycj  but 
nothing  more.  And  the  nearer  yonippToacK an  etjcd». 
the  lefs  part  you  fee  of  it> 

The  leaft  angle  usder  wfakh  an  ordinaqr  objeft 
becomes  vifible,  is  about  one  minute  of  a  degree. 

0/tie  F^mre  of  FyHle  Oijeau 

Thia  ti 'eftimated  chiefly  from  onr  opinion  of  the* 
iituation  of  the  fcvtral  parts  of  the  ohjc6.  Tint  opt* 
nfon  of  the  fituation,  9tc,  enables  the  mind  to  sppre- 
hend  an  external  objeft  underihii  ortbii  Ji^  'ri<  rc 
juftly  than  anv  fimilitiidc  of  the  imaf^-s  in  the  letina, 
with  the  obje^  can  ;  the  ioiages  bung  i>';i:n  ciKptiral, 
oblong,  fltc,  vhcn  the  objects  they  ciLtibit  to  the 
mind  are  circles,  or  fquares,  &c. 

The  laws  of  viliont  with  regard  to  the  figures  of* 
Vilible  ob}c^  arc, 

I.  That  if  the  centre  of  the  eye  bo  cxafily  in  the 
dirr^on  of  a  right  line,  the  fine  wiU  appear  only  as  a 

pi/int. 

3.  If  the  eye  be  placed  in  the  dirtiStj<j:»  of  4  fiufiu  c, 
it  will  nppcar  only  as  a  line. 

3.  If  a  body  be  oppofed  diredty  towards  the  eye,, 
fo  as  only  one  plane  of  the  furfiwe  can  radiate oa  it}  the  - 
body  will  appear  as  a  furiace. 

4.  A  remote  arcb,  tiewcd  bj  an  eye  tBthc-fiM*-' 
pfane  with  it,  will  appear  ai  a  right  line. 

5*.  A  fjplterc',  vienrtd  at  a  diftance,  appears- a  cifclew 
0.  Avifu'ar  figures,  at  a  diilaucc,.  appear  round. 
7,  If  the  eye  look  obliquely  on  the  centre  of  a 
regular  figure,  r  r  a  circle,  the  Xrvx  i'i,;ure.  wiU^not* 
be  fecu^but  the  circle  wiUap£ea{  ova^  ice. 
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VisiiiB  Btrim,  PW*  Sec  the  fabftu- 

VISION,  is  ihc  a^l  of  fcehf,  «r  of  pcroetniag cii- 
lernal  objed*  b7  the  oi;pa  of  li^rhu 

When  an  objeft  h  fo  dil'pufed,  that  tlie  rayi  of 

Iight9  coming  imm  ull  purts  uf  it,  enter  the  pupil  of 
the  eye,  and  prefcnt  its  imaj»c  on  the  retina,  that  ob- 
jfct  isihenfcen.  Thiti  is  pri  w  i'.  1  y  cxjicHnicnt  ;  lor 
>t  itic  tye  of  uny  ar^irrtitl  be  tukcii  uut,  and  the  (km 
and  fji  be  caicfully  fliippii!  off  from  tJic  back  part  of 
it,  till  only  the  thin  membrane,  which,  it>  called  the 
rLtina,  remains  to  terminate-  it  bchiiid,  and  any  objcd^ 
be  placed  btt'orc  the  froat  of  the  c^t,  the  pi«nrc  wf 
(hat  object  wiU  be  Uxa  figured  aa  witb  a  pencQ  oa  that 
membnne.  There  are  ihuufand*  af  cKpenmenu  which 
prate  that  thfi  is  the  mechanical  c(ren  of  ViRoo,  or 

JCLin;^,  IjLl!  L:  lie  uf  itv.r!,  a'.l  npjir.ii  i'n  i,  >);v.:  illcntly  a( 

Xhi$f  wiiicli  is  iii.i-lf  witii  ti  l.  itiy  *  \  I.  .litit  i(f  an  ani- 
mal; an  eye  of  an  ox  ht.vly  iKlu^  il.ii  lijppily, 
and  with  viry  little  trouble,  jt  wtii  indeed  appear  fin- 
^tikr  in  ihi»,  th;it  the  object  is  iuvertcd,  iu  the  pi^fiure 

'dtu»  drawn  of  it,  in  the  eye  ;  and  the  calc  is  tlic 
Umc  iu  the  e-<e  of  a  living  perfon. 

Various  otW  opiaiona  hoH-efer  have  been  held 

•conccming  the  mcaoa  of  Viitos  among  philufo* 

plterl. 

The  Platonifls  and  Stoics  htlJ  Vtlion  to  be  cii'eckd 
by  (he  emiflion  of  rays  out  of  the  cyc»  ;  couceiWng 
ihnl  ihiTe  was  a  fort  of  iij^'lit  thus  darted  out  ;  which, 
H«th  the  hght  of  the  external  a'r,  taking  hold  as  it 
were  of  tl(C  obje^s,  rendered  them  vifible  ;  and  thus 
returning  back  ^ain  to  the  eye,  altered  and  new  tno* 
dified  by  tliecootad^  of  the  objed,  made  an  imprelfioQ 
oittbepUpiU  wluch  gave  the  fenfation  of  |lieol^ed« 

Cvr  own  countryman,  Roger  Bacoti,  dtflinguiihcd 
as  he  was  tn  many  itTp'-Ci,  alfu  afTcnis  to  the  opinion 

that  iriiil^l  r.>\ 'iiut  cLil  tron;  l!  ;  '.-i,  c  ;  >'i-5  rea- 

liiii  fur  it,  tlijl  cvii-y  thing  in  naiuic  is  sjyalii'itd  lu  liif- 
charge  it*  proper  funtflions  by  its  own  powers,  in  i!ic 
iatne  manner  as  the  fun,  and  other  cclt.llial  bodies. 
Opus  Mjjus,  pa.  zii). 

The  J^picurcarts  hv.ld,  th.ii  Vifion  is  perforined  by 
tbc  eouuiauon  of  corporeal  (pccics  or  ifui.^t  j,  fiuui  ab- 
jedaf  1ft  a  ihrt  of  atomical  emuvia  ccntiiiually  ilyin^off 
from  the  n»liin.iic  paits  of  objeft*,  ivi  tlic  eve. 

The  Pc  hi.td,  witb  EpivUrus,  that  ViCon  is 

performed  b)'  the  reception  of  fpeci^s  ;  but  they  differ 
ftuif.  i  i::  t  .1  V  ireuinllanccs  ;  for  they  will  Jure  the 
ipt'cic*  (iaIucIi  they  call  iti/cniierui.'ei)  to  be  incorporeal. 
It  is  true,  Arillotle's  dtdrine  of  Vifioii,  dilivtrcd  in 
his  chaptrr  De  AfpeCtu,  amonniis  to  no  n  ore  ih.m  this, 
tliat  objcAa  mail  have  bine  iuterniedi.-itcbcdy,  th.u  by 
ihis  they  may  more  the  organ  of  light.  To  which  he 
adds,  in  another  place»  that  wlicn  we  peiceive  bodiet, 
it  is  their  fpeciet*  not  thcv  natter*  that  we  receive  ; 
aa  a  leal  nukes  an  Imprcfllon  on  wax,  without  the  wax 
receivirrg  any  tiling  ..fl!i<.  fciI. 

But  till*  vi^uc  auiS  ubicurc  account  the  Ptriputetics 
have  thou)^'ht  lit  to  improve.  AceO:diii,,ly,  «hit  ihclr 
mailer  call,  fjivi  i;.-,  the  difciplof,  uiiJcrUaaiJIng  of  real 
proper  (petics,  aiieii,  ihnt  every  vilible  objcA expivflea 
a  perfrtt  imaj;e  of  itfdf  in  the  air  coniijjuous  to  it; 
and  this  iraa^e  anothir,  fumcwhat  lefs,  in  the  next  air  { 

and  the  third  anotha  j  aadb  on  till      lail  image  ar> 
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rim  at  the  cryftaHIne,  whicli  tlicy  hold  f.  v  tlif  cljiHf 
oiwan  of  fight,  or  that  which  immediatelr  move*  the 
6m'    Thcle  images  they  call  tatnAuud  Jfteus. 

The  modem  philuf<iphcr««  01  the  CarteCant  and 
Newtonians,  give  a  better  aoconat  of  Vifion.  They, 
all  agree,  that  it  is  pcrrortned  by  rajajof  li^t  refle&ocT 
from  the  feveral  points  of  objcUs  received  in  at  the  pu- 
pil, refrafted  and  colle^u  ii  in  tli-  ir  pjfTigc,  through 
llic  coats  and  humours,  to  the  ;  ^;l!-.,i  ;  .nul  this  flriking, 
or  making  an  impreffi-j;:,  on  fu  ir..iiiy  pon  ti  uf  it  ; 
which  imprcflion  Is  conveyed,  by  tlie  corrtfpondent  ca-^ 
pillaments  of  the  optic  oene,  to  the  brain,  &c. 

Baptifta  Porta's  expcnmcnts  with  the  omera  ob« 
fcura,  about  the  middle  of  the  i6tli  ccistui} ,  eonviuced 
him  that  vision  is  performed  by  the  intermiflionof  fome- 
thing  into  the  eye,  and  not  by  vifual  rays  proceeding 
from  the  eye,  as  had  been  the  general  opinion  before  bit 
time  ;  and  he  was  the  firll  who  fullv  fatitlkd  bimfelf 
and  others  upon  t!ii>  tuhj  d  ;  thoRgii  feveral  philofo* 
pliers  llill  adhered  to  the  old  opinion. 

As  for  the  Peripatetic  fcrics  or  cliam  •of  images,  it 
fs  a  mere  chimera  J  and  Ariflotle's  meaning  is  liettcr 
undctlloud  without  than  with  them.  In  fatt,  fetting 
thefe  a&le,  the  Ariflotelian,  Cartefiany  and  Newtonian 
dodrinea  of  Vifion,  are  very  coo^ftent  wi'tb  one  ano- 
tiier :  for  Kewton  imagines  that  Vifion  it  peribrmed 
chiefly  bv  the  vibiationsof  a  fine  medium  (which  pene- 
trates alf  bodies)  excited  in  the  bottom  of  the  eye  by 
the  ra)8  of  light,  and  propa^ird  throiifrh  the  eapilln- 
ments  of  the  optic  nerve  s,  to  the  IcnliMl'im.  Ain! 
De«  Cartes  maintains,  tb<tt  die  I'un  prellingthe  materia 
fubtilin,  with  which  lltc  whole  untvcrfe  i*  every  wliere 
filled*  the  vibiariona  and  pulfca  of  that  natter  refleded 
fromolMeAa,  are  conununicatedto  the  ejCt  and  thence 
to  the  u-nfory  :  fo  that  the  aAloo  or  vibniion  of  a  me* 
dium  is  equally  fuppofed  in  all. 

It  is  gcner.illy  coiH-I'.iJril  ■Jun,  tliat  tl-.e  irr.agrs  of 
objcifisare  reprclentcdou  lire  it-tiiia;  uLiwli  ii  only  an  ex-» 
p.nilon  of  the  line  capillaments  of  the  optic  nerve,  and 
irum  whvnce  the  optic  nerve  it  continued  into  the  brain* 
Now  any  motion  or  vibration,  impreflcd  on  one  extre* 
mity  of  the  nerve,  will  be  propagated  to  the  other t 
Li-i.ce  the  impulfe  of  the  feveral  rays,  feni  from  the  fe- 
veral poutaw  the  obicet,  wilt  be  propagated  as  they  are 
on  the  retina  (that  is,  in  their  proper  colourh  &c,  or 
in  particular  vihratioiis,  or  morir.s  of  prt/T^ue,  corre- 
fpoudiug  to  them)  to  the  place  where  thofe  ca})itbtnent« 
are  ii.iL;vv;r. Ln  into  the  fiibflance  of  the  brain.  And 
tbuj  is  \'ilion  broi:g!it  to  the  common  cafe  of  fenta* 
lion. 

Experience  icaelie?  us  that  the  eye  f»  capable  of 
vie  Ai[i<;  ubjcCU  at  a  eci  tain  ditlanctt  without  any  men- 
tal cxciti'on. _  £c^ond  thitdiflance>  no  n-.cntal  exertion 
can  be  of  any  avail :  but,  within  it,  the  eye  poflefllea  a 

power  »if  .ul.ipii:;g  itfeirto  t!ie  various  occafions  that 
occur,  tiic  *i;civil"ei)f  which  depends  on  thevolitlonof  the 
niim',  IIu.v  lUii  is  effected,  is  a  problem  that  has  ver^ 
much  rng;igi.\l  tlic  attention  of  optical  writers  ;  but  it  la 
duubtcd  whctlu-i-  it  li.it  yet  been  i'at!$fai^\orily  exjilained. 
TItc  tirfl  ihwoiy  for  the  fiili:i!on  of  this  problem  u  th^t  of 
Kepler.  He  fuppufei  that  the  ciliary  procefTs  enntraft 
the  diameter  of  the  eye,  and  lentjthen  its  axis  by  a  mufcu- 
br  power.    But  Mr.  Thomas  Voting  (in  fame  in^i  tiioua 
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fenres,  ihal  tluTc  procefTcs  neither  appear  to  contain 
aajrmufcular  (ibros,  nor  have  any  5ttacnnt»cot  by  which 
thcr  can  be  capable  of  perform in^^  this  nf^ion. 

Dca  Cartes  afcril>cd  tin's  cuniractlon  and  elongation 
to  a  mufcularity  of  the  crytialiiar,  of  which  he  fup- 
pofed  the  ciliary  proccflcs  to  be  the  tendons :  but  he 
Bciiher  demoDftraied  thia  morcdarityi  nor  fufficientlj 
coofidmd  the  connexion  with  tlie  ewarj  prucdiet. 

De  la  Hire  allnwt  of  no  change  iu  the  eye,  except 
the  contradion  tnd  diktation  of  the  pupil :  this  opi> 
nicr.  he  f'>unds  on  an  expciimci.t  wlilcli  Dr.  -S.^iiili  Ins 
flicwn  to  !>e  fallaciotis.  Hallcr  adopted  hii>  bypothifik. 
%lutwi-hit;iiiui:,;;  iti,  iiiL'onlilk'UCy  wilJl  pfillCIIilin  of 
Optics  and  conliaiil  experience. 

Dr.  Pcmbcrton  fupp<jfc»  that  the  crj-ftalline  contain^ 
nufcular  fibre*,  by  which  one  of  itsfiirfaces  is  flattm- 
ed,  wliile  the  other  it  made  convex  :  but  he  has  not  de- 
aoailmtcd  the  exificvceof  thtk  fibtca  tiy}  On  Juris 
■hn  proved  tbu  lueb  »  change  m  tliu  is  inxleqintc  to 
tbe  tffef}. 

Dr.  Forterfidd  conceive*  that  thectliaiy  proct  flcs 
draw  the  cryftaliinc  forward,  and  in.ike  the  conicu  tnure 
convex.  But  the  ciliary  pruceffc$  are  incapable  of  thia 
a^ion ;  and  it  appears  from  Dr.  Jiirin't  calculation*, 
tiiat  a  fufficicnt  motton  of  this  kind  requires  aTCf]^  viA* 
Me  increafe  in  the  Itngtli  of  the  axis  of  tlie  eje|  an  Ja> 
«KtI!e  which  baa  never  jtL  been  obforved. 

Ih.  Junit  oiaiatatin  that  th«  uvea,  at  its  attaehneiit 
to  the  cornea,  ts'muicidar ;  and  that  the  contraAionor 
this  rin^  makes  the  cornea  more  convex.  But  this  hy- 
jKithc-lii  :5ii<>t  fiiflicicntlv  conliim<.-d  by  t/fifeivation. 

WuJTchciibrutk  cjiijcauvt';  tlial  the  rt.laxatiiiii  of  tliis 
ciliary  zone,  wliich  is  nothing  but  the  capfulc  of  the 
vitreooa  buoiour  where  it  receives  the  imprcflion  of  the 
ciliuj  fmedBlBtt  pnonitt  the  coals  of  the  eye  to  pufh 
fbrwasd  the  crjnuine  and  cornea.  SiKh  a  voluntary 
tthaation  bowcverf  Mr.  Young  obIcm«»  is  wholly 
wklMHitenmptc  in  the  animal  ccononjr :  befideti  if  it 
aAually  occurred,  "itie  coats  of  the  eye  could  not  ad  at 
he  roiieeivis;  nnr  rcuU  tficy  uf.  in  this  m;uiiu'r  with- 
out bciug  ubiVrvt-d.  lie  .(i!Js,  t)i;it  ihc  coistraCtiua  of 
the  ciliary  zone  is  ec(tiaHy  iindnjULite  and  unncccfTary. 

Mr.  Young-,  having  cxaniintd  tliefe  theories  and 
fome  othcri  of  Icfs  moment,  proceeds  to  invcdigate  a 
more  probable  folution  of  this  optical  diiBculty.  Ad- 
verting to  the  ohfervalion  ot  Dr.  Porterfield,  thsttlwre 
who  have  been  conched  have  not  the  power  of  acoom- 
inodating  the  eye  to  diflcrent  difiances  |  and  to  the  re- 
flexions uf  other  writers  on  this  fubjo^t ;  he  was  led  to 
conclude  that  the  rays  of  li^ht,  emitted  by  objects  at  a 
fmail  lUllLinOr,  eiju!:l  only  !)v  bv(,'.i,.;ht  Id  tuc;  on  tlie 
rttinn  by  a  iiearrr  ajijito  ich  of  the  cry  ihiliiiic  ton  i";ihe- 
nti.l  fi'^rri;  and  he  i;ii,it; jiic<i  that  DO  <  .her  ;>uv-f  r  was 

capable  of  producing  this  change,  beikie  a  murcuianty 
Otpartt  orof  the  whole  of  its  caufule  : — hut,  onclofcly 
caamiiiing  firll  with  the  naked  eye  and  then  with  a 
nag»iric',  the  cr\  llalline  of  an  ox's  rye  turned  out  of 
its  capfukt  he  di{co«ercd  a  ftru^urc  which  reemed  to 
remove  the  dMRcuhiea  that  have  long  erobarraRed  this 
branch  of  optics. 

"  The  cryllalline  of  the  ox,  fays  he,  is  compoft<l  i  f 
variousfimilarcoats,  each  of  which  confilUet  hx  nuifclri, 
iatermixed  with  a  gelatinous  fubflance,  and  attacked 
t*  fix  mcmhsaiioul  tcwibu,  Thict  cf  the  dtedoaa 

VOI..U.* 


are  anterior,  three  poflerior  :  their  lens^th  ii  about 
two-third<>  of  the  fcmidiiiTietcr  <rr  li  e  cujt  ;  their  ar* 
rangemeiit  is  that  of  three  coual  and  equtdiliaat  rays, 
meeting  in  the  axis  of  the  cryitalline;  one  of  the  ante- 
rior is  direded  towards  the  outer  angle  of  the  eye,  and 
one  of  the  pofterior  towards  the  inner  augle,  fo  that 
the  pofterior  are  placed  oppofite  to  the  middle  of  the 
ifltcrAiccsof  the  anterior  i  and  planes  pading  through 
each  of  the  6xt.  and  through  the  axis,  would  oarfc  m 
cither  fiirfec"?  fix  regular  eqnfd'il  .int  rays.  The  mnrcular 
fihrci  arife  froni  tj  i'li  .'i  k  a  of  each  tendon;  they  'i- 
verge  till  t.'u-y  ica^'i  tltc  greaiell  circumference  o!  the 
ctut  ;  aiiJ,  hivl  ij/ puffed  it,  they  again  co:iv.r^e,  till 
they  arc  attached  relpcrtively  to  the  lides  of  the  ncareft 
tendons  of  the  oppoiitc  furfacc.  The  anterior  or  pof- 
terior  porti- n  uf  the  (ix,  viewed  together,  exhibits  the 
appearance  of  ihuc  peaaifbrm-iadiated  niurdes.  The 
anterior  tendons  of  au  the  coots  are  fituated  in  the  fame 
phnes,  and  the  pollerior  ones  in  the  oontinufttmas  of 
thefe  planes  beyond  the  axis.  Siirl'  an  ,ttt;tngement  of 
fibres  can  be  accounted  foi  011  nn  other  i  Jiipofition  than 
that  of  rn-JlCLihti  Ity.  Thij  itwfa  is  iiiclofLd  i:i  a  iiron 
mcmLi.tiiotis  t  iululc,  to  which  it  i»  lnoleiy  conoetici 
by  niLintte  vclTeis  and  nerves;  and  the  conncftion  is 
more  obfervablc  near  its  greatcll  circumference.  Be- 
tween the  tnafsand  iucapfulc  is  found  a  conGderaUe 
qoantitj  of  an  aqucwiB  fluids  the  liquid  of  the  cryC^ 


**  When  the  mil  is  exerted  to  view  an  objeA  at  a 
fmati  diftancc,  the  influence  of  the  mind  Is  conveyed 

tlirougli  the  lenticular  ganglion,  formed  from  braiichts 
of  the  thiid  and  liUh  pnir  of  nerves  by  the  t'llamen-t 
perforating  the  fcltrotiea,    to  the  oibirulus  ciliarij, 
which  may  be  confidcred  as  an  annular  plexus  of 
nerves  and  veflcls ;  and  thence  by  the  ciliary  proceflet 
ta  the  mufcle  of  the  cr^-ilalline,  which,  by  the  con- 
•  traction  of  its  fibres,  becomes  more  convex,  and  col« 
the  dif  cnnng  nji  to  a  locus  on  the  retina.  The 
di^ofition  of  fibres  in  each  coat  is  admirably  adapted 
to  produce  this  change  ;  for,  fincethc  Icafl  fn-^t'ace  th-t 
can  contain  a  given  bulk  is  tliat  of  a  fpheic  (Siiupfusrs 
Fluxions,  pa.  486)  the  contraftion  of  any  fuifacc  muft 
bring  its  eontciits  nearer  to  a  fphen'cai  form.    The  li- 
quid of  the  cryflalh'nc  fccms  to  frrvc  ns  a  fynovla  in  fa-- 
cilinting  the  motion*  and  to  admit  a  fuAcicot  ehange 
of  the  mufcuIaT  parti  with  •  fmaDef  motion  at  the 
capftde. 

l&.Yooiig  proceeds  to  enquire  wliether  thefe  fi* 

hres  can  produce  an  alteration  in  the  form  of  the  lens 
fufficientlv  ^eat  to  account  for  the  known  eflrvts  ;  a'ld 
he  finths,  by  cau-iJiitioo,  that,  fiqipofiiiiT  the  crv ;t:ii!ii,e 
t;>  aliumr  a  fpinrical  forin,  its  diHTieier  will  l>e  tf^t- 
tliuiii'anilth-.  ot  ,in  inchi*a"d  its  focal  <lillance  in  the  eye 
'9 lb.  Then,  difrrgardiiig  the  thickLffs  uf  the  cotaw, 
we  find  (by  Snuthf  art.  370)  that  fuch  ga  eye  will  ebU 
ie£k  tfiok  fays  ott  the  rctiosp  which  diverve  fkon  a 
pmnt  at  the  d^nce  of  i  a  ihches  and  8  tcnflia,  TUa 
laa  greater  change  tlaa  is  oeedlary  for  an  os's  eye  ;  fiir 
Jf  it  be  fuppofrd  capable  of  difKnS  Vifion  at  a  difhOice 
for:u:uhat  I<  f 3  ;iian  iz  ii  ehcf,  vcr  it  Is  prohnbly  far 
(Kort  ot  bririjj  ;.Mc  tu  cllrct  j*arallt.l  lays.  The  human 
cryfi.illine  ii  fu:cpt.Lle  of  a  much  greater  change  of 
farm.  Tlw  ciliuij  zouc  may  admit  of  as  much  exun« 
fioB  aa  tUi  diaumilieB  of  the  diMMfr  af  the  cnftaU 
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line  V..11  require  j  and  Its  elafticity  will  sfTift  the  cellular 
texture  of  the  vitrcu-is  h-.imour,  and  jjcrhari*  the  ge- 
latinous p;ittfif  the  erYllii''ii''c,  in  lelloriiig  the  inJolrtit 
form. — Mr.  Young  appuhcnds  thai  tlie  foTc  office  of  the 
optic  ncrirt  !<.  '.o  ci'nv<-y  finfatiKn  to  the  brain  ;  and  tliat 
thewtto^  dots  not  ct>.;tribuit'  to  fupply  the  irr.s  with 
nervea.— Aj  the  human  crytlulline  reCembfe»  that  o| 
ttte  It  imy  rcafmably  he  prefamcd  that  the 
aftion  of  buth  oi]gai»  dvpeadi  oa  the  Ismc  general 
prinriplej. 

This  theory  of  Mr,  Vi)ung's  however  is  [\rnngljf  op« 
pofc<i  by  Dr,  Hofdi  k,  ( Philof.  Traiif.  1794,  psrt  «» 
pj.  196).  He  cor.tfils  tl<e  esillcDCc  of  the  miik-Iet, 
which  Mr.  Yoiin^r  dcltribedi  for  fcveral  reafinn. 
t'tril,  from  tin-  tr.n)f|/ai«ncy  thty  mull  pofiefs ;  other- 
wife  there  wotiM  be  Unne  irregularity  in  the  rcfratlion 
ef  thofc  rayi  which  [y.di  ihroujrh  the  ftveral  patts,  dit 
feting  both  in  lhap«  and  deniiiy*  Ataibxt  ctraim* 
llanct  is  the  number  of  ihvfe  mofclei.  Mr.  Yaanpr  de» 
fciibes  6  in  each  liniinn;  31. tl  a»  I ^uwiiiIi  h k  makes 
20OC' lumii.x  in  all,  llievi-forc  the  noinhtr  ot  tnufcJej 
mull  amouut  to  12  thonfami,  the  ad^ion  i>f  which,  Dr. 
Hofack  apprtlitnJs,  muil  exceed  comptehififioti.  liiit 
llic  cxt'llencc  of  tli'  fc  mulcles  is  riill  more  doulitf.il,  >t 
(he  accuracy  of  Di".  Holack's  obt'trvations  he  adtnitled. 
Withtheainilanceof  thebs-d^liliVs,  and  with  tlic  great  eft 
tfteDtion,  he  could  not  difcovcr  the  ftiufiure  of  the 
ttjAaS&ne  defcHbed  by  Mr.  Young,  btttfband  it  to  be 
perfcAIy  tranfparrnt.  He  6rft  obfenred  the  lem  ia  ii» 
vifcid  flatc,  and  then  expofed  different  lenfe»  to  a  mo- 
jlfi ,itc  dci,;rfc  f'.o;il,  fo 'l.ui  tin  v  I  t  nir..-  o]:.,i']iif  .!ti:1 
<ivy  i  and  ii  v.as  <:A\  :u  leparatc  iKl  d  ItiLi."!  lay;!-'  l'.j- 
fcribed  by  Mr.  Youii,^.  Theft  wctc  lo  immcroiis  as 
not  to  admit  of  having,  each  of  litem,  6  mulL-le». 
Another  confideratlon,  winch  feems  to  prove  thatthefe 
lajcit  polTcfs  no  diftin^i  mnfclcti,  i.i  that,  in  thi»  opaque 
nUf  they  are  not  vifihlc,  but  confiii  of  an  almoll  inti- 
aite  Amber  of  eooccntric  fibrca*  not  divided  into  |nr* 
tftohr  bnndtei,  but  fimibr  to  aa  maiiT  of  the  fineft 
!:air3  of  equal  thicknefs,  arranged  in  fimilar  order.  This 
regular  llriidture  of  layer*,  compoi'ed  of  concentric  fi- 
bres. Dr.  Hofack  think.<iib  much  better  a  laptcd  to  the 
traiifrnifTjon  of  the  ravs  of  light  than  the  irrcjjular  llritc- 
ture  of  xni^r  lei.  B;  .ides,  it  ougfit  to  be  coufidcred 
that  the  ci7(lallinc  lens  is  not  the  moil  eifcntiiil  orwan  in 
viewing  objcda  it  diSmnt  d^ncel ;  and  if  thia  betbe 
cafe,  the  power  of  the  eye  cannot  be  owioe  to  nny 
cihaiigea  in  thia  lest.  It  »a  hiBt,  faya  Dr.  Hoia^,  that 
«K  can,  in  a  grot  degree,  do  without  it  $  aa  ia  the 
cafe  after  couching  or  extraction,  by  which  operation 
all  its  parts  mutt  bi- i.kitroytd.  D;  .  Ptir^rrntlJ,  how- 
r»er,  aiKl  Mr.  Yoiinj',  on  Lls  lurjioiity,  m^ilitjin  tli.it 
p«t!<  nrj,  afttr  the  (ifRiaiioii  uJ  ^buchinji,  have  not  ti.c 
j^wtr  of  accamrooti^iiiig  the  eye  to  uilferent  diftaucc:^ 
of  objects.  On  thew-hole.  Dr.  Hofrtck  i^^ontluJis  that  no 
flich  mufdes,  as  Mr.  Young  has  dtfcribcd,  cxiU«  aod 
that  he  mud  hafe  been  deceived  b^-  fume  other  ap> 
pamnoca  thatielcniblcd  mufcles :  ceithcrwiShe  allow 
the  effcAs  afcribed  to  the  ciliary  procelTc*  in  changing 
the  fhapc  or  fiUuvtloii  of  the  h  r.s. 

Dr.  Hofack  then  pricciis  tj  ill  :lhatf  the  ftniSure 
and  ule  ol  tlic  extmiLjl  ::iuLI(.l.  dI  tin-  eye;  which  are 
6  in  number,  4  called  re6ii  or  Arci^ht,  and  ^  oblique^ 

ladlif  BOBi  af  nhkh  he  thiaka  Uke  bdueb-iacud*- 


ed.    The  common  pitrpofes  to  which  thtfi.  cjuLlcs  »re 
fubfervieut  are  n-ell  Known:  but  uiiijc  tlal',  Dr.  Ho- 
fack ftiggdU  that  it  is  not  iaconrtilciu  witlt  the  general 
laws  of  nature,  nor  even  with  the  animal  cccoiiomy,  lo 
inngiiie  that,  (rom  their  combination,  they  fhould  have 
a  diflc.'trt  aciion  and  an  additional  uie.    In  deicribing 
the  precife  a&ion  of  tbefir  mufdca,  he  fuppofea  an  ob> 
jcA  to     fern  diAincUy  &tSk  at  the  diftance  of  6  feet ; 
in  whkh  cafe  the  plAure  of  it  falla  cxadly  on  the  re. 
(roa.    He  then  direfti  hia  attention  to  another  uh]eA 
at  the  dillancc  of  6  inches,  as  nearly  as  pulTible  in  the 
fame  line.    While  he  is  viewing  this,  he  lofrs  Ug\it  of 
the  fiiit  objcd,  tlioa^h  the  rays  proceeding  .loni  it  :Uli# 
fall  on  the  eye  ;  and  hence  he  infers  that  the  eye  muil 
have  undergone  foroe  change ;  fo  that  the  raya  meet 
eitherbrtbrc  or  behind  the  retina.    But,  as  rays  hum  » 
more  diftant  object  concur  fooner  than  tbofc  from  a 
neaicr  one,  the  piAure  of  the  more  remote  oljed  mnft- 
fall  before  the  retina,  while  the  others  form  a  dilltnft- 
image  upon  it.    Bel  yet  the  eye  cont'iiv  c  l  in  tlic  (i:nc 
place;  .md  therefore  the  retina  mud,  bv  foojc  meatus, 
h.r.'.  I.  t'in  :ini.>v-(1  to  .1  ^il.iLli  d:il  -.ncc  from  t!ie  forc— 
p  .11  oi  tilccyc,  JO  as  to  receive  the  picture  of  the  nearer^ 
ij'»jttl.    This  objeft,  he  contends,  could  not  be  fcciv 
dillinctly,  unlcfs  the  retina  were  tetnoved  ti»  a  greater 
dillancc,  or  the  rcfrading powcr  of  the  u.;.Ju  through. 
which  the  raya  paUcd  were  aiintented  i— but  as  the: 
lent  ta  the  chief^rcfraAinj;  memm,  if  we  admit  that 
thia'hsB  no  power  of  changing  itfetf,  we  are  under  th«- 
necefSty  of  adopting  the  fiift  of  thefetwo  ruppofitiona. 

oljjtct  o:  iiuji.iiy  is,  how  the  cxtcmali 
nii;l..lLi  arc  tapaLk  oi  ptiKiui;iiig  thcfe  cliangcs.  Tijc 
TicU  aiL-  Uiong,  broad,  and  flat,  and  arife  from  the 
back  part  of  the  orbit  of  the  eye  ;  and,  paOing  over 
the  bull  as  over  a  pulley,  they  arc  inftrted  by  broad  flat 
tendons  at  the  anterior  part  of  the  eye.    The  obliqne 
are  infertrd  towards  the  potterior  part  by  fimilar  ten»- 
dooa.   When  thefe  different  mulclea  actjoiatly,  the 
eye  being  in  the  herisontal  pofuiow,  and  every  mufcle 
in  a£iion  contrafting itfelf,  the  fo.  1  n-fti  liy  ihur  com- 
bination mull  comprcf*  the  various  parts  ol  the  eye  and 
lengthen  its  axis,  \shik  the  oblique  miifclcs  ferve  to. 
keep  the  eye  in  its  proper  diiedlion  and  fituation.  The 
ci.iivtxity  of  the  cornea,  by  means  of  its  great  elaili-. 
city,  i»  alio  increafiod  in  propoitior)  to  th:  degree  of 
praEne,  and  thnathe  raya  of  li^l  t  pallh,^'  ilirough  it 
are  neceflarilymorc  converged.   The  clangation  of  the 
eye  fervea  aUb  to  lengthen  the  media,  in  the  aqueous,. 
ciTilallinc,  and  viucous  humoura  through  which  the. 
rays  pafs,  fo  that  their  powers  of  refraction  are  pro- .  * 
piirli.in.!l/ly  inc  rt.:i!Vri.     '1  the  general  ciTcit  of  the 

(action  01  tiit  ci.lcrti.j.1  tiiulcle*.  accortling  to  Dr.. 
H'ifack's  Oatcnieiit  of  it:  to»i.l;t.  it  r.^^y  b-,  uJded, . 
that  we  poGcfb  the  fame  power  ot  relaxing  tHcm  ia . 
proportion  to  the  greater  dift^nce  of  the  objefl,  till  \vc 
ocrivc  at  the  utmolt  extent  of  indolent  Vidoo.  Dr.  Ho>- 
lack  aU».  iDuftratea  thi»  bjpothcitt  by  Jbine-  expert- 
menth 

Tho  mtfrrprefentationa  of  Vlfion  often  depend  tipon, 

the  dlilaiicc  iS  the  objcft.  Tli.i^,  "f  an  cpakt  globe 
be  placed  j,l  a  oioderatc  diiUuicf  I'n^ni  iIk-  tyt,  the 
piftiire  of  it  upon  the  retina  will  be  a  cirvk-  pr^p^  ly 
diveriilied  wkh  light  aod  fliadc,.fo  that  ii  will  excite 
ift thcaind  UKicnlatioo  of  «  f^cre.  w        i  but,  it 
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the  globe  be  placed  at  a  ^eat  diftanee  from  the  eje*  the 
^rtlanre  between  thofe  liglitt  and  fhade«.  which  form 

the  piclure  of  a  globe,  will  be  impeitcptibU",  afid 
tlie  ^lobe  will  apptar  no  (UluTwifc  tliaa  as  a  circular 
pliin  A  In  a  lutnlix  'JS  gli.  bc,  diil  tme  is  not  nccefl'aiy  in 
orticr  to  take  ott"  ilic  n  ^^Kicntalioii  of  prominent  and 
flat ;  an  iron  bulirt,  lu.iuJ  vc^ry  red  hok»  md  held  but 
U  ftw  yafih  dilUixc  (roi-A  tlii;  eye,  appears  a  pTane,  not 
a  proiniiiciit  body  ;  it  ba,;  not  the  luok  of  a  ijlobe,  but 
a  ciicular  plane*  It  ituwlng  to  ibu  mimprefenta- 
^tloo  df  Vifion  that  we  fee  the  ftin  and  moon  flat  by  tlic 
naked  eye,  a'lJ  thv  planets  *l;o,  tlnou^b  tclcfcopc*.  flnt. 
]t  is  in  this  light  that  allr<iuoniLri,  when  ihcy  fpeak  of 
the  fun,  muun,  and  pljnit  ',  as  they  uppcarto  our  view, 
call  iboni  the  difcs  ol  the  fun,  inuuu,  and  planets,  which 
we  fee. 

The  nearer  a  globe  is  to  the  eye,  the  fmaller  fegrocnt 
of  it  i»riliblc,  the  further  oS  the  greater,  and  at  a  due 
difiance the  half}  and,  on  the  lanae  principle,  the  neater 
the  globe  »to  the  eye,  the  greater  » iu  apparent  dia- 
neter,  that  it,  under  tlie  greater  ande  it  will  appear* 
the  farther  oiF  the  globe  is  placed,  the  lefs  it  itsappa* 
rtnt  <!":'.-inttr.  TMs  is  a  prnpiihtloii  of  importance, 
for,  on  tii;3  pTiiieijjk-,  ue  kuow  tliul  the  lame  globe, 
when  It  appt.irs  Lrjj'cr,  is  nearer  to  our  cv'-,  ami,  when 
lin:i!!t*r,  it  farther  oil  from  it.  Thcrclore,  an  v*c  know 
liiii  tl.r  globe*  of  the  fun  and  moon  continue  always  of 
the  fame  fizet  yet  appear  fomr times  larger,  and  fome- 
timea  fnallert  to  m,  it  is  cvidmt,  t!i:it  they  are  fuoie- 
timca  neanrt  and  loaietioica  faithcr  off  frocn  iheplace 
whence  we  ff!ew  them.  Two  globen,  of  dTllerfent 
magnitude,  may  be  made  to  appear  oi"  csr.  'tK-  t!it  fn;rio 
t'lametcr,  if  they  be  placed  at  diffticut  .JilLuieis,  ai.J 

.  thofe  didances  be  exactly  proportioned  to  their  diunic- 
ttrs.  To  thjs  it  is  owing,  that  we  fee  the  fun  and  moon 
nearly  of  the  fame  diameter ;  they  are,  indeed,  vaflly 
different  in  real  bulk,  but,  as  the  moon  i»  pi »ced  greatly 
nearer  to  our  eyes,  the  apparent  m^prnitude  of  that- 
little  globe  is  nearly  the  lan>e  with  that  of  the  ffrcater. 

In  thi«  tnftance  of  the  (tin  and  monn  (for  there  can- 
^  he  a  mwe  ftrilting  one)  we  fee  the  mifrroicfentation 
of  VJfion  fn  two  or  three  fevenil  ways,  Tlic  appnrent 
diameters  ot  thcfc  globes  nre  fo  nearly  cqiul,  ih^it,  in 
tluir  fevrriil  changes  of  (ilacc,  they  do,  at  time?.,  ap- 
pear to  iiHabloliitcly  equal,  or  mutually  greater  than  one 
another.  Tliis  is  often  to  be  feeti,  but  it  iii  ut  no  time 

'  lb  obvious,  :iuJ  fo  pcTfe<'tly  evinced,  as  in  eelipfcaof  the 
fun,  whith  aie  lota).  In  thcfc  we  fee  the  apparent 
niujjiiitudes  of  t!ie  two  ^jlobes  vary  fo  much  acCoidin^j 
to  their  dillaovei,  that  fumetimea  the  moon  i«  large 
enoujfh  nearly  to  cover  the  d!fe  of  the  fun,  fomctimet 
it  is  lar;;er,  and  a  part  of  it  every  where  extends  be- 
ytttid  the  difcof  the  furi;  and,  on  the  contrary,  fume- 
tiiiics  it  ij  fm.illej,  and,  though  the  ecllpfc  be  abfoiotely 
eciitriti,  yet  it  is  aiuml  ir,  or  a  part  of  the  fun's  difc  is 
ftcn  in  the  truiJille  of  the  eeiipfed  part,  t-nlli;!;lencd, 
and  lumiuadin^  the  upakc  body  of  the  moon  in  torni 
of  •  lucid  ring. 

When  an  objtd,  which  iii  fcen  above*  withiiat  other 
obkds  -of  cumpanfoD,  iaofa  known  magnitad^  we 
judge  of  ita  diltance  by  it*  apparent  magnitiide ;  and 
cflftom  tenchn  us  to  dn  thi>  with  tolerabTe  acenrtit^y. 
Thiu  i  ;  tical  ufe  of  the  roiiVeprefcatatio:i  <:f  VU 
tiou,  sua  m  the  faotc  maaacr,  knowing  that  we  lec 


things,  which  arc  near  us,  diftinf^ly,  and  thofe  whieW 
arediuant,  confufedly,  wc  judge  of  the  difl  inec  of  an 
objid  by  the  cleanK!-,  oi  confufion;  in  m  l.ieli  wc  fee 
It.  Wc  alfo  judge  yet  more  calily  and  truly  of  the  dif- 
tance  of  an  object  by  comparing  it  to  another  fern  at 
the-  fame  time,  the  dillancc  of  w  hich  i&  better  known, 
and  yet  more  by  coraparbg  it  with  fcvenl  otlwfa*  thff 
ditlanccs  of  which  arc  more  or  Icia  known,  or  more  or 
lefi  caiily  ju  Igid  o!.  Theie  are  the  circumOaacet  whicb 
aliiit  ui,  even  by  the  mifreprefentatioa  of  Vifion,  to 
judge  of  dtftance;  but,  witboot  one  or  more  of  ibefc, 
the  e}c  doc;3  n<}t,  in  realitv,  enable  Ut  lO  jadgc  000- 
cerniujr  the  d'dlance  of  objettii. 

Tlii  i  ii.ifr^;irelcnt.ition,  although  it  fcrvcs  us  on  fomc 
occationi,  yet  is  very  limited  in  its  cffcfts.  Thus* 
though  it  helps  us  greatly  indiltinguifhing  the  diftanoe 
of  objects  that  are  about  us,  both  with  tcfpcfl  to  ouiw 
felm  and  them,  and  with  refpc^t  to  thcmfelvei  with 
one  another,  yet  it  Can  do  nothing  with  tiie  very  pb-  ' 
mole.  We  fee  that  immenle  cotjcave  circle,  in  which 
we  fuppofe  the  fixed  ftart  to  be  |>hced,  at  all  thi;  v  ifl 
remove  from  and  no  change  of  place  that  we  couid 
make  to  get  nearer  to  it,  w  i  iild  be  of  any  avail  for  de» 
tcrinining  the  diftani  c  i  f  tiie  liar!  from  one  another. 
If  we  look  at  three  oi  t  eliu:elie,  t.D.n  n  diflance  of 
as  many  miles,  we  Icc  them  iland  in  a  certain  polition 
with  regard  to  one  another.  If  we  advance  a  great 
deal  nearer  to  them,  we  fee  that  pofition  diilier,  bnt. 
if  wc  move  forwifd  ofdy  eight  or  tfin  feel,  thediffiEreiiee 
'  it  not  iisen*  ^ 

VinoMi  in  Optics.  Tlie  laws  of  Vifion,  brought 
under  mathematical  dcmonftrationii,  Tv.:tkc  the  fubicft 
of  Opllts,  taken  in  the  gicatid  laiiiudi.  of  thai 
word  :  for,  among  mathemaiieal  writers,  optics  is  ge- 
nerally taken,  in  a  more  relliisSled  fignitication,  for 
the  doArinc  of  t/irtci  Fiftyn  ;  catoptric*,  for  the  doc- 
trine of  rcJleHcd  yifi  in ;  and  ilioptrie«,  for  that  of  rt- 
JrjHed  f't/iun. 

Dind  or  Sim[>h  VtstOK,  ia  that  which  ii  pn-formed 
by  meant  of  duccV  ray»}  that  tti  of  my  j  pilfing  di- 
rectly, or  in  right  litKa,  from  the  radiant  point  to  tlie 
eye.  S^neh  ii  that  explained  in  the  preccJing  article 
V'lf  lOiV. 

isroN,  that  which  ispcrfonneJ  by  raya. 
rttltctcd  from  Ipcciiiums,  or  minors.  1  !ic  iawa  of 
whieli,  Uc  unilei  Kf  t  Ltci  ION,  and  Mi;iin:  i. 

R-jriKhil  \^5!os,  is  that  which  is  performed  by 
mcani  ijf  r.iys  lefrait^d,  or  turned  out  of  their  way, 
by  palliLi  J  through  uicilinni*  of  diilVrcni  denfily ; 
chiefly  iliruttgh  ^la/fca  and  leoGa.  'ilie  lawaof'tbia* 
fire  uttder the  artidc  Kara acTiox.  , 

Afcb  o/V MUM.  SetrARCH. 

lyifl'md  Vision,  is  that  by  which  an  objcil  is  {ten 
dillinetly.  :\\\  ebje.-l  is  f;iid  to  befccri  diiUiiiflly,  when, 
its  ouilinei  appc.ir  ehar  and  well  defined,  r.iid  tli::  f.  tc. 
xA  parts  ot  it,  it  not  too '"mai!,  are  plainly  ditliiig^uith- 
able,  lu  tiiat  ihey  can  oalily  be  compared  one  w  ith  ano* 
ther,  ill  rci'pcd  to  tbi  ir  liynre,  li/.e,  ;i;)d  coloUr. 

In  otder  to  fitch  Diltinct  V'ilion,  it  had  conmoflly 
been  thought  liiat  all  the  ray*  of  a  pencil,  flowing  from . 
a  pliyikal  point  uf  an  ubjen,  mud  be  emOty  waited  i», 
3  jthyficd,  oratleaft  in  ^  fenlible  point  of  the  retina, 
but  Dr.  J'.ii:i  Ii  tnaJe  it  appear  from  CRpcnmcnts, 
tiiat  fuch  an  exact  uuiuii  of  *  ii  not  always  iicccilkry 
4^ '  M 
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to  Difti'nA  ViBen.  Hf  fhrwf  tlmt  objcfli  may  be  fctn 
with  fuAcirnt  diiVi>ft 'tri,  it.oi:_rh  thr  pencils  of  rap 
iffuin^  from  the  pf.mt-i  'if  thrin  in  iMt  n-iitr  prcci'fely  in 
the  mmc  p  o  i  the  tct.nj  ;  h,.:!  ihj'.  I'l'^re,  in  thi» 
caff,  pencils  trom»"vtiy  pniot  eitrier  meet  before  they 
re»ch  the  retina,  or  tend  to  men  bcyonj  it,  the 
lifhi  that  came*  ftom  thtin  mutt  cover  a  circular  fpot 
■]ion  it,  and  wiH  therefore  paini  the  itnage  Isr^er  than 
pRfcA  Vifiua  would  repreTm  it*  Whence  it  {bUowi* 
thit  ***r7  obieft  phcea  either  too  near  or  too  remote 
ft  r  i  crfia  V  ill,  n,  .  til  appmr  largrr  itian  it  ii»  by  a  pcn- 
uaibta  o!  h^hi,  taufed  by  (be  ciicubr  fpaco,  which 
are  illutninated  by  pcnciliof  uyt  proceeding  from  the 
cxtren  ucs  of  tlic  <»li;id\. 

The  fiaa]Ictl  diilancc  of  perfeA  Vifion,  or  that  in 
winch  the  rays  of  n  fin',rlc  pi-ncil  a>c  coUcdcd  into  a 
phyfical  point  on  the  rciii-.a  in  the  gencrabty  of  eyet, 
Dr.  Jdnn,  front  a  number  of  Dbfer«>non«»  ftatea  «t 
St  tf  vrj  nche*.  The  grezteft  dtftance  of  diftioA 
aed  perfect  Vifion  he  fotincT  was  more  diffici:!t  to  deter- 
mine ;  but  by  confidering-  the  proportion  of  all  the 
parts  of  t(ie  eye,  and  the  refra^^ivc  power  of  each, 
with  the  interval  that  m»v  bt  difccrncd  between  two 
ftar»,  the  dillancc  of  ■.vim  h  is  known,  he  fixes  it,  in 
fomc  cafo,  at  14  itet  ;  indie*  tlioogh  Dr.  Porferficld 
bad  fcftrifted  it  t*  27  titchea  oalfi  with  tf^tSi  to  bb 
owa  eye. 

For  other  obfenraitons  on  tliii  fiil^eft,  fee  Jurrala 
Sfkfon  Difliaft  and  IndlQina  Vifion,  at  the  cod  of' 
Smith's  Optics ;  and  Robins'*  Remark  on  the  fame,  in 

his  MatiL  TraA:;,  vp'.  !,  pa.  278  &c.  S.-<-  M)  an  in- 
genious  ppcr  on  Viiwii  in  the  Philof.  Tranf.  1753, 
fm.  169,  by  Mr.  Thomas  Young. 

JftUtf  VtiiOH.  SeeFicLD. 

VISUAL,  relating  to  fight,  or  feeing. 

ViscAL  ^'f/j;-':-,  i%  the  angle  under  whicb  Ml  nhjcft 
iafeeo,  or  which  it  fubtcnd*.  Sec  Angle. 

ViavAli  Line.  Sec  Lime. 
^  yinmt  Pmtt  in  Fkr^pcdi«e«  ia  a  poiat  in  the  bo- 
lizinital fine,  wbmaR  the  oeutdrrayianite.   Thus  a 
perfon  ftarifHtip  in  a  ftraight  l.m,;  ;,;,illd-)',  and  Iu<i-.  1  - 
forward  ;  tfic  (iiies,  floor,  an  *  ciilin^-  T-jL-m  !o  ?.ui 
^  touch  oneamitlicr  iii        p'riit,  irc  jmnio;i  cti-.tre, 

Vl(t>AL  R.iyi,  arc  lines  of  ligl.t,  cunceived  to  come 
ftnn  an  obje^ft  to  ihc  (.yi.-. 

VITELLIO,  at  V  iTeLt  n,  :i  P  difli  mathemattcian 
of  the  i«th  century,  as  he  floviriHicd  about  12J4.  We 
liave  of  htt  a  laige  7rM«jf«  on  OfAct,  the  beft  edition  of 
vllicli  itthnt  of  157*.  Vildio  waa  the  fiift  optical  writer 
of  anr  coafeqnencc  among  the  modern  Europeans.  Fie 
colleAed  all  that  waa  given  by  Euclid,  Archimedes, 
PtoTnmy,  andAlhaiCQi  dMnqjhbianfiMrJiiaiif  bntlit* 
tie  ufe  now. 

VITREOUS  Humour,  or  Fitrmt  Humor,  denote* 
the  third  or  glafTy  humour  of  the  eye  ;  thus  c;il!{-d 
from  its  refernbUncc  to  mehrd  gtafs.  It  lies  i.n.Jcr 
the  oyftaUioe  {  by  tbc  impreifiun  of  which,  its  (bn> 
piftttmidercd Concave.  It  greatly  exceeds  in  quanti* 
tjr  both  the  aqueous  and  cryilaliine  hnmours  taken  to. 
Ifidwi^  and  eonfcquently  ocenpiH  much  the  (rreatcft 
part  of  the  cavity  of  thep;lobr  of  tlit  cyr.  Schcincr 
lqrt»  that  the  refra^Uve  power  of  this  humour  is  a  me- 

I  betweni  tholii  of  tlie  aqncow,  uriuch  don  not 
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r.itituvit-,  lav  nip;  It  iloivn  ri^  ctr;,;iii,  ffi.it  no 
i  eonijilrte  architc^,  witUuui  luuii.  knuwkdge 


differ  mnch  from  water,  and  of  the  eryftsUine,  which  i» 

nearly  the  r.r.rie  \\\:\\  ^Ijfs.  Haw k fbei  ir ikes  its  rr- 
fraAivc  [  u.vrr  the  lame  with  that  of  water j  and,  ac* 
cording  to  KL.'^rtfon,  in  fpcdfic  giBfitjr  igmtieMf 
with  that  of  water. 

VlTRUVirs  (Mabcus  ViTiiuvio»Potno),a 
celebrated  Roman  archi'ted,  of  whom  bowcvet  nailnsf : 
i*  known,  but  what  i«  to  be  cullc(ied  fiom his  teu bo(^ 
JDr  ArOMtm^  AiH  cmtant.  In  ihc  pm^  10  liia 
fifth  book  hewnie*,  that  he  was  RoMfuDy  edocattdbf 
his(.  :rents,  and  i  i((r,ift'-J  in  the  whole  circle  of  ani 
rdencet  J  a  circ-i;iullinee  which  iw  fjiesks  of  «ritb 
infc'i 
cam  be 

and  (kill  in  cvtry  orve  of  them.  Ai»d  in  tiie  prcf,«e  t» 
the  fiift.  bouk  IiL-  inf  irn  s  us,  that  he  \va*kiioivn  to 
lins  Catfarj  tdat  la  afterwaids  rectum meoded  by 
Oftana  to  her  brotbci  Augulhia  CCfiu ;  and  that  he 
wat  fb  lavoured  and  proridcd  fcr  by  this  cmperaiv  as  W 
-  be  out  of  all  ftar  of  poverty  at  long  a*  be  might  b'«e> 
It  is  fuppufed  thai  Vttruf  ttis  w^  bom  either  at  Ronw 
or  Verona  ;  but  it  is  not  kiiiiwii  v.li:ch.  Hii  bonki  of 
architecture  arc  addnirni  la  Auguflus  Cicl'tr,  and  sot 
only  (brw  conAiinin.ite  ikill  in  that  particular  fcieacr^ 
but  alfo  very  uncommon  genius  aud  natural  abilities^ 
Cnfdta»  in  his  1 6th  book  Di  SuhiUitau,  ranks  Vitni* 
Wit  a*  one  of  the  la  pcribo*,  whom  he  fuppofrs  to 
baaeescdkd  men  in  the  force  of  genius  and  inwa- 
tioa  t  and  would  not  have  fcmpled  ta  bava  ciata  hn 
the  iirft  place,  if  it  could  be  imagined  that  Ee  hiddc* 
Kvercd  noihiiip;  but  his  own  dilcoveries.  Thofc  IJ  per- 
fons  were,  Kuciid,  Archimedes,  Apollonitii  Pefg«t», 
Ariftotlc,  Archytas  of  Tarentum,  Vitruviu?,  Aciiin- 
dus,  Mahomtt  Ibn  Mofes  the  inventor  or  iraproTerof 
Algebra,  Duns  Scotus,  John  SuiflirtfumMBCdtheCd* 
cul.itor,  Galen,  and  Heberof  Spain. 

I'lrc  i^rchiteAure  of  Vitruvius  has  been  often  print- 
ed;  bat  the  befteditioB  i«  that  of  Aatftctdanin  1449. 
Ferntdt  alio,  the  noted  French  arcbftcd,  garcaa  c^- 
cellcnt  French  tranflatii.n  oft?)';  fanfie,  and  added  ootts" 
and  fignres  :  the  C'^'!  iLiiiioii  uf  which  was  publi<heJ»t 
I'aiisiii  1^)71,  .ui!  tliL  IcLii.d  much  improved,  irii6Si. 
— Mr,  VVtliiain  Ncivtun  too,  an  ingenious  arthiJctSi,aiid 
late  Surrejor  to  tiie  works  at  (/rcenwich  Hofpitalj 
piiblilhed  in  17S0&C,  curiotis  commentaries  on  Vitn*- 
vius,  iiluflrated  with  figtircn  ;  to  which  is  added  a  de- 
fciiiDtioa,  arith  fignret,  of  the  MiUtaiy  Jdacfainei  aied 
bythe  Aaetcittt. 

VIVIAN!  (ViMCENTio),  a  celebrated  hafan  ma- 
thcmatietan,  was  born  at  Florence  in  irtji,  fomc  iay 
1622.  He  «^a8  a  dilciple  of  the  illullrioUh  G-lilces  ui>d 
lived  with  him  from  th«*  Jjth  to  the  iftti  yi-E!  ut  hi» 
age.  After  tli  •  ilr:ath  of  his  great  rn;uitr,  he  p^lTcJ 
two  or  three  ycai  '■  mnre  i:i  pnifecuting  gcomttn'eai  rttf- 
dics  witho'ii  inteii  ;pti(.fti,  -vr.l  in  this  time  it  was  that 
he  fonned  the  dcfigii  of  bi*  Kertoration  of  Ariftcas. 
This  ancient  geometrician,  who  was  conteraporary 
with  Euclid,  bad  compofed  five  booka  of  probkait- 
Dt  LufU  SeftSt,  rfie  bare  propofitioot  of  which  wie 
ColtrA'  i!  hy  PHppijv,  but  t!:-  bi)ok<;  are  entirely  loll  i 
wfiiL-h  \'iviatu  ami<.iiouk,  to  rv.iorc  ;>y  the  force  of  hi* 
genius. 

He  broke  this  woik  off  before  it  was  finilhcd,  in  or* 
dcr  toopptrhimlclftoaoodMr  of  dtcfiMneJua^ 
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that  ^•'zi,  to  reftorethe  5th  book  of  ApolHtiius's  Conic 
SeCtioni.  While  he  was  etigagrd  in  thic,  the  fam<M]i 
Bordii  finmdt  <n  the  liWar^'of  the  Grand  D.  ke  of 
fvbmtt  IB  Anbip  maiRi&npt*  with  a  Latin  tnrGTtp> 
tfoR,  whieli  importedf  tbM  it  cootanied  thecij^  boMt 
of  Apolloniiii's  Conic  SeAioof}  of  tfltich  the  8th 
liowcTOT  waj  not  found  to  ht  there.  He  carried  thi« 
fn.Tnufcr-pt  to  Rome,  in  order  to  tnifT.itr  it,  with  tlie 
■ilillanccof  a  profl'flbr  of  the  Oriental  I  .iifjusfej.  Vi- 
▼iaoi,  very  unwilliii^r  to  itjfc  the  fniitj  "{  liia  laScuM, 
procared  a  ceniftcatc  that  be  did  not  undcrtland  the 
Arabic  language,  and  knew  nothing  of  that  manu- 
fcript :  he  was  fo  jealous  on  this  head,  that  he  would 
Hot  even  fuflcr  Bordli  to  fend  him  an  account  of  any 
tbipg  rebttinc  to  rt.  At  length  IwliaiAcd  hk  book, 
mi  publifli^  it,  1659,  in  folio,  with  thi»  thie,  De 
M^xim  'u  Minimu  Geometrica  Divuiatfo  m  qviniam  Co- 
mcorum  yf/>olIonii  Ptrgai,    it  was  found  that  he  had 

oiore  rh.  :-.  aiviMdi  u  he  jSecned  Aiperior  toApoUo* 

piu*  hiiuklf. 

After  this  he  was  obliged  to  interrupt  his  ftudies  for 
thcfervice  of  his  prince,  in  ao  afiur  of  ^  rf.it  impott- 
ance,  which  was,  to  prevent  the UHllKLitiuii»<7f  the  Ti- 
htxt  in  which  Caffini  and  be  were  employed  for  ibme 
liine»  though  nothing  w»  cntirriy  cxcctrtra. 

In  1664  ne  had  the  honoor  of  a  penfion  from  LouJi 
the  14th,  a  prince  to  whom  he  was  not  fiibjed,  nor 
oonld  l>c  nfrfiii.  In  confcquencc  he  rcfolvcd  to  finifh 
hi*  Divina'ion  upon  Anftcus,  with  a  ticw  to  (L-(lii:atc 
It  lo  tliat  prince  ;  but  he  was  internipti'd  in  this  tr-fk 
again  by  public  n'oiks,  and  fome  negotiations  which 
hismaflerentrnlled  to  him.— In  1666  he  was  honoured 

the  Grand  Dakc  with  the  title  of  hi»  firft  mathcou- 
tician. — Herelolved  three  proUcflM^  which  bad  been 
wepofed  to  all  the  malhematiciananf  £wDpe,  and  de- 
dicated the  work  to  the  memory  of  Mr.  Chapelain,  un- 
der the  title  of  F.m.h'.to  Prohltmatmm  tic. — He  pro- 
pofed  the  probkm  of  the  qiiadrablearc,  of  which  Leib- 
nitz and  THofpital  i;avc  fuKitiuiii  by  the  Calculus  Dif- 
fereotialis.< — In  1669,  he  was  chofen  to  fill,  in  the 
ftojral  Academy  of  Sciences,  a  place  amon|;  the  eight 
liiRtgn  aflocintes.  This  new  favour  reanimated  bis 
Mil }  and  he  publifhed  three  books  of  his  Divination 

iqwn  Ariilei^  «t  Florence  in  lyoi^  which  he  dedi« 
eated  to  the  Krag  of  France.   Tt  it  a  thtn  /olio,  intu 

tied,  De  Ldt'u  SoiiUs  friuntlt  Drvh, nil's  Cfomrtrica.,  itc. 
This  was  a  fecond  editiuu  enlarged  ;  the  firft  having 
been  pviiiteii  at  Florence  in  1673.— Viviani  Inid  out  the 
fortune,  wliich  he  had  raifcd  by  the  bounties  of  his 
prince,  in  building  a  magnificent  houfe  at  Florence ; 
in  which  he  pbced  a  buft  of  Galileo,  with  fevcrai  in« 
^pdoBi  in'  boaour  of  that  gnit  maa  j  and  died  in 
1701.  «K  81  rem  «f  ^e. 

Vmatii  baa,  fiqpt  Fontradle,  that  innoceace  and  fiat- 
plicity  of  manneta  whub  pcrfons  commonly  prefcrvc, 
who  have  Icfs  commerce  with  men  tlum  wuli  books ; 
without  that  louglmefi  and  a  certain  favage  fiereenefs 
v.hieh  ihofc  often  aetjiiire  who  have  only  to  deal  with 
books,  not  with  men.  He  '.vas  a!i'*\Ie,  modcil,  a  fV.fl 
and  faithful  friend,  and,  what  includes  mauy  virtue* 
&  one,  be  wm  gratefnl  in  the  highcft  degree  Jbr  A* 

VOUfk 

ULLAGE,  «f  a  Ca/kf  in  Owgbg»  iii  fo  amdi  an 
kvmtaef  bciaf.M.. 


ULTERlok,  in  Geography,  is  applied  to  fome 
part  of  a  country  or  province,  which,  with  regard  to 
the  reft  ofthnteoOttt*]',  is  fitimte  on  the  farther  fide  of 
a  river,  ormountab,  orntlier boundar Which davidea 
the  eoufitry  into  two  pat  ta, 

ULTBAMUNDANE.  beyond  the  world,  is  that 
part  of  tV  'univerftf  fuppofcd  to  be  without  or  beyond 
the  Itm  r-  ■  t  iiir  worW  orfyltcm. 

UMl51iw,iCUi3,  mA  Umbilicai-  Pom/,  in  Gco- 
merry,  the  fame  witli  kuns. 

UMBRA,  a  Shadow.  See  Ljcht,  Shadow,  Psh* 
UMKHA,  Sec. 

UNCI  A,  a  term  generally  ufedfiarthe  l»th  part  of  , 
a  thing.  In  which  fcnfe  itocenrt  Jn  Latinwrilera,  bulk' 
ibr  a  weight«  called  by  1M  an  «wKr,  aad  m  meafnre 

eitHed  an  h«h. 

UNCr,€,  in  A!?rch-i,  firft  tifed  by  Vieta,  arc  the 
najnbersp.-^iljLetl  tuthe  lettir?  iii  the  terms  of  any  powcT 
of  a  binomial ;  now  more  uf.ially,  anil  j^cncrally,  called 
soe^atHU.  Thns,  iothe  4th  power  of  « 3,  vix, 

««  -I-  4«>»  -f  6^J«  +  4n*»  -I- 1*, 
the  Uncix  are  1,  4^  6,  4,  i. 

fiiigga  firft  (hewed  how  to  find  thefe  Unciz,  one 
fiaok  mother*  ia  an^  power*  iadcpcndent  of  the  fore- 
goiwpowen.  ITH7  are  Mwvfiial^  found  by  wbati* 
caDra  Newtoit^  bmeinml  theoran,  whieh  ia  Ae  ianM 
rtile  B9  Bn'jT^s's  in  another  form.   See  BiKOMflU 

ITNDtCAGON,  is  a  polygon  of  eleven  fldet. 

If  the  fide  of  a  regular  Undeca^on  be  i,  itsarra  will 
be  9"36s6399  =  x  tang,  of  yj/j  degrees  >  and 
therefore  if  this  number  be  mukiplicd  by  the  fqttare  of 
the  fide  of  any  other  reguhir  Uudccagoo,  the  prodnft 
win  be^  the  area  of  that  Uodecagon.  See  inyMeaJa> 
ration,  pa.  114  &c,  2d  edit. 

UNDETERMINED,  is  fometimcs  ufed  for  Ijjdb- 

TERSIINATE. 

UNDULATORY  Motion^  is  applied  to  a  motion 
in  the  air,  by  which  its  parts  are  agitated  like  tlie 
waves  of  the  fca  ;  fuppofed  to  be  the  cafe  when  the 
llringof  amuhcal  iitllrumcnt  is  ilruck.  This  yndnl8> 
tOTT  mot  ton  of  the  air  ia  fuppoCed  Uie  matter  or  caule 
of  ImBld.— Inftead  of  the  Uadnlatory,  fome  authors 
cfaooietocaU  this  a  viiraiory  motion. 

UNEVEN  Numkr,  the  fame  as  odd  number,  or 
fuch  as  cannot  be  divided  by  2  without  leaving  Si 
maining.  The  Ceikt  of  Uneven  Numbeisarc  1^.3,  (t7»^ 
tatt   See  NvwBsa,  aai  Oni»  Ifamlttr, 

UNGULA,  iu  Geometry,  is  a  part  cut  oiF  a  cy- 
linder, cone,  8tc,  by  a  plane  paffing  obliquely  through 
the  bafe,  and  part  of  the  curve  finhiee  ;  fo  e.dlcd  froin 
its  rtfcmblancc  to  tlie  (unj^^ula)  hoof  of  a  horfe  &c* 
For  the  contents  &c  of  £iieh  IJagab^.lee  Mcafil* 
ntiou,  pa.        a46»  ad  edition.  '' 

UWCORNt  niAftroaoaiy.  See  Mowocinoa. 

UNIFORM,  or  EwuMt  Motior..  rh^.t  by  which  a 
body  pafRii  always  with  the  fame  celtniy,  or  over  equal 
fpiKCS  In  equal  times.  SeeMoTio>*. 

In  Uniform  molsotis,  the  fpaces  defciibed  or  paifcd 
over,  arc  in  the  CDinpound  r.ilio  of  tiie  tiroes  and  veIo« 
cities ;  but  the  fpacesare  Amply  as  the  times,  when  the 
Telocity  ia  ^hm|  «id.«a  the  vdaeit(c%  wbea  die 
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■fNifORM  Matter,  in  Natural  Phlofophy,  is  that 
-^■Jiich  is  all  of  die  fame  kind  and  tfxiure. 

UNiHON,  in  Mufic,  is  when  two  fuunds  arc  cxadly 
alike,  or  the  fame  DOtc,  or  couc. 

What  oonftttHtn  a  Uiiibn»  n  the  eqaallty  of  the 
numhcr  of  vibratfont,  made  in  ttic  fame  lime,  by  the 

it»'0  fC'tiin  lu: ;  V,i'i.!:i  ^ 

It  i»  a  Lotted  ^Jiti.onicuun  i;i  rauhc,  thai  in  uitenfe 
vju.  i  being  rai)c<!,  cither  with  the  voict,  or  a  font). 
rolls  boily,  another  fnnoroiis  body  near  it,  iv'iofc  tone 
M  cither  Uiiifon,  or  odave  to  that  tone,  will  found  lis 
^proper  note  Uaifon,  oroftjvc,  to  the  given  note.  Tiie 
cspariBKatit  caSly  tried  with  the  flriug^  of  t»u  inf;ui- 
meati  |  or  with  a  voice  aod  barpfichord  {  or  a  bUl,  or 
even  a  drinking  ;;Iufs. 

This  phrnoniLii  ii  ;  ■  •!  ii^  acroinitcd  for:  one  (Irinj 
hr'.n  r  flriitk,  and  I'uc  ;i;r  jjut  into  a  vibratory  motion 
h\  it  ;  t-vi  1  y  other  (tring,  within  the  reach  of  thai  u-.o- 
tioD,  will  icccivc  fome  impielTKiB  fiom  it ;  but  each 
.llriug  can  only  movcwitii  a  determinate  vcltn  ity  of  ic- 
COUtic*  or  vibrationi;  and  all  Unifons  proccctl  fiuut 
'Cqnal  vibrations  ;  and  other  concords  fiuni  otiier 
vroporlions  of  vibrauoo.  Tlie  ITaifon  ftring  tlien. 
Keeping  equal  pace  with  the  founding  ftriogt  aa  having 
the  fame  mcafure  of  vibrations,  muft  have  ita  motioo 
continued,  and  fttll  improvedi  till  at  ?rnf^h  its  motion 


become  fcnfiblc, 


iiiul  It 


a  d;iliii>;l  lou;,d.  Ol! 


concording  iirinj^shavc  thcif  monuus  [jroprn^atid  in  cii(- 
fereac  degrees,  acrordingto  the  frequemy  <  i  tl.c-ciin- 
eidence  of  their  vibrations  with  thofc  oi  the  founded 
ftring  :  the  oftave  therefore  moll  finfibly  ;  then  the 
5lh  ;  after  which,  the  crufllugof  the  motion;  prevents 
any  eflc it. 

Tkis  ia  iUuftratcd,  as  Gatileo  firft  Aiggeftedt  bjr  the 
peadulam,  which  (eing  fet  a-moviag^  tnc  motion  may 

be  cor.tinued  and  augmented,  by  making  frequent, 
lij^Iit,  coincident  I'mpulfes;  as  blowing  on  it  when  the 
vibration  isjuil  finiftied  :  but  if  it  be  touched  by  any 
■crufs  or  opnofitc  motion,  and  that  freqtitntly  too,  the 
wioiion  will  be  iotertupteJ,  and  ceafc  altoj^ethcr.  So, 
pi  two  L'nifon  Ilrirgs,  if  the  one  be  forcibly  ftu'.ck,  it 
communicates  motion,  by  the  air,  to  the  oJh<.r;  and 
both  pcrformins  their  vibiations  toeelhcr,  the  motion 
of  that  other  anil  be  improfed  and  heightened  by  the 
frequent  imptilfes  received  frtuii  the  \ibrations  of  the 
firftjbcraufe  givc:i  prccifely  when  the  other  has  finilbcd 
i!'.  .1;  :■  ;f!on,  and  is  ready  to  icturn  :  but  If  the  vibra- 
tions of  the  chords  hi-  unequal  in  duration,  tlicre  will  be 
a  crofung  of  rrn  ti.jiis,  more  or  lefs,  accordu  tn  the 
proportion  of  tlif  iiu  junlity  ;  by  which  ihc  motion  of 
the  imtoutlicd  ftring  wiil  be  fo  checked,  as  never  to 
be  fcofible.  And  this  we  f^nd  to  be  (he  cafe  in  all  cou- 
fbnances,  except  Uuifon,  o^larc,  and  the  fifth. 

UMlr,  UHiTt,  or  Un  itv,^  in  Arithmetic*  the 
■umber  one,  or  <  ne  fin^e  indmdoal  p«rt  of  difcrcta 
(quantity.  Stt  N'l  mei ii .  — T!ii:  p!;Kf  uf  iiii't':,  ia  the 
tuit  place  oil  the  rit^ht  LiiiJ  u.  uiiiyci  ;.ui;.ljers. 

Accordin;;  io  Kiiclid,  Unity  ii>  not  a  number)  for  hc 
de^ncfl  iiumV>cr  to  tn:  a  ir.ultitudc  uf  Units. 

UKiT't',thc  akliaCtor  qualiij which  conllltiitea or 
denominates  a  thing 

UNiVERSli,  a  ciiUtftivc  rame,  fipTiifying  the  af- 
fitmbla^  of  heaven  and  earth,  with  all  things  in  them. 

Tfai  A|icienti,''«Hul  after  tbcm  iba  Cartcfiana,  ii 


\;  .1  ')  'Icl:i  or 

the  iliiiic  way. 


piric  the  Univerfe  to  be  infinite  ;  and  the  rcafon  tber- 
give  lhat  it  implies  a  contradiction  to  fuppofe  it  fi- 
nite or  bounded  ;  fincc  it  is  impuflibL-  nut  to  conceive 
fpace  beyond  any  limits  that  can  be  a{rt;:;ned  it  ■,  which 
fpaec,  acoutidiiw  to  the  Caitcfian^  isbodft  andconfe* 
qucntly  p»rtof  the  Umvcrlr* 

UNLIKE  .'■^/iii».'</j>/,  ill  Algebra,  src  fucli  as  arc 
expicfTcd  by  different  leltcss,  or  by  diScienl  powers  of 
tiic  fame  Ittic:.   Thus,     and  i,  and «!*,  and  aim 

ah  I  lilike  quantities. 

I'nlike  Sij^iu,  arc  ihr  difTciTiil  fij^ns  +  and  — . 

UKLlMl'l  £D  or  laJutrmnaie  PtUL-Mt  is  iuch  a 
one  auaJmituuf  many,  or  even  of  infinhc  anlwers.  Aa^ 
to  dividii  a  jgivan  triangle  into  iwo  equal  porta ;  or  to 
defciibea  ctrck  ihroii;^  two  given  pointa.  See  Dio> 

fHilMlKK,  and  iKDETfiEsiiaaTe. 

VOID  i'^jrf,  in  Phylics.  SeeVACOUM. 

VOLU'l  E,  i:i  ArL-liitcclure,  a  kind  uf  fpir«l  1cm>:!, 
and  ufed  in  the  I'liiic  and  ComfMi^ile  capitalj  ;  of  which 
il       .     tlic  pnucipal  i:hiractcril!;c  and  ornament. 

VUK  rr.X,  or  lyUrlwimit  in  Mcteoroio^t  a  fud- 
den,  rapid,  vi.ilciit  motion  of  the  airj  n  civctdar 
whirUng  dirciStions. 

A'o»rtx  ii  alfo  uftd  for  an  eddy  or  whirlpool,  or 
a  body  of  water,  in  certain  i«aa  and  riveia*  which luiia 
rapidly  round,  furnirng  a  fort  of  cavity  fn  the  middle. 

Colli-CUui,  ot  Jj.'.i  Ui  K  ir.jttCi-  iiuivi 

and  round  the  f:\me  avl,, 

Such  Vi>rtit-*s  ate  the  i;rand  machines  by  whivh  tliefc 
philofoplicrs  folvc  moil  uf  the  niotioncand  other  pheuo- 
inena  of  the  heavenly  bodies*  And  accordingly,  the 
dodrine  of  thcfc  Vertkea  nakea  a  great  part  of  the 
Cartcfiaa  philofophy.  *  ^ 

The  matter  of  the  wottd  they  hold  to  have  been  dt> 
vided  al  tlie  beginning  into  innumerable  little  equal 
particles,  each  endowed  witli  an  equal  degree  uf  tnatiun^ 
both  about  its  owd  centrr,  and  fepintely,  lb  aa  to  cod* 
dilute  a  fluid. 

Scvei-al  fyflems,  or  colltflioni  of  thii  matter,  thiy 
farther  hold  tu  have  been  et^dowed  with  a  common  mo* 
ttonabout  certain  points,  us  common eentreai  placed  at 
equal  diftancea,  aod  tliat  the  matters,  movii^  sound 
theCe,  compoledfomaRy  Vorticca,? 

Then,  the  primitive  p.uiiclei  ofthenatter  theyfu^i 
pofc,  by  thcfe  intel'rine  motions,  to  become,  as  it  were, 
ground  into  fpherical  figures,  and  fii  to  cc/nipofe  glo- 
bules of  divert  magnitudes  ;  whicli  thrv  ca'J  the  mLiittr 
of  tlie  fecond  element ;  and  the  particles  rnbSeri,  or 
ground  oiF  theoi,  to  briog  thc.-n  to  tLit  form,  they  call 
the  matter  of  the  fird  clement. 

And  fince  there  would  be  more  of  the  firil  clement 
than  would  fuHicc  to  ItU  all  the  vacuities  between  the 
glohtde*  of  thc'  fcoond,  they  fuppofe  the  remaining 
part  to  be  driven  towards  the  centre  of  the  Vorte  x,  by 
the  circulrr  -i  ''.iu  ilic  glubules;  a.i  i  t'  .  t  li--:ng 
there  amautd  mtu  a  l,)hc;>;,  it  would  boiy 
l.kc  the  fun. 

This  fii;t  being  thin  formed,  and  moving  about  its 
own  axis  with  thc  common  maltir  of  the  Vortex,  would 
neci  fF.irily  liiruw  out  Ionic  parts  of  its  mutter,  through 
the  vaciiit'15  of  the  globules  of  the  fecond  element  coo- 
ftituting  the  Vortex  ;  and  th'n  efpecially  at  iiick  place* 
warenmheftfroiD  iispoki.  receivLig,  attbe  faane  time, 

in,- 
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fis,  by  ilifft  polet,  ai  much  ti  it  lofcs  :n  Itj  equatorial 
paru.  And,  by  thii  meaot,  it  woiilJ  be  able  to  carry 
round  with  it  thofe  g!obul«  that  are  nearcft,  with  the 
ffrtatcr  velocity  j  and  the  remoter,  with  left.  And 
by  thii  means  tbofc  ^lobuiei,  which  are  neareft  tlie 
centre  of  the  fun*  mvftbc  TmnMcO  ;  becaufe,  were  they 
grratrr,  or  equal,  tfiey*ould,  t  y  rcafoo  of  their  vdu- 
city,  have  t  gt«ater  CeptnTitgal  force,  and  recede  Ctom 
the  centre.  If  tt  IhouU  happen,  tliat  anv  uf  thdefun- 
like  bodieitiB  tbe  ceotrea  of  the  fevcral  \  orticcs,  Hiould 
belbiDcntftated.  aod  weakened,  a»to  l>c  carried  about 
in  the  Vortex  of  the  true  fun  ;  if  it  wire  oi  K-li  (oli- 
dity,  or  had  Icfi  motion,  iK.iii  thi-  jr'ub.ilij  tcu  jij*  the 
extremity  of  the  folar  VtJitcx,  it  wuuld  dricend  to. 
wards  the  ftin.  till  it  met  with  globulcu  of  the  (ame  fo- 
lidity,  atid  lufceptihie  of  the  fame  degree  of  motion 
with  iticlf)  and  thdh  being  fixed  there,  it  woukJ  be 
fur  ever  uflir  carried  afaoBt  hf^  the  matiall  tif  the 
Vortex,  witbotit  eith«r  appmchitig  my  nearer  to  the 
fp»,  «r  reoediMg^  from  it  i  aad  lb  wouU  beeoise  a  pla. 
bet. 

StipuofiDg  then  all  thtg  ;  we  ate  next  to  imagine,  that 
ourfyflrin  was  at  firft  divii'.cJ  i;  tD  fcveral  Voiti  ■  s,  in 
the  centre  of  t.ich  of  which  was  a  lurid  fphr  ric.  1  budy  ; 
and  that  iomr  ot  tilcfc,  lu-ing  f^r.i(iu.iilv  in i l^lt.itni, 
were  I  a  .hKuvci]  op  by  oiheii  wliich  i*trc  iarj>cr,  and 
more  j  owi  .  fill,  till  at  length  they  were  all  dcttroyed, 
and  ru.diowed  lip  by  the  f-ir^eft  loiat  Vortex  {  except 
fomc  few  which  were  thmwa  uflfio  rigltt  luica  firam  one 
Vortex  to  another,  and  £0  become  cometft. 

But  thw  do^lrine  of  Vortktt  it,  at  heft,  merely  hy- 
fothcticaL  It  doea  Mt  prelcnd  to  Iheir  hf  irhM  hw« 
and  mcana  the  celefttal  motiom  are  efbfteJ,  fi>  much 
as  by  whit  means  they  pufGbly  might,  in  oafc  It  (liaulJ 
have  fo  pleafcd  the  Creator.  But  we  hare  another  priii- 
tijjlc  u  .iich  accounts  for  the  fame  phcnon  cua  as  will, 
nay,  better  than  that  of  Vortices;  and  which  wc 
plainly  find  has  an  ath:;il  cxi;lcncc  i.i  tiic  nature  of 
things  :  and  thisis  gravity,  or  the  weight  of  bodies. 

Ine  Vortices,  then,  fhoiil4  be  thrown  out  of  philo- 
fopby,  were  it  only  that  two  different  adequate  caufes 
•f  the  fame  phenomena  arc  inconfidcnl. 

But  there  arc  other  ot^eftiooa  agaiaO.  them.  For, 
1%  if  the  bodies  of  the  pUncta  and  comets  be  carried 
round  the  6m  b  Vortices,  the  bodies  with  the  parts 
of  the  Vortex  Immediately  invelling  them,  mull  move 
with  the  fame  velocity,  and  in  the  fame  ditedtion  5  and 
befidefi,  they  muft  have  the  fame  denfity,  or  the  fame 
vis  incrtice.  But  it  is  evident,  that  the  planets  and  co- 
mets move  in  the  very  fame  parts  uf  the  heavens  with 
different  velocity,  and  in  different  direftions.  it  fol- 
lows, therefore,  that  thofe  parts  of  the  Vortex  mull  re- 
volve at  the  fame  time,  indwreut  directions  and  with 
dilTercnt  «eU>ci(ics;  fiuce  one  velocitjt  and  diufiion, 
w  ill  he  required  for  the  paflage  of  the  plaaeta»  «Bd  ano* 
th«r  for  that  of  the  oometa. 

a*.  If  it  wera  granted,  that  rcveral  Vortices  are 
cont.iincd  In  the  fanu-  fp.ice,  and  do  pe.iftrate  eucli 
other,  .ind  revolve  with  di/cra  motions ;  Civce  ihtlc  mo- 
tions mud  be  conformable  to  thofe  of  the  bodies,  which 
are  perfcftly  regular,  and  performed  in  conic  Oedions  ; 
It  inny  be  ii(ke<),  How  iLcy  fhould  have  been  preferved 
cotiicfo  maaj  agct,  and.  But  diilarbcd  aiyl  CBofoundcd- 


by  tbe  advrrfe  aliens  aod  (kodU«£  bwodi  Bitter  H 

they  mult  meet  withal  i 

i*.  The  number  of  comets  is  veiy  great,  and  their 
motions  arc  perfectly  regular,  cbferving  the  time  lawa 
wnii  the  plaaeti,  and  moving  in  oibits,  that  are  ex- 
ceedingly eccentric.  Accofdingly,  they  move  every 
nav,  and  to^vardl  all  parti  of  the  heavens,  freely 
pervading  the  planetary  regions,  aiul  going  fircqiiently. 
eootrarj  to  the  order  al the  figns ;  which  wotddhe  im- 
pulUble  inkfa  thefe  Vortices  were  away. 

4%  If  the  planets  move  round  the  fun  in  Vorticet,. 
tlu  Imparts  of  the  Vortices  next  the  p!iiii.i«,  wi:  Lave 
aitc.idy  obfervcd,  would  be  cquaDy  dinfc  w  lii  ihi;  pla- 
nets t!a-mfelvcs  :  ctinfequcntly  ttit  vor;ic  il  ii.;itfjr,  co-.- 
(igiiou!i  to  t''if  perimeter  of  the  earth's  orbit,  would  be 
ai  dci  least  lie  c;>rih  itfcit':  and  that  between  Lhe  orbits 
of  the  earth  and  S.ttuin,  mull  be  as  dcnfc,  or  denfer. 
For  a  Vorttx  cannot  BUBlain  itfelf,  uokfs  the  more 
dcofc  parts  be  io  the  oealrej  and  the  left  dcnfc  towarda 
the  circumference  :  and  fiace  the  periodical  limciofthe 
pfauMtsare  ir.  fefqutafcerate  Katia  of  their  dtllsneet  fivB 
the  fun,  tliL  parts  of  the  Vortex  mnfthe  in  the  &me 

i..tio.  \S'li._],,  c  'tfullnvs,  t!j,'.l  tlu-  <..-rUiTu^al  forces 
cit  the  pait^  ui.l  be  f ici^iuctiily  Xi  tiic  fqiiaici  of  the 
il.!l.;iic(.!.  oM(.!i,  therefore,  as  are  at  a  grcjti r  liiliajice 
liom  the  cciittt ,  will  cnr!c,-vi>tir  to  recede  from  it  with 
tlielcfs  force.  Accmdiuk'  ly,  it  ihey  be  lef*  dcnfe,  they 
mult  give  way  to  the  grt^tci  tv^rce,  by  which  the  parts 
nearer  the  centre  endeavour  to  rife.  Thus,  the  mure 
dcnfc  Will  rife,  aitd  the  lufs  dcnfc  dLf-'.ad;  and  thus 
there  will  be  a  change  of  places,  till  the  t>hole  fluid 
nutter  of  the  Vorieftbc£>  adjuiUdaa  that  it  maf  rcftiH' 
equilihrioi. 

Thus  will  the  greaicll  part  of  tlie  Vertex  without 
the  earth's  orbit,  nave  a  degree  uf  detifity  and  inadi- 
vily,  i.ot  Icfi  t!i:i:i  llint  oi'tlic  tiitli  iti"'.!.*.     Wl.tucr  tliC 
CoiUwls  mull  [lutt  v.. ill  a  k\.Ty  great  rtiillj:iet',  which  is 
contrary  to  all  apptaraiieuj.    Cotes,  Prast.  aJ  Newt. 
Pn'ncip.    The  doctrine  of  Vortices,  Ncwton  ohi'crves, 
labours  uiuicr  m^ny  difficulties  :  fora  planet  to  dcfcribc 
areas  proportional  to  the  times,  the  periodical  times  of 
a  \  ortcx  Ihould  be  in  a  duplicate  ratio  of  tlicir  didances 
fruok  the  fun }  and  for  the  periodical  tiJIte  of  the 
bctf,  to  bent  a  fefqniplicatc  proportion  of  their  m*- 
tancei  from  tbe  fun,  the  periodical  times  of  the  pirts  of 
the  Vortex  (hould  be  in  the  fame  proportion  of  their 
Jiila:',cc5  :  a:id,  Iat!U  ,  iur  the  hfs  Vij|-Ii:c5  r.bu'^t  Jii-  ■ 
piler,  Saturn,  anJ  ihc  othir  [  laiut?,  in  be  prckricd,  . 
aii.J  Iwi.ii  iiciirL'.y  in  I  ho  i'in>\  Vortex,  the  periodical  . 
times  of  the  luu'ii  Vot  ux  Ihouid  be  eqtiaU  None  of 
which  proportions  are  found  to  obtain  inihe  revolutions 
of  the  fun  and  pUactt  round  their  axe«.    Phil.  Nat. 
Princ.  Math,  apud  Sdiol*  Geo.  in  Calcc. 

Belidn»  the  plaocu*  according  to  this  liypothefri^ 
beia^  carried  about  the  fai»4a  dlipfes,^  and  having  the 
fun  ID  the  Focus  x)f  each  figure,  by  line*  drawn  fton 
themfelves  to  the  fuo,  they  always  defivibe  area*  pj^ 

porticriabli:  to  the  lliiirs   of  thr'r  rcvoliitionj,  wfi'th 
lhatau',  hor  flicw  3  tlit  p jrts  of  no  Voitrx  can  do.  JscUol. . 
prop.  Ilk.  lib.  il.  I'rincip. 

AgniD,  Ur.  Kelll  jjrovcB,  In  his  Eiciminatioii  of  Bur- 
net's Theory,  tliat  if  the  earth  were  cariicd  in  a  \'i;r- 

U»f  it  wwild  more  Mtr  la  the  pjopurtioo  oii  three  to  ■ 

It 
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-two,  v'^rn  It  U  in  ViVr;o  tl.sn  wlien  It  b  !•  Kfc*»  ; 
u!ii(  K  ali  cxpcr;cncr  prov.  s  to  be  fnKc- 

'J'hcrc  is,  in  flif  PhiJcifophicsl  TrsnfsAion*,  o  Vh  '•• 
co-mathctaafical  dcraouftrai  ion  of  the  itnpoflibii  M  "ii 
iifiiSidcncy  of  Vtjrticc*  to  account  for  tKc  C  V'' 
riicoomena  ;  by  Monf.  dc  Sigtime,    Sci.- Niinr.  4 57. 
<>r<3.  \i.  pa.  40)  et  fcq. 

Tbrt  vDtkor  «idcavDDn  to  Aew*  Unt  the  necbanical 
gcniTTation  of  t  VortrX  h  ioipoflible ;  and  that  it  liat 
jonly  an  axtfogal  ^ee,  and  not  a  centnTti^.il'ard  crnp 
•tripclal  one  ;  that  it  fi  not  fulSdIrnt  for  explaining  frra- 
vity  ar.A  it ;  ;;r  ipci  t;c»  j  that  it  dc!!ioy!  Kcplcr'«  a^li  1  ■rii>- 
inical  Uv.s;  jMii  ihcTcfore  he  conclude*,  with  Ncwiuii, 
tluit  the  hypothcfi?  of  X'oi'i^es  is  fitter  to  diftuib  th*n 
explain  the  crteftial  motions.  We  mull  refer  to  the 
dillcnatiun  itfelf  for  the  proof  of  thde  iSertkmt.  Sc* 
Cartesian  PHiuosorHy. 

VOSSIUS  (Gbrard  Johs),  one  of  the  omft 
Ictrncd  and  laborioat  writm  of  tbe  l^%h  ccntttry*  iraa 
of  ■  conftdcniblc  fiwity  in  the  Netherlands :  «iA  ma 
bi-i'D  in  157%  m  the  PUazimte  new  Heiddbeiv,  at  « 
place  where  nu  Ather,  JohoVofliui^  waamimfier.  He 
firft  learner?  Lntin,  Gurk,  a  id  I".J  lofophy  at  Dort, 
■where  his  tjihcr  had  fenkd,  ai.d  ciiJ.  Iti  1595  he 
•went  to  Leyden,  where  he  fcrther  piirrutd  -Jiofc  ihi- 
dies,  joining  mathematics  to  thcrn,  in  which  kicnce 
he  made  a  confiderablc  progrcft.  IK'  btc^inc  M;if- 
tcr  of  Arts  and  Doftor  in  Philofophy  in  159b  j  lu-.d 
foon  after,  Dire&or  of  the  College  at  Dort  }  then,  in 
1614,  D'i  f  5l  ;r  of  the  Theological  College  juft  founded 
at  Leyddi  ;  and,  in  1618,  Profeflbr  of  Elaqtieocc  and 
•Chranolof  y  in  the  Aodcaiy  there*  the  fanie  jrev  ia 
5|vhich  appeared  hit  KiAory  of  the  Pebran  voatn>> 
tverfy.  Thi;  Uiflory  procured  him  much  odinm  and 
dif^iace  on  the  continent,  but  an  ample  reward  in 
England,  where  anhbillifip  Lsiid  <;htniiiid  !<  ave  of 
king  Charlti  the  l(l  fur  VofTii:?  to  hold  a  prebendLtry  in 
the  church  ut  Caiittrburj  ,  whik-  bf  rtfidcd  at  Lcydcn  : 
this  was  in  11119,  whtii  lie  trim'J  over  to  be  inlljllcd, 
took  a  Do£ior  of  Lawsdtgn  c  nt  Oxford,  and  then  rc- 
tumodi— la  l6t4hc  was  calhd  to  AmAtrdam  to  iill  the 
dwirof  a  IVomwr of  Hiftory  ;  where  he  died  in  1649, 
■t  72  yew*  of  age  j  aftet  loMng  written  $gti  pnbliihal 
at  auiiiy  wwh«  a*,  whentbej  caaaetobe  eoVcQedand 

Strintcd  nt  Amfterdam  is  1695  8cc,  made  6  volume* 
btio,  woiks  which  will  long  continue  tQ  be  rcsui  with 
plcafure  and  prrfit.  Tlit  piinilpal  of  thtfc  arc, 
—  I.  Klymt  ' j-^hi.n  I.ir.giit  I.  linj.  —  2.  I)f  Origins  ctf 
Pri}  -,  -i/„  !,i  i  Liirij. — 3.  J).'  Hi^/iiri^ii  Unci;. — 4.  De 
Hijl»rut4  JLaiwii.  —  ^.  Ift  /Itte  Grammaika,—6.  De 
fiiiij  Snmcuu  u^  >l!im,uu  Latino- Bat karii. — 7.  loJK' 
tuiiunrjOr\i/6i:x,—  K.  Ihjitiutima  Poetim, — 9.  /In  Hi/- 
Uariia. — 10.  D(  qmUuiir  /Ititku)  pepulariksu,  Gramma- 
A*t  G}t»naftite,  Muficft  (if  Graihiee.^ll.  De  Philo- 
Ag|iih— la*  De  Untverfa  MatbtpM  Natunt  &  C»nJiU 
iKlkv.—ii.  De  JPiM|&ftK«>-i4»'  De  fAU^ftenm 
SeSir.—%^4  Dt  FiUnm  Pttfartm  Vemfmiut. 

Vos:iL'i  fD.iiisJ,  fori  L'fthL  furc^ouic  Gir.ird  Jvjhii, 
died  .-t  ^2  VL.us  ol  Li^^c,  a  r^'odijjy  4>f  IciirHing,  whale 
i:jc  JT,:;L  Ili  LlLb  t  r ought  ou  him  fo  immature  a  death. 
There  are  uf  hiii,  among  Other  {roalkr  piece**  Notes 
upon  Citfar'*  CoouncBtine^  and  ugum  Mriaaomlca 
on  UoUU]r< 


VosiiLs  ' Francil),  brother  nf  Drnis  «oiI  Ten  of 
Gciard  Jiiliu,  died  in  164^,  alter  having  publifhed  a 
Latin  p<»em  in  1640,  on  «  nml  eiAoiy  g»Be4  bf  the 

celebrated  \'aii  Tramp. 

Vossius  (Gt-rard),  brother  of  Dei] ia  and  Francis, 
and  ion  of  Gerard  John,  wrote  Notes  upon  Patercului, 
which  were  printed  in  He  was  ore  of  thcmoft 

leanetf  eriiictof  the  17th  century  ;  but  died  in  1640, 
like  Hi*  two  brotheia,  at  a  very  early  a^-,  and  bcfwe 
thrar  father. 

Votaius    (/Ao.-),  wa»  tb«  youn^eft    fon  of 

Gcra:d  J.jbn,  p.ni  t:;.'  or.lr  t.im-  tl-iit  irv'vcd  ]\'ix. 
He  vmi  bin-,  r.t  I.r\  itn  111  i6liti,  arn;  won  .1  nnn 
of  great  talents  r:r!  I  ininij.  His  ffther  vi.is  1  i» 
only  preceptor,  and  his  whole  time  v.'as  (pent  in 
fttidying  His  merit  recommended  hir^.  to  a  corre» 
fpondence  with  queen  ChritUoa  of  Sweden,  who  em- 
ploytd  him  m  fome  literary  commilBon*.  At  her  rs- 
qircU,  he  made  fcveral  journcya  into  8«cde«,  where  he 
bad  the  honour  to  teach  ma  die  Greek  Itnguagei 
tbau|^  Ibc  afterward*  dtfcMndrd  him  nn  healing  mth* 
{nteaoed  to  write  a^nft  Sabnaiius,  for  whom  (he  bad 
a  particular  ri-;rnrd.  In  1663  be  rccei'. f  J  .1  hindfotr.e 
prefect  of  mgiii-y  from  Luui«  the  of  fi'mcr,  dc- 
ciiinpanied  with  a  complimentaiy  Icttfr  hain  tiie  niii  i. 
lUr  (.'olbert, —  In  i6'0  he  catr.c  ovt  r  to  Engln^d,  whco 
hf  was  crcitcd  Docior  oi  Law  i  at  Oxford,  aud  king 
Charles  the  2d  made  iiim  Cauon  ot  Windfor  ;  iliouga 
he  knew  his  chara^er  well  enough  to  (iiy,  there  was 
nothing  that  Vuffius  refufed  to  believe,  excepting  the 
fiible.  He  appcara  indeed,  by  hi<s  publications,  whieh 
are  neither  fo  namenMii  nor  fo  nCeM  aa  hit  father^  t« 
htfe  been  a  moft  ciedwiooa  bhi1|  while  he  aSbrdtd 
maiiy  circumilancet  to  bring  hli  religiuitt  faith  in  que* 
ftion.  He  died  at  his  lodgings  in  Windfor  Cattle,  in 
i('8S  ;  kavin^  bifiiiul  birn  the  be  ft  private  library,  as  it 
was  thi.1)  fiippofi  d,  III  the  world  ;  which,  to  the  lhamr 
and  rcproauh  of  Lii^'Iniid,  WM  fuffcred  to  be  pc:  chafed 
and  caiTicd  away  by  the  univerliiy  of  Lcyden.  Hi» 
publleatioDSchicAy  were  : — I.  PrripLs  Srjltuii  Caryttn- 

Jrn/i/,  l^e,  1639  2.  Juftin,  with  Notes,  1640. — 3.  Ig- 

na/ii  EmIc/U,  iifBarHoia  EfijJt.'a,  1 646.— 4,  Pem^niia 
JUeiaekSkaOrtilt  16*9, — 5.  Difiriatio  liextra  Mt.ite 
HkmJt,  ttifi  l6$9.~6ii    Jh  Srptuagmla  lutirfittihii*^ 
lMl«~7.  J)e  I.ucr^  1662.— 8.  Ih  Main  Mmi- 
vm  tS*  ynnonm.—q.  Dr  iVrff  £^  alionm  Ptamhum 
Ori^mt.—  10.  Dt  Pe*maltm  Ctiiiii  U  Ilribui  Rylhmi^ 
•^73-~"'  De  SyiilRtiit  aiiifque,         Chri^  matalnm 
prtcejfen,  1 679. — 12.  Caiullui,  €3*  in  rum  tfaa:i  I'cJH 
Ol^crvationft,  1684.— 13.  yariarum  Qbftr^Mimum  i- 
btr,  168),  in  which  arecontained  the  following  piecn  : 
viz,  D(  Ar.ti/pis  Rop^ir      f^Ftaruni  qujrutufam  UrUum 
MagHtiUifif  ;  Dt  jirtiliu  c-''  ScleHliii  Sinarum  ;  De  Ori- 
gisie  (if  Pntgr^u  Pmiwru  Sellici  afmd  £iinfem  i  D$ 

tiont  LonjituJi'nam  f  De ^lefstcienda  per  S/ftertlritaeMti 
JapuHenfes  tst  IntJ^t  ffsvigafiaHe  i  Dt  appartatibut  m  Im- 
ihi ,  ;r.  -Jij ;  J)-uri$g  TtHStru  omirfiuu  tmm»trmma  ai 

VOrSSOlRS,  vault-ftr.us  .ve  the  ftonea  which 
immediately  form  the  arch  of  a  bridge,  <ic,  bciog  cut 
fomewhat  in  the  manner  of  a  truncated  pyramid,  tbctv 
aadcr  iidca  eonltituting  the  iataadoti  towhiob  their 

joiaia 
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jotots  or  ends  ihouU  be  ci-eiy  wlitre  io  a  petpendi'cuUr 

The  l«»gihof  the  midiilc  VonfTair,  orkey-ftoac,  and 
which  i«  the  lead  of  all,  fhouU  b«  ■bout  ^',th  or  y'gih 
«f  thefpan  of  the  arch  ;  firoin  hence  thefe  ftoimftiMU 
be  made  biyeraiid  lar^er>  all  the  way  down  to  the  im< 
port  }  that  they  may  the  better  fuftain  the  trrcat  weight 
which  refti upon  them,  without  bcltifrcrufhv d  01  broken, 
«ttd  that  they  may  alfobind  the  (itnur  to;Tciher. 

To  find  the  jc:{l  length  of  the  \  ouiToirs,  or  the  figure 
of  the  extrados,  when  lliat  of  tlie  intnidus  it  given  ; 
fee  tny  Principlea  of  Bridget,  or  Enierfon's  Conftruc- 
tion  of  Archct,  in  liis  volume  of  \fifcellanies. 

URANIBUROH.  or  ccldHal  towp,  the  mme  of  a 
CcleiMitcid^  obCenwtorjr.  in  a  calUe  in  the  tittle  ffland 
T7eenen,  in  tlie  Sound}  bu3tt>y  the  celebrated  Danifh 
•ftrunomer,  TyohoBmhci  who  iurniihed  itM-iih  inliru> 
mcntf  for  obferviDg  the  cowrie  and  anticmtof  thchcs* 

vcniy  bodirs. 

Tills  oblci  vatory,  whicli  wa?  finifbcd  about  the  j"CaP 
icSo,  had  not  iublidcd  above  17  ycurs  when  Tychp, 
vlio  L'ttle  thought  to  ha*e  ereflcd  an  edifice  of  fo 
(hort  a  duration,  and  who  had  even  published  the  ti- 
sure  and  pofitton  of  the  heavens,  which  he  had  chufeii 
fiir  the  HMMneHt  to  lay  the  &rll  /^mcin,  wm  obliged  to 
abandon  tm  cowitry. 

Soon  after  this  the  perfons  ta  w^iom  the  properly 
of  the  iflsnd  was  given,  detnoliilu  d  th  ' building  :  part 
of  t!if  ruiri-i  was  riifpciTcd  into  (livfts  places:  the  reft 
ft  i\Lil  ti)  biiilil  Tyi;ho  3  hanilfotnc  feat  upon  hi?  ancient 
elt.itc,  which  tu  th  s  day  bears  the  name  of  Urani- 
burgh  i  and  it  wiu  here  itiHt  Tycho  cotnpofed  hit  cAta- 
Inguc  of  the  Aars.  Its  latitude  ia  5 {4' north,  and 
lonijitudc  12"  47'eaft  of  Greenwich. 

M.  Picartf  uwkioff  a  voyage  to  Unnibttrgh,  found 
that  Tycbo'a  Dcriaian  line,  there  drawn,  deviated 
fmm  tfie  meridian  of  tite  world ;  which  (ieana  t» 
I'mlinn  t'lr  cODicif^uri-  <>F  fomc  perfons,  that  tbc  poGr 
ti<in  ot  the  meridian  hnc  ni;i\'  vary. 

UilSA,  in  AlltDrcin  y,  the  13car,  a  name  common  to 
two  conllellationi  of  the,  northern  hcmirphcie,  near  the 
pole,  diilinguilhcd  by  Major  and  Minor. 

Uksa  Major,  or  the  Great  Bear,  one  of  the  48  old 
Conftcllationi^,  <itid  perhaps  more  aiK-ient  than  many  of 
tlw  othcn  I  being  Ctmiliarly  knotiro  and  alluded  to  hj  the 
«Mell  wrtten,  and  is  mentioited  by  Homer  aa  oblerved 
by  navigators.  It  is  fuppofed  that  this  conAellation  is 
tliat  inentionalin  the  book  of  Job,  imdertlie  name  of 
Chtfl,  whicli  onrtranllatioii  has  rendered  Orion,  where 
it  is  laid,  "  C^nft  thou  loofc  the  bands  of  Cbrfil 
(Oiinn)  ?"  It  is  farther  faid  that  the  Ar.cienta  icpre- 
fcnied  each  uf  thcfc  two  conftellationi  under  the  form 
«f  a  wn!;gun  drawn  byateam  ofliorfe«,  and  the  Greeks 
vnginally  caUcd  them  waggons  and  t\ru  bears ;  they 
'are  to  Uiis  day  popularly  called  the  wains,  or  wag< 
fpiB»t  and  thcgreater  of  tliem  Charles's  Wain.  Uencc 
1$  remarked  the  propriety  of  the  exprclSon,  "  hwle 
t!ic  Vjj:.J^  Jcc,"  the  bi;ujinjr  ^nJ  Idofing  bdug  terms 
very  ajipbcable  lu  a  h^nu;»,  occ. 

Prrhaus  the  li-;ip'. ijiii,  or  whoever  rife  wctc  the 
pec  pi:  that  Invented  the  tonftcllattoos,  placed  tht>fc 
Ibis,  which  arc  near  the  pole,  in  thefit;  ircof  a  be;T,  charged  him  with  being  a  plagiar)' :  who,  ;■  lu'  rc- 
at  being  an  animal  inhabiting  towards  the  north  pttle,  hted,  ha|i|icning  tocoute  with  his  ntafler  into  hii  Au- 
ynd  making  aettkcr  kpg  joiirae;a»  mr  fwift  notion**   dy,  faw  thcre^  «aws  on  a  piece  of  faper,  tb«  figuie  of 

VqimII.  4%.  hit 


Btit  the  Greeks,  in  their  ufual  way,  \a\e.  ad^iptcd  Tom 
of  their  fables  to  it   They  iav  tini  bear  waj  CalliflOt 
daughter  of  Lrcaon,  king  of  Aiciuiia  ;  that  being  de- 
bauched by  Jupiter,  he  afterwards  plased  Iht  in  tkc 
heaveoft  «•  wcttaa her  &a AiAwu*. 

The  Greeks  called  this  confttllation  Ardos  and  He. 
|i"cc,  froin  itj  turning  rnuiid  the  pote.  The  I.atiri;  f:iim 
tliu  liauic  ol  die  uyniph,  as  Tanoufly  wr.tten,  C^lliilo, 
Megifto,  and  Flenullo,  and  from  the  AiLiblani,  i'ome- 
times  Feretrtim  Majus,  the  Greiu  Bier.  And  (he  Ur> 
fa  Minor,  thiy  called  Feretruni.  Minus,  tbc  Little 
Bier.  The  Italians  have  followed  the  (ame  cudomt 
and  call  them  CatAletto.  They  fpoke  alfo  of  the  Plieni> 
ciana  being  gtiidedby  the  Leuier  BcWf  but  the  Greeks 
bytbe  Greater. 

Tliere  are  two  remarkable  liars  in  this  cooilelbti'oni 
viz,  thofe  in  the  middle  of  his  body,  confidercd  as  tbe 
two  hindermofi  i)f  (lie  \v;iiii,  and  eallid  the  pointers, 
becaufe  they  always  point  nearly  in  a  dire€lton  towards 
the  north  pokilar*  iaAfavt  afefidia  finding  thia  ftar 
out. 

The  ftars  in  Urfa  Major,  are,  according  to  Ptolo- 
my's  catalogue,  35  ;  in  'I'ycho's  56;  in  HcvcUus's  73  ; 
but  in  the  Britannic  catalogue  87. 

UasA  HmoTt  the  Liu'e  Uearf  called  alfo  ArSn 
'MnoTf  Pitrmttmi  Cyn'/ura,  oiie  of  the  48  old  conftd' 
laiions,  and  near  the  north  pole,  the  large  tiar  in  the 
tip  of  ititide  being  veiy  near  tu  it,  and  thence  called 
tLepok-llar. 

Tlir  Phcntciatis  gtiidfd  th«Mr  navigations  bv  thi,i  con- 
fl(  llatlon,  for  wbith  rcaioii  it  Wiis  called  Phenice,  cr  f  hr 
I'henicijn  coi;ll  f  lh\t!on.  1 1  was  alfo  called  Cynofura  by 
the  Greeks,  becaufe,  accortUn^  to  fome,  that  was  one 
of  the  dogs  of  the  huntrcfs  Callida,  or  tbe  Great  Bear) 
but  according  to  others  Cynofura  was  one  of  the  Idsran 
wni^  that  anified  the  ialiMit  Jnpiler )  and  ibme  ia^ 
tfiatCilElo  naa  another  of  ttiem,  and  that,  for  their 
care,  they  were  taken  up  towther  to  the  Ikies. 

Ptolomy  places  in  thii  eonitillatiun  S  flar*,  Tycho  7, 
Heveliua  ti,  andFlamlK  ed  :  4, 

URSUS  (Nicholas  Raimasos),  a  very  extraor- 
dinary pcrfoo,  and  diilingutfhed  iu  the  feienee  uf  a(Iro> 
nomy,  was  born  at  Hcnlledt  in  DitUinuiicn,  in  the 
duchy  of  Ilolflcin,  about  the  year  1550  He  was  a 
fwineheni  in  hia  yonthg  and  did  not  begin  to  read  till 
he  wa«  18  yeata  of  M;e  t  bttt  then  be  employed  nil  the 
boiin  he  comd  fpaTC  from  his  daily  labour,  m  learning 
to  read  and  wnte.  He  8fter\vards  applied  hlmfelf  to 
learn  the  languages  ;  and,  lur.inj^  a  flrong  genim,  made 
a  rapid  prugrefs  in  Grttk  and  I-ttin.  He  <juiv.kly 
le:>rn I d  al!f>  the  French  language,  the  mathematics,  af- 
tronumy,  and  philofophy  }  and  moll  of  them  without 
tbeaffiRance  of  amaRer. 

Having  left  his  nntive  couotrf»  he  gained  a  mainte- 
nance  by  teaching ;  wl.icb  be  did  in  Denmark  in  1 5K4, 
and  OA  tJic  frontiers  of  Fnneraftia  and  Pbhod  in  i  jHj. 
It  was  in  this  place  that  he  in\-entvd  a  new  fyfle^n  of 
allronomy,  very  little  dlfluem  from  that  i  i*  'I'vei  o 
Brahe.  niij  he  commtmii  it<  d,  in  i^St,  to  i;u  land- 
grave of  HtiTc,  whieh  ;  I  rTe  to  a  Itrriblf  dirpiite  be- 
tween him  smd  Tvcho.    I'his  ee'ehrntrd  ailro'ioiner 
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hit  fyQem  {  ind  aftemards  iafolcDiljr  boaftrd  that  iic 
bimkir  wai  the  inventor  of  it."  Urfu«,  upon  this  ac- 
cufation,  wrote  litriouflf  a^aiitfl  IVcho,  called  t1ie 
honour  of- hit  Invention  in  quellioi),  afcribin^the  fyftom 
to  AooUooIu*  Peracoii  and  in  fhort  ahttkd  Uim  in  £» 
iMutH  •  annner*  tliat  he  was  ^'oing  tu  ht  prolcetttcd 
Ibrit. 

UifuB  w«t  afterwards  invited  by  tbe  errperof  to  teach 

tbcinathematict  in  Pmgwi- ;  fri>ii\  w1iir!i  citv,  t  i  :ui  '1 
the  prcUruce  of  'I^^^uo^  he  witUili'cw  iilciut}'  in  ij!>9i 
«nd  died  Cmb  nfter* 


?n  beiaj;  indigcAedt  and  bU 
moll  almyt  to  M  ofaiecfcdaf 


lie  made  fome  Improvnnentt  in  trirooometry,  end 
wrote  fcferal  bookt,  which  difcover  tee  oiArkt  of  hti 
hafty  fiiidiei  ;  hi*  vrvi^ 
fly!c  incorrt(5\,  a» 
pcrfont  tfant  are  latc«k»nicd< 

VULPECULA  ft  AntiR.  Pw  W  b 
Aftronomy*  nne  of  the  new  oDnflcllationi  of  the 
nurthem  hctnifphere,  Ruule  out  of  the  unfortncd  ftit% 
h'.  Ih  cYim,  in  which  bfl  reckon  27  Ifauii  ImtfUn* 
ttvcd  couuti  35  • 


W  A  L 

W AD,  or  Waddihg,  in  Gunnery,  a  ftupplc  of 
p«per»  bay,  ftrai«r,  old  rope-yarn,  or  jow, 
rolled  finaqr  up  I»he  »  ball^  or  a  (hort  cyl  iidtr,  and 
forced  into  m  gm  vfm  the  povderi  to  keep  it  chife  ia 
the  chamber  {  or  put  us  cMe  to  the  flwt,  to  llcep  it 
iron  tolUngf^  ontt  u  wdl  t%  aceondiag  to  ttmtt  to 
prerent  the  tniuncd  powder  Iran  dilatiDj|  raund  the 
fiJet  of  t1u'lk[ilf,  by  its  witiJajje,  at  it  palfct  along  the 
chace,  which  it  <va«  thought  would  much  diraiuifh  the 
cfTort  of  the  powder.  But,  from  the  accurate  expcri- 
xncntt  lately  made  at  Woolwich,  it  ha«  iiot  been  found 
to  have  aiiv  luth  ctlt  "l. 

WADHUOK,  or  WuKM,  a  long  pole  vilh  a  fcrew 
■t  the  endt  to  drw  ont  the  wad,  or  the  charge^  or 
paper  lee  from  aHDrua. 

WAGGONEllrill  Aftronomy,  it  the  coortellaiion 
Utb  Idajor,  or  the  Gteat  Bear,  called  alfi>  vukarir 
Cbarki'i  Wain. 

Waggoner  is  alTj  «fed  for  a  i->,;tvr,  i^r  book  of 
diirtt,  dtfciibiiig  the  leas,  their  cojliS,  iS-c. 

WALLIS  (Dr.  John),  an  cminciii  LiijjlUli  mntl>e- 
matician,  wa»  the  foii  of  a  clergyman,  and  born  at 
Afhford  in  Kent,  Nov.  13.  1616.  After  being  in- 
firu£led,  at  different  fcliooli,  in  grammar  learn iiig,  in 
Latin>  Greek,  and  Hebrew,  with  the  njdiments  of  lo- 
«C»  mufic,  and  the  French  famgwq^i  be  waa  placed  in 
CnamKl  college,  Cambridge.  About  1640  he  entered 
into  orJers,  and  vus  chofen  fellow  of  Queeo'i  college. 
He  kept  his  fcilvwihip  till  it  wat  vacated" by  bit  marri- 
age, but  quilltd  Irs  college  to  be  ch.Tpl  iin  lo  Sir 
Richard  I>aTlcy  ;  after  a  yearfpcnt  in  this  lituation,  he 
fpcnt  two  more  at  chaplain  to  bdy  Vue.  While  lie 
hved  in  tbit  family,  be  cultivated  the  art  of  decipher- 
ing,  which  proved  very  ufeful  to  him  on  feveral  occa- 
ionai  be  net  with  rewarda  and  prefcraicot  from  tbc 
gofcmment  at  home  for  dertpbcnng  letter*  for  them  | 
and  it  it  faii^  that  the  efcSor  of  BrandenbHw  fieat  bin 
a  gold  chain  and  nwdalt  i^t  esplaiiuBg  ftr  Qim  iane 
hum  wiittcB  in  «ipbcra> 
S 
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Id  if.-} 5  lic  pulit'ili'-J  T/-^:l  Tiyat,  or  Anirfladver-- 
Hons  on  lord  Bructkc'*  trcatik-,  caikd  The  Nature  of 
Truth  itc  ;  ftyling  himfcif  "  a  miniilcr  iix_  t'Ondoa," 
ptvbably  of  St.  Gabriel  FrnrhitrHi,  the  lequeflrattoia 
of  which  had  been  granted  to  k  .r.. — ^In  1644  he  waMI 
dholen  one  of  the  (mbea  or  {iecretacie*  to  the  aScm* 
Uy  of  dinnea  at  WeSminller.  , 

AcaJeniica!  (ludict  being  much  intermplrv!  \iv  tlic 
civil  wars  in  both  the  uulveriities,  many  learner]  mi  n 
from  them  rcforted  to  Lo  .don,  and  foimed  alRnihlic* 
tlicre.  Wallis  1k-1oii,'i  J  ra  one  ijf  thefe,  the  tueinbera 
of  which  met  ome  .1  u  t  .k,  lo  difcourfe  on  pliitofo* 
pliicai  outtcrs ;  -mA  this  fuciely  waa  the  rife  and  be* 
gipnittgof  thai  winch  wds  afterward*  incnrporated  by 
tlie  name  of  tbc  Royal  Societyi  of  Which  Wallia  wao 
one  of  the  moft  earlj  member*. 

ThcSiiviliaii  ( 'ofelTor  of  geometry  at  Oxford  being 
cjeAed  by  the  paiMameiiiary  vifitorj,  in  1649,  WaUui 
Ti'a-i  .iTijHiiijl cd  lo  I'lCCL'tJ  lirn,  at  ii  (ipciicci  his  l^-c. 
tiirci  there  the  Idiiu' .11".  In  I'),o  l:f  pubiiihcd  I'tjcnc 
Auimadvertions  on  a  Ikh.';  of  Mi.  Kaxtcr's,  intitlcd, 
"  Aphoiifnis  ofjulliiioaiion  and  the  Covcnunt.  "  Atid 
ill  l6j  j,  in  L'ilin,  a  Grammar  of  the  EngLfh  tonjruc, 
for  the  ufe  of  foreigners  ;  to  which  was  added,  a  Lra^ 
T)t  JLoqiuIa  feu  Sonorum  ftrmalitnt,  isSc,  in  which  hc 

Goofidcra  phuofophically  the  fonnatioa  of  nil  foundu 
nbd  in  artfcidatc  fpeecb,  and  Acw*  how  the  organs 

being  put  into  ceilaia  pofitiont,  and  the  breath  pnHi. 
ed  out  from  the  lungt,  the  perfon  will  thut  be  luade 
ti)  f,Tjuk,  uhe:]icrljc  hear  liimfelf  or  not.  Pinfu5n» 
tJn.-fe  rcllfdions,  he  was  led  to  think  it  pofnblc,  ll»at 
■a  Jcaf  )K:r'.on  might  be  tanj;lit  to  fpeak,  by  bcincr  di- 
rciittd  lo  to  apply  the  organt  of  fpetch,  as  the  fonnd 
«>f  each  letter  required,  which  clriLli xn  \<\xvk.  by  imita« 
tlon  aitd  frequent  attempt*,  rather  thao  by  art.  He 
mydeatrialortwo  with  itKctfs;  and  particularly  upoa 
ooePophami  wbtcb  involicd  him  io  a  difpute  with 
Dr.  Holdcrt  of  which  fame  account  baa  alt(;ady  bcea 
l^vch  in  tbe  lift  of  that  gottlemn. 
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'  In  t4$4  ht  took  tite  degree' of  Doflor  in  TKw'mhf  t 

and  the  year  after  brcirue  engaged  in  a  lor.g  cunti'j- 
vcrfy  with  Mr.  Hobbc».  This  pliilofophcr  having,  in 
165  J,  prtnicd  his  trc:>!ifc  LK-  Cnf  ire  I'iuUfnplnco, 
Ur.  Wallii  the  fame  year  wioit  a  ci'iifutation  of  it  in 
Latin,  under  the  title  of  Rlenchni  Gfnmrtrue  ffelliame  ; 
which  fo  provoked  Hobbcs,  that  in  i6j6  he  publilhcd 
It  in  E:lgli(h,  trith  th«  addition  of  what  he  called* 
"  Six  Leflfens  to  the  Profeflbrs  of  Mu'l  rm-trk's  in 
Oxford  "  Upon  tliis  Dr.  Wallls  Wi  Jtt  iji  a:ilax!  lu 
SagUfb*  intitlcdt  Due  Correaiou  for  Mr.  Hobbca ; 
«r  School  dif«T>l>ii*  for  not  faying  hi*  Ldlbni  right," 
j6{6:  to  which  Mr.  Hobbe*  tc|^ied  in  a  r:^mph1et 
called  "XTirMAI,  ice,  or  Marka  of  the  ahflird  Geo- 
metry, Rural  Language,  Scottifh  Chnrcli  poKti.  s,  ;;n  1 
Karbarifmi,  of  John  Wallis,  1657."  This  wa^.  ininicii- 
ately  rejoined  to  by  Ur.  Wallis,  I-  /A  V'i  ni  I'tinJit 
punHlv,  i^C?-  And  here  this  contiovtrly  levm*  to 
nave  endetl,  at  this  tiine:  but  in  16^1  Mr.  H'jbbca 
printed  Exnminatio  £mtiutti't9  Matlfrraticonim  Ho- 
dknnrum  in/rx  Diafaghf  which  ocraficned  Dr.  Wal- 
In  to  publith  the  oeit  ynr,  UMltu  HcaaiaiUiaiaru- 
mmut  nddrdled  to  Mr.  Boyle. 

In  1657  he  c()lle£led  and  piibliftied  hi«  mathwialical 
worlca,  in  two  parts,  entitled,  Moth-fn  Uiiivtt/ulh,  lu 
4:0  ;  a!>d  .11  1  '\  H,  C'i  ".I'l.-rdum  F/'i/."Jfirtt  Je  ^jefiinu- 
Ikj  If siif''r4 .''jilrr'iu\  'i3KuprrhitL'ilUm,  in  4t<i  i  which 
wji  a  et>',lc:''i()n  of  It  Iter*  w»itten  hy  many  Irarrc-d 
men,  a»  Lord  Broutiker,  Sir  Kenelm  Digby,  Fer. 
mat,  Schootcn,  Wallia,  and  others. 

He  was  this  ycur  chofcn  Cufit/t  Anhivnrwm  of  the 
tHliverfny.  Upon  this  occafion  Mr.  Sttihbe,  who,  on 
MCQUnt  of  hii  friend  Mr.  Hobbcs,  had  bcfftre  wared 
iror  againft  Wallis  publiflied  a  pamphlet,  intit^d, 
«•  The  SaWlan  Profdibr'i  Cafe  Sttlod,'^  i65i.  Dil 
Wallis  repliedto  tbit  \  and  Mr*  Stubfae  repubtiflicd  hit 
ofr,  with  er.lar|Tcmcnts,  and « idfldicitlaD  q;aiiift'llie 

exceptions  uf  Ur.  Wal'.)!. 

Upon  the  Reftoration  he  met  with  grt-ai  rtfptft  t  the 
king  thinking  favourably  of  him  on  acconm  of  fame 
fervices  he  had  done  botii  tn  himfelf  and  Mi  father 
Charka  the  firtt.  He  was  therefore  eonftrmcd  in  hil 
placet*  alfo  admitted  one <^  the  king's  chaplains  in  or- 
dmaiy*  and  appointed  one  of  the  divinct  empanxrrd  to 
iwifc  the  book  of  Common  Pmj-er.  He  compiled 
with  the  teroM  of  the  ad  of  onifomiitfi  and  contunied 
a  n<;idy  runfbmift  till  hn  death.  He  fU  a  my  ale* 
fjl  i-ttnhrrof  the  Koyal  Society;  and  kept  up  a  K- 
tciiiiy  i.nrrefpon«?ence  twith  niany  learned  ran*-.  In 
1670  he  piihlifhtd  his  Mrctanl'^i  :  frt  fit  ,1/ 'v,  4fo. 
In  1^76  he  fTivc  an  edition  nf  /I'-^  l'im^dti  Syractijam 
jl-iiiji  'sMt  'S'  /'  Tifr,'?'-  Cir.'v.'i  ;  P.U\\  in  16S2  he  pllblt(h- 
«d  from  the  marnifiTipts,  CifmJii  ttthf^i  0^ m  Uanrv- 
nkum,  in  Greek,  with  a  Li:;t  vtrfion  and  notei ;  to 
which  ho  aitcrwai-ds  aditii,  yf^/erdix  lif  vrUrum  Hermo- 
mira  4ui  Miernom  com^irn'a,  i^i:    In  168  f  he  pi)(li(|(> 

fomethenlngicaIftieceA  ;.ajkl,  about  l6do«  tratejl* 
nged  in  a  difputevitli  ibe  Unitariaiiri  alio* ''in  tt/^, 
^n  another  difpntc  about  the  Sabbathl  Indeed  bis  books 
vpon  fnhji.fts  of  divinity  are  Ycry  mimerotis,  Init  no- 
thing nenr  fo  inipi'irn^-t     his  nir.tT' rr-,a'"c.-il  w.rks. 

In  t6V^  he  publilhcd  his  Hillary  aud  ru;ift;.T  of 
Algebra,  in  folio  ;  a  work  that  is  full  of  learned  1 
vfctal  matter*   Belkki  the  worki  abore  mentioned,  he 
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ptAIHhed  minjr  others,  particuhrly  hl«  jtrbimf4e»^ 

Iijxrt'iitt,  a  tiuuk  of  genius  and  good  invention,  and 
perhaps  almuit  his  ouly  work  tlt^c  fo,  for  lie  v,*t 
much  inr»rc  dittinguiftf.'d  for  his  indutlry  and  Judginen:, 
tlinn  fi-rhis  jFmi  ji.  Alfo  a  mukltiid;  of  papers  in  th? 
J*fiilof.  Traiil.  in  alincO.  every  volume,  from  ih  *  ill  tn 
the  ijtti  volume.  In  1657,  themrators  of  the  Uuiver- 
fily  pi efs  at  Oxiord  thouj^ht  it  fortht-  honour  of  the 
uriirerfity  to  coUrCt  the  di>cior's  mathematical  works, 
ivhivh  had  been  printed  fcpanteiy,  feme  in  Latin, 
ibme  in  Enghlli,  and  p-jblifhed  them  all  together  ia 
tfae  Latin  tongue,  in  3  %olt  folio,  1691;. 

Dr.  Wallis  died  at  Oxford  the  28th  of  Oftober 
170^,  in  thi-  t>8th  year  of  Lis  ?ge,  leaving  behind  him 
f  -ic  f  111  ai.  l  two  <lao,crh?er».  We  are  told  that  he  wat 
a  v:  ;o'Dr5  conllitdtinn,  and  of  a  mind  which  waa 
llrorrjr,  c;ilm,  f  lene,  and  not  calily  ruffled  or  difcoro- 
poied.  He  ipeaks  of  tiimfelf,  in  his  letter  to  Mr. 
Smith,  in  a  ftrain  whitb  ftews  liiin  to  have  been  a  very 
cautious  aid  T'niiient  man,  whatever  hii  fecrtt  opinions 
and  attaLiimcT.; ,  might  be;  he  concludes,  "It  hath 
been  mv  endeavour  all  along  to  a£i  by  aaodemto  mi«* 
ciple*.  being  frilling,  trhatem  fide  waa  uppenioit  !• 
pmmote  any  cf>f»d  drfgn,  for  the  »rue  inlereftof  reli- 
gion, of  hrarjiinir,  and  of  the  public  gr)od.'* 

WARD   (I)V.  i>E!n),  an  I.M  1  111  piJjte,  chiefly 
farr'i  jn  for  hM  kmiwlt-dpe  in  niaihtinaUCi  iiiJ  iillnuio- 
my,  waa  \\x  Ion  ot       jitomcy,  and  botn  at  ri'.,iitjn||^- 
ford,  Hertfonilhrrr,  i;s    1617  or  l6l!<.     From  hcatc 
he  was  removnl  nni  ;  laced  a  lludcnt  in  Sidney  college, 
Cambridge,  in  1633.  Here  he  applied  with  great 
goar  to  his  iludica,   particularly  to  the  mathemt- 
ticsy  and  was  chofcn  Arllow  of  his  college.  In 
be  wai' pitched  upon  by  the  Vice-chancellor  to  be  Pii* 
tirieilor^  wkicb  <l  Oxford  ia  called  Tcm»4i(i«a| 
wbofe  office  ft  wai  to  iraJcc  a  witty  fpecch,  and  M 
1aiij;h  .It  .-iiiy  t!iitii»  or  iny  body  i  a  privilege  which 
Ir-  c>:rnjii?ij  fu  freely,  tliat  the  Vicc-chanctUor 
ally  t'lilpi'iidcd  him  from  hi*  degree;  though  he'tC* 
virfod  ihc  CLiifurr  the  day  (oHowiog. 

The  civil  war  brcikuij;  out,  V/aril  \i';i3  involved  not 
a  little  in  ti  c  coiifcqtiencc*  ol  it.  He  was  ejected  from 
his  ^cl!o^^^llip  for  refufingthe  Covenant ;  againft  which 
he  fooii  after  joined  with  fercral  others,  in  drawing  up 
ttiac  noted  traattfe,  which  wat  afterwards  printed, 
fidog  iwir  ^^ged  to  leave  Caoibfidgct  be  re6dc4  for 
fome  time  with  eertiia  fnendk  riMMt  London*  ana  at 
other  times  at  .AMbury  in  Surry,  with  the  notedoiadie* 
watiei  in  Ought  red,  where  he  profecined  hi:  mathema- 
tical ftudics.  11=  afterwards  hved  for  ih<  I'  [  art, 
till  i6iq,  with  Mr.  Ralph  Frccm.iii  .it  iisj  tinkn  in 
Hiitfor.lfhivr,  whole  iVms  he  inttruilcrl  as  their  pre- 
ceptor; after  which  he  refidcd  fotnc  months  with  lord 
Wenman,  of  Thame  Park,  in  Oxfortlihire. 

He  had  rot  been  long  in  this  f;in-  iK'  in  fow  the  vifi- 
tfition  of  the  univerfity  ♦•f  Oxford  begRii  %  tl»e  cfled  'of 
'«rMkK  waai  tfaac  many  k»rusd  ami  eminent  perfoaa 
^eiitl^ned  dnft  and  ianong  them  Mr.-  Greaves,  the  Sa- 
Titian  piiifeflbf  of  Agronomy  i  this  gentleman  bbedrad 
to  procure  Wat^J  for  his  fucceffor,  whofe  abOitiea  in 
lii  iw  iv  wT-r  ',ivi''  i : i  >I'v  known  and  .tcknowledged  ; 
nnd  csrVi-u-d  it;  i)r.  Wallis  fuccfcding  to  the  Geome- 
try prufefforfhip  at  the  fame  time.  Mr.  Ward  then 
cpttre<i  himfelf  of  Wadhan  ceiltge,  f»r  the  fake  of 
4  Ct« 
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Df.  WiIkiM,  «1ie  wn  tlie  ynwtita  t  i"^  be  preremlr 

appllet!  himftif  to  briDj»  ihe  adionomy  ledum,  which 
had  Ijog  been  niylcttrd  and  difuleJ,  into  repute 
»gain  ;  and  for  ifi  ,iiirf  ofe  he  rtad  tlun-  vtry  c>:ii- 
ftantlv,  ncvcT  railliiig  vine  riaditig  d4y,  all  ikc  vikilc  Lc 
held  the  IcAiire. 

In  165+,  both  the  Savilijii  profciTor*  did  their  exer- 
Clfcs,  in  order  to  proceed  do^tor>  in  divinity  }  and 
when  they  wire  to  be  prefented,  WaJUe  claimed  prece- 
dency. Thin  occafioucd  a  dilpute;  «'hirL  bcinj;  de- 
cided in  favour  of  Wanl«  who  rtslly  xht  LnioT) 
Walli»  went  out  grand  cooipouuUcr,  :iud  ;u  ubuiincd 
theof^trcltrccy.  In  1659,  Ward  wat  ciui<cii]irc&lcM 
of  Trinity  college ;  btit  wu  obliged  «  the  KdlanUoa 
to  rc^ini  ilmt  place.  He  had  atnettda made  hlra,  hme- 
ever,  bv  be  njt  pi  cfcnted  iu  i66oto  the  reftoTV  of  St. 
Liurencc  Icv^  .  'I'l  (  f  itvjt '■.  car  he  was  alfo  inilalud 
prcccotor  oi  lUc  tKnrub  ot  1  xeler.  In  1661  he  be- 
came fellow  of  tlie  R  jyjl  bu<.  ety,  Mid  dtan  oi  l.xc- 
tcr ;  itiid  the  year  tullnwiBg  he  wus  .id»aaced  to  the 
lilhopTtc  of  the  fame  church.  Id  1667  he  waa  tranOat- 
cd  to  liie  fee  of  Sali{burTi  and  ia  1671  wa»  made 
chancellor  of  the  order  of  tha  gMtcri  ao  booour 
which  be  nocuicd  to  be  pcmaaenilT  aaiiMied  to  the 
fee  of  Solifbiuy*  after  it  had  bean  hdd  by  hyaiaa  tat 
above  I  CO  jtuu 

1>r.  Vvinl  was  one  of  thofe  Qnbappy  perfons  wbo 
have  the  miiforiuiif  lo  fui-vive  their  fciuc»,  wdic]!  }ijp- 
pencd  in  coufcqULiiuL-  nf  a  fever  ill  cuud  :  he  lived  till 
tlu'  Ri-vol'.:!i(.n,  b«t  \>:th<iirt  knowing  anything  oi  the 
nuiticri  and  died  in  Jitnuary  about  71  year  a  of 

age.  lie  wa*  the  atithor  of  iVvcral  Latin  work*  in 
altroncirny  and  different  paas  ui  tiic  watbematica, 
which  were  thought  cKceUii.t  in  their  day;  but  their 
life  ha»  been  fuperfedcd  by  later  improvemcntaMd  the 
Mrwionian  philufophy.    Some  of  thefc  were, 

I,  A  PhiloibphiGal  Eilnr  tomrdaao  Eid^aa  of  the 
Being  ud  Attributes  of -Godt  &e.  lijs.        .  , 

z.'De  Cometti,  ftc;  4(0,  i6^\. 

3,  In  IfmseUa  BwUialdi  Atuoaomla  Iu(juifitio{ 
410,  1653. 

4.  Idea  Trigononoetriw demoiiilratx  ;  410,  1(^54. 

J.  Allronomia  CJcomtiuca  ;  8vo,  i''5.'>.  In  tl  is 
work«  a  method  ijr()j><iL.l,  by  which  the  utiitiuoniy 
of  the  plancti  is  f;ionicti  iw.illy  rcfolved,  cither  upon  the 
J^Uipttcal  or  Cucular  motion ;  it  being  in  the  third  or 
tatl  pan  of  this  work  that  he  propuTr.i.  aud  Cxplaiaa 
what  it  called  Ward's  Circular  Hypothcfii, 

6.  Excrcitatio  epiftuUca  in  Tliutnz  Hobbn  nulafe* 
plnaA,  ad  D.  Joanacoi  WiiU»f  t  16^6,  8«a. 

Bat  that  by  which  be  bath  laak&y  fignalixed  hinw 
felf,  ai  to  aArunomical  iuventiun,  is  hi*  ccicbrat  cd  ap- 
ptoximation  to  the  true  place  of  a  planet,  from  a  ^mvcu 
nioan  aiiiinjal\  ,  tounded  upon  an  hypotlu  lij,  that  the 
motiun  «rf  apianc-t,  Uu>ugh  it  be  really  pcitoi  mcd  in  an 
elliptic  orhiti  may  yet  be  coiifidcrcd  at  equable  as  to 
angular  velocity,  or  with  an  uniiunn  circular  mution 
ffound  the  upper  focus  of  the  ellipfe,  or  that  next  the 
BpbeSon,  a*  a  centre.  By  this  mean  ht  icodcrcd  the 
prazi*  of  calculation  much  eaficr  than  any  tbit  couM 
be  ufcd  in  fdohrii^  wbat  haa  been  COMWBoilty  called 
Kepler's  proUem^  lo  which  the  oocqnate  aaooaly  was 
to  be  itniaediatdT  invefligatcd  froin  the  mean  elliptic 
urn  Hit  hypotaefia  agreci  vtry  well  with  thofe  orbiu 


wbieb  ar^  dUptical  bat  i»  a  very  fmall  dcffee^  at  that 

of  the  Eatth  and  Vcmut  but  in  others,  that  are  more 
cUiptical,  as  thole  of  Mercury,  Mars,  &c,  this  approii* 

iiiatiDii  iTooJ  ill  ilLtd  uf  -ii  ^oncCti<in,  which  ivas  made 
by  liiiiiiaicl.  Both  the  method,  anU  the  conc^ioni 
arc  v^ry  well  exjjUincd  and  dcaMOtttaUdt  by  Kcffls  in 
his  A '.lroiior'i\',  ierture  24. 

\VARGI.X  rils  (l\i.-K),  an  ingenious  Swcdifli 
mathematician  and  atirouomcr,  was  bom  Sept.  2J, 
1717,  and  died  Dec.  13,  178J.  He  became  fccrclaiy 
to  the  Aciidcmy  at  Stockholm  in  1 749,  when  he  wat 
only  y.dtt  »f  age;  and  he  bcxame  fuccelTivcly  a 
anemher  of  moft  of  the  literary  academies  in  Europe, 
as  LoadoBs  jhrii,  PMerHurg,  Gotiin^en,  UplsC 
Copenhagen^  Drontheim,  &c.  In  this  country  be  is 
probably  moft  knnwn  00  account  of  his  tablet  for  com- 
pmiii^  the  fvliplej  uf  Jupiter's  fatoUites, 'which  arc 
a;iiicx4.d  to  the  Xa  uical  Ahnanac  of  l?'^.  I  know 
liul  tlutt  he  has  pi:blliliLiJ  any  fcpjrute  work  ;  b^l  his 
coumunic:)tsonf  were  very  numerous  to  feveral  of  thofe 
Academies  of  v.hichhe  was  a  member;  as  the  Aca> 
demy  of  Stockholm,  in  which  are  J2  of  hiaatemoini 
in  the  Philofophical  1Vanlaftioiii»  the  UpTal  AAtt  ^ 
Paria  Memoirs,  ttc 
WATCH,  a  fmalt  portable  machine,  or  I 


far  meafarini;  time ;  having  it*  motioo  coamaolr  te- 
gdated  by  a  finral  fprtng.    Perhaps  ftridly  fpeajungt 

watciics  are  all  fuch  iTiuvi.  lut  as  Jhriv  the  parts  of 
time  ;  as  clocks  ai  c  fuch  fulli/h  then,  by  ttrikiag 
011a  hell,  &c.  BlU  comiji'jnly,  the  term  Watch  isap- 
propriaud  to  fuch  as  arc  carried  in  the  pocket }  and 
clock  to  the  laife  ■BvenenUf  whether  they  Alike  the 
hour  or  not. 

Sfrhig  or  Pendultim  WatCHK*  ftand  pretty  much  on 
the  fame  principle  with  peadtdum  docks.  For  if  a 
pendulum,  defcribing  fnail  circukr  make  ribra- 
tioM  of  nnequal  iengtbi^  ia  eQoal  tiaieiy  it  it  becml!: 
it  deferibrv  the  gtcater  arc  with  a  greater  tdodty  |  ib 
a  fpring  put  in  motion,  and  makiug  greater  and  leb 
vibiations,  as  it  is  more  or  lefs  fliu,  and  as  it  hat  a 
piC.Uer  or  kfs  degree  of  ir.otion  gi>-cn  it,  perfoirr.t 
iJk in  nearly  in  equal  times.  Htnce,  as  the  NiLiKliocj 
ul  the  peiidiiinm  hid  bi-cii  ajijjlitil  to  lar^e  clocks,  tj 
ndity  the  inequality  of  their  motions ;  io,  to  correct 
the  uncqtial  motions  of  the  balance  in  Watches,  a  fpriog 
Bs  added,  by  the  ifochronifm  of  whofe  ribrations  the 
oorrcftion  is  to  be  aficded.  The  fpting  it  ufually 
wound  into  a  fpiral ;  tliat,  in  the  little  COinpais  alh  t:e(i 
jitt  it  may  be  at  long  as  polfihk  |  and  IMV  have  Anngth 
naoogb  not  t»  be  mailcici^  and  dragged  «boot«  by  the 
inequaEtiea  nf  the  bahooe  it  is  to  regulate.  The  v»> 
bratlons  of  the  xw  n  parts,  vl/,  li  t  fj  i:  ^  a  , ',  the  ha< 
Isncc,  fhodld  be  uf  the  I'aiv.e  leugiii  ,  L^t  lo  adjuftcd, 
aa  that  the  fprin;j,  bcin'f  more  regular  in  thclcDgtb 
uf  its  vibrat:ons  tlian  the  balance,  may  occafionally 
comniunici>tf  its  regularity  to  the  latter. 

Tht  IitvtnUoH  «j  H/rmg  or  Pocid  IFaldft,  is  due  to 
the  laft  aze.  It  is  true,  it  is  bid,  in  the  hiftory  oi 
Charics  the  5th,  that  a  Watch  was  pTtfenied  to  that 
ptince  :  but  this  wz%  probably  no  more  tlum  a  kind  of 
dock  to  be  fat  on  a  table :  ibiDe  RloBbbBce  of  whidt 
we  have  fKO  rcnuining  in  the  ancient  ntecei  made  he- 
fore  the  year  1670.  Some  accouKts  alfo  f.iy,  tlic  firR 
W'atcbcf  were  nude  Ht  Nuremberg  in  i^q->,  by  I'c^cr 


Digitized  by  Google 


I 


WAT 


E   ^9  I 


W  A  t 


HcU,  and  were  called  NuRabag  eggit  «0  MCeaaaH 

their  oval  form.  And  hxthtr,  tmt  the  fame  year 
Cli  r;-j  Piiibach,  a  mathematician  of  Vienna,  emplay- 
eti  a  watcli  iSit  pointed  to  ffcondu,  for  aflrundnncal 
obfervatloni,  whic!i  w,-.}  probably  a  kind  of  clock.  In 
eflfeft,  it  ii  between  Huok  and  Huvgcns  tlial  the  jjlary 
of  thi*  exceUent  invention  lic»:  but  to  which  of  tlicm 
it  properly  bclort^n,  ha  hern  greatly  difputed  ;  the 
EngHfli  afciibinf;  it  to  the  former,  and  the  Freuch, 
D'.itcb,  tec,  to  the  Utter.  Deiluia,  in  bi«  Artifici*! 
Clockmaker,  &j»  roundly,  tfant  Dr.  Hook  ma  the. 
ia«cnl«r  I  Mid  add**  tbit  lie  owtriicd  nxiom  wagr*  of 
r^htioR :  one  wtj  «u  wftb  ■  laodftanet  inodier 
With  a  tender  ftraight  fpring,  one  end  of  which  play- 
ed backward  and  forward  with  the  hiUntc  ;  (o  thai  the 
balance  was  to  thcfprin?  m  the  ball  ot  a  pL*:iduliim,  and 
the  fpring  as  the  rod  of  thr  fanic  :  a.  third  inctliod  waj 
with  two  balances,  of  which  there  were  clivcri  forts  t 
fome having  a  fpiral  fpring  to  the  balance  for  a  regula- 
Uuir,  snd  inhere  without.  But  the  waytliat  prevailed^ 
Oad  which  ftiti  continues  in  mode,  wat  with  oo<  ba- 
JaOOC)  mdone  fpring  running  round  the  upper  part  of 
iht  voce  of  it :  though  this  has  a  difadvauta^e,  which 
.tbefe  widi  two  fpringa  &c  were  free  from ;  in  Uuit«  » 
Joddcn  jerk,  oroonfutedflnke  viU  aheriwribntioiu, 
.  tod  Burry  h  rery  mudi. 

The  time  of  thcfe  inveutiont  wa(  about  the  )  car 
l6jS  ;  as  apprars,  amofl)H  other  evidences,  trom  an 
inlLription  nn  one  of  the  diHible-bitlance  Wau'  i^ 
^rcicntcd  to  kinjj  Cliarle«  the  frcoad,  vir,  R'>b.  Huok. 
inven.  i6j8.  T.  Toinpioii  fecit,  16^5.  The  invi  n- 
tion  ban  came  into  repute  botii  at  Lome  »iid  abroad  ; 
aod  two  of  the  aiichinei  were  fent  for  by  the  Dauphin 
of  France.  Soon  after  thi*,  M,  Hdvgens's  Watch 
with  a  fpiral  fpring  got  abruad,  and  tuade  great  noife 
in  En^ndt  M  if  tbe  luagitode  could  be  iiaund  by  it. 
It  it  eertftin  however,  thit  thu  tovcBtfon  vu  later  tbu 
the  year  167  }«  when  his  boolc  De  Horol.  Orcill^UWW 
publilhcd ;  in  which  there  is  no  mention  of  this,  though 
nefpcalctof  fevcral  othercontriranccs  in  the  Izmc  uay, 

Oae  of  ihtfc  tlie  lord  Brounker  fLiU  for  cut  of 
France,  where  M.  Huvj^cus  h.ul  got  a  iMtcnt  for 
them.  This  Watch  agreed  with  Dr.  Hook's,  in  the 
application  of  the  fpring  to  the  balance  {  only  that  of 
Huygcotbad  •  laager  fpiral  fpring,  and  ita  ^Ifct  and 
beat!  im«  nneb  wwer  ;  alfo  the  balance,  infiead  of 
tnniiog  quite  rotnds  Dr.  Hook's,  turoed  (rreral 
time*  etwfv  vibration.  Huygens  alfo  invented  diven 
other  kinda  of  Witches,  fonne  of  them  wUhout  uaj 
(In'ng  or  cbiin  at  all,  which  he  catted  pendalnm 
Vatclics. 

Mr.  Dcrham  fiif»p;cfts  that  he  fufpc^ls  Huypcns's 
f.incy  was  firft  t  ;  l  j  work  by  fotne  intelligence  he 
Btight  hire  of  Hook's  inventiou  fiom  Mr.  OlJcnburg, 
or  Come  other  of  hiseorrefpondeiits  in  Engbiid;  though 
Mr.  Oldenburg  vindicates  bimfcif  agaiaft  that  charge, 
fat  Uk  ViuioL  Tranf.  numbers  I  iS  and  la^* 

Watches,  fioce  tbchr  firft  invention,  have  ^ne  o»  in 
m  continued  eourfe  of  iaprovemcnt,  and  ttury  have 
latctf  been  bioiif[bt  to  great  perfe&ioo,  botk  in  England 
and  in  Franoe,  but  more  e^wdaDy  theferincr,  par* 
ticularly  owing  to  the  great  encouragement  that  has 
been  given  to  them  by  the  Board  of  Longitude.  Some 
«f  the  cfaicf  writm  and  inpromt  of  Watshci^  art* 


ht  R07,  CoaMais),  Harriibn,  Mudge,  Einery,  and 
Arnold,  whoTe  Watches  are  now  in  very  high  re- 

putc,  and  in  frrqiient  life  in  the  navy  and  Indii  OiirS, 
for  keeping  the  Wnp'tude,  See  l>erharr'5  ,\:tjt'icial 
Ctockmiker;  Coniiriin»'<i  Principles  of  Clucli  .^-.^d 
Watch  work  ;  Mmltje's  llkoughts  on  the  Means  of  im» 
proving  Watcher,  Sec. 

StriiiHg  XvATCMas,  arc  fuch  as,  bcfides  the  proper 
Watch  part,  for  meafuring  time,  have  a  clock  part, 
for  ftnktng  the  hours,  &C.  Tbeiie  are  real  docks  i 
only  moved  by  a  fpring  inftcad  of  a  weight ;  and  tat 
properly  called  pocket-clock«. 

Stptctiag  Watchss,  are  fuch  as,  by  pulling  a  ftrfng, 
&c,  repeat  the  hour,  quarter,  ormintilr,  a:  any  time 
of  the  day  or  oight.~This  repetition  vras  the  iuvttuion 
of  Mr.  Barlow,  l>eing  firi^  pi:t  in  |itL!Ct'cc  i.y  him  io 
lai  f^cr  movements  or  clocks,  ahoiit  t  he  ycur  1676.  The 
contrivancj  immediately  fet  the  ether  artifts  to  work, 
who  foon  contrived  divers  ways  of  cffectiijg  the  fame. 
But  its  application  to  p  icket  Watches  was  not  known 
before  K.  Ja.-nct  tbe  Cnwod's  reign  t  when  the  ingentou* 
inventor  above  ascMtioaedfvaa  foliciting  a  patent  Ibr  it» 
The  talk  of  n  palcat  <ngi^  Mr.  Quire  to  ncfnnir 
the  thougbiaof  n  Bba  coMntanee,  irlndi  he  hid  -in 
view  jbnw  ycm  bdovc :  ha  piow  cff!-ded  it ;  and  bciag^ 
pre  fled  to  endeavour  to  prevent  Mr.  Barlow's  patent, 
a  Witch  of  each  k'nJ  w.is  produced  before  the  kin* 
and  council  ;  upon  trial  of  which,  the  prefcreiiCi.- 
given  to  Mr.  Qiiare'*.  The  diffnrncc  between  thent 
ujs,  that  Btrhiw'i  was  made  to  retreat  by  puihing 
in  two  piece*  oil  each  iide  the  Watch-box  ;  uneof  whichr 
repeated  the  hour,  aud  the  other  tbe  quarter ;  whcrcan 
Qiiare's  wss  ntade  to  repeat  by  a  pin  that  Ruck  OU£ 
near  the  pendant,  which  being  thruft  in  (as  now  ift 
done  by  thrufting  in  the  pendant  itfelf)  repeated  butk 
thchoiiraod  qirutf^r  with  the  fame  thruA. 

Of  the  Metlnnifm  of  a  Watch. 

Watches,  as  well  aa  clocks,  are  coropofeJ  of  wheels 

and  pinions,  with  a  rcpolator  to  direft  t!ic  qiiicknei* 
or  flowncli  of  tiic  wi.n  1«,  .'nd  of  a  Ipri'ig  whiih  coin- 
Biuiiicale'.  motion  to  tiie  whole  msciui  t;.  Liil  the 
regulator  atid  ipriiig  of  a  Watch  arc  valtiy  inferior  to 
the  weight  and  pendulum  of  a  clock,  neither  of  which 
cau  be  employed  in  Watches.  Inftcdd  of  a  pendulum, 
Uiercfbre,  they  arc  obliged  to  ufe  a  baLnce  ^Pl.  34, 
Hg.  4)  to  rcguUtc  the  utolian  of  a-  Watcb  1  and  tn  a 
faring  (fig.  6),  which  lervea  inllcn4of  «  wa^*  IB 
gisoowtioolothc  whedaaad  baUaoa. 

The  wbedaof  a  WattA^  like  ihofe  of  a  cfect,  are 
placed  in  a  frame,  formed  of  two  pljteii  and  tour  pillars, 
ti^.  3  rcprcfcnt*  the  imide  of  a  Watch,  after  the  plate 


(Fig.  j)  is  tskei)  oif,  A  i»  tite  barrel  which  contains 
tile  fpring  ('ig  (');  tlic  chain  is  tolled  about  the 

barrel,  with  one  end  of  itfiacdlO  thc  band  auA 

the  other  to  the  fulee  B. 

When  a  Watch  is  wound  \rp\  the  chttin  which  was 
upon  tbe  barrel  wirvds  about  the  fuiee,  arwj  by  iliis 
means  the  fpring  it  ftrctcb'^l  ;  fitr  the  interior  end  of 
the  fpriiw  i«  fixed  by  a  ignag  la  the  iaunovenble  WK 
about  whicb  the  burrd  Rvdm  \  the  exterior  end  of 
tbe  fpnnf  is  fixed  to  tbe  infide  of  the  barrel,  whicU 
tuna  upulk  aa  axis.  It  is  there  eafv  to  perceive  how 
the  Jpia|(«stcBd»  itfdf*  and  bow  lU  dattkitf  loBca 

tit 
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*ht  barrti  lo  t«im  inunJ,  end  confequfntlr  .!  ti^o,  the 
diain  nhich  is  upon  the  Aifee  to  unfold  and  uiin  iKc 
fofce  ;  the  mm  ion  of  the  fufcc  ii  cotninunicntcd  lo  \ 
whcd  CC  ;  ilwrii  by  means  of  the  iccth,  to  the  pinion 
<•,  which  oarrieii  llir  wheel  U;  then  to  the  pinion  </, 
whicli  carries  the  nheel  K  ;  thru  lothc  pinion which 
carricj  the  wheel  F;  then  to  ihejilimnf,  upon  which 
h  the  ixihnoc-whc«l  G,  whofe  pirot  run*  in  the  piece 
A,  called  the  potancci  and  B  calied  a  folio«er«  which 
WW  fixed  on  tlio  pUtc  Bg.  ^ .  This  plate»  of  wfakh 
only  a  part  is  rcpicfentcil,  is  applied  to  that  of  fi^.  ), 
in  f'lcli  a  manner,  that  the  pivot»  of  the  wheels  enter  into 
■  hole*  made  in  ihc  plate  fig.  Tinn  il^c  imprtflVd 
force  of  the  fprir  i-^  n  -.irru  ,  cau  J  to  the  wheels: 
and  the  pinion ybeiitg  ilitn  counttLitu  to  the  wheel  F, 
obli^je*  it  til  turn  (iijr.  7).  This  wlicd  at)»  ii)>on  itic 
pall;il5  of  the  verge  1,  2.  (liij.  4)  the  axi»  of  which 
•«arnt»  t!ie  balance  HH  (iig.  4).  The  pivot  1,  in  the 
end  of  the  vrrgc,  enters  into  the  hole  G  in  the  potnce 
A  (fig' 5).  In  this  ligatr  the  pallatt  ate  reprelntad I 
but  tm:  balance  ia  on  the  other  lidc  of  the  pbtc,  aamy 
•be  fees  19%.  I  !•  The  pivot  3  of  tiic  balance  cntexa 
iaioatioleoAlie  ooek  BC  (fig.  10),  a  pcrfpcSiveview 
of  wincli  t*  rrprcfcnted  in  fig.  1 1,  Thua  the  balance, 
ttiiPR  brtwifd  the  cock  and  if.c  potaiuc  c  (I'g-  )■  -is 
ill  A  itiiid  oi  Mgc.  Tlif  aAion  oS  the  hfllance-wiiccl 
upon  the  pallata  1,  i,  ((i<^.  4)  is  tlie  fame  with  that 
of  the  fame  wheel  in  the  clotW;  i.  e.  in  a  Watch  the 
balance-  whee I  obi  1  g es  t he  biild iice  .to  vibnte  badewwdi 
xnd  forwards  like  a  pendulum. 

At  each  vibrafton  uf  the  balance  a  pallat  allows  a 
tooth  of  the  balance-wheel  to  efcape ;  fo  that  the 
-^ckaeft  of  the  motioa  of  the  wheels  is  entirely  dctaw 
mhwd  hj  the  qmckaeb  of  the  atbiMioM  of  the  t»hMei 
4nd  thcK'tAntkm  of  tbe  balance  aod  motion  of  tbe 
lnheel)  are  produced  by  the  aflion  of  the  fpring. 

But  the  quicknef*  01  flowncfs  of  the  vibrations  of 
the  !m!ii.ri-  i]t.|jLiii!^  nut  ;i  Iciv  upon  the  aftH>n  nl  the 
gre^t  ([-iriii)?,  but  ilffftv  ttp<iii  llii:  nftign  of  the  ip'lii'jj 
(jAi,  cilliii  tilt  fpiul  fpi^nj;  (  t%)  fituatei^i  uniJtt- 
•the  balance  H,  and  repitTented  in  perfpcAive  (hg.l  1 )  { 
the  exterior  end  of  the  fpiral  is  fixed  to  the  pin  a 
(fig.  13).  Tbi*  pin  is  applied  near  the  phitc  in  • 
(Iig.  Iiy  {  the  interior  end  of  the  fpiral  is  fixed  by  a 
«CK  to  the  ccntK  of  the  balance.  He  nce  if  th«  balmce 

«e  Mrncd Upon  itfcif,  the  nlalcs  remaining  iUMHawalllet 
the  rpri&g  will  extend  itlclf»  aod  make  tbe  balance  per- 
one  revolution.    Now,  after  the  fplnil  is  thus 

evTcudcd,  it  the  balance  he  left  to  itfelf,  the  e'.i'Aicity 
of  the  fpiral  will  bring  hack  the  haUnee  and  in  tins  rr.du- 
ner  the  altcr(::i! vibi  Jt-on^  of  the  balaiiLC  art  jjroihicci!. 

In  fig.  7  all  tiic  tvl'ctk  above  defcribed  ate  rcprcicolcd 
ia  foch  a  manner,  that  we  may  eafily  perceive  at  firft 
fight  how  tbe  motion  is  enmmunicatcU  from  tlie  barrel 
to  the  balance. 

In  fig.  8  are  rcprefented  the  wheels  under  (he  dial- 
ptatCi  by  which  the  hands  are  moved.  'l*he  pinion  a 
la  aidjofted  to  the  force  of  the  protooged  p**ot  of  the 
wheet  D  ( fig.  ) ,  a '  d  ia  called  a  cannon  pmioa.  Thia 
wheel  tevolves  in  an  hour.  The  end  of  the  axis  of  the 
pinion  a,  upon  which  the  ininutc  hand  ia  fixed,  i$ 
ii^iLiit  ;  tur  [xiii'M)  (fig.  8)  is  itiikiULil  inln  the  « 
which  is  carried  b^  tbe  pinion  a.    Fi^.  9  ia  a  wheel 

fiiwdt^ntbtmid,  intotnecaritf  ofurlucti^fiiiMm 


1  enters,  and  tjpnti  wliicli  It  tiinii  frrely.    nili;  wher! 

Involves  in  J  J  huuii,  iuj  (.-.irrKJ  along  with  it  the 
huiir-hand. 

WATKR,  in  PhyfiolocT,  :t  clear,  infipid,  and  C(V 
lourlcfl  fluid,  coagulahlc  into  a  Irjiifp.ircni  iolio  fiib- 
(lance,  called  ice,  when  placed  in  a  tempcraiure  of  }s* 
of  Fahrenheit's  thermometer,  or  lower,  but  volatile 
and  fluid  io  every  degree  of  hot  abore  timt ;  and  whea 
pure,  or  freed  him  helcnigcMOinpiTtidei|  ittwhaMd 
«De«>f  the  fear  dcneota. 

Br  Cmne  fate  expcruDestt  oT  Meflta.  Laraifier,  Watt, 
Cavtnl'ITi,  PncJllcy,  Kirwan,  &c,  it  appears,  that 
Water  coiilills  ot  c^ephlogiAicattd  air,  and  inAamaable 
air  or  phloj.iitiin  iiitimattl v  unittil  ;  or,  as  Mr.  Walt 
conceives,  of  thiili'  two  principles  deprived  of  part  of 
their  Litent  iicat.  And  in  foiiie  iiiltanfi.-s  it  apni-ars 
that  ail  and  Water  are  routuallv  convertible  lato  kmm 
4»tber.  Thus,  Mr.  Cavendifli  (Philof.  Tt^nf.  vol.  74, 
p.  1 28  )  recites  fcvcral  expcrimeuts,  in  which  lie  dunged 
•coiomon  air  into  pure  Water,  by  decoirpi  ling  it  ik 
CMi^n&ioa  with  iniammablc  air.  Dr.  frieftk^  lifce- 
nittt  having  dccompobd  deplilogiilicated  wd  inAn^ 
nable  air,  by  firing  them  t<ig«ther  bv  the  elcAric 
exp^lion,  found  a  manifiHl  decompofitMMi  of  Watei« 
wiiicli,  35  nearly  as  he  conlJ  j  jdge,  w.is  c-tiual  in  wcieht 
to  th.u  of  tlie  decompofcu  air.  tie  alio  made  a  ntunoCr 
of  o:  her  curious  experiments,  uliich  feemed  to  fkvotir 
the  idea  of  a  converfion  of  Water  Into  air,  wtliout  ab- 
folutelr  pro>ing  it.  'J'he  difiiculty  whicli  M.  De  Loe 
and  others  have  found  in  expelling  ail  air  from  Water^ 
ii  bel\  accounted  for  on  the  fuppofition  of  the  gencratiow 
of  air  from  Water  ;  and  admitting  that  the  arafcifioa 
of  Water  into  air  is  cSc^cd  by  the  intimate  union  of 
what  ia  called  tlie  principle  of  best  arith  the  WaMr*  k 
appear*  fnfficicntiy  anahtgmu  to  other  chanj^  or  rather 
coniViinitions,  offubiUnces.  Is  not,  faysl)r.  Pneftley« 
tlie  4(.id  of  nitre,  and  alfo  that  of  vitriol,  a  thing  as 
uiilil«c  to  air  as  Water  is,  their  prc^jiurtics  being  aa 
ren.nrfeably  difFrrrut  ?  And  yet  it  is  dononftraWc 
that  tlic  ac:d  uf  nitr?  i.-i  convertiljlc  into  the  pureft 
refpirabie  aii,  and  probably  by  the  union  ot  the  iame 
principle  of  heat.    Philof.  Tranf.  vol.  73,  p.  .^14  Ac. 

Indeed  iheie  feem<5  to  be  Water  in  all  bodies,  and 
particles  of  almoll  .tl!  kiiida  of  m^tttcr  in  Water ;  fo  that 
If  ia  hardljr  ever  fufficientiy  pure  to  be  coafidercd  as  an 
clement.  '  Witert  if  it  coon  be  had  abne,  and  purc^ 
Eoerbaare  argnetf  would  have  all  the  requiutes  of  an 
element,  and  be  as  fimple  as'fire  ;  but  there  is  no  ex- 

prdii-nt  lii'.tuito  ('  n.':ivrred  fi)r  priif  inn  ;  jt  fi)  pii;'/. 
Kain  Wjti  r,  which  Items  tlie  purt  !l  ol  m\  fh«)ie  wc 
^luin  n\\  i;  leplvtrwith  infinite  exhalations  of  ail  kinds, 
which  it  imbibes  from  the  air:  fu  that  if  filtered  and 
diflitled  a  thoufand  times,  there  ftill  remain  fiecea, 
Bcfides  this,  and  the  niimbeilefs  impurities  it  acquire* 
after  it  is  niifed,  by  mixing  with  all  forts  of  efflaria 
the  atmofpberc,  and  by  laUing  upoa  and  nMaiog  over 
the  earth,  houfca,  aod  other  placea.  Thare  n  oSb  firt 
coRtaincd  ia  all  Water  $  aa  ap|iean  tmn  ita  ittidtljTs 
which  ia  owing  to  fire  alonct  Nor  caa  any  ktinda  of 
filtering  througn  fand,  f?o:ie,  ftc,  free  it  cut i:i.'y  from 
falls  &c.  Nor  have»ll  the  txpcriments  tlut  li  irc-  been 
iri%c  iit<  'i  by  the  philofopher*,  ewi  'u:ru  able  to  tierive 
Water  j>erfealy  pure.    licuce  Boerhaave  lays,  that  he 

is  coovjiKcd  Mbady  ever  finr  •«  dnp  «f  pinc  Water ; 

that 
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of  all  tbinet*  tnd  fuflicn  ilone  for  the  pro* 
Hios  too  Mewten : 


tint  tine  tttnoA  oFi'ta  purity  known,  oalf  imomtito' 

its  heing  free  from  this  or  that  fofi  of  matter ;  and  that 
it  C3n  never,  for  inftauce,  be  quite  deprived  ««f  filt } 
fincc  air  h  ill  al«»]r<  Mconpwiy  UtTitcT,  nd air  nlvtif I 

conrains  fait. 

Water  fccoij  lobe  diffufcd ocr>*wliere,  and  to  be  prr 
feot  in  all  fpacc  wherercr  there  i  indticr.  There  are 
bardly  any  bodic*  in  nature  but  wliat  will  yield  Water : 
It  i»  even  aflcrted  that  fiie  Ufelf  is  nut  writhoot  it.  _  A 
fingle  graia  of  the  fiery  filt»  whkb  in  a  moment't  tioe 
will  penetrate  throDgh  a  man't  hand,  fcaday  imbiliet 
half  ilJ  weight  of  water,  and  mdt«  even  in  the  drieff 
air  imaginable.  Among  innumerable  inftanccs,  luitf- 
born,  kept  40  years,  and  turned  as  hard  and  tin-  as 
any  met.-J,  io  t'hit  i;  v,  i'!  yield  fpatks  of  fire  when 
flruck  a^ainlt  a  flint,  yet  bting  put  into  a  ghfs  ycM, 
and  dilblled,  will  afford  ,th  part  of  its  quantity  of 
Water,  Bone*  deid  an'l  dried  ay  yesrs,  and  thui 
become  almcft  as  hMrd  as  iron,  yet  by  diHillation  hare 
vieldod  half  their  w«ieht  of  Water.  And  the  hardeft 
ftoncs,  grocnd  and  dnniBed,  alwayi  dilcofer  a  poriran 
of  it.  But  liit^i  itij  nrj  experiment  (hews,  that  Water 
entcf*  .IS  a  priiiciplt-  ir.tn  the  combination  of  iiirtailic 
matters,  or  even  i;iti>  thst  nf  viircfLible  ftonee. 

Fromfucfa  confiJcralioni,  phiiuiophcra  ha*t  bctn  lid 
to  hold  the  opinion,  that  all  thing*  were  madL- of  Water. 
Bafil  Valeotinc,  Paracelfus,  Van  Hclmont,  and  others 
1m*c  OMtntaincd,  that  Water  is  the  elemental  matter 
or  ftai 

dndion  of  all 

"  All  bird*,  hearts,  and  fithes,  infefts,  trees,  and 
vegetables,  with  their  fcveral  parts,  do  grow  out  of 
Water,  and  wntcTy  tiudlurcs,  l.:u1  falts  ;  and  by  putrc- 
fa^ion  they  ati  rcii:rn  again  to  watery  fubllances." 
And  the  fame  doil:  inc-  is  licld,  .Tiid  cont'irnied  by  ex« 
pcriments,  by  Van  Helmont,  Doyle,  ami  others. 

But  Dr.  Woodward  endeavours  to  fliew  that  the 
whole  iaa  mifiake.— Waur  contaim'ng  extraneous  cm-- 
pnlchat  lone  of  whictit  accoiding  to  bim,  arc  the 
proper  natter  of  nutrition;  the  Water  being  ftiU 
found  to  afford  fo  much  the  Icfa  nourllhment,  the  more 
It  !»puiifit.d  by  diflillation.  So  that  Water,  as  fuch, 
does  not  titm  to  bv  the  proper  nutriment  of  wjjetsblcs; 
but  only  the  vehicle  which  cD.itiii:  -  tLc  miiritiou* 
particles,  and  carries  them  along  with  it,  through  all 
the  parts  of  the  plant. 

Helmont  however  carries  his  fyflem  flill  farther,  and 
imagines  that  all  bodies  may  be  reconverted  into  Water. 
Hi*  allcaheftt  be  afirmt^  adequately  rcfolves  planta, 
antRnli,  ind  tnineralt,  into  one  liquor,  or  more,  ao 
cording  to  their  fcvcr.il  jntt-mal  dilTt  rcr;ces  of  ptitts  ; 
and  the  alkahcA,  bi-iiij;  nbttr.n'Ud  a^^ain  liQ.a  thtfu 
liquors,  in  the  fame  «ci;^lit,  and  witli  tlic  fame  virtues 
as  when  it  diffolved  tbetn,  the  liquor*  may,  by  frequent 
cohobations  from  chalk,  or  fomc  other  proper  matter, 
be  totally  deprived  of  their  feminni  endowtiients,  and  at 
hftretura  10  tlit.ir/irll  matter;  wbich  is  infipid  Water* 

Spirit  of  wine,  of  all  other  fpirits,  fccnia  (leilk  firoA 
Water :  yet  Hdmont  aflinn?,  tt  m jy  be  £>  nnitcd  with 
Water,  as  to  become  Water  itfelf.  He  addis,  that  it 
Is  material  Water,  only  under  a  fuljjhureoua  difguifc. 
And  the  fame  tiling  he  oLrirvcs  of  all  falts,  and  of 
oilii  which  may  be  almoft  wholly  clumgcd  iolo  W^ic 
ter. 


No fi.xaJmfd for  tht  Wtiglt ami  Purity  o/Wats*.  

Water  fcarcc  evet  contmues  1*0  momrutj  exactly 
of  the  fame  weight;  by  reafon  of  tlic  m-  and  fire  con- 
tained in  it.     1  he  t  xji.mlion  of  W.urr  la  b  jilioglhcm 
what  e{fc€t  liic  diihn  nt  degrtis  of  fire  have  00  tiic 
^,'r.iviLy  of  Wattr.     ['Ins  makes  it  dilTiculc  to  fix  the 
IpeciEc  gravity  of  Water,  in  order  to  fettle  its  degree 
of  partly.    However,  the  poreft  Water  we  can  oh* 
tain,  according  to  the  cxperimcou  of  Mr.  Hawlkbee^ 
ia  8^  ttiMS  heavier  than  air:  or  aocording  to  the  ex- 
penments  of  Mr.  Cavendilb,  the  thcrmoin<=tcr  bring 
at  50*  and  the  barometer  at  29I,  about  boo  times  us 
liL-avy  a,  ,111- ;  and  iCLurdiug  to  iFir  txpcri.-nt- :!t3  <,{  Sir 
Geo.  5l;u4;kburgh,  when  toe  barometer  is  at  29*27  and 
the  thennometcr  at  53",  Water  is  836  times  heavier 
than  air ;  whence  alfo  may  be  deduced  this  gcncrdi 
proportion,  which  may  be  accounted  a  flandard,  vijt, 
that,  when  the  barometer  is  at  30*  and  the  tbernom^er 
at  5>o,  then  Water  is  8zo  timet  heavier  than  air  1  n1fi> 
that  ta  foch  a  flate  the  cubic  loet  «f  Water  weighs  i  ooo 
omoea  avowdopoti,  and  that  of  air  i»22i,  or  14  nearly, 
alfo  that  of  mercury  i  350D  onncts ;  and  tor  otbrr  Ibtca 
of  the  thermometer  and  bsromitrr,  th-  ailowance  ia 
after  this  rate,  viz,  that  thu  column  of  mercury  in  the 
barometer  varies  its  knj^'th  by  the  lOthouiandth  part 
of  itlclF  for  ,1  tiiinije  of  tach  iinpic  degree  of  tempera* 
tunc,  and  Water  cltango  by  j^^ow  part  of  it*  height 
or  magnittidc  bjr  ench  degree  of  the  ^e.  Howcmv 
we  have  not  anv  very  exaa flandaadin  atri  for  Water 
being  (o  ranch  heavier  than  air,  the  more  Wafer  there 
is  contained  in  the  air,  the  heavier  of  ccurfc  m  ul  the 
air  be  {  as  indeed  a  coniidenble  part  of  the  weiv;h[  of  the 
atmolphcrt  fcc-ms  to  aiife  from  the  Waler  that  is  in  it. 

J^roferltri  and  Eff<eis  of  W'ATia.  Water  i>  a 

very  volatile  body.  It  i»  entirely  reduced  into  va- 
pours and  'diflipated,'  when  expoied  to  tlsa  £i«  and 
uaconfincd. 

Water  heated  in  an  open  vefTel,  acqnim  n 

than  a  certain  dctenuinate  degree  of  heat,  wbate^  

the  intenfity  of  the  fire  to  which  it  i<  cspofed  ;  whkk 
grentcft  degree  of  beat  11  when  it  boils  violently. 

It  has  been  found  th.it  the  degree  of  heat  nccelTary 
to  make  Water  boil,  is  variable:,  accorrlinsf  totbc  putity 
of  the  Watci  and  tht  v.  ei^-lit  of  thi-  atmofj;hcre.  The 
following  table  ihewg  ilic  degree  ut  heat  at  which  Water 
boils,  at  various  heights  of  the  barometer,  hciagsBiC* 
dium  becween  ihofe  refuking  fraoa  the  expciiiaenta 
Sir  Geo.  Sfaachbutgh  and  M.  jDe  Luc : 


Hrignt  of  tne 
Barometer. 


Hot  of  Boll  ins 
Water. 


locttcs. 

0 

36 

Jo; 

206 

27 

2069 

207-7 

308-5 

209-4 

210-3 

a  (1-2 

a  I2'0 

212*8 

2I3'6 

Water 
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Water  it  fu-.iiiJ  ihe  mod  penrtratiT?  of  all  bu<1ic(, 
alter  fire,  and  the  moil  difficult  tu  confin« ;  p«flin(; 
tbroogh  letrthcr,  hUddets,  k*:,  which  will  confine  air  ( 
«lilcii>K  >U  «aj  gndinily  thiougb  woodi  |  aitd  »  onlj 
Tttainable  iu  y^Ct  and  mctalat  1117  h  wM  found  by 
rsperiinent  at  Fl  ircnce.  that  when  flint  vp  18  a  fpke- 
i-ical  TcfTcl  ot  gula,  wiiicli  wa»  prcfltd  with  ■  gmt  rarer, 
it  ii  ade  it*  way  tlmog^  toe  powi  e?ca  ol  the  gnld 

itfc'f. 

W'jter,  by  til's  pfiuti^tiiT  qiialitv  alone,  may  be  in- 
fcrrcd  to  cntrr  the  compoi.lion  ol  atl  sio«lirt,  both  «egt- 
.fiblr,  animal,  and  even  minrral  {  iviili  thii  par- 

ticular circtunllance,  tlut  it  it  calily,  and  with  a  gentle 
licatf  fcparahlr  again  from  bodiri  it  had  united  with. 

And  yet  the  fame  Wateri  a*  little  cohcfive  as  it  it, 
«ad  ■•  eafily  (tpnnued  from  oiall  twdieaf  will  coktre 
rimily  w«ib  fome  mhcriij  and  bind  tk^  imther  in 
the  moll  Mid  maflvi  1  *a  in  the  tempering^  ofeaith,  or 
alhct,  clay,  or  [mw  tiered  b^^nc*,  icci  with  W.itcr,  ^t;d 
then  dried  anrl  buint,  when  the  maiTcs  become  lisid 
as  lluiits,  though  without  tlic  AVatcr  they  would  be 
nine  ihill  or  powder.  I(Hic«:<1  it  appears  wonderful 
that  Watci,  which  i*  otherwifc  an  almoll  univeifal 
(liiTolvent,  ihould  neveitbelcfs  be  a  gf«it  coagtJator. 

Some  have  ini.if:ined  that  Water  i*  incoaiprdHUCt 
4uid  ihertfore  nonelaftic ;  founding  their  opinion  on 
the  relebtated  Florentine  experiment  above  inenti»t»ed, 
with  the  {^kibe  of  gold  |  when  tkm  Water  being,  at 
they  fay,  incap;i)>le  of  ciiiidcn&tioQ,  ntlwrlhaii  yiek), 
traiifiided  through  the  pom  of  the  nnetal,  fo  that  the 
ball  «at  found  wet  all  over  the  <uitnde ;  till  at  length 
tnakiii>;  u  cliTt  in  the  gold,  it  fpiin  out  with  peat  vc- 
iicmcnc^'.  But  the  truth  of  the  ctmrhifions  dniwn  from 
thia  Floreniine  experiirent  has  bc  envc-i  y  jiHlly  qucf- 
ttonedt  Mr.  Canton  having  proved  by  accurate  ex- 
perimeott,  that  Water  is  aduaUy  comprefFed  even  by 
the  weight  of  the  atmofpherc.  SecCoMi-Rtssiow. 

ficfidcs,  the  diminution  of  fixe  which  W.ut  r  lufft  rs 
when  it  piflca  to  a  lefs  degree  of  heat,  fuActcntly 
fltewa  thnt  the  particles  of  thia  fluid  are*  like  tlioife  of 
all  oilier  knows  &bfikncc%  capaUc  of  appnadiii^ 
tiearer  togetber. 

Di/tb  WaTia,  i»  often  ofcd  as  an  oh]^f}  fur  tlic 
inicrofcope,  and  feldom  fails  to  ailbid  a  yjat  variety 
of  ar  iraaleiilcs  ;  often  appearing  of  a  grefi; 111 i,  rttiriiib, 
or  yelldwilh  eoluur,  from  the  grcnt  multittuitc  of  thein. 
Ai'<i  to  tbe  fame  caufe  ii  to  be  iifi  iihcd  the  green  (ktm 
4UI  the  ftnfacc  of  fuch  Water,  iyunghill  Water  it  alia 
fuH  of  an  immenfe crowd  of  animalLxles. 

J^vjlK  Water,  is  faid  of  that  whick  is  inGpid,  or 
wtthout  bit,  and  inodoiQiH}  bciag  tbe  oatnral  «ad 
pare  Hate  of  the  cUneat. 

iSbnrf  WaTBR,  or  Cnnfr  Watck,  it  that  in  which 
foap  doea  not  diflolve  completely  or  onitVrn-.ly,  hut  is 
curdled.  The  difh>lvinff  power  of  hard  Water  it  leff 
that!  that  of  foftj  and  hcree  Its  iinfitncfs  for  waflting, 
bleaching,  dyeing,  Imilinj;  kit>  !nii  '  e j;ct»hles,  Sec. 

'Vh<  b:irdntfs  of  Water  mav  n'lfr  eilher  from  fn!;;, 
or  from  gat.  That  which  ariks  from  faitii,  muy  be 
difcnTcrca  and  remedied  by  adding  fome  drops  of  a 
folution  of  fixed  alludi;  but  the  latter  by  boiling,  or 
csprfuie  tu  the  open  air. 

Spring  Waten  areoftca  hard  ;  but  rircr  WaUr  foft* 
Hard  Waien  ait  icnarkably  indl^jpofcd  to  cut  nipt  { 


they  even  prefcrTc  putrcfcibte  fubflances  for  a  cooCder* 
able  length  of  time :  bence  they  fecm  to  be  beft  fitted 
for  keeping  at  fca,  cfpecidlyaatbcj  are  lb  eafily  Ifl&eaed 
by  aliulc  aUudioc  fiitt. 

PidridVfArtw,  iitbac  whiebha  acqinied  anoSini- 
Ctc  Gndl  and  talle  bjr  the  potrefixnce  of  animal  or 
vegetable  fubdaneet  contained  in  it.  This  kind  of 
V>'at(-r  i.  in  i;k  li;gljeri  degree  pel  RicioUi  tu  the  human 
fruiiic,  and  La^aLlt  of  bringing  un  mujt.i!  diluifca  even 
by  i'i  frocU.  Quicklime  put  into  water  is  ufcftil  to 
preserve  it  longer  fweet  ;  or  tvco  espoiare  to  the  ait 
III  broad  lhallow  tcITcI  ;,  And  putrid  Water  may  be 
in  a  great  mcafure  fwectencd,  by  pafliag  a  current  of 
frc/h  air  throifgbit,  from  bottom  to  top. 

Jtaiu  WiiTBa  may  be  cunfidered  as  tbe  pureft  dif- 
tilled  Water,  biit  impccgvated  during  its pafTagc  tlirough 
the  air  witb  a  eonudeiabU  quantity  ot  phlogiAic  and 
putfefceat  natter}  whence  it  !a  ftiperior  to  any  other 
in  fertilizing  the  earth.  Hence  alfu  it  is^  inferior  for 
domeflic  purpofes  to  fpring  or  Hrer  Water,  evel)  if  it 
Could  be  nadiiy  [jrociirtd  :  but  (ueh  as  is  gotten  from 
fpuuts  pUcijJ  1)1. low  the  ronii  of  luufcs,  the  common 
•  ay  €>f  procii:  ir^^  it  ui  t!ii5  coi:ntr\ ,  ii  evidently  W*y 
impure,  and  hecumrs  pcind  in  a  ihurt  time. 

Rfoer  or  /^uAOfH;  Water,  is  next  in  purity  to  foow 
or  diflilled  water  ;  and  for  dumeflic  purpufi.»  fnpeTtOC 
to  both,  in  having  lefs  puticfccnt  matter,  and  motC 
fixed  air*  That  however  IS  much  the  pttrcft  that  tuaa 

over  a  dean  rocky  or  Aony  bottom. 

River  Water*  generally  putrefy  fooner  tl.an  thofe  of 
fpringa.    During  tbe  putrcfadion,  they  tlirew  off  a 

part  of  theii  hiteropcncoi:s  n  atter,  arc",  a;  IcngtliLc- 
Cdiiie  Iweet  a^am,  and  purer  tiian  at  tir/.  ;  :iher  uhicb 
tbey  conitriciiilv  [)reier\c  n  lr>ri^  t:mc  ;  t.us  reFr.nrkaUy 

the  cate  with  the  Thames  Water,  taken  up  about  Lon- 
don i  which  k  comnonly  ufed  bj  fcanen*  b  tbenr 
voyages. 

Suit  Wat£r,  fuch  aabaamocb  (aU  in  it,  Ibaato 
be  fenfible  to  the  tafte. 

flrAWATKa,  or  Water  of  the  fca,  is  an  aflemblage 
•f  bodies,  in  whicli  Water  can  fearee  bf  fiud  to  base 
the  principal  part:  it  is  aa  unitcrlal  colitm'et  ofaQ 
the  bodies  iu  nature,  fuAained  and  ki  )jt  riv'imi.ing  in 
Water  as  a  vehicle  :  bcinj;  a  folution  vi  comnjou  iait, 
fal  catharticus  amaru^,  a  ftlcnitic  iubnauce,  and  a  com. 
pound  of  muriatic  acid  with  mai'.iKfia,  n^ixcd  together 
in  various  propoitiuns.  It  f«ay  be  frclhened  by  limp'c 
dilliliation  without  any  addition,  and  ihiuit  has  ((.me* 
times  been  ufefiil  in  !uug  voy;tg«stt  fea>  Sea  Water 
by  ^ifeli  has  a  purgative  quality,  owii^  to  the  bits  it 
cuijtai:)$ ;  and  has  been  greatly  icconuneitdcd  in  fcro* 
pbukMia  difoidcrs. 

Sea  Water  u  about  3  patu  in  100  heavier  tfiaa  com- 
mon Water;  and  its  temperature  at  grcnt  Jejj!?  .  il 
from  34  to  40  dejjnecii ;  but  near  the  fuifact  it  I'ollows 
more  nearly  tla  lnujitrature  of  the  air. 

Snow  V^A  ftu,  ii>  the  purcd  of  all  the  comtnoa 
Waters,  when  the  fnow  has  been  colKdled  pure.  Kept 
ia  a  warm  place,  in  clean  jjlafs  vefiels,  not  clofcly 
topped,  but  covirtd  from  dull,  &c,  fnow-water  be- 
comes in  time  putrid  ;  though  in  ucll-Uopped  bottkt 
it  remains  unaltered  for  ftvcral  yeats.  But  dItiOed 
Vr'^atcr  fufferano  aiteiBtMW  in  cither  circumilaitee. 

Spring  WATta  il  coauuonly  iicpregnatcd  with  « 
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fmal!  pflrttofl  of  imperlVft  seotnl  Aft,  rat  rifted  tttm 

ih:  ilitrtrciit  Arata  through  which  it  perc  .lj:->i.  S  n  e 
contain  a  vaft.  cjuatitity  of  ftony  mtter,  wuic'i  ihi-y 
dcpofit  at  th<ey  run  alon^,  and  thus  form  mafTi;!  of 
flonc  ;  fcimtftim-v"!  inrniftatinf^  an'fns!  and  vege- 


table matters,  'vhiL!!  ;lit:v  i' 


wvf  in  a 


SjmnK-W'aier  is  much  ufcd  iot  domc'tic  purpoici,  and 
da  ■coonnt  of  its  conlueft  i>  an  agreeabls  drink  ;  but 
OB  account  tff  tta  beiag  nrually  fomewfaat  lufd#  is  infe- 
rior to  that  wHch     ran  for  «  caaiMcwMe  mr 

channel. 

Spring-water  «rifea  finib  the  nSn,  and  from  tlie 

mifls  and  moiflurt  in  the  attnofphcre.  Thefe  filling 
upon  hills  and  other  ptits  of  the  e-drtfa,  foak  into  the 
ground,  and  pafs  along  liUthcf  find  »  WK OSt  tgno, is 

the  form  of  a  fprin^. 


WaTER-/-.'A's-:  J, 


).  r 


blowing  air  into  luruaces,  that  ne  worked  by  the  force 
«f  water. 

YfkVtX'Ctock.    See  ClirsYDttA. 

WATEa-^MffW.  an  engine  fiir  cMtngj^niflnng  firea  | 
or  any  ^gtne  to  raifc  water;  or  any  engine  ntoved  bf 
the  fotce  of  Water.  See  EKCias*  and  Sfrtkm-Bif 
gine, 

W wtn-Gage,  an  inftrument  for  meafiiting  the 
d?pth  or  quantity  of  any  water.    See  Gags. 

WATSn-Z-nr/,  it  the  true  IcTi-!  which  the  fiirface  of 
flill  Water  takes,  .1  i  1     thi.  tiui-i*  of  ,u\\. 

WATtR-Li/^rt/,  in  Si.  i-I,.ini.;'.i:i^-;L-,  dcnntcs  the  ilatC 
of  a  ftlip  when,  b)Tecei'.  :n^' 1  giv;;;  q'liritit  jf  of  Water 

into  her  hold,  by  leaking,  lcC|  (he  has  become  heavy 
awltnaAiTe  upon  the  fca»  (baa  to  yield  without  refitU 
■ace  to  the  effint  of  every  ware  niAing  over  her 

Water- Jfw&'ar.   See  Ma  c  h  tji  r . 

Water  Mra/kre,  Sak,  fca-coal,  &c,  while  Ofi 
Ijoard  vcirds  in  the  pool,  or  river,  arc  mtnfurci!  wiih 
the  corn-bu(hel  heaped  up  ;  or  elie  5  tUikcd  peck',  arc 
allowed  to  the  Vjui}itl.  Tliis  is  called  Water-lneafmc-  • 
and  it  exceeds  W  inchctler-meafure  by  about  3  gaUons  in 
•the  bulhel. 

V! Kiz^-Microfccpe.    See  Mtcaosco)-!::. 

V^jLif-n-Mill.  SccMitL. 

Mttu»  of  Watek,  in  Hydnub'ca.  The  iheoiy  of 
themotton  of  running  Water  is  ooe  of  the  priaoipal 
o1>jc£ls  of  hydraulics,  and  to  arbiA  many  eminent  raa^ 

theinaticians  have  paid  their  attcntiOB.  Bot  it  Were  to 
be  wifhed  that  their  theories  were  more  cor  fit'Vuir  with 
each  other,  and  with  experience.  The  irt^'i-ihivt-  rt  jdtr 
may  confiilt  Newton'»  IVincipIn,  t  b.  pr.  36,  with 
the  comment.  Dan.  Beraoulli's  Hj(J.iKiMi:im!Cj.  J. 
Bernoulli,  Hydraulica,  Oper.  torn.  4,  1 .1.  j.  D:. 
jurin,  in  the  Philof.  Tranf.  num.  4(2,  or  Abriiig. 
vol.  ^»  p*>  si'*  Gravcfandc,  Phyfic.  Ekm.  Maihtm. 
lib.s*PBr*  **  Maclaurio's  Flax.  art.  527,  Poieaide 
Caftdlw*  XimcBei^  D*AleflDfa«%  BoSii*  Boats  and 
nanyolhenb 

But  notwhbltaadiag  the  labourtof  all  thefe  enident 

authors,  this  intricate  fubjeft  (lill  rcmnins  in  a  great 
mcafure  obfcure  and  uncertain.  Even  the  liroplc  cafe  of 
thf  nKu'nn  of  running  water,  when  it  iliucs  imm  a 
hole  in  the  bottom  of  3  veflel,  has  r.evt  r  yet  lien  Jcttr- 
mincd,  fo  as  to  give  universal  latisfaitiori  to  tiir  loari;- 

.cd.   On  this  facad|  it  is  sow  frcivj  j^eoeraU;  aUowed>  , 
Vol*  IX« 


4at  tbe*«Ioc!ty  of  the  iffuiag  ilna-n,  is  equ^l  fo  that 
which  a  heavy  body  acquires  by  falling  through  the 
height  of  the  fluid  above  the  hole,  a»  mjy  be  denion- 
*V>ted  by  lht-^ry  :  but  in  pruciicc,  the  qj'antity  &f  the 
effluent  Water  is  ranch  Icl*  than  » l»jt  ii  g:ven  by  thia 
ihcor^- ;  owin^  to  the  obftruflion  to  the  motion  in  the 
hole,  partly  from  the  fides  of  it,  aod  partly  ftom  the 
different  directions  of-  the  porta  of  the  Water  in  enter- 
ing  it»  which  thence  obllnia  each  otherl  inotion.  And 
tills  obftniAioo,  and  the  diatiniirion  ifi  the  quantity  of 
Water  ran  out,  is  (till  the  more  in  pru])  >  '1)^  ine 
holeiitbe  fraallcr;  in  fuch  fort.  f?int  mi  t!.r  liole  is 
very  fm all,  thctpjirt  tv  1.  Jimm  ihcJ  m  the  r:'.'io  :>f  ^/j 
t»  I  very  nearly,  uhxli  u  the  tstiu  of  ti.c  grt.iiell  di- 
minuti  11  ;  ar  I  to;  hrger  holes,  the  diminution  is  al- 
wsyitl.  Is  inJ  I.  i.  This  faa  is  afcmaincd,  oradiBitte<l 
ly  N\\«t  .i  $d  all  the  other  pbiloli^hen  abofcoieao 
tioned,  with  fome  fmall  miatione. 

Tltal  the  wkehf  of  the  Water  in  the  hole,  or  at 
leaft  fome  part  of  it,  as  that  for  exampk  to  the  middle 
of  the  tlrtaann,  t*  cqiialto  that  shoreaeittioned,  la  ew« 
erinced  by  experiment,  by  diiefiiog  thcftream  either 
fidewayt,  or  upwards«t  for  in  the  former  cafe,  it  it 
found  to  range  upi-i  h  ^ri/o:i  al  plane,  a  diflance 
that  juft  anfwerj  to  tnut  vcloc;ty,  ly  the  nature  of  pro- 
jeftiles;  and  in  0  ■:  lattcr  cv.-,  ihe  jt-t  lif-t  lu  ulv  19 
the  height  of  tli  -  Wuter  in  iKc  vcflci;  wijt»;h  it  could 
ihit  it"  its  1  city  were  not  equal  to  that  acquired 
by  the  free  defce.nl  of  a  body  thrv^gh  that  height. 
Hence  it  is  evident  then,  that  the  portictca  of  the  Wa- 
ter, which  are  in  the  hole  at  the  lame  moment  of  time, 
do  not  all  burft  out  with  ihelane  velocity ;  and,  in  faa» 
the  vciodty  i«  fiMond  to  dccreafe  all  the  way  from  the 
middle  of  the  hole,  where  it  is  grcatefl,  towards  the 
iideoredge,  where  it  is  the  Icafl. 

At  a  fmall  diftance  from  the  hole,  the  diameter  nf  the 
V("n  iiA^  iiUT  is  much  Icfsthan  that  of  ili,-  licle.  Thi;-, 
if  tlic  dianittcr  of  the  hole  be  t,  the  dwrneti-r  f  f  tlic  ■ 
vein  of  Wat.  r  jull  v,  ithout  it,  will  be  or  o-'v.,,  ac- 
cording to  Newton's  mcafure,  who  fird  obfcrvcd  this 
phenomenon  t  and  Koording  to  Pokni's  mcafure  0-78 
ncirly. 

By  the  experioients  of  Btut  (Priodpej  d'Hydrauli- 
flae),  the  qwmtitjr  by  theory  is  to  that  by  experitnen:, 
for  afimaU  bole  made  is  the  ibm  fiJe  of  a  refcrvoir,  as 

fl  to  ft  When  a  ftiort  pipe  is  added  to  the  hcle  out- 
wards, of  the  lenj;tli  of  two  or  thr.c  timiisiu  diameter, 

t!.;it  r„l;-)  i>  -^^  lb  W,  I  3.  And  when 
llic  (IiQit  pipt  is        V.  itl.iti   Tide  the 

veilel,  as  i;i  t'.f  tijc  fame   , 

ratio  become?  liuit  of  3  to  2.  Poleoi 
alfo  found  that  the  quantity  of  Water 
flowing  through  a  pipe  or  tube,  was 
much  greater  than  that  through  a 
hole  of  the  fiime  diameter  in  the  thia 
£dc  or  bottom  of  the  telK;!,  the 


bctsht  of  the  bead  of 
cacm  being  the  fame. 

^umQances  in  Bn.^;': 


Water  r.oo-.f 

See  alfon'^ny  oihrr  ii-.ti',uj  cir- 
I'rinclpcs  above  rr.ti  tunu-tj. 
Someauthorj  give  tliis  rule  for  finding  the  height 
due  lo  the  vdocity  iti  a  fla  orifice,  or  a  medium  atnong- 
M  the  parts  of  it,  [uch  \hit  this  mediuih  velocity  bclog 
dr.iwn  intg  tlic  p  reauf  the  hule,  (liall  give  the  qoantltr 
j>er  lecond  that  runs  through :  nx,  bt  ^denote  tb« 
4*  ami' 
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ttt*  of  the  fcrface  of  tht  Water  in  the  f^ffel,  a  the 
Miea  of  the  orifice  by  wbith  t!ie  Water  Iflt-.i  !,  and  H 
the  heig;bt  of  the  Water  above  the  oriiive  ;  ihcii, 
vtZJl  —  tt  X  A  It  H  t  the  height  due  to  the  meditjai 
velocity,  ot  the  height  from  which  a  bod^  nnft  frecljr 
d^'r<-kMid,  by  the  fbive  of  gravitf ,  to  acquire  that  ineaui 
veli.-fity. 

i\  t^thors  are  not  ret  agreed  as  to  the  force  with  which 
a  VL'inof  Water,  fpouting  fiom  a  niiinii  Imle  in  the  fide 
of  a  vrlTel,  prefli*  upon  .<  plane  dircftly  oppofcd  to  the 
motinn  of  the  veir.  IMmf  a'.-thiirs  agrt---,  t?!-!?  tbc 
picfliii\'  of  thil  r^-in,  ■'.viii.;  utiiuttn-Iy,  o;;gii".  'iiiu- 
equal  to  the  weight  of  a  cylinder  of  Watett  whole  bafe 
h  equal  tq  the  hole  thrungh  w  hich  the  Water  flows,  and 
its  lici^^lit  equal  to  tl.r  l  i^ht  of  the  Water  io  the  »ef- 
k\  abi  vc  t!ie  holi:.  The  tx^ierirtteuts  made  b>*  Mariotte, 
and  orlu-ri,  fLCrti  to  ci  uii'.cnHnc-  thii  Oj ::iiicin.  But 
1^.111.  HcVKi'illi  rt;ef\»  it,  a".d  c!'i!::Jti  s  this  jircfTurC  by 
the  weii  l;t  of  a  culiimn  uf  tlie  jl'.ilj,  whole  di;inieirr  is 
cq  ia!  to  liic  poiitradcd  vein  (acmidin^j  ti>  Nvvvtori's 
olifen  Mlioii  ;il>ijvemen;i"<!ieil),  :iiid  the  ln.^ht  of  \vli?«.h 
ii equal  to  lionblc  tlie  .il^Itncic  ilui-  to  the  rea!  vclo-Jty  of 
ihefpnutinp  Watrr  ;  and  this  jJiclTi.re  is  slfo  eijiiid  to 
tlie  fuuv;  oi  lepiiliiun,  arifing  iram  the  rcadion  of  the 
Ipouiitif:  W'nf  er  upon  the  trefltt.  The  inf^ntout  author 
len-.arlts  that  he  ip^uks  only  of  fio;;!;^  vcir.3  of  Water, 
the  uholc  of  which  aic  r^ictivcd  liy  the  plinrs  up'iu 
which  ihcy  prcfi  ;  for  as  to  thej  rcllwres  tXL:ti:d  by 
flji.li  RirtDiin.iing  the  bi>dic*  tiny  prifs  Upon,  as  tlie 
winil,  or  a  river,  the  cafe  is  different,  tlioiijrli  con- 
founded \\ith  the  former  by  \vriie;-s  ou  tliis  fibjccl.  Hy- 
drt»dvnai]i:ca,  pa.  289. 

Another  ride  however  had  been  adopted  by  the  Aca- 
demicians of  Parb,  who  made  a  number  of  expcri- 
ir.enis  to  confirm  or  elbbliih  it.   Hift.  Acid^  PariS). 
ann.  if^'y,  fs.'-*^.  3,  cap.  5. 

1).  B.'rin);  i:i,  i  n  tru-  i:-A-rx  t1'.ink«  hls  own 

theory  fatSeiuiirlv  c.l a' il. ilnd  by  ttie  esperiments  he  re- 
lates;  for  the  p  t'  ti.'.:.  I  . '.>f  which  fee  the  Ada  Pctro* 
politaoa,  vol.  i>,  pa.  iti. 

-  Thisingeni'*"*  ;iuthtris  of  opinion  that  hii  theory  of 
the  quanllly  of  the  iorcc  of  rr;«tiru)n,  exerted  hy  a  vein 
of  fpouting  Water,  rni^ht  be  ufiriilly  ai  filled  to  move 
fliipa  hf  pompioi^;  and  liie  thinks  the  nn»Uon  produced 
hf  this  repulfive  foice  would  fall  Kttle»  if  at  all,  Ihort 
of  tti.ic  p  educed  tiy  rowina;.  He  has  given  hisi  re^- 
fons  and  computations  at  length  in  his  Hjd.odyna- 
asica,  pa.  293  ic. 

This  fcieiice  of  tlte  prctRues  exerted  by  XA'.itir  or 
other  fluids  in  motion,  is  what  Bernonlli  calls  Hy  U.  -u- 
lico-fl:i!ica.  This  fciencc  differs  fro^ii  hydroiiatics, 
wh'ch  confidcrs  only  the  p.-«fl"ure  uf  Water  and  other 
flvida  at  reft ;  whereas  hydraalico-Aatics  confiders  the 
pfcfloK  of  Water  ii»  notion,  Thns  theprrflbre  ex- 
erted by  Water  moving  through  pipcsi  upoo  the  fldeaof 
thofc  pipes,  is  an  hydtautico-naticat  connderatron^  and 
hasbt.cn  erro  iCoi;fly  liitnnnried  by  fnais^',  \v!,o  L.i%e 
given  nooihtr  rules  in  liieic  cafes,  but  fuch  as  are  ap- 
plicable ooly  to  the  preffart  of  fluids  at  reft.  See 
Hydrodynsm.  pa.  2c6 &c. 
WATEm-Ag|l^.  »re  Hvdromstbi^  and  Aasosn- 

D;  .  H-ijk  contrived  a  Water-poife,  which  may  be  of 
good  HcnkeiilJCUBaiaiBg  the  purity  ftc  of  Water...  It 


♦  ]  WAV 

confifls  of  a  rotind  gkf*  ball,  like  a  bolt  head,  akoittk 
3  iiicbet  diameter,  wiUi  a  narrow  ilem  or  neck,  tbe. 
j^th  of  ail  incbmdiatnctcri  which  being  poifedsrith. 
red  lead,  fo  as  to  make  it  but  little  be»rt«r  than  pure 
fwcrt  Water,  and  thus  fitted  to  one  end  of  a  fine  ba- 
lance, with  a  counterpoifc  at  the  other  end  ;  upon  the 
tcaft  addi'ioii  of  even  the  20Q'"th  part  of  fall  to  a  quan—  - 
tity  of  Water,  half  :»n  ineS  oS  the  neck  willcncrge 
above ilie  water.    Philof.  Tranl  num.  ig-ji 

Raifing  of  Watbr,  in  Hydraulics.    The  great  ufe. 
of  railiag  Water  by  engines  for  the  various  purpofcsoCi  . 
life,  is  well  known.   Machines  have  in  all  ages  lieen 
contrived  with  tliis  view  ;  a  detail  of  the  bell  of  which^ 
with  the  theory  of  their  con(lru>fiion,  would  be  very 
curious  and  intlr;i6!ve.   M.  11'  li  ii.r  has  executed  tins 
in  part  in  his  Architecture  11-  orjul  que.    Dr.  Dcfagu-.- 
lien  has  aMi)  given  a  d«.(i     'i-  i-  ui'  levtral  engines  to 
raife  \V  ater,  ia  bis  Courlcot  Kxperimctital  PhilolopbT^i 
vol.  2 ,  and  there  etc  Cmaal  other  foallcr  works  of  tne. 

fame  kind. 

i'jiginct.  for  laifing  Water  axe  eitbar  fuch  at  thiow 
it  «p  with  a.grett  vdocitf as  in  jets';  or  fuch  aanuCc  tt, 
from  one  place  to  anotnec  by  a  f||ent]e  motioa.  Fo«> 
the  gcnr:  i'  t-uury  «f  thde  eagmes,, fee  Benundti^*- 

Hydrodynanuca. 

I')cragiilii-i.'i  has  fcltlcil  the  maximum  of  engines  foi» 
railing  waicr,  t!ui»  :  a  man  with  the  heft  Water  engine 
c;ini)ol  rait'e  abj'.c  one  ho;;lnead  of  Water  in  a  tr.inute,, 

10  Icet  high,  to  huld  it  all  day  ;  but  he  can  do  almoft. 
twice,  as  much  for  a  mtoute  or  two.. 

WaTCP.  i'-^'T;/.      J?.C  S?o  VT. 

Water- W/vf/,  an  engine  for  raifinr  Water  iu>, 
mrcat  quaality  outof  adccpwcU,  ftCt  McPkatiM*- 

VfAm-tTcrh,'  See  Jlt^t^  tf  Watei. 

WAVE,  in  Phylics,  a  volume  of  water  elevated  by. 
the  aiftion  of  the  wind  &c,  upon  its  furface,  into  a  ■ 
ftate  of  llufluation,  and  .iLCori.]:snii  d  by  a  cavity.  The  • 
extent  from  the  bottom  or  luwell  point  of  one  cavtty«. 
and  ocnjl';:.  ihi-  ilrv^non,  tothc  bottom  of  the  Mat  ca*. 
vilv,  is  the  breadth  oi'iiie  Wave. 

Waves  are  corfidrrcd  as  of  two  kinds,  whicPi  na^-- 
bc  diilinguiflied  from  one  another  by  t))c  nacnes  of  na* 
tvral'  and  accidental  Waves.  The  natural  Wkves  are- 
thofc  which  art  regtilarlj  proportioned  in  Sat  to  the- 
llrenpth  of  the  wind  which  produces  them.  The^c- 
ridental  W;i\c-  > r,- thofc  occafioncd  by  the  wind's  rc"- 
aftinj.  uj'id  itfclf  by  rcpercuifion  from  hills  or  higU  • 

11  '  :     ;iiu!  l  y  the  dafliing  of  the  Waves  thcmfelvcE,  , 
otherwiie  of  the  natural   kind,  againll  rocks-  and  ' 
(hoalt ;  by  which  means  thefe  Waves  acquire  an  eleva- 
tion much  ah  J  VC  what  they  caa  have  in -their  natural 
ftatc. 

Mr.  Boyle  proved,  by  aumerow  eiperineats^  that  - 
the  moft  violent  wind  never  penetrates  deeper  than  6 

uft  into  tiie  water}  awl  it  feenw  a  natural  confcquence- 
tf  this,  that  the  water  moved  by  it  can  only  be  elcvaeed- 
totlic  fame  height  of  6  Tit  fi      the  level  of  the  furfacc 
ill  a  calm  ;  am!  thefe  u  r.tt  rl  elcvstion  beintr  added  to 
the  6  of  L>,i:;iv,i(ii  11,  in  the  nart  iro-n  wlicnrt.  tli.Lt  water 
f<>  elevated  wasraifed,  fhould^ivc  izfect  for  tlic  utrooft" 
elevation  of  a  Wave.   This  la  a  cakttbtroit  that  dotra- 
grcat  hoDOiirto  its  author }  tt  iniaf  cspeftmeMa  aad- 

«btcr«aliai»« 
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^^crfationi  haw  proved  that  it  if  vtry  iicarJy  uue  in 
deep  fas  the  Wave*  are  purely  natural,  and 

bavc  no  accidental  caufes  to  rtndiT  them  larger  lhau 
their  juil  propjrtion. 

It  u  oot  to  be  uadwftood  boirctcr,  that  no  Wtve 
4>r  the  fea  can  nfe  more  thin  6  feet  whan  ttt  nattinit 
kvcl  in  i!  ;iiulc!-q>  water  |  for  V.'av,  ^  v;iAly  higlicr 
than  iSm<  .;h;  formed  in  violent  tempL-iK  in  the  great 
fea^.  Tiitle  however  are  not  to  be  accou  iu.J  Wave*  in 
their  natuml  ilatc,  but  as  compound  Warts  loimcd  hj 
tfie union  of  many  other*  ;  for  in  t^elc  wide  plain*  of 
vatnt  whcft  one  Wave  in  railed  by  the  wind,  and 
tmmld  elevate  itfelf  up  to  the  cxa^*^  height  of  6  feet, 
and  no  more,  tbe  mmioa  «f  thewauriifs  fptatt  and 
the  fucceffioo  of  Wa«e>  b  qtrick,  that  wliDe  tbia  !• 
tiling,  it  recti Yci  into  it  fereial  other  Waw,  each  of 
uhicli  would  have  been  at  the  i'anac  height  with  itfelf; 
thefert.i.  iim-  ti.L  iliP.  'Wav-  t  m.-  .;:ti  r  .-r.othi.T,  a.  it  is 
riling  ;  by  whiuli  mci«ui>  its  rik  ui:iiii'j.;i;c(i  l.:)n;,;cr 
than  it  naturally  would  have  bttu,  .tiJ  ii  btc  imcs  ac- 
cumulated to  an  enormous  lize.  A  number  of  tiicic 
-complicates!  Wavt«  rifing  tOji;cthcr,  and  being  conti- 
mwdiaa  long  fuccc-niou  by  (he  continuation  of  the 
llonn,  make  the  Waves  fu  dangerous  to  Ihipsi  whicll 
the  fidlon  in  their  phnfc  call  aioviitiiiM  hu;fa. 

DSfltrent  Wares  da  not  difturb  one  anotner  when 
they  tno.c  in  JifTctout  dircftiona.  The  re.ifun  i»,  that 
whatever  iit  i^rc  t;u  Imi  i  'ct  ui  the  water  hat  acquired  by 
the  motion  I'i  tin:  V.' ,ivcs,  tIktc  n.ay  in  that  lis;  sii 
"ration  and  dcprctiiun  j  as  also  iculi  u  ino;ion  as  a  re- 
quired inthcrooiionof  a  Wave. 

Waves  are  oftco  produced  by  the  motion  of  a  tremu* 
lout  body,  which  aUb  eipand  thcm(iel«««  circularly, 
though  the  bodjr  goca  and  returns  in  a  n'ght  line ;  fur 
the  water  wfaicb  it  t*tM  by  the  agiaium,  deibendingt 
(;>rons  a-cayity^  wbkb  it  citey  where  (umiiadcd  with 


a  rilmg, 


The  Motion  of  tht  WavT. 


oft 

ilofi 


Ici  an  article  In  the 
explained 


ar.;  ti.jr  Il.t-  u., 
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their  motions,  and  cak  ul.itc  il  tlu  lr  vduciiy  from  ma- 
thematical principles,  liniilar  to  the  motion  of  •  pen* 
(klum,  and  to  the  recipivcation  of  water  in  the  two 
Icgtof  a  bent  and  inverted  fyphon  or  tube. 

flie  pmpofition  concerning  fuch  canal  or  tube  is  the 
44th  ot  the  sd  book  of  hit  rtiacipia»  and  ia  thia  :  **  If 
water  afcend  and  ddbend  ahenMtcly  in  the  creded  tega 
of  a  onal  or  pipe  ;  ai)0  ;i  ;'raduluro  be  coDlhuded> 
whole  length  between  tilt  puiut  of  fuf^'enfion  and  the 
centre  of  ofciUaf  oii,  is  equal  to  half  the  lenf;th  of  the 
water  in  the  canal ;  then  the  water  will  afcend  and  de- 
fceiid  in  the  lame  time*  in  whith  the  pendulum  ofciU 
Uies."  The  auiiwr  hence  infeii,  io  prop.  45,  that  the 
vciociiy  of  Warn  ii  in  the  fubduplicate  ratio  of  their 
breadths ;  and  in  prop.  46*  be  proceed*  **  To  find  the 
vrlocity  of  Wavev,"  aarolfami  i  **  Letapendnlumbc 
con:trt:cit.J,  whofe  length  between  the  point  of  fuf- 
peniiosi  aisd  the  centre  of  ol'cillation  \i  equal  to  the 
breadth  of  the  Waves  ;  at;d  in  tiie  tr;iL  tt  .it  ihc  pen- 
dulum will  pei  form  one  linplc  ofciliation,  ihc  \>  i»vcs 
will  advance  furwii  d  nearly  a  fp^cc  equal  to  their 
breadth.  That  which  I  call  the-brcadtb  of  the  Waves, 
is  the  tranfierfc  meafarc  lying  between  the  deepeft  patt 
«f  -the  hoUovra,  or  between  the  top*  of  the  ij^ci* 


Let  ABCDEF  rcprefcnt  the  furisce  of  QagnMt  water 
afixnding  and  deKendhv  ia  fnoccflhe  Wavea  1  alio  let 


A,  C,  F.,  &c,  be  the  topi  of  the  WnVcs ;  and  B,  D,  F» 
Ac,  the  iidcrmediatc  hollows.  Bctaiifc  ihc  motion  of 
the  Wavei  is  can  ied  on  by  the  fu-  ccfn  ve  .ilccnt  and  de- 
fceniof  the  wat<;r,  ia  that  the  parts  of  it,  as  A,  C,  E, 
8cc,  Mliich  arc  highefl  at  one  time,  become  lovveP.  im- 

mediatctr  after ;  aad  btcAufe  the  motive  foree,  bir 
which  the  highell  parti  defcend  and  the  loweft  afcentH 
ii  the  weight  of  the  elevated  water,  that  alternate  af- 
ccnt  anddefcent  will  be  analogous  to  the  rrciprocsl  mii^ 
tion  of  the  water  in  the  canal,  and  obferve  the  fame 
laws  as  to  the  times  of  its  alcent  and  defcent ;  atid, 
therefore  (by  prob.  44,  above  mentioned)  if  tlie  dif* 
tances  between  the  hijhcll  places  of  the  Waves  , 
A,  C,  E,  and  the  lowdt  Ii,  D,  F,  be  equal  to  twiic 
the  length  of  any  peuduium,  the  higheft  parts  A,  C,  i:> 
will  become  tllC  lowell  in  the  tiim:  of  one  ofcillatiory 
and  xA  the  time  of  another  ofeillMton  will  afcend  again. 
Theftfore  tMTtwern  the  pniTaj^e  of  each  Wave,  the  time 

of  tsvo  i-fci!!ati>  wiii  i:,lL  i  m  ft;  ;  'Lat  i«,  ihc  W.r.C 
wiUdekiibe  it!  [ji\,iilt!i  111  tl.  j  ciit.c  tlut  the  jKoduluni 
will  ofcilUtc  twitL-  ;  l)iit  a  j  L-:n!iil'.im  of  4  times  that 
lenrth.  and  which  therefore  ii  equal  to  the  breadth  of 
the  ^s>.^cs,  w3I  jnft  olollatc  once  in  that  time*. 
<2.  E.  I, 

**  Carol.  I.  Therefore  Waves,  wliofe  breadth  I* 
eqtuil  to  i,r,\  iachet,  or  i\if  feet,  will  advance  through 
a  Ipr.cf  r  jinl  to  their  breadth  in  one  fecond  of  time  ; 
and  therefore  in  one  minute  tlicy  will  go  owv of 
195^  feet;  and  in  an  hour  a  fp.-.ce  of  I17';  Ui-t,  :;c.ii- 
ly,  or  2  miles  and  almoll  a  q  ijrttr. 

"  Ctto/.  j.  And  the  vi-l.tviiy  of  greater  or  hi? 
Wave»,  will  >><  .1  i,::iicnted  or  diniiniffii.^  in  the  fubdu- 
plicate ratio  of  their  l)n;iJ;"(i. 

*•  Tlafc  thinj^ii  (N--»Miiri  aiilO  arc  true  upon 
fiipjjofiiion,  that  the  ]>artg  of  wntcr  afcend  or  defcend 
in  a  right  line  {  but  in  fa  A,  that  afcent  and  dcfocnt  ia 
rather  perfofBied  in  a  cinHe  ;  and  therefore  I  propt»fd 
the  time  defined  by  ihlt  propu^tion  ae  only  near  the 
trtith." 

Sti/iirt^  Wavfs me.iTit  if  C;L  Thi;  woniIi;n  l 
properly,  ihuiigh  well  known  to  tl.e  Aii<  ifn:!!,  Lii  .ij.- 
pcars  from  the  writings  of  Pli.iv,  x:di  t>>r  ni.my  !i  ;t.s 
either  «juite  uimoticfd,  or  trc.itcd  a^  f.ihuirHjii  by  1  x- 
cerding philofophrrs.  Ofhitc  it  las,  by  mean-,  of  Ui. 
rr«nicun»  again  attra^ci!  the  attention  ot  t^c  lcd"i<  '  ; 
though  it  appean*  &om  fomeanecdotcs,  that  (ea&rtn^ 
people  ha?e  always  been  acquainted  with  it.  In  M:;r- 
tin's  dcfcription  of  the  Wcltein  Iflsrdf.  of  Sirot!;iii;i,  w  ■? 
have  the  following  p-ilT-ge  ;  "  The  ih-wiitd  of  K  l  i,.,  '  • 
who  lives  in  Pabbay,  is  atcuftomcd,  in  time  of  a  ftomi, 
to  lie  a  bundle  t>f  piiddiiign,  made  of  llie  fat  of  ft  i. 
fowl,  to  the  end  of  his  cable,  and  lets  it  fall  into  tiie 
fea  behind  his  rudder.  Th'i,  he  fays,  hinders  the 
Waves  from  brcikintr,  and  calms  the  fea."  Mi.Pc  i- 
naot,  in  Wi  Uiitifli -Zookigyt  vokiir,  under  the  article' 
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Seal,  talvi  oB^ieK,  tint  uriw^tlielcmlniaUKTe  devour* 

iog  a  veiy  oily  filb,  which  tbey  atwajrt  do  under vattr, 
the  Waves  above  arc  remarkably  fniootb  ;  and  by  thi» 
mark  tlic  fi)}ii-rine!i  know  whtre  1-  d -J  tir.-n.  .'^Ir  Gil- 
Ix-rt  Liiwfon,  who  fcnred  long  jii  die  jriijy  Gibral- 
tar, afTarcJ  Dr.  Franklin,  ilmt  tlit:  (illiermcii  in  thit 
,  place  arc  accuUomcd  to  puur  a  liitlc  oil  on  ihe  fca,  in 
order  to  It  ill  itt  mution,  ihsl  they  may  be  enabled  tn  (ie 
the  Of  ftera  lying  at  it*  bottom,  which  arc  tlirre  very 
liTge,  and  which  they  take  up  wtthaproperiuilDirrcni . 
A  limilar  pra<flioe  obtaioB  aniong  finennep  la  v»ioui 
«ihi  t  p.irt<i,  atid  Dr.  Frsnllin  wai  iafuumti  by  an  old 
fcj-ciptain,  that  iI.l'  J'lf^c. i..cii  cf  I.iilou,  whin  ..V.  i  t 
to  return  into  llic  livcr,  if  lli^y  faw  tro  great  a  fai{  uj  i  a 
the  bar,  vould  empty  a  bolile  or  tuo  of  oil  into  the  [ca, 
«,'biL'l>  would  fuppicfi  the  b'czkcrs,  and  allow  tbem  to 
jjal  J  Irr^ly. 

Tlic  liodor  having  i  evolved  in  hi*  miod  all  ibcfc 
piecii  »f  infortnaiiou,  became  im  patient  to  try  the  ex- 
periment himlclf.  Atlail  having  an  oniwtDnitjr of ob* 
ftv4-!i)g  a  large  por,a  vcr)'  tonvh  wiui  tbc  wmd,  he 
<!ii  I  ,>cil  a  fiiiall  qiunlity  of  oil  opon  it*  But  having 
at  i.i it  applied  it  on  the  lec-ridc,  the  oil  was  driven  back 
a^.iin  upon  the  fliorc.  Ik  il'.i.  umi-.  ;o  ih;  vviitdvs'ard 
fide,  and  poured  on  about,  a  Ic^-ipv^uu  of  oil ;  this 
produced  an  inftant  calm  over  a  fpacc  fcviral  yarils 
|iE|uarCi  which  fpicad  amazingly^  and  cxtciidcd  itulf 
gradiuilly  till  it  cunic  to  theTcfr>(id«)  raakiog  all  that 
(juarterof  thcpuad,  perhaps  lialf  aaacre*  aa  taMOth  aa 
glufs.   Thit  expeiiment  was  often  repeated  iDdiffitrCttt 

Jilaccs,  and  alwaya  with  fiicceiiti  Our  author  aCMUOU 
or  it  in  the  followfnu  manner  i 

*•  There  ficiiis  l u  l/c  no  iiatiir;il  icpulnon  between 
water  and  au',  to  ktc^i  liicm  Irom  coiiiiug  uiiu  contact 
with  cacli  other.  Htucc  vit  find  a  quautity  of  air  in 
water  ;  and  if  we  cxirad  it  by  mcaus  of  the  air  pump, 
the  (ante  water  agaio  expoi'cd  lu  the  air  will  foon  im- 
bibe aa  equal  qiiantityi— Therefore  air  in  inoiion, 
wbicbia  wind,  in  pafliAg  o«er  the  finooth  furface  of  wa- 
teri  ma^  imb  aa  it  were  upon  that  {nrfacc,  and  laab  it 
into  wnnUea ;  which,  if  the  wind  contiouci,  are  the 
eKtn-.T.t5  of  future  Waves.  The  fm.JL'll  AVavc  once 
vailcddutj  not  immediattly  fubfidc  and  have  the  neigh- 
bouiing  wali:  f;;  iit;  but  in  fubfiiiinj;  Toiu-,  ncaiU  as 
much  of  the  viiitf  next  to  it,  the  fnf*!^  u  (  t  tin-  parts 
makin;:  little  difference.  Thus  a  lli  n^:  drt.ppnl  iu-.o  i. 
pool  laifej  tirft  a  finale  Wave  round  i;  icit,  and  leave*  it, 
by  finking  to  the  bottom;  but  that  full  Ware  fubiiding 
nifita  9  ^coad,  the  fccond  a  third»  aad  fo  oa.  in  cic^ 
clea  to  «  great  extent. 

"  A  fmaO  power  continually  operating^ wttl  produce 
a  great  a£\ton.  A  finger  apphtd  to  a  Weighty  fuf- 
pcudcdbcli,  Ciin  at  riift  ir.uvc  i;  hut  little;  if r; pc:>;tdly 
applied,  though  Nvi-j  m>  ^rc.itir  flrength,  tKtciotiiu 
iucreafe*  till  the  bell  fwinj^*  to  its  utrsioll  I  tiylit, 
with  aforce  that  cannot  be  reftiied  by  the  whole  Urtngi^t 
of  the  arm  and  body.  Thus  the  fmall  lird  raifed  Waves 
being  coatiaually  a(tcd  upon  bv  the  '.vind,^  arc,  though 
<bc  wiod  doct  not  iiicrcate  in  ifrcngtfi,  continually  iu- 
crcafed  in  mgnitudef  riTu^  higher  and  extending  their 
bafet,  fo  at  to  inclnde  a  nil  mala  of  water  in  each 

W-vf,  wt.ith   III  lit  iiuiiun  .ich  «  th   ).';i:it  viu!i"i;cc. 

but  itihcic  be  a  uutwil  1  e^uiiu^n  btiwuca  tbe^paituica 


of  oQ,  Hid  ao  altradioB  bettareea  «il  aid  mtcr,  eV 

dropped  on  water  will  not  be  held  together  by  adhefioft 
to  the  fpot  whereon  it  fall*  {  it  will  not  be  imbibed  by 
the  WR.,  I  ;  it  will  beat  Lbertv  tu  .xjjaiid  itlcil  ;  a.iil 
it  will  fprcaJ  a  furfiice  that,  bt;ri(!<.s  beiug  (rnaotil 
to  the  moll  ;  iLi  .'i  il^'gruc  ut  ]H)lilh,  prrvcut*,  perh-p* 
by  rcprUing  the  oil,  ail  ironicoiatc  contact,  keepiog  it 
at  a  minuto  dillance  from  itfdf  1  and  the  expanfion  will 
continue,  uUthc  motual  repiilfio«  between  Uk  paiticki 
of  t  he  oQ  is  weakened  Mid  cedacedto  nothiagbf  thcv 
diftanee. 

Now  J  imagine  that  tbe  wind  blowing  a>«vr  wiler 

ihu'i  r.iv::r.':l  1  fitni  <jf  m'  c.iiirot  ca!i!y  catch  upoa 

Jt,  j,-  tu  :;iifc  llic  Util  v^mikliL,  but  fltocj  orcr  :l, 
and  leave*  it  fmooth  as  it  fuid.^  1:.  It  movci;  th;  jii  4 
little  indeed,  which  bvln^  between  it  and  the  water, 
ferws  it  to  Hide  with,  and  prevent*  fri^ion,  as  oil  ioct 
between  thofc  p.irt*  of  a  machine  that  would  otherwiCe. 
lub  hard  togclhir.  Heitce  the  oil  dropped  00  the 
windward  iide of  a  jwnd  pmccedajgndutUy  tokcinid». 
MnMybefeen  b^  tbe  GonoDthwft  it  carrieawitb  itqnte 
to  the  oppofite  tide.  Fortbe  wind  being  thus  prevented 
fi  om  railiRg  the  fird  wrinkle*  that  I  call  the  cleOicntiof 
Waves,  i.  ,i:iiiot  j  ruducc  W.fvcs,  whiih  air  to  be  nuJcby 
ColltiuiuiUy  ai^tiug  upou  and  culargiiig  tliulc  elenicnt> ; 
and  thu*  the  whole  pond  >>  calmeii. 

"  Totally  therefore  wc  ajight  lupprcts  the  Wave*  iit 
any  required  place,  if  wc  could  come  at  the  windward 
place  where  tbejr  take  their  rifie.  Thia  ia  the  ocean 
CM  Celdom  if  ever  be  done.    But  licriupa  fomeihiof 

a be  done  on  pnticukroccafiMialo  lodcwtc  we 
tee  of  the  Wavea  when  we  are  hi  the  nidft  of  then, 
and  prevent  their  brca'.:n;;  vvlitii  th.it  would  be  incon- 
venient. For  when  the  witiJ  blows  frcili,  there  aie 
coritiiiually  riling  on  the  back  ot  every  threat  Wave  a 
number  of  fmall  ones,  which  roughen  iii  lurface,  and 
give  the  wind  bold,  a»it  were,  to  pufb  it  -A-hh  greater 
force.  Thi*  hold  i*  dimiiiilbcd  by  preventing  the  EC* 
neration  of  thnfe  fmall  ones.  And  poillbly  too^  wSm 
a  Ware'*  fui£Me  iaoikd,  the  wind,  in  pafiing  o(0 
it,  may  rather  in  fone  degree  prefa  it  down,  «nd  caa> 
tribute  to  pfctcM  It*  lifiug  agaii^  iaflcnd  of  pnMMU 

ing  it.  • 

"  'ri.is,  a  mere  conji  (.nurc,  wcultl  have  lit  tic  »vtigbt, 
if  the  .ipparent  eifc^*  of  pouring  oil  into  the  midu  of 
W.1VC3  u  Lrtnot  c«nGdenibICr.MdM  yet  not  othenrib. 

accounted  lor. 

**  When  the  wind  blowalb  frdb,  at  that  the  Wavea. 
arc  not  fufficicntl]^  ipiick  in  obcyinj;  its  impuUc,  tfacir- 
topa  being  thinner  and  lighter,  are  pufhed  foraow^ 
braltcn,  and  tmmed  over  in  a  white  foam.   Comiasa  ■ 
Waves  lift  a  vdKd  without  enunag  it  i  but  thcfc^  taken 
I.irgt',  fontetimeabicnk  ihofc  and  poor  oter  it»  doiof . 

"  That  liiibcfTt  di  mijjht  in  any  degree  be  prevented, 
or  the  height  and  violence  ot  W-avc*  in  liie  tea  mode* 
rated,  wc  bad  no  certain  account  1  I'liny'i  authority  Ivr 
the  pra&ice  of  feamen  in  hi*  time  being  flighted.  But 
difcuurfing  lately  on  thit  (ubjcCt  with  bi*  exccUeocy 
Count  fieotinck.  of  iiulktnd,  hi*  ibn-  the  hononnhk:. 
Captain  Bcntindt,  and  ibe  learned  profcflbr  AUanaH 
(to  ahom  1  (bowed  the  t-xpcriiuciit  ot  fmoothiag iu 
a  M'lndy  da/  ibcJarge  piece  ut  water  at  tiic  bcadof  the 

gniff. 
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jnetn  ptirk),  a  Ittrer  was  mentioned  which  hari  birn 
Ttxcivcj  by  tlic  Count  frum  Ejtavi.i,  relative  the 
faving  of  a  Dutch  (hip  in  a  iiorm  by  pouring  oil  into 
the  tea." 

WAV  of  m  Ship%  it  fomctintM  iiTcci  for  her  wake  or 
track.  But  more  commonly  the  term  i«  undciflMid  of 
the  covHc  or  progrett  which  flie  mAm  00  the  water 
timler  ftilt  tbtiti  when  (he  bef^ni  her  motion,  (he  la 
f»id  to  be  unJfr  tVay  ;  when  lliat  inotiun  iiirrcsfr  ,  flie 
i»  faid  to  hare  fre/h  H'liy  thioi'ijh  the  witer  ;  when  ilie 
goes  apace,  thty  l.iy  /l^  bai  ii  ;i^>u</  H'ny  ;  am)  tlic  nc- 
count  of  her  ratr  uf  Uiiiiig  by  the  ^o^t  x.\\t.f  call,  intp- 
ing  OH  account  nj  her  Way.  And  bccaufe  moll  (hip«  are 
apt  to  fall  a  little  to  the  leeward  of  their  true  courfr  ;  it 
M  cuftomsry,  in  calling  up  the  log-board,  to  allow 
fanethm^  for  her  Inmard  JIKm,  or  htvay.  Hcnoe 
aUe  «  Ihip  tt  faid  t»  h««e  htui-Hftnt  tmiJfitrn-Waj, 

WAYW13ER,  an  inftnKncnt  for  raeafuring  the 
road,  or  diflancc  travelled  ;.  called  alfo  pBaAuauLA. 
TOR,  and  PEDOMiT-ta.    Set  thcfc  two  article*. 

Mr.  Lovtll  IvJg worth  cominntiicatfii  to  tlic  Socittr 
of  Arts,  &(.,  ^11  account  of  a  Way-wiftr  of  his  inven- 
tion ;  fur  which  he  obtained  a  liivcr  medal.  Thi>  ma- 
oiiine  conlilla  of  a  nave,  formed  of  two  round  flat  pieces 
of  wood,  t  iucb  thick  and  8  inchei  in  diameter.  la 
each  of  the  pieces  there  are  cut  eleven  grooves,  ^  «f  an 
iaeb  saide,  and  {  deep  \  aad  whcs  the  two  pieces  are 
fcrewed'together,  they  endofe  eleven  fpokes,  formirg 
a  wheel  of  tpukes,  v.Tlhoul  a  r'm  :  th  ;  circumfcrrntc 
of  the  wheel  is  exttily  one  pole;  and  the  inftruiiiciit 
may  be  cal'ily  taken  to  pieces,  and  put  up  in  a  rm;ill  coni- 
jKifs.  OntacS  uf  the  fjMkeshllierc  it  driven  a  lem),  to- 
prcTtiit  tlum  from  wearing  out ;  and  in  the  centre  of 
tlie  nave,  tlicre  it  a  fquare  hole  to  receive  an  axle,  lato 
this  hole  is  infcrtcd  an  iron  orbraf*  rod,  which  haathc 
tlvml  of  A  vrrjr  fine  femr  trarkni  upon  it  IrofB  ooe 
aid  to  the  sther  {  apoB  thia-fcmr  haga  a  nat  which}. 
at  the  rod  taraa  Kowad  with  the  whMl,  advance*  to- 
tmwdt  the  «a«  of  the  wbcd  or  recedes  from  it.  The 
nut  docs  this,  bei  jiife  it  Is  prevented  from  turr,in|^  round 
with  the.Txle,  by  iiavin^  its  centre  of  {;i  .miy  placed  at 
fume  dilLince  btlow  tliL-  roii,  fu  ;ilw.iy>,  to  hang  per- 
pcfldtcuLurly  liaie  a  {^ummet.  Two  lidcs  'A  thisfcrew  are 
filed  away  flat,  atid  have  figures  engraved  upon  them, 
talhcw  bv  the  progrellive  motion  ofthe  nut,  how  many 
circMomwiitiions  of  the  wheel  and  its  axle  have  been 
BMide:  OB  oae  fide  the  divifiooaof  mileif  fiirioan,  and 
pole*  are  ina  dureft  order,  and  on  theotherfide  the  fame 

divifions  are  placed  in  a  rctrii;:;raJe  ortlcr. 

If  the  pcrfon  who  ufce  this  ma':hi[;c  jilnces  it  at  K!s 
riy;lit  hand  tide,  holding  the  ;;xle  l<ri>K'ly  in  bis  hands, 
and  walks  foiw.ivd,  the  wheel  will  revolve,  and  the  But 
advance  from  the  extremity  dt'the  lod  towards  the  nave 
o^the  wheel.  When  two  miles  have  been  mcafurcd,  it 
mil  have  coaw  ck»fe  to  the  wheel.  But  to  continue 
tUa .flwafilfMnentk  aothiwaiore  it  aeoeflarj.  than  to 
pfaiee  the  whed  at  the  left  haadof  the  opcntor  ;  and 
ahe  nnt  will,,  jn  he  coatiniica  the  eowrfe,  recede  from 
the  aalctfee,  till  anotlier  fpaee  of  two  miles  is  mea- 
fured. 

It  appears  from  the  toullruvt.on  of  thu.  tmcliin-, 
that  It  I  peratcs  like  circular  compnTts  ;  ;.nd  tiuca  not, 
like  the  csnuwio  wheel  Way-wiiict^  meafure  the  furfacc 
•femy  Itoflc  and  oiolidull,       butpaJIca  ever  agA  of 


the  obflacirs  it  meets  wth,  and  mcafures  the  chorda 
o!ily^,  inilcadof  the  am  of  aoj  enifcd  fotfiwethpoa 
which  it  roils* 

WEATHER,  deuoteithe  flatr  or  difpohtion  of  the 
atmofphere,  with  regaid  to  heat  and  coki«  drought  and 
moiftare,  fair  or  foot,  wind,  lahi,  h*^  fioft.  fiww* 
fog,  ftc.  See  ATMoarsaai,  Haii^  Hsat,  Fcoit, 
Itarw,  ftc. 

There  doe?  not  f:tm  in  all  philofophy  any  thiiig  of 
more  imnudiatc  eooternment  to  u^,  tlijo  the  ftate  o'* 
theWeal(;i  r;  as  it  is  in,  and  by  ir:e,i;is  of  the  atam- 
fphere,  that  itil  plants  arc  nouriihcd,  and  all  aiiitn.ns 
live  and  breathe  ;  and  as  .my  alterations  in  the  denfity, 
heat,  purhy,  &c,  of  that,  mull  neceffarily  lir  :ittend« 
cd  with  proportionable  ones  in  the  Hate  of  tl  ':!,;. 

The  ntat,  hot  reguhir  alterations,  a  little  change 
of  Weatoer  nuike*  in  m^ny  paits  of  inanimate  raatier, 
every  peilbn  knows,  i.T  the  common  iuflance  of  haro- 
mcteis,  thermometers,  hydrometers,  &c ;  and  it  is- 
ou  iiijr  partly  to  oi;r  ir.attciitiou,  and  partly  to  our  tin- 
equal  a:!d  iiite;Ti[ier4tc  couifeof  life,  that  we  alfo,  like 
rr.aiiv  other  a:iin:als,  do  not  Jcel  .1^.  ;;!c:it  r-m!  a=.  regular 
ones  in  (he  tubes,  chords,  and  tibrcs  of  our  own  bo- 
dies. 

To  eftab!i(h  a  proper  theory  of  the  Weather,  if 
mold  be  necvflary  to  have  regi Hers  carefully  kept  in  di- 
vers pant*  of  the  j(lohe,  for  a  long  ictiet  of  vca»  | 
frmn-wheoee  we  mijcht  be  ettabkt)  to  determine  the  dU 

rrt^'ona,  breadth,  und  botinds  of  the  windt,  andoFihc 
«  ea'.her  thty  brinj»  with  them  ;  with  the  corrclpoii  jtnce 
between  the  Weather  of  divers  place;,  and  t!ie  differ- 
ence  bttween  one  furt  .ind  aviotiier  at  the  fariic  place. 
A\'^e  iriiglit  thiii  in  t.mc  li-arn  to  foretell  m;ii)y  great 
emergencus ;  a  ,  extraordinanr  heats,  lains,  frolla, 
droughts,  dearths,  aodevm  paigae%  and  other  cpiito* 
oiicaldifcafes,  &c 

It  it-howcver  but  very  few,  and  partial  regiftera  or' 
aecountaof  the  Weather,  that  b-.ivc  been  kept.  The' 
Royal  SoeietT,  the  French  Academy,  and  a  few  par^  - 

ticular  phifnl. i[.liers,  h;ivc  at  time:;  kept  fuch  rci;i!fvrS 
as  then  tancita  have  dnirtatid,  but  at  no  tine  A  txgniar 
and  corrcfpondcnt  ferics  in  many  differ*  r.t  ;  l  iLrs,  at  the 
fame  time,  followed  with  particclir  comparifons  and 
dedudioos  from  the  whole,  &c.    The  tnull  of  what 
has  been  done  in  this  way,  is  as  follows :  The  volumct 
of  the  Hhilofopliical  Tianfadtions  from  year  to  year 
the  fame,  for  iottrudiona  and  cxamplci  -pertaining  to 
the  fiibjed,  vnL  65,  pait  S,  ait.'  tfr;  Snf.  Banholin  • 
has  obfervations  of  the  Weather  for  every  da;  in  the 
year  1671  :  Mr.  W.  Merle  made  the  like  at  Oxford^ 
for  7  years  :  Dr.  Plot  did  the  fame  at  t!  c  f  inie  place, 
for  the  year  1684  :  Mr.  Hillicr,  at  Cap'-  tJ'  ile,  fonhc 
years  1686  and  1687:    .Mr.  Hunt    ;ird    1  ■'.<!>  jt 
Grtfham  College,  for  the  years  1695  and  xtn^^i  :  Dr. 
Dcrham  at  Upminller  in  bfles,  for  the  jrears  i6(^i> 
1692,  1697,  1O98,  1699,  1703,  1704,  1705 :  Mr.  - 
Townlcy,  in  LancaAire,  in  1G97,  169S :  Mr.  Cua»-' 
Bingham,  at  Erain  in  China,  forthe  |^ears  169!^,  16(^9, 
1700,  17CI  I  Mr,  Locke,  at  Oats  tn  ElRx,  ifiyi: 

Dr.  bcbrL.  l;/cr,  ,-it  Zi;-iJi,  t S  ;  r.irl  Dr. 'I'il'.y,  Kt 
iM.i,  the  bine  \eur:  i'li  ielTur  i'lqL'j,  at  I'adur.,  for 
m.Tisy  years:  Mr. 'J".  B  nlrr,  .it  i.yrsdou,  in  Ruttar.i!, 
for  many  years  in  the  Philof.  Tratif. :  Mr.  Daliuu  for 
Xcadal,  lad  Mr.  Crothwaitelbr  Kcfwidt^ta  the  veava 
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»73R,  i7f*9,  «7p3,  1791,  17<>2,  ttci  snd  (nml 
«thc,'.  The  r«ipller  now  ^eplf  for  nanj  jtan,  in 
tlie  Fliildr.  Tranr.  conitidi  in  account,  two  timei 

eir:y  day,  of  t!ic  tlurrMoractsr,  brinmieter,  1- 
it'i;cr,  g'l-intity  t  f  ram,  liiriCtioii  anJ  ftmigih  jI  liic 
wi'xi,  aiui  jiipcaiH  tcc  «if  tlic  a'.mofpliCTi.',  at  to  fair, 
»1>r,ijv,  f»gj;v.  r.iMiy,  fi^'.  And  \(  fimilar  rcj{i(lcr» 
Wi-M-  Lfjit  III  iiuny  othor  parts  oj  the  ;jlobc,  and  print- 
cvl  111  I'lc-h-'ikc  putilic  Triiifactioni,  they  might  readily 
be  c'lnuiUcd,  a  prDjH'r  iilV  maJ^'  of  thenp  for 
cltbblilliing  thit  fi.ii.n<-<:  on  the  true  balit  of  experiment. 

F-tMn  manv  eijKiirnt  nt<i,  fome  general  obfei' vat iont 
lia«t  been  made,  ufoUow:  Thu  buometcr^gcncrallf  rife 
and  full  togethfTi  even  at  veir  diftant  pla.cs,  and  m 
C'^nlVqik  iit  conformity  and  fnnibrity  of  Weailtcr  ;  bat 
fhnijtht  inofc  (iiiiFor.nly  fu,  a»  the  places  are  nrarrr 
toj^tllicr,  a*  iiiij^St  he  ix'jfti.'!.  1.  i:  l.--  .  .1  ■  !  '^si  of 
xhr:  birofiiotcr  an*  f^f^•.^^cr,  as  tiie  piacii  aic  nearer  tlic 
pall"  i  thin,  for  ir.'.Unce,  the  tnctcury  at  Lonjoii  hdi  a 
;^'-.3tcr  range  hy  2  or  3  lints  than  at  I'aria  j  ami  at 
I'.iiis,  a  jjrcattrr  than  at  Ziiriih  ;  and  at  fome  places 
RtiHr  the  cijiiitor,  there  U  fcaree  any  vaiiatii>n  at  all. 
'Tbat  the  ram  in  Switxifrbnd  and  Italy  U  much  greater 
in  qoantity,  fur  the  whole  year,  than  in  KiTex ;  and 

.yet  the  laini  arc  more  fre(|Uent,  ur  there  are  more  riiiny 
dayif  in  Effex,  tb.t:i  at  either  of  ihofe  places.  That 

tDold  comnbmts  (;r<-n(ly  to  rain  ;  and  this  apparently 
by  condenfioff  the  fufpendcd  vapours,  and  fo  makinj^ 
fhera  delcena  ;  "thus,  very  cold  mouths,  or  feafons,  are 
Cuiiiriioiiiy  follo'.vtj  immediately  ]>)  vci  •,•  r.iiny  ones  ; 
and  colJ  fiitirTM-r*  are  al^^'ays  wci  oua,  TU.it  hi>»h 
ridden  of  fnoiint.i'ns,  as  the  Alps,  and  the  fm>w»  with 
which  they  arc  covered,  not  only  affect  the  n<ighhour- 
ir.g  places  by  the  colds,  rain>,  vapours,  5fo,  which  they 

.proJtjcc  ;  but  even  dillant  countriei,  as  Knglaiid,  often 

;partjke  of  the  r  effei'lii.  Sec  a  eollcctiou  of  ingeni- 
mu  and  meteorological  oblcrratiuns  and  conjectureii 

■by  Dr.  Franklin,  in  bis  Expcrimentt,  &c,  pa.  182, 
tec*  Alfo  a  Meteorological  Uc^riilcr  kept  at  Mansfield 
Woodboufe,  from  ly^-f  to  Nottingham  f.')^, 

Svu;  and  K!.-win's  uigenioua jMpcrt  ud  this  fuhjei'^t  i  1 
t  le  Tn  n'adi  >ns  of  the  Irifli  Academy,  vuL  bcc  aUo 
tbc  articha  £vAroRATioii»  lUiWi  aad  Wurfi. 

0:hr  Pr^gH^ktmJOi/irpatimt  tremliaOoiri 

That  a  thick  dnrk  fky,  lafliiig  for  fome  lime,  without 
either  fun  or  rain,  alwayii  becomes  firil.fuir,  and  then 
foul,  i.  e.tt  change*  to  a  fair  clear  fky,  before  it  turns 
to  niin«  And  the  reafoit  is  obvious:  the  atmofpbCK 
i«  replete  with  vapours  which,  thooirb  fufiicient  tO  n- 
fle6t  and  intercept  the  fun's  rays  from  us,  yet  want 
dcnfity  to  defoend  f  and  while  the  wfours  continue  in 
the  f.'.int  fta'c,  the  VV'e.ither  will  do  f.i  too:  ;Uv.(ji d'n^- 
ty,  fuel)  Weather  is  commonly  attriided  with  mudtra:c 
w.irnuh,  and  With  little  «ir  no  wind  10  iliduib  the  vi- 
p  nirs,  and  a  heavy  atroofpherc  to  fuflain  them  }  the 
barometer  Itting  c<  tntaonly  high  :  but  w  hen  the  cold 
approuehef,  and  by  ctindtnling  thr  vnpouri  drive* 
tium  ioio  clouds  or  drupt,  then  way  is  made  for 
the  fun  b«am»;  t-U  the  &me  vapours,  by  farther 
fCDudenfatioii,  be  formed  wto  rain,  and  fidl  do«n»  in 
<!rops. 

That  a  cbn^  in  the  wamtb  of  tbc  VTeatlier  it 


a 
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rollowed  by-a  Hamgt  itt  the  mmi.  Tbni,  tlie  mrdtct* 
If  and  Ibuthetly  wind%  thougk  CDOHMd^  leeoanteil 
the  fott/a  of  cold  and  warm  Weather,  are  f«aBy<he 

rjT.7,      il.,  or  warintl.  nf  the  atmofpliere  :  of 

wj(ii.h  1)..  J'kiiiain  a:riir-,:s  u>  litf  hsid  io  m.'.ny  con- 
firmation-., hf  :n>.k;i  no  duiill  cl  :t.  1",;m*.  it 
is  common  to  ice  a  w-ar.it  louliitilv  w.nd  !ii0.1i>.y 
changed  to  the  north,  by  the  fall  of  li.uw  or  1  m  ;  ■  r 
to  fee  the  wind,  in  a  cold  ikofty  tnorning,  north,  when 
the  fun  h.i.i  wtll  warmed  the  air,  wheel  towardi  the 
fonth  ;  and  again  turn  iiortlierly  or  c.aft-rly  iu  ihccoid 
evcnir^. 

That  otoft  vegetabka  eapnd  their  fiotran  and  dowa 
!n  tvalbmf  Weaker:  and  towarda  the  evcanur,  and 
a|ra<oft  rato,  clofe  them  again  ;  efpecudlf  at  th«  b^a* 
ning  of  iheir  flowering,  when  their  iceda  are  tender 

and  fcnfible.  Thi*  i«  vifible  enough  in  the  di>wn  of 
Danilcliuii,  and  other  downs  :  and  eminently  fo  in  the_ 
flowers  of  pimpernel;  the  opening  r.ml  i!ri!ting  ot 
whicli  make  what  ia  called  ih-.  c ountrymau's  H^^:iilbtr- 
loifcr,  by  which  he  Ibfcteb  t  iir  Wi  iilicr  of  the  follow- 
ing day.  Tilt  rule  i*,  whoa  the  jiawcis  are  clofe  fltut 
up,  it  betokeim  rain,  and  foul  Weather;  bat  «^eA 
they  are  biread  abroad,  £atr  Weather. 

The  Itatk  of  trefoil,  lord  Bacon  obfcrrea,  fwellt 
a  ^ainft  rain,  and  grows  more  uprirht :  and  tlie  like 
may  beoblerted,  though  Icfs  f«mf>bTy,  in  theflalhsof 
moil  other  phints.  He  add*,  that  in  the  thlb&tc  field* 
thirc  i»  found  a  fm.ill  red  ilower,  called  by  the  country 
people  pinipcrnil,  w  hich  opening  lA , a  nrannpjf,  I*  • 
lure  indication  of  a  fine  day. 

It  is  veiy  conceivable  that  vegetnhlL-s  fliL);il.l  be  alleg- 
ed by  the  fame  caufcs  ««  the  Weather,  at  ttks^y  may  be 
confiderctl  as  fo  many  hygrometer*  and  thermometers, 
conlilling  of  an  inhnite  number  of  trachcx,  orair-vcHcis  i 
by  which  they  have  an  imtnediatr  coromunicalioo  witk 
the  air,  and  partake  of  its  moifturci  heat,  itsu 

Hence  it  !•»  that  all  wood,  even  ihe  bardeft  and  moft 
folid,  fwella  in  moift  Weather  i  the  vapours  eafiljr  iafi* 
nuaiing  into  the  pore*,  efpcci.illy  of  the  lighter  and 

dritT  kin.ls.  A:'d  iuiice  i»  derived  a  very  extraoi iliiuuy 
ulc  ui  wond,  VI/,  lur  breaking  rocks  or  mililjiici. 
The  jnethud  at  the  qnairiei  i*  this-:  H  ivln^'  cut  a  ruck 
into  the  form  of  a  cylinder,  the  worltmcn  divide  u  into 
feveral  thinner  cylinders,  of  horizontal  courfc*,  by 
making  holes  at  proper  dilUncet  mind  the  great  one  4 
into  thcie  hole*  Uicy  drive  pieces  of  falbw  wood,  dried 
in  an  oven  ;  tbefc  in  moift  Weather,  imbibing  the  hlH 
midiiy  from  the  air,  fwell,  and  aAiog  like  wedges  thcf 
bifak  or  cleave  the  rock  into  feveral  lat  ftooes.  Axot 
in  like  manner,  to  feparate  large  blocks  of  Itone  in  the 
quarry,  they  wedge  fuch  pieces  of  wood  into  hole*, 
forming  the  block  into  the  intended  lhape,  and  then 
pour  w.itcr  upon  tbc  wedjgea,  to  pradoce  the  cfleft 

n.ort  immediately. 

W  i  K-i\\hn.-QLiJJts^  arL-  iolltiiiTiciiti  coii;i;i.-eJ  tn  iTicw 
the  tlaic  ol  the  atmofphere,  as  to  heat,  cold,  moilture, 
weight,  &c  ;  and  fo  to  ineafure  the  clnnges  that  take 
place  in  thole  rcfpcdsi  by  which  mcana  we  are  enabled 
to  predtd  tb«  akciatiaa  w  Weather,  as  to  rain,  wiad^ 
frolt,  Ac.  ,  , 

Under  the  dafa  of  Wcather-glaflieai  are  eoaiprelieaded 
barometers,  thcniMVMtm,  ItjgiOHMKnt  aaaMttetcn^ 
and  oBcmoEactcn. 
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XVl%r)'',n,  '.n  Gccmnrr.  >»  U  UBd  knhg »  nStMB- 
Ifiilfir  'lafi',  and  nvo  ut  lUoppo- 

fi'f  tiJfs  ending  in  *n  acics  or   Jr 

edge,  l  i.us,  AB  is  tKe  rf^iajK 
gular  bafc  ;  a:,  i  l)C  t'  c  c-d;:^^;  a 
perpendicular  CE,  from  tMc  nis^c 
to  the  bafe>  Ii  the  height  i>f  ti.e 
Wedge.  When  the  lenj^th  of  the 
edge  DC  it  eqttal  to  the  length 
.»r the  b«re  BF»  whidb  i»the  moft 
fbfm  of  it»  tbe  Wtifft 
ii  equal  to  half  a  rcAan^nihrpriTni 
of  the  fame  bafe  AB  and  height 
EC  ;  or  i;  11  ihen  a  wliulc  iriatK 
f^lar  prinii,  li;;vin(^  llic  ii  i  iiif^le 
nCG  lor  Its  bifc,  anj  ACr  or 
DC  for  iLi  height.  U  the  edge  be  more  or  leU  than 
AG,  its  fulid  content  will  be  more  or  left.  But,  in 
ail  cafe*  of  the  WeJge,  the  fullowing  is  a  general  rule 
foT  libdiiig  the  content  of  it,  viz, 

To  twice  the  Icogth  of  tbe  btfe  add  the  Iragth  of 
die  timtt  muhiply  the  fun  hf  the  breadth  cf  the  bafcf 
and  the  fndaA  bf  the  height  of  the  Wedgej 
then  I  of  the  hit  produd  will  he  the  foUd  costcwt 

That  19,  7AGT~i)C  X  AF  X  i.  EC  =  the  con- 
tent. Sec  this  luie  demondrated,  und  iRullratcd 
with  esamplet,  mmv  Menforatioii;  p.  191,  2d  edition. 

WcDOtt  in  Mflchanioi,  one  of  the  five  mcch.mical 

C wen,.  Of    Givple  en^inci ;   being   a  geometries! 
edfc^  Wtmyactitc  tnanguhr  prifm,  applied  to  the 
fitting  of  wood;  or  rack*,  or  ruifing  great  wcight5. 

The  Wedge  is  liiade  of  iron,  or  fomc  other  hard 
matter,  and  applied  to  the  railing  of  vail  wrights,  or 
feparating  large  or  very  iirra  blivcks  of  wood  or  ilone, 
by  introducing  the  thin  -edge  of  tlie.  Wedge,  and  drivitte 
it  in  bj  UowtTlnirit  uiMM  the  hack  bjr  hamnen or  mu- 

hiU. 

The  Wcd(«e  it  the  mod  ponerful  of  all  the  fimple 
machinei,  having  nn  almoll  unlimited  and  double  ad- 
vantage over  all  tl.e  other  fimplc  mechanical  powers  ; 
both  at  it  may  he  made  nitif  thin,  in  proporttoa  to  iti 
height )  in  whfdi  confifia  ita  own  natiiraT powers  and 
aa  It  ia  we^ti  hjr  the  fone  of  percullion,  or  of  fiaart 
blowi,  which  it  a  force  incomparaUr  greater  than  any 
fBcrc  dead  vv,'|7ht  or  prelfiire,  fuch  ;is  i«  ■  n.p'i  ■,  i  li 
upon  o:l,c:r  hific's.  And  a  cuniiiij-lv  u  c  linu  it 
[<TL'',::  rs  rfFe<fts  vallly  fuperior  !  >  lliulo  nf  ar.y  ullxr 

e(wer  wliattver  ;  ftich  as  the  fjil/itiug  and  railing  tbe 
rgell  and  harddt  rocks  ;  or  cm  11  the  railing  and  lift- 
in^  the  largcft  ftiip,  by  driving  a  Wedge  below  it  ( 
v«btch  a  man  can  do  by  the  bh>W  of  a  mullet :  and  thus 
the  fmall  blow  of  a  hammer,  on  the  back  of  a  Wedge* 
appear*  to  be  incomparably  greater  tiiail  any  ncre 
pccfitiTef  aad  will  ovcnonM  it. 

To  the  Wedge  may  he  referred  all  edgc-tooU,  and 
touls  that  have  a  (harp  point,  in  order  to  cut,  cleave, 
Iht,  Iplit,  chop,  pierce,  bore,  or  the  like ;  as  knives, 
hatchets,  fworda,  bodkins.  Sec. 

In  the  We'lirc,  the  friflion  a^inft  the  fides  ii 
TCry  great,  nt  IljII  equal  to  iIk-  iurcc  to  In  over- 
come; hccair.Y-  tliL-  Wtdgt  retains  any  poliiion  to 
which  it  is  dnvtn  ;  ni>d  therefore  the  refiitaace  ia  at 
ibA  doubled  by  iltc  fridion. 
Author*  hire,  heco  of  ttxUtm  opuoDnt 


the  principle  fi-om  whence  the  Wedge  derives  ir^, 
power.  AriftoUe  confiders  it  as  two  levers  of  the  fiiti 
kind,  inclined  towards  ej<.-h  other,  and  a^tirg  oppoiiie 
Wilts.  CiuiJo  Ubal.ii,  Metfefioe,  4tc,  wdlhavctbem 
to  hi  Itvrrsof  thcftcdfid  kind.  But  l>eI<Bttia  lhew% 
that  the  Wedge  eannot  be  rtdoced  to  any  k«cr  at  all. 
Otbera  rrfcr  the  Wedge  to  the  incRfted  plane.  And 
others  again,  with  De  Stn'r^  win  hardly  allow  th^ 
Wedge  tuhave  any  force  at  all  in  itfct/;  aTcribiog  mu<  1 
the  (;reaitft  part  to  the  ma'.lrt  which  driTr-i  it. 

The  dootrinc  of  tlif  force  nf  the  \Vfr?j/r,  aecortlir;»  . 
to  fonie  WMiers,  is  rontii'ncd  in  this  profjofi; ion  :  "  if 
a  pokvrr  ilirt  cily  .ipplird  to  the  head  of  a  KK'i  il^r,  be  to 
the  tchilance  11)  he  oven-ome,  as  t!'c  hre;«dili  of  ih^ 
iMck  GB,  is  to  the  height  EC ;  then  the  power  wiH 
he  equal  to  the  rtfillance ;  and  if  UKrCaftd,  it  will 
overcome  it." 

But  Defi^iih'rrs  ha^  proved  that,  «Hten  the  refiftanoe 
a^perpendictilaiiy  againft  the  fidet  of  the  Wedge,  the 
poweriate  the  whole  K<iilance,  aa  ifie  thickntfs  of  tbe 
back  is  to  the  length  «f  both  the  fuits  taken  togctlier. 
And  the  fjrre  pruporiioTi  i«  adoptc'<)  hr  WaJIit  (Op. - 
Math.   vol.  1,  p.  tOt6),   Ki  ll   (Intr.  ai  Vcr.  Phyf),. 
Gravcfande  1  Elcm.  Math.  Lib.  i,cap.  14),  and  Lyaltnolt 
all  the  m<Klrrn  mathrmistici.ins.   Gr..vefandt  iudred  di(. 
tinguilhej  the  mode  in  «  hich  tiie  Wtdgc  ads*  into  iw»» 
cafr«,  one  in  which  llic  parts  of  a  block  of  woodi  Ac, 
sre  feparatcd  farther  tlian  the  edjje  li.is  penetrated  to^. 
and  the  othir  in  whic  h  tiicy  h.ive  nut  iVpjratcd  Arther  s  - 
In  his  Scholium  de  Ligoo  fiadendo  (ubt  fnpn),  he  oh« 
fervcs,  that  when  the  pnU  of  the  wood  are  feparated- 
before  the  Wedge,  the  equihbnum  will  Ik  w  lim  •!  ;; 
fiireeby  which  it  Is  pulbed  in,  i»  to  lijc  reia:aiice  ui  •.!.» 
wood,  as  the  Ifnr  j)K  di,:wn  from 
Hie  middle  <:f  the  bait  to  the  fide 
of  the  Wedge  but  pcrpetidicular 
to  the  fepainted  fide  i-f  the  wood 
continued  FG,  i»  to  the  height  i>f 
the  Wedge  IX^ ;  but  wlien  the 
parts  of  tilt  wood  are  fi panned  no- 
£inticr  than  ibc  Wedge  is  driven 
in,. the  e4{uiIibFinm  wiu  be,  when- 
the  power  ia  to  the  lefirtancet  » 
the  half  bafe  AD,  is  to  iu  fide  AC. . 

Mr.  Fergu:ou,  in  titiinatiii  j  t^u- 
propoi:ioo  of  equilibrium  in  tlic  tuoctfw  laft  mcnrion- 
hy  Gtavrfmide,  a^'rtcs  with  tM .  r  „■  hor,  and  oiht  r- 
TOoiltrii  philofophtrs,  in  the  latter  .cafe  j  but  in  the' 
former  he  coiutuds,  tha:  wiun  the  wood  cleavea  to* 
any  dill  an  cc  before  the  Wrdge,  as  it  gi  ncrally  doe«,. 
then  the  power  impcllir.g  t!ie  Wedge,  will  be  to  the* 
rcAAancc  of  the  wood,  s*  half  its  thickoefa,  ia  to  tite 
length  of  eMhcrfide  of- the  cleft,  eftimated  from  the 
top  or  aaing  part  of  the  Wedge:  for,  fuppofing  the 
Wedge  to  be  lengthened  down  to  the  botti>m  vf  the 
efcfl,  the  power  will  be  to  the  rcfiftancc,  as  half  the 
thtckncfs  ,/f  the  Wcdgc  is  to  the  Ungih  of  eithtr  of- 
fides.  See  Ferjjuioil's  Lett.  p.  40,  i<c,^to.  See  .lifo 
Defagu  Exp.  Phi',  vol.  I,  p.  107  ;  andLudlam's  FfTiv 
on^tin:  Power  ot  the  Wi.Js;c,  prmud  in  i;;©;  kL:' 
The  generally  acknowled'^cd  property  of  iht  Wcdge» 
and  the  (implelt  way  of  demonftrating  it,  fcemto  be 
the  iolk)win^ :  When  a  Wedge  i«  kept  in  cwiiiibriow 
th6fower«ft»ng  ag^ioa  the  lNicJc,i»  to.tfee4bNeittiRg 
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Fcrprndirul  rly  apjiult  either  fide,  u  the  bre»<!th  of 
tb<  back  Ali,  i»  to  tiii  length  of  the  fide  AC.or  BC 
••^DtmMiira.  For  any  three  Ibrcct  which  fu^a  mc 
Mother  in  e«|u)1ifaria)  we  M  the  ooRtfpoDdiae^fidn  of 
» triangle  that  dttwa  pcrpcwdkttbr  to  the  oiffAioaft 
in  which  the  force*  a^L  But  AB  n  pnpeodieukr  to 
the  force  atting  OM  ■  I  '  .li,  t  i  iln'tc  the  WedffC  for- 
vai'J;  and  il»c  wUi  /vC  .i,:,J  DC  are  perjienoicular 
1.1  the  fjtccs  acting  upon  thi-m  ;  therefoiv  the  ihlte 
fijTrei  arc  at  the  fji'i  lint  j  AB,  AC,  RC. 

Hriice,  the  lliiiiiicr  a  Wedge  t»,  the  greiter  is 
ils  cft'tct,  in  rplit'inc:  Mn-  body,  or  in  overcoming  aoj 
rtf)il?.tu:c  ac:aiii!l  iKt  i:  !'--  <J  the  Wedge. 

WEDNESDAY,  the  41k  day  vf  the  urcek,  hnatf 

coRferrated  by  the  inhabitants  »f  the  nonbcn 
tiniiii  t  >  X^'otkn  or  Odktt;  who,  hcing  reputed  the 
hiiUior  of  tiugic  and  iorentor  of  aH  the  arta,  wb»  thought 
Xu  :iiu'«tr  to  the  McrCi:iv  tin-  Gnrks  ;u'.'J  Runimi', 
inlioiiourof  whotit  the  lame  dav  wai  by  them  caJIcd 
./i<  ;  Mcrcuril ;  and  hence  it  h  deflated  uf  aftraiiomcn 
•     lilt  eharaitir  of  Mcrcitry  5  . 

WEEK,  a  divIGon  oflimr  tliat  comprifes  fcven  days. 

The  origin  of  tbis  divifiDn  of  Weeks,  or  of  cotn- 
-pnting  tidK  by  fcvcntiij,  is  much  controverted.  It  hu 
-often  been  thoii|jlit  to  have  taken  he  rifie  firon  the 
f«mr  quartcn  or  interval*  of  the  moon,  between  her 
Lliaiigts  of  pb;<fr5,  which,  bcinj;;  a!>out  7  days  .I'll  inr, 
);4vc  iMTcafion  to  the  divijioii :  but  otb'TS  more  j,iiu- 
bably  fn'm  the  ftvtii  pl  ini  t  . 

De  this  however  as  it  mj),  tlu-  sltvilion  in  certainly 
very  ancient.  Tbe  Syrians,  ligyptians  and  moft  of 
the  orient.il  natians,  appear  to  have  u(cil  it  from  the 
.eatlitft  age*  :  thoujrh  it  aid  not  eel  footing  in  the  well 
till  brought  in  bv  cTirijftiaiuty*  The  Rom^ot  reckoned 
their  dayi  not  \y  fcmtbe»  but  by  ninthi  \  md  the 
ancient  Greeks  by  dccadt«  or  tcMhai  m  inUtaU'uil 
of  which  the  new  French  calendar  feema  to  haw- 
been  framed. 

The  Jewg  dividi  il  t!icM  time  by  Weeks  of  ?  day« 
eich,  as prcfcnb'-d  \>\  tl.t  i  i«  f  MnUs  ;  id  w!i  cV.  they 
were  appointed  to  work  0  day»,  and  lo  rcit  the  7th,  in 
commemoration  of  the  creation,  which  bdng  eieAcd 
ill  6  day»,  Cod  reded  on  the  yth. 

Some  authors  will  even  have  the  ule  of  Weekti 
4unoag  the  other  caAera  nationtt  to  ham  proceeded 
fioni  the  Jews ;  but  with  Kttle  appeanuice  of  praba* 
hility.  It  iH  with  better  reafon  that  other*  fjppc<rc 
•he  life  of  Wvcka,  amon^  the  eallera  natiouj,  to  be  a 
teninant  of  the  ttiKiiiioii  of  the  crc;rtion,  \v!.ii.h  they 
bad  tlill  retained  with  vltitrs  uthrri;  or  die  from  the 
nusibcr  of  the  planilt. 

The  Jew*  denominated  the  day*  of  the  Week,  the 
fiilk,  fecond,  third,  footth*  and  fifth  ;  and  the  fixth 
«^ay  they  OMncd  this  prcp«ratio«  of  the  &bbatb,  or  yth 
day,  which  anfw^j  to  our  Saturday*  <And  the  hke 
method  it  flill  kcptTJf  by  tho  chrifttBii  knhtf  PciliiMi» 
Lihiopiani,  &c.  > 

Tie  .luciiiit  licitbrns  cirnomioatcd  the  days  of 
the  W«rk  fior:i  tlu  Icvm  pUnct*  ;■  which  namt  s  aic 
llill  moHly  ictaincil  among  the  chrnii.in»  of  the 
*rcfl :  thus,  the  fnUday  wa*  called  cfir/ye/t/, /r^i-iJ^y  ; 
tbc  zd  Jut  luns,  moon  day  ;  &c.(  a  pradicc  thr  more 
■■tural  on-Dion't  pnaciple»  Akt^  the  £gyptiana  took 
ihc  diWiim  of  Uie'Week  itJdf  frw  the  litTea^lMiOfc 
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la  fa^,  the  true  reafon  for  thrfe  denontinatioat  fenat 
to  be  founded  in  iftrology.  For  the  aftrologert 
tributing  thegOfemment  and  diredion  of  all  the  hounin 
the  Week  among  the  Geven  phnrt*,  b  14  ^  0  ?  9  J> , 
fi>  It  that  the  govemncflt  of  the  firfl  hour  of  thr  htlt 
&y  fell  to  Saturn,  that  of  the  fecond  day  to  Jupiter,  Sc, 
il.iy  ^d^-c  t  :i(  h  ('.:iv  ih<-  n^nir  of  the  planet  which,  ac- 
cord.u^:  to  ilu-^r  (!o->i-:nc.  prt;id.,  rl  OTcr  the  firft  hoi-r 


to  the  ordtr  nb'vv 


llated. 


of  it,  tiut  J> 

that  the  order  of  the  pl.iitets  in  the  Week,  bear*  little 
relation  to  that  >:i  which  they  fellow  in  (lie  bcianit 
the  former  b^'in;^  fuuiided  on  an  imaginafT  power cvh 
phtnet  has,  in  it;-  tum,  on  the  firft  hoorof  each  day. 

Dion  CaffiiM  givea  aaothjet  f««Cm  fcr  the  denonia** 
tion,  drawn  from  the  oefefttal  harmony.  For  it  faetef 
obfcrved,  that  the  harmony  of  tli^  diatelTavm,  wT-.i  h 
confift*  in  the  ntio  of  4  to  3,  is  of  great  forrr  an! 
ttUct  111  riiulic  ;  ii  V.  as  j-idy  cd  meet  to  proceed  dlrcffiy 
ttom  Sjriirn  to  the  Smi  j  l.ccjufc,  according  to  ibe 
old  Ullr.-n,  there  arc  tfircr  pl.mcts  Ijctwecn  SaMlfltaJ 
the  i>iin,  and  4  born  the  6uii  10  the  Moon. 

Our  Sdson  anceftora,  Wfore  their  conrerfioo  to' 
Chrirtianity,  named  the  fe«cn  dayaof  the  Wedt^rom 
tlie  Sun  and  lifoon  and  fome  of  their  deified  bcrocvi  t# 
whom  ibcy  were  peculiarly  confccrated,  and  reprdta> 
ing  the  ancient  R'kIs  or  phmcts ;  uhich  nante*  we  vf 
ccived  and  Hill  rrirjin  :  Tt^us,  S.mdiiy  w,is  ,!-.>itL-J  ;oti  c 
Sun;  Mi>ttd..v  lu  the  Mi>>_in ;  'l  uel'day  to  '1  inico;  Wti. 
n.fday  to  W-dtii  ;  Thuvlii.iy  tu  I'lior,  thr  thuiiderer; 
Friday  to  Friga  or  tiiya  or  Frata,  the  wife  Ibor; 
and  Saturday  to  Seater.  And  nearly  according  to  thii 
order,  the  modem  aftrooomen  eaprefa  the  da/a  of  the 
Week  by  the  fcTco  phncta  aebdovi 

O  SiiiiJ.iy 

d  Merndjy 

^  Tiiefday 

'     5f  Wcdncfdar 

f  Friday 
%  Sitndnyk 

In  the  fame  order  and  number  alfo  do 
iu  the  Hin  iof)  <lsy»  of  the  Week,  ^tc 
Spee  mens  of  IKndao  1  itcrature,  jufl  publiflicd,  8to. 

WEIGH,  Way,  or  Wey»  a  ureight  of  cbec(c,waii^ 
&c,  coiitaining  256  pouadt  MFondupoia.  Of  com, 
the  Weigh  containa  40  btididai  of  barky  or  pialt,  6 
quartert. 

WEIGHT,  or  CrcKuly,  in  Pliyur^,  a  qii:iLty  in 
natural  bodic;,  by  w.'^i;ch  ;h<;y  vend  downwards  to«aid 
thccentie  of  thi  i;,itt!i.    bee  GnAvixy, 

Weight,  like  gravity,  may  be  diilinguifhed  Into  ab- 
Jolult,  fftecifc,  and  relative, 

Newton  dcmonHrates.  i.  That  the  Wcightaofall 
bodien,  at  equal  diflanccs  from  the  centre  OMhe  earth, 
■K  dire^ly  proportional  to  tbc  quantitic*  of  matter  that 
cadi  contains:  Whence  It  foOowi,  that  the  Weight*  of 
botliea  ha»e  no  dependence  on  their  flu  pes  or  tcxiuieaj 
and  that  allfpacesare  not  equally  full  of  mutter. 

i.  (Jii  <i.tbr<-;it  p.irt«  ef  the  earth'*  fi;rfaet,  tbeWcight 
of  the  Irtir.c-  I  eivly  is  ditfercot ;  owing  to  tilc  iitbctUMial 
iiguie  uf  t)ie  caith,  which  caufe*  the  body  on  the  ttt* 
Ufx  to  be  nearer  tbc  centre  in  guiac  fnm  the  eqnator 
tsumi  the  pQki4  and  the  iaeroifie  im  the  Weight  it 
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vttxVf  n  profMnioii  to  the  ?crled  fia«  of  doubk  the  ]»■ 
thudr  I  or,  wbich  is  the  Cimc  tht'n^,  to  the  fqirare  of 

the  nj;!i'  fill.'  oft^ii  !.Ti;iu'c  :  t'lr  W.-;^;!i;  ;;t  the  cq\n- 
tot  lo  ilu;  :»t  il;e  -p  jli:,  biiii;.;  ii  22910  J  JO  J  or  the 

whole  incrciii-  oi  \\\      itou\  die  equator  to  the  pole, 

is  the  729th  part  oi  ih<:  iormcr. 

3.  Tliat  the  Weights  of  the  fmnc  bcxly,  atdtflcrent 
diftancf  uvi-  t'n  earth,  are  invctfcly  a  the  fquares 
of  the  d.ll  i- ;-:n  the  centre.  So  tlut,  a  body  at 
the  diftaoGC  of  tbe  taoon*  which  is  60  r^iriidi^meten 
horn  the  canh*i  eeDtret  woald  viciglt  uiily  tlic  30ootb 
pan  af  what  It  woiglis  at  the  earth'*  furface. 

4.  Tint  r.t  difFcrciit  diftances  wi't!»in  the  earth,  or 
bcluw  the  firfacc,  the  wcigl.ts  o(  the  fame  body  are 
dircc\ly  as  tiic  diftances  from  the  eartii's  centre :  fa 
that,  at  half  way  t  )  .  1  1  tin  il  irrc,  a  body  WDuld 
weigh  hut  hi!f  as  m  jt.li,  aod  at  the  very  centre  it  would 
be  no  Weight  at  aJI. 

{.  A  body  immerfed  io  a  fluid,  which  U  fpccifically 
^  tcr  than  itfclf.  lofc»fomuch  of  it*  Weight,  a»  is 
equal  to  th«  Wcislit  of  *  qnaniity  of  the  fluid  -of  the 
fame  bulk  with  itfelf.  Hence,  a  body  lofca  more  i>f 
it*  v.c'ip;!'.t  -r.  a  I. lli f!;:'!!  'Jv.i-)  'u  i  r.^Kti.-r  uric  ;  :irid 
thcrclorc  il  wel^lis  ;iiori,-  lU  a  lighLcr  iljid  ihja  in  a 
fceavicr  one. 

The  Weight  of  a  cubic  foot  of  pure  water,  is  1000 
ounces,  or  bii  pounds,  avoirdupoi*.  And  the  Weights 
of  tlie  cubic  foot  of  oth<rr  br-dies,  arc  as  fet  down  under 
the  article  S/if i-jf.  t  J  :•■  a  v  1  r  v . 

la  the  Philot  Tmor.  (number  4;)^,  P.457&C)  i« 
contained  fome  account  of  tlie  analogy-  bvtiwtvii  Enj^lh 
■Wc';^;!.!!*  and  nieafurc»»  by  Mr.  baitow.  He  ftatet, 
that  .mcicntly  the  cubic  foot  of  water  was  afTuined  as 
a  j,rciKTil  i\;\iid.ird  for  liqu-Js.  This  cubic  foot,  of 
^b,  ujultiplii.-d  by  32,  gives  1000,  the  weight  of  a 
Ion  :  and  her.ce  8  cul'ic  ftt  t  ut  vi.it.T  made  a  hozihead, 
arid  4  hogiheada  a  tt>n,  or  ton,  iii  capacity  and  dcno- 
niaatiuBf  a* well u  Weight. 

Dnr  neafures  were  raitVd  on  the  fariie  model.  A 
bttlhdof  whe?.t,  aifuned  as  a  general  llandard  for  all 
forts  of  grain,  ilfc  weighed  63  fib.  iiight  of  tliclebuihela 
make  a  q  in  r,  and  4  <iitaiiers  3^  huihtis,  »  ton 
Weight.  Oials  were  fold  by  the  c!ia!.;i 1,  1  ip[uiUd  to 
wf  igti  a  ton,  or  2000  pounds;  tlioiigtj  in  rc.il.;y  avvcighs 
perh.ips  iipwaids  of  3000  pounds. 

Hence  a  ton  ii>  Wt  i  Tht  is  the  comiuoTi  llandard  for 
liquids,  whc.it,  aiiJ  conla.  Ii.ld  this  aii.dogy  been 
adhered  to,  the  coofufiou  now  coni  plained  of  would 
bate  been  araidcdi^It  Tii:iy  reafonubly  be  fitppofcil 
that  com  and  other  comnaodities,  both  dry  aodliquidt 
were  liril  fold  by  Weight ;  and  that  ncafurei,  for  coa> 
venicnce,  were  afterwards  intradDced»  aa  beaiing  fbne 
ansK'gy  to  the  W  eights  before  ufcd. 

Wtic  n,  PeaJ'.t,  in  Metltanies,  deimte^  any  thing 
(O  be  raiiied,  fulUlitedt  or  moved  by  a  maciiiuc  i  or  any 

thing  tiiat  in  any  manner  rdlftt  the  motion  to  he  pie* 

duced. 

In  all  machines,  there  U  a  natural  and  fixed  rr.tio 
between  the  Wcieht  and  the  tnovln^  power :  and  if 
they  be  fuch  a»  to  mUi]cc  e^r^h  other  tn  eqnilibii  s  at:d 
then  the  niaehtnc  be  pot  in  motion  by  any  other  (orce 
'the  WeJpht  and  power  wTH  always  he  reciprocally  hs 
the  velocitiL'..  of  ;(u-:r,  or  of  'lu-ir  ct  1  :  i';,  tifgravity  ; 
or  their  woiucocums  wiU  be  equal,  ti.tit  is,  uuc  oro- 
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duA  of  the  Weight  nmltiplicd  by  its  Telocity,  will 
be  equal  to  the  produtt  of  the  power  multiplied  by 
its  velocity. 

Wridiir,  in  Comtnfrce,  denotes  ji  body  of  a  know;i 
Weight,  appoinJtd  ii>  '  c  put  int<i  ;i  balance  againll  , 
other  hodtesi,  whofe  Weight  is  required  to  be  known. 
Thcfc Weights  areufiially  of  leadtiron^orbrafs;  though 
in  feveral  parts  of  the  Fall  Indies  common  BiDtsirc  ufed{ 
and  in  fome  places  a  fort  of  little  beans. 
^  The  divcrfitf  of  Weights,  in  all  nations,  and  at  all 
titnca,  makes  one  of  the  moll  perplexing  circiimllances 
ill  cuininerce,  Sec.  And  it  w<  u!J  1  1-  a  vcrv  ^tchi 
convenience  if  all  nations  could  .n'rcc  uput)  a  umvtrial 
Ibndar-,  .th  1  fyllei;^,  liuiL  i  f  Wti^hts  and  racafurcs. 

Weights  may  be  ditlinguilhed  into  dMirw/ and 
daiit  and  dhm^. 

Mtden  WiiOKTr,  >.,;./ ;/i      h  tnipatit^ Eanft, 

(it-.d  i  'j:  j :):t, 

F.af^r^'^:  \c.mi.     By  the  rlinptcr  of  Magna 

Charta,  tlie  Wciijlils  iwc  to  be  the  i.mu  ail  over  Eng- 
land :  but  lor  ditkrtftt  commodities  there  aic  two  d  f- 
ftrcnt  forts,  viz,  1:  ny  U  eight,  and  avtrdupcli  P.'  ,  ';. 

Tbe  origin  from  which  both  of  thete  arc  railed,  ia 
the  gnkin  of  wheat,  gathered  in  the  mhldle  of  the  ear ; 
32  ofthcfe,  well  dried,  made  one  pennyweight^ 
20  pennyweights  -  •  •  .  -  one  ounce,  and 

I  ^  euiiccs  -  -  one  pound  troy  ; 

by  Slat.  51  Hen.  Ill  ^  31  £dw.  1 ;  12  Henry  VJI. 

A  learned  writer  has  (hewn  that,  by  the  lawa  of 

afUze,  from  William  the  Conqueror  to  the  reign  of 
Henry  VH,  the  legal  poitnd  Weight  contained  a 
pound  of  12  ounces,  raifcd  fu.-in  3igrjiiii  of  wheat  j 
and  the  leg.ll  gallon  mcafurc  contained  8  of  tbufe  pound* 
of  wheat,  H  galkMis  making  the  buflndi  and  S  bulhel* 
t!ic  quarter. 

Henry  VII.  ahered  the  old  Englifti  Weighty  and 
introduced  the  troy  pound  in  its  flcad,  being  3  qt:aiter< 
of  an  ounce  only  heavier  than  tbe  old  Saxon  pound,  »i 
l-l6th  heavicn  llie  firll  Aatate  that  dircAs  the  ifc  ^ 
of  the  averdnpoif  Weight,  hihat  oF  74  Henry  \'l)  I ; 
and  the  | uneiili:!  ufc  to  which  this  A\"e:j;l  i  i,  •;  i 
diritteci,  :'  :ir.;)  ',y  ii  r  weifrhirifr  bute!  fr's  meat  1  i  liie 
nrarkct  ;  ;l<>'i;^'*i  it  i-  ii'iw  iHt.i  ten"  wfi;.;!,!-; a!i  fiirn 
of  coarfe  a\)d  large  auiclcs,  '1  his  pound  coniams  7C00 
troy  gr-.iifts;  while  the  troy  pound  itfelf  contains  onlv 
^  ;6d  grains,  and  the  old  Dillon,  pound  Weight  bva 
54C0  grains.  Pliilof.  Tvaiif.  *ol.  6s,  «rt.  5_. 

Hence  there  are  now  in  common  ufc  in  Englandt 
two  diflerent  Weights,  viz,  troy  Weight,  and  aver* 
dnpols  Weight,  the  former  iK-ing  employed  In  wciijhin;^ 
fuel)  fine  articles  a»  jewels,  gold,  fdver,  filk,  liquor*, 
/v.c  ;  nnd  the  latter  for  coarle  and  heavy  articles,  iis 
buad,  corn,  flcfh,  buUer,  chetfe,  ulhtw,  pitch,  tar, 
iron,  copper,  tin.  Sec.  and  .ill  grocery  ware!".  And  J>Ir. 
Ward  fuppofes  that  it  was  bionght  into  ufc  from  ihia 
circuii'.lliii.ce,  vir,  r.s  il  wa*  cnftomary  to  allow  larger 
Weight,  ^  fuch  coarfe  aniclcs,  lhaa  the  law  had  ex> 
prcfsTy  tnjoiord,  and  this  he  obfervea  happened  to  he 
fith  pait  more.  Apothccaj  ies  buy  their  dlruga  by  aver" 
dijjiois  Weight,  but  they  coanpouad  them  by  troy 

i;;l>r,  though  under  mne'liltk  ttrintioii  of  name 
and  divifiout, 
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The  troy  oc  trone  pound  Wfight  in  Scociand,  which 
by  ilatBte  is  to  be  the  lumc  a«  die  French  pound,  'a 
commnr.ly  fuppofed  equal  to  i^^-  Kn.^lifh  iroy  uuncc*| 
(ir  7^6agr.iii»;  but  hy  a  irmu  of  ilie  llandards  kejit 
,  by  tlie  dean  of  ^ald  of  Cdiubur^*  il  weight  7599i'«  or 
7600  grain*  nearly. 

The  follo'Atn!^  t.ii>lo$  Oiewtbe  divifioaa  of  tbetrof 

aftd  averdupois  Wii^h'.s. 

Talfe  0/  Trey  IVt'^ht,  at  v/t  l, 

I.  By  the  GoUfmithi, 

CtSiOi  Pe.'ir.jwt. 
34,  a      I  dwi. 

Ounc* 

^fio  s    M  B  I  oz. 

Pound 

$760  s  240  =  11  B  1  Ibk 
1.  B]r  the  Apoilicc«ne*» 

drains  S<iu]ilcs 

ao  =     I  3 

Dr  nmt 

.  6^  =      3  =     I  5 

OUICM 

.     4?o  =:  24  s  8  s  1  g 

5760  S   388   B  96 


12  =  lib. 


16  B 

OuncM 
1 

2f6  = 

t6  B 

I 

.716B  ss 

448  = 

28 

a867«  = 

S73440  = 

35840  B 

»24D 

HiuiL  wt; 
=    4  I 
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Mr.  Ffrgiifon  (Ljrfb  On  Mcclup.  lo,  410)  give* 
thr  fdltoMiiig  ccMppiirilbn  bctiKiecn  troj  wd  averdupoif 

1 7  ^  troy  poun^  aic  eqint  to  144  averdiip.  po^cds. 
>75  tiuy  ouncrt  are  equal  to  192  avcrdup*  OUnCCfc 

I  troy  pound  ctititaiii*  5760  grain?. 

1  avc-ritupuis  pound  contains  70CO  grain!). 

I  avtnlujiois  (Jimce  contains  437  J  j(ialas. 

1  „vttil';[)ni5  (li.iiu  contaiiia  27  ^4.175  grain*. 

I  troy  pound  coiuaiut  13  oz.  2*65 1428576  dnoM 
averdupoii 

X  ■.'f«rdu{>.  lb.  contain*  I  lb  3  oa  11  dwt*  1 6  gr  troy 


The  monycrs,  jcwcltn*, 
cirtit  and  ^rain ;  and       Civet,  the  penayiveigbt  and 


The  monycrs,  jew 
tkCt  of  Wciglits,  for 


iold 


&c»  have  a  particular 
and  precious  ftones,  viz, 


gi;w:.  The  money  ers  have  alfo  a  pccidiar  fubdivjfion 
Cif  the  tioy  grain  :  thus,  dividing  * 

the  grain  into  20  mitca 
the  mite  ioto  24  droits 
the  droit  into  so  periott 
tbepcxiotiiiito  x|  bUnki* 


Tlic  dealcii  in  \vou\  have  likewii'e  a  particular  fet  of 
Weight?  J  vi/,  i\)x  jack,  •wei^b,  to^,  Jkm^  and  tkn>9^ 
tbc  proportiuus  of  which  are     below  :  viz. 

the  fick  containing    2  weigh* 
the  -  -  -  .    6i  teds 

the  t\A]  ------    2  llunci 

t)ic  lione   .  ,  m  m  ^    2  cK)\es 
the  clove  -  •  •  •  -  7  pouiiJi, 
AUb  iz  fade*  make  a  kft  or  4368  pound** 

Farther, 

56  Jh  of  old  hsy,  or  60  lb  tic*'  hay,  innkea  truij. 
40  lb  of  draw  in..ko  a  trufi. 
36  truffes  nuke  a  luadj  of  bay  or  Aniw* 


14  lb  make  a  flune. 
5  ib  of  glafs  a  fliinc. 

French  Weight*.  The 


common  or  I'arij  pound 


Weight,  is  to  the  Eisglifh  troy  pound,  as  r  1  t>> 
i'*,  and  to  the  averJ  ipois  pouiul  as  2']  to  :  5  ;  it 
llicnfoie  coiitair.i.  7,-cjlroy  grains;  ami  it  i^  divided 
into  16  ounces  like  titc  pound  averdupni,  but  more 
Mrticuhrtr  tbsi:  the  pound  into  z  *arai  the  nurc 
into  8  tmcti  \  the  oiutce  into  8  gns,  nr  ik0itt  I  the 
gntft  or  dram  iTitn  3  dcnicts,  raris  fcrupk-*  Or^^Knay^ 

weigh'* ;  at.d  ;        vufn;!!l  intu  -\  ;;■  rf/*r;.  itic 

giain  hiirg  an  Kj  iikakut  ui  a  giaiii  ol  kvlicat.  So 
that  the  Pari*  ounce  ccmiain*  472^  troy  grains,  and 
therefore  it  i»  to  the  Englifh  troy  cunt-e  as  63  to  64, 
But'in  tveral  of  the  French  province*,  the  jxiui-.d  i* 
rf  other  diffcrert  Weight*.  A  qainlal  i»  equal  to  J  OA 
poll  nils. 

The  Wciglit*  above  couneratcd  under  the  two 
article*  of  Engliih  nnd  French  Weight*,  are  the  fiime 
aj  ar;-  lifrj  diti.iij.  Imi:-  grcatett  part  of  Europe  t 
only  umicr  ijinLwaal  il.i.'trcrtt  names,,  divifions,  ;md 
prtiportirjni.  And  befidc*,  partioilar  nat'.i  U*  have  alfo- 
Crrc.iia  Weights  peculiar  to  theroklvii^  of  too  little 
tor.fequeni  tf  arrc  to  be  enumerated.  B«t  to  /hew  llit; 
propoition  <if  thifc  fevcial  Weight*  to  one  another, 
there  n.ay  be  here  added  a  reduction  of  the  divcfft. 
pounds  in  ufe  thrwtghont  fiurafw.  bf  which  the  other 
Wo'ghts  are  eftmu^ed,  to  one  nudanl  pound,  viz*, 
the  pound  of  AmAerJaiii,  Firii,  and  Bourdeauz ;  aa. 
they  were  accurauly  caktilated  by  M  Ricirdt  and 
publiflicd  in  the  new  edittoB  of  hi«Tiait^  de  Coiiiinevce» 

in  172:^ 

rro^ticM  of  the  Weights  t>J  the  cL'.cf  Ckia  iit£urcj>e» 
/« tket  «f  jlm/terdanu 

too  pcf.i^d*  of  Amftcrd^m  arc  equal  to 


loslbsof  AhV.nit 


loolbsof  Bilboa 


140 

i*j 

120 

98 
100 
166 

9$k 
111 

ICO 


or 


Antwerp 
Archar  ,el, 
3  poc  dcs 
Arichot 
Avignon 
Bald 
Hayonr.c 
Bergamo 
Berg,  op  Zoom 
Bergen,  Norw« 
Bern 
Befiu^oa 

5 


lOJ 

100 
»04 
icj 

jzy 

lOJ 
ICJ 

87 


Bois  le  Due 

Bologna 

Bouri5t-ux 

Bourgcn]ilr«0e 

Bkenen 

BreOaw 

Bri.ge« 

Bruflilj 

Cadiz 

Cologne 

Copciihagrn 

CooRanlinopIc 


I 
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WifO^Ti  amtinmi, 
too  pouttdt  of  AmfiodMi  «e  cqud  to 


£  "3  3 
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ti5|U>sofDantzic 


i;4lb«if  AleflSna 


lOD 

97 
97 
«43 
98 

i6j 

tot 
"» 

tot 

lost 
>o6 

>«4 

109 

ley 

JO) 

1414 
1 16 
114  - 
>o>  . 
"3* 


Doit 
Dublin 
F.iliiil>t'rgli 
l-'lort;i)ct 
Franukfurt,  fur 

Gai:nt 

Gtaxn 

Genoa 

Hambuijjh 

KoningfUcrg 

Lcipfic 

Dcydtn 

Lrjjhorn 

I^ilboil 

Louvain 

I.ubctk 
Lucca  • 
Lyon* 
V.aJrid 
Malinc* 


ifiS 
I  .'O 

'-5 
100 

lOO 

169 
9« 
loo 
iisi 
109 
loo 
146 
100 
96 
100 
100 
ij8f 

109 

>'4 

110 

8( 
tiS 

i8a 


M<laa 
Montptlicr 
Muffovy 

Kancy 
Niples 
Nuremberg 
IVim 
Revel 
.  Riga 
Rochel 

Ro.TlC 

RiitcrJam 
K'lutti 
S.  M  Jo 
S.  hcb.illiaa 

Sevtite 

Sipyrim 

Stctiii 

Stcckhotia 

Tlioloufc 

Turin 

Viiilencw 

Veaiee, 


jUiunt  WfilOMTt. 


I.  The  Weights  of  the  ancient  Jews,  reduced  tO 
llw  Englifli  troy  Weights,  will  Hand  at  below: 


lb  oz  Ji»-t  2r 


SlwkrI  •  -  -  -    0,0  9  2T 

M.ir.ch  2    3    h  10  f 

Tdknt    --••113  JO    1  10} 

2.  Grecian  and  Rontan  Weight*,  reduced  to  En 
jltlh  it»y  Weight,  «re  at  ia  the  fbUDwing  table « 


Ik 

OS 

ilwt 

V 

LcntM    -  -  - 

-  0 

0 

0 

Sliitjiix    -  .  - 

-  0 

0 

0 

3  Vi 

Obolus    -  •  - 

•  0 

0 

0 

0  »"{■ 

Script  ulum  - 

•  0 

0 

0 

Draciiina    •  • 

•  0 

0 

« 

Sextuk  -  -  - 

•  0 

0 

3 

0  ? 

Sieilteiit  -  •  * 

•  0 

0 

4 

«3  > 

IHidlft  .  -  -  - 

-  0 

0 

6 

I  } 

Uncik  •  •  -  • 

-  0 

0 

18 

5  i 

10 

18 

'3  f 

The  Roman  ounce  is  the  Eoglidi  aveidiipotg  ounce, 
which  they  divide  into  7  denarii,  as  wcll.i*  0  draclims; 
and  .IS  ihiy  rcckuiitd  iheir  denarius  cc^(i;d  to  tlie  Attic 
4lrachai,  tbi«  will  maVt  the  Attic  Weishu  OQe^cighth 
heavier  than  the  con  cf|H*udeot  Soma  Wewhth  Afw 
Vutk 


R^uiatttn  of  Weight*  W  M^.i/um.   TUa  i>« 
branch  of  the  luug'i  prerpgatne.   For  the  piUic  oan* 
.  wmence,  thereoughttobeitBiver&llytliefamethrough* 
out  the  nation,  tlie  better  to  redtice  the  prices  of  arti- 
de*  to  rquivaleat  valnei.    but  as  Weijjhi  and  mcafure 
arc  things  in  their  natmc  crtiltr.ny  im J  unn  1  trn.  ii  it 
■  ncccffary  that  they  Ijl:  mluml  to  lorr.c  lixid  tiiie  or 
I-.;.  ^  It  f,  1;,,«  lvl-;     4 -j llibic  :o  !ix  fucll  a  ftaiidard 
h\  any  wtitten  liivv  or  oral  proclamation  ;  a«  no  pcrfon 
t.:ii,  by  words  only,  give  to  another  an  adtqnaie  idea 
of  a  pound  Weight,  ur  Asot  rulc.    It  i»  thcrelbre  ex.. 
pcdient  to  have    1  .  j  il  to  Ibme  yifibkv  palpaMe, 
material  {tandard ;  by  forming  a  comparilba  with  wbidh, 
all  Weighty  and  ffleaiurei  may  be  reduced  to  one  uniform 
Sttchattandard  was  aucicntiv  kcpL  at  Windi^n.-r: 
and  we  find  In  the  laws  of  ting  Edgar,  near  a  cTDtury 
bjTniL  luc  (oiKjiafl,  an  injunaion  that  that  nmTlire 
fliouli.;  Iv.-  uIj'l.  voi]  tliroiighout  the  realm. 

Moli  i..i*.ioiiii  luivc  ngiilated  the  ftandardofmeafurca 
of  Icngtii  from  lomc  parts  of  the  human  body  ;  a«  the 
palm,  the  hand,  the  Ipan,  the  foot,  the  cubit,  the  ell 
(n/flrt  ot  aim),  the  pace,  and  the  fitlbom.  Butasthefc 
are  of  di/Tmiit  dimcnlioiis  in  men  of  different  pDpor- 
tions,  a.jcient  hilloriaos  inform  us,  that  a  new  ({andatd 
of  Icngdi  vkt*  fixed  by  our  king  Henry  the  fu-ft  ;  who 
, Commanded  ilut  li  e  uin.i  nr  rmc  ait  ill,  which  anfvvers 
tothemoduu  >;ird,  flit,ul.J  Lc  luadi.  of  die  cxaci  length 
of  hii  ti'.vn  ami. 

A  flandard  of  lonjj  meafure  being  once  gained,  all 
others  arc  ealily  derived  frum  it ;  thofc  of  greater 
length  by  multiplying  that  original  ilandard,  thofe  of 
left  by  dividing  it.  Thus,  by  the  Hatute  called  few. 
/glMw  ttinarum  ti  ferlkarimt  ji  yard*  make  a  perch  t 
and  the^yard  is  fubdivtded  into  3  fif«t,  and  each  foot 
into  I.tmche$;  wl;i.'.  iiulics  will  ra:-ii  v:,  the  length 
of  3  barley  corns.  lJu:  iyuic,  «.)  the  cuiurary,  denve 
all  mcafiires,  by  compolltion,  from  the  barley  com. 

Superficial  nicafures  arc  derived  by  fquaring  tlioic  of 
kngth  ;  and  meafures  of  capacity  by  cubing  them. 

The  ftandurd  of  Weights  was  originally  taken  from 
gti.m  or  corni  <if  wheat,  whence  our  lowcll  denomioa- 
I'm  of  Wa'gbtiialbllcaUcda/r«nt  }»  of  which  arc 
dticded,  by  the  SatutecaOed  eomff/ki»  mmjurarum,  to 
compofc  a  pennyweight.  ;o  of  wlucit  make  aa  ouocr, 
and  tt  ounces  a  pound,  S:c. 

U-  Jl;  k-ng  Ricli.ird  the  firfl  it  was  ordained,  that 
luiic  (hviilii  be  only  one  Weight  and  one  mcnfiire 
throughout  the  nai  on,  and  thiit  tiie  cuftody  of  the 
affiise  or  ftandard  of  Weights  asn?  meafures,  fhould  be 
committed  to  certain  pertons  in  evn  y  city  and  boroagh{ 
from  whence  the  ancient  oiBcc  of  thc'king'a  oloagcr 
fccros  to  have  been  derived.  Thele  origiaal  Aandarda 
were  called r^ttt  and  mtufiirmdmim  rfgh,  and 
are  dircded  by  a  variety  of  fobfeqtient  llatutet  to  be 

kept  in  the  cxchctjiu  r  cLainljcr,  bv  an  ufTii-cr  calkil  the 
Jtrk  y  the  nuirM,  except  tiic  wine  "aJlon,  which  it 
committed  to  the  city  1^  liimdoD,  amfltept  ia  GniU< 
hall. 

The  Scottilli  ft.iVidards  arc  diilributed  among  the 
oldcd  borough*.  The  dwand  is  kept  at  Edinbuivh, 
the  pint  at  btirliog,  the  pound  at  Laoarl^  and  the  finoc 
at  Linlithgow. 

The  two  pnncipal  Weight*  cflafaliflied  in  Great  > 
Britain,  arc  tray  Weight,  ai|d  avaiidiipott  Weight, 
2  aa 


WEI 


C  «84  ] 
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M  Mott  tMRtiwed.  UiiJer  tW  ticftd  tS  t%c  former 
tt  ntf  fiitther  be  ailded»  thit  ' 

A  ctrtt  it  a  Weight  of  4  gtiim ;  but  when  the  term 
li  applied  tu  lipoid,  It  J;t)oi<r3  ibe  <ic£ree  of  linciK& 
Any  qtiartit)  of  gold  :»  fuppufeddirided  into  34  parti* 
If  ihc  wh'ilt  niafs  Ik  purcj;oM,  it  is  in'n\  to  be  24  cara'S 
finr ;  if  tli<  rc-lie  uirti  of  pure  guU,  and  ont  part 
of  alloy  or  faafe  oicti^  it  it  bid  tp  l)e  <3  cant*  Diic» 
and  fo  on. 

Pure  gdld  is  too  foff  to  he  \ifcd  fc  r'l'-.  The 
fi;ir>dard  cv>in  of  lhi»  kingdom  is  iz  car.Us  line.  A 
poi'Dc!  of  flaadard  gold  h  cnuied  into  44^  guirt'a<i, 
and  thertforc  every  f;'/inca  (liouU  wci^h  5  dwu  (,J5 
gninib 

A  potmd  of  filter  for  coin  cootiini  1 1  oz  x  dwf* 
pore  Stnvt  and  itdwtt  alloy:  and  ilaadard  Over* 

pfate.  1 1  ounce*  pure  ShtTf  mXh  i  Ounce  »lIoy.  A 
pouml  of  Aandsrd  filler  ia  coined  into  62  (UiiUngs ; 
and  therefore  il^e  Wci^lit  of  ft  AilluigflMNild  be  3dwts 

20}  [  grains. 

Un'iwrji! StaKiUrJ  f(,r  "VVricHTS  ctul  .M..tfurn, 

Piilofoplicrs  from  their  hr.Mts  of  gtncta!i/,lmg,  lir.vc 
ofttn  msde  fpeci.lations  for  for;r.iiij(  a  j^L-iuval  Ujinj;ir<.l 
tot  Weight*  aad  nieafiiiTj  thmugli  the  nhok  world. 
Thefe  have  been  devitird  chicSy  oF  a  phtlofophical  na- 
lure^  M  facft  adapted  to  vnivcifality.  After  tbc  ia- 
vention  of  pendiuum  clocks  it  lirA  orCarrrd  that  tlie 
Icnpth  of  a  pci;d'.l:im  which  flnuld  vibrate  Uc>iijii», 
would  be  prrjHT  ti>  be  trr^'le  a  ti-iIveiLl  tlnui!arct  f-jr 
lengths ;  wbdhfr  it  (hrmlil  b<?  culled  a  yard,  or  anv 
;liing  elfc.  But  it  was  fuuiu!,  tlial  it  wt  ulj  hcdifficuft 
.in  prafticCi  to  mcofure  and  deli-rminc  tli'  ;.iif  li-.j^.h 
of  ftich  a  pen«hlluai»  that  is  t'lc  dillancL-  betw  een  f  iie 
point  of  ftifpcafiottand  the  point  uf  okillation.  Another 
k.  I  life  of  in.iccnrocy  ws^  ihvr.\:.'^,s  ("ifcovered,  wbtn 
it  wa?  found  that  the  l  i  rcnun'ui;.  was  of  diffcrnU 
lengths  in  all  the  diflcrcwt  JuitudcH  owing  to  the 
fpheiuidal  A^tt  «f  At  cartb,  athicb  eaurei  that  all 
placet  in  difkrcnt  latitudes  are  at  diiTcrcnt  di(Yancea 
from  tTx  centre,  and  confcquciitly  the  pendulums  are 
ai'ltd  upon  by  differs  t  I  1.  ;^  of  gravity,  an  ltlicrtforo 
i<  quire  to  be  of  dillVrctu  ku^tfis.  In  tlic  latitude  of 
l.ividon  this  is  found  tti  be  3<5  J  inches. 

The  Society  of  Arts  in  London,  among  thvir  many 
Inuiablc  and  patriotic  cndeavmiis,  ofiVnd  a  lianjfaiue 
premium  for  the  difco^ery  uf  a  prop-r  HamlanJ  for 
Weights  and  nteaftirei*  Thli  br>iii;;ht  the  n  m^ny 
frivol:)us  expedients,  as  well  one  which  wat  an  im- 
provement on  the  method  of  the  peiidolllint  bj  one 
nation.  Tbiiconfittcd  in  mcafuring  the  diffcfcnce  of 
tbe  length*  of  two  pe'nduhim*  of  diflerent  timet  of 
%'ibration  j  which  couM  be  pctforrocd  more  calily  atid 
accutately  'ban  that  of  tlic  length  of  one  fingle  j>f  n- 
dulum.  This  method  was  put  in  ptaCticc,  and  tuily 
explained  and  ilhitlrated,  by  the  late  Mr.  \\'ii:iclitirl}, 
in  his  a.tcmpt  to  aficrtain  an  llnivtrfnl  .Standard  of 
Wcighin  and  Mcafnres.  But  Hill  ^hc  fame  kind  of 
inaccuracy  of  rr.eafiirrment  &c,  obtains  in  this  »vay, 
at  in  the  fir.gh-  pti  lic'iiir,  ll.  1  igh  ia  a  fmalkr  de- 
gree. 

Another  method  tiut  haa  been  propofed  for  thit 
furpofe^  ii  the  fpace  tint  a  heavy  body  faUs  fieely 


tbnmgh  in  l  feeotsd  of  time.  But  this  i»  an  eapnri. 
nent  more  difHcuk  than  the  former  to  be  made  with, 
accuracy;  on  which  accomit,  difTcieirt  perfoaa  jiriD  ntt 
make  the  fnace  failca  to  be  of  different  qiiutitica». 
which  wonldgite  a*  many  different  ftandardtofkngtb. 
Add  to  thit,  that  the  fjiltcruidal  form  of  the  earth  here 
a^Rin  i;itrt«ltice>i  a  dtverfity  in  the  (pace,  owing  to  thc 
different  diibiices  •uin  t/,j  c.  t::,  c.  iifi'itlfHt 

dii^crfity  in  the  imLt  ol  ^i.ivay  bj  whicli  Uie  bo«ly 
falls.  This  fp.-'cr  i.iu  been  tiiiind  to  be  193  inches,  or 
16,',  feet,  in  llic  lilltude  of  I-ondou  ;  but  it  « ill  be 
a  dilKfretit  (iiimit't  V  in  (  thvi  Iiiitudi  •• 

Many  oll>;r  i.iieriur  expcciic  ts  liave  alfo  hren  pro- 
pofed forthc  purpofe  of  un  Ttital  mralurts,and\Veigi;lr; 

but  there  iit  anatkcr  ttrhicU  now  ha*  tliC  bcft  prafpcA 
of  fuoceft,  and  ta  at  pidcnt  wider  naiticular  caperi* 
nwHtr,  bythephilaf«t>|ien  both  of  thia  and  the  French, 
nation.  Thit  mcthoa  Is  by  the  meafure  of  the  degreea. 

i  f  i-  i'".ude;  whi: w  !  give  a  l.lrjje  qvuij'ity,  snj 
i.Llu.ii  ol  more  accuiuU  j.italurcf,  by  lubdivifion,  than 
what  could  he  obtiiiitcd  by  beginning  from  a  fmall 
quantity,  ormcafmc,  snd  thincc  to  proticd  incteafittg 
by  tnultiplcs.  '1  liis  nuuf;i;c  nii;,ht  be  taken  either 
Irtitn  thd  extent  of  tl>t  wliole  conpais  of  the  earth,  or 
of  all  the  j6o  decrees,  or  s  niedium  degree  among 
them  all,  or  from  the  meafurc  of  a  degree  in  the 
medium  latitude  of  45  degrcei.  it  w  ill  alio  be  maft 
Gontcnient  to  make  the  fwdtti^iia,  of  thia  meafure, 
when  ibtwd,  to  proceed  decimally»  or  contin&aliy  by 
lothv 

The  univcrfal  (landard  for  lengths  being  otiJt  eila- 
bliflictl,  thofe  of  \\\  ',:a,  fee,  would  eafily  follow,. 
For  inflame,  a  ('tiii.l,  of  certain  diitvenfions,  being 
filled  with  dillillcd  water,  vt  fujne  otlitr  liomojrt.ni.< 
matter,  the  Weight  of  that  may  be  conivdccd  ai  a 
ftandard  for  Wei,;lit!:. 

Wpicht  of  tl.c  Air,  Water.  &c.  Sec  thof.  a  ticlct. 
fcverallv.   Sec .illo  SficiFic  GnAvirv. 

W£K$-T,  a.  Kuffiaa  mcafnte  «f  ksgdls  e^  Ift; 
3500  £ng1ift  feet. 

WEST»  one  of  tbe  cardinal  paints  of  the  horizon*, 
or  of  the  compafs,  diametrically  oppofite  to  the  eaft,. 

or  1'. 'n;  Mil  leftlunj  when  wc  face  the  nortli.  Or 
We.t.  11  llnciiy  the  inlcrlciii",?!!  of  iLi:  jtlhic  vcitic^ 
with  the  liurizon,  i  ;i  I'.i.'i  1      v.  lu  re  tin.-  liiii  Uts. 

Wist  H'im!,  it  alio  oailcd  Zffirjrui,  and  i'avmuia, 

V\t%T  Dial.    Sec  Dial. 

WESTERN  Jm/itiiud.;  Jiarisun,  Ocean,  Seethe 
fcvtral  articles, 

WESTING,  in  Navigation,  it  tbe  qaa(»tiiy  of  de* 
parture  made  good  to  the  tweil«inKdfinM»the.BcridMUi. 

WEY.  SecWaicN. 

WHALE,  in  Aftronomy,  one  of  the  co&flellatlont.. 

See  Ctl  us. 

WHEEL,  .1!  Mtdiai.ics,  a  fimplc  machirse,  Cftn- 
fi/ling  of  a  circular  piece  of  wiu  d,  r;,'.;.il,  ur  uittcr 
mallir,  thiit  revolves  on  an  a\':i.  I  his  ii  oihtiwiie 
cnllc  1  I.  fjcti  nml  /ix.'r,  ox  A  "IS  in  /V^i/f  s.i;V,  as  a. 
mtthati'cal  power,  being  one  of  the  ©oft  frequent  and 
ufeful  cf  any.  Iti  this  capacity  of  Itf, the  Wheel  it  a, 
kiui^  ot  perpetual  lever,  and  the  Alii  another  kflcr  Ode  i 
or  tlic  radius  of  the  Wheel  and  that  of  ittaxia  nay  be 
confidtrtd  at  tbc  kogcr  and  fiiortcr  anna  of  a  ]e«rr,  th« 
ccMtc  of  the  Whcd  being  the  fnlcnin  «r  jntiht  of 

fpfjitm-^ 
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htftnSoo.  Whence  it  it,  that  the  P«jWct  ef  ttiti  mi<> 
ttune  is  cDimatni  by  this  nilr,  as  the  la'.'.ius  of  the 
•xi(  is  to  the  ladiui  of  iJic  WliccI  or  of  the  circumfc- 
fo  it  my  gitren  powcri  to  the  weight  it  w3t 


W  H  £ 


rcncc, 

fnflaio 

a:,  u  i.ll«s  thcJr  ajcf,  arc  frctjuently  dented, 
or  cut  into  teeth,  and  are  then  of  ulc  Ujpon  innumnsble 
cccaliuns ;  ai  in  jacks,  dockt,  inill>«rork,  &C|  by  which 
meant  they  arc  capble  of  otoviog  and  a^^ing  on  one 
another,  aiiJ  of  being  combined  together  to  any  cKteat; 
tite  tectb  eitlier  of  the  axia  or  circumference  m>rki«ff 
n  thofe  of  other  Whcda  or  axles  1  and  thue,  by  multi- 
plying  the  p>wcr  to  aoy  entcott  an  aoaKing  gicat 

cCcii  is  produced. 

To  comfufe  l/jc  ^ox'.vr  »f  a  rmnitnation  of  IVheth  ; 
the  teeth  of  the  axi»of  rwry  Wheel  aOitic^  on  thofe  in 
the  circiimCerencc  of  the  next  following.  Multiply 
Contiiiu;iliy  toget'..  f  the  radii  of  all  the  axes,  as  aUo  tkc 
radii  i>!  all  ihe  WheJs  ;  tlien  it  will  be,  as  the  funwr 
pi  Oil  lift  is  to  tijc  latter  produ£),  fo  i*  a  given  power 
applied  to  the  circuQifiaence,  to  the  weight  it  can  M' 
tam.  Tbns»  for  esamp'e,  in  a  omLinxtiuir  of  fivc 
Wheel* and  axles  to  find  tlic  wei;;ht  ii  man  can  fiilbin, 
or  raifu,  whofc  :i  ;  cci»e^ual  to  150  pounds,  the  radii 
of  the  Wheel*  liCiiig  30  inches,  and  thofe  of  the  axes 

Siacbei.    Here  3x  3x  3X  jx  3  =  24^, 

and  jox  30X  30X3c>x  jO  =  ^jjooxo, 
therefore  a«  143  :  24300000  :  ;  1  :  i?oo;ocxjib, 
the  iveight  he  can  fudain,  which  u  more  than  669^ 
tona  t%'cight.  Sn  prodigious  IB  ilic  joacale  of  pbwar  in 
R  eombiiwtion  of  Wheeltl 

'  Bat  it  it  to  be  obfmed,  that  in  thii,  ««  weff  as  every 
other  nechvnical  engine,  v  h.ite»er     (faint  J  i:i 


pott'ir, 


n  loft  in  time  ;  that  is,  the  *eij;i»t  will  rTiovc  ns  much 
Pd'.ver  thu  i  t!ie  power,  ai  tho  force  i'.  iiicrcufed  or  mul- 
tiplied, which  ill  the  example  abore  is  ICoa^O  litucs 
flow  er. 

Hence,  havlnpf  given  any  power,  and  the  weight  to 
beraife<},  with tnc  pnipor; ion  between  tJic  Whtcl*  and 
axles  nectrfiary  to  that  effcA  |  to  tiad  the  number  of 
the  WliccU  and  axlei.  Or,,  bstvfaw  the  sBmher  of  the 
Wheel*  and  azka  given,  to  find!  titio  oE  the  radii, 
ofthe  Wheeband  ade*.  Hiere,  pnttinf 

p  ~  the  power  aifltng  on  thu  lailwhed^ 
W  =  the  weight  to  be  raifed, 

r  =  the  radiii»  of  the  axles, 
R  s  the  radiiu  of  the  twhecli^ 

■  =  theflttoberofthc  whtelfanJjxlet; 
tl  cn,  by  the  general  proporttun,  iu  ;  "  :  R^"  :  :  p  :  '> 
llitrttijrc  /iR"  =:  i«  a  general  (ltcoreni,ffom  whence 
may  te  fum;.!  r.iiy  oiil'  uf  thefc  five  letters  or  quantities, 
when  the  other  four  are  given.  Thuti  to  find  a  the 
■waber  of  Whcda :.  we  have  firft 

Jl.  —  •  -  —  log.    T.  -log./ 

-taeaoss  —  . 


r" 

And  to  iwd 


R    ,  . 

tut  ratio  ot  iht  \S  ac«i  to  ike  ajilc;  it  if 


-  = 

crown  wheel, 

oMMiat  iriieel*  gtfai  wheel,  fceoad  vrficcl,  third  wheel, 


refpcrt  to  Wheels  of  carriages,  the  following  particulars 
are  collefled  from  the  experiments  and  obfcrvatious 
of  Ddagtilien,  BeigbtoHy  Camni,  FcrguCon,  Jacobin 

Sec. 

I.  The  uCl- (if  Whrrls,  in  cTrriagcs,  is  twofold  ; 
that  of  diminithing  or  more  eafily  overcoming  the  re- 
fiftanoeorlH£Uon?rom  the  carriage  ;  and  that  of  more 
esfily  overcomtng  obdacles  in  the  road.    In  the  firft 
cafe  the  friftion  on  the  ground  is  transferred  in  fomc- 
degree  from  the  outer  fm  face  of  the  Wheel  to  ill  nave 
and  axle  1  and  in  the  1<itter,  they  ferve  eafily  to  laifc 
the  caTr-":i3:e  rvrr  obdicles  and  afpcritics  met  with  on 
the  u  i:<\i.    Ill  bu:li  ilicfe  cafes,  the  height  of  the' 
V\'Iii-j1  ij  <jf  nuitci  iul  coiifidcration,  as  the  fpokcs 
as  kveit,  the  lop  ol  an  jibttacle  being  the  fuleru'Ti, 
thejr  length  enables  the  carriage  more  calily  to  fur:i kh;  i,t 
them  ;  and  the  greater  proportion  of  ilit  Wheel  to  the 
axle  fcrves  more  eallly  to  diminilh  or  to  Overcome  the 
(iridion  of  the  axle.  See  Jacob'»  Ob&nwtioha  on  Wheel. 
Carnagrs,  p.  23  &c. 

1.  The  Wheels  fhnnld  be  exaflly  round  ;  and  the 
fellies  at  right  angles  to  Uie  naves,  according  to  the* 
inclination  of  the  fpokcf. 

5.  It  is  the  wort  j;rurrrl  op'niQn,  that  the  fpokes 
be  fomewT  .tr  ii.^lirdi  to  tin-  ii„  .w%  fo  that  the  WheeU 
may  be  difhing  or  cmicave.  indeed  if  the  Wheels 
were  alteays  to  roll  upon  fmuoth  and  level  ground,  it 
•would  be  beft  to  mnfer  the  fpolces  perpendicular  to  the 
naves,  or  to  the  axir s ;  bccauft- they  would  then  bear 
the  weight  of  the  load  perpcndicttlaTly.  But  bccaufe 
the  ground  ia  commonly  iineveis,  one  Wheel  often  falla 
itito  a  cavity  or  tut,  when  the  other  does  not,  and  t!  en 
it  bears  much  more  of  the  weight  than  the  other  does  ; 
in  which  cafe  it  is  beik  for  the  Whc»!s  to  be  dirtied, 
becatife  the  fpokes  become  perpendicular  in  ths-  rot, 
and  thetcfore  have  the  grrateft  litcjth  uKm  the 
obliquity  of  the  toad  ihrovvs  molt  oi  the  weigh; 
upon  them  ;  whilfl  thoie  on  the  high  ground  hnve  lilj 
weight  to  bear,  and  theiefurc  need  not  be  at  their  fttU 
Ibeagrh. 

4.  The  axkaof  the  Whcda  flimild  be  quite  afnurhr«. 
•nd  perpendicular  to  the  (hafts,  or  to  the  ^le.  When' 

the  axles  are  ftraight,  the  lim-.  -  f  tlic  hx-Ai  %v  !I  be 
parallel  to  each  other,  in  td.c  iLcy  will  n  ovc  tlic 

Ciificft,  becaufc  they  w  ill  he  at  hbc  ity  toprr  r;-t  J  lUa'j  h: 
forwards.    But  in  the  ufuat  w.-.y  of  pi^<:tice,  the  enda- 
of  the  axles  aie  bent  dowowr.rds;  whici>  always  keepa- 
the  fides  of  the  Wheels  that  arc  next  the  ground  nearer' 
to  one  another  than  their  upper  fides  ate;  and  this  tvofe 
fconly  makes  the  Wheda  diag  fidewaytas  ibcy  go  aioagf 
and  gives  the  bad  a  much  greater  power  of  cmlbingr 
them  than  when  they  are  parallel  to  each  other,  but 
alfo  endangers  the  overturning  the  carriage  when  iv 
Wheel  falls  into  a  hole  or  rvt,  or  when  the  carriage 
goes  on  a  road  that  h.-»»  one  fu!e  lower  than  the  other, 
as  along  the  Ir.le  c'^.i  ir.U.    Mr.  Bii;;hti  11  however  has 
offered  feveral  rcalons  to  provetlua  the  sales  of  Whcda • 
ought  not  to  be  ftraight ;  for  wbicb  Ck  DcfifgdjenTa 
fixp.  PbiUvoL  2,  Appendix. 

^.  Large  Whcda  *n  (bond  ntoie  ndvdntageoua  fbr« 
rolling  than  fmallonn,  htotbwith  regard  to  their  powere 
as  a  tonger  lever,  and  to  the  degree  of  fridion,  and . 
Mtke  M«afit«|^  ia  fctlrag  over  boln»  nibs,  and 
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"ftoiiM,  ice.  If  »x  confuJer  WltccI*  with  regard  to 
ilic  friction  upon  ilicir  axUv,  ii  is  cviilcnt  that  fmall 
AViiitls,  by  tiiiniijy  oftci:cr  ro'md,  and  fvrlflcr  about 
tlu-axk's,  tlian  large  tiiits,  mnfl  Iiavc  much  moie  fric- 
tion. Again,  if  wc  conlidcr  Wiinls  as  tlicy  fink  into 
hole*  or  luU  cuth,  the  kr^^c  ^Vue£i«,  by  finking  Uk, 
mull  be  nrnch  «aGer  drawn  out  of  tlicra,  at  well 
M  moie  ealUy  ««cr  Aotte*  luid  obllaclcs,  from 
tbetr  greater  lengtb  of  lever  or  fpofces.  Dcfigulicrt 
h»%  hroitght  tbh  matter  to  «  ontbeaatieil  cdoihtioot 
in  !ui  I'lxjientn,  PhiloC  vol.  i,  p.  171,  &c.    See  iJfo 

I  lull!  it  ;,i.^Jt.i?j  lIuiH  ihat  W  hi'iU  arc 

monf  advantageous  <i*  tlicy  .iic  larger,  piovidni  they 
arc  not  mure  than  5  (ir  6  feet  diatiuier ;  for  when  tiuy 
<XCacd  lh<:f<  dimciiljoiis,  tluy  become  too  heavy  ;  or  if 
they  arc  made  light,  their  llrtiiglh  i«  proportionably 
•dimiitiflrctl,  and  the  leiigtli  of  the  lpoke»  renders  them 
mare  liable  to  break  :  bclkktf  liorlca  ^pUcd  to  fucb 
l^hcek  would  not  be  ciinblc  of  ratrting  tbeir  utmoft 
itren^th,  by  having  the  axles  higher  than  their 
bicatls  fu  that  they  wwdd  dnw  duwnwanU }  whieh 
is  even  a  ;;rtaler  diiadvantagc  th.iii  lin.<U  Whccltbavc 
in  occafiiMiiiig  the  horfe«  to  diau  u^uardc. 

6.  Carriajjes  u  iih  4  WheeU,  ak  wagg^xis  or  coaehts, 
arc  mtich  ingic  advantageout  than  cairiages  with  i 
Wheels  At  caits  and  chaifet  ;  for  with  3  wheels 
it  ii  plain  tbc  tiller  liorfc  carries  part  of  the  weight, 
M  one  way  or  other :  in  going  down  bil^  the  weight 
bears  u|>pn  the  linifc ;  and  in  going  up  bill,  the 
weight  falls  tlic  otlier  way,  and  lifts  the  hnrfc,  which 
is  fiil!  V'o-tV.  ru'lii].  i,  US  thi.  fii.k  iiitij  tin: 
llok'&  in  the  rwiuls          t nr.- s  mi  dim.  inic,  1< 

(in  the  other,  th<'  (b  i  t-  liv.M  a.^iinft  the  tiUei iu'ui,, 
wMd)  dtllroys  many  hoiies  :  moreover,  when  oiic  at 
the  W'liecls  (inks  into  a  hole  or  rut,  half  tlic  weight 
faili  that  way,  which  endaogm  the  overturning  of 
the  carriage. 

7.  Jt  would  be  much  more  advartaj^cous  to  make 
tbc  4  Wheels  of  a  coach  or  waggon  large,  and  neai  ly 
<)i  n  height,  fba!i  to  make  the  tort  \V|,tii;  uf  only 
half  the  diaiiRier  of  ilic  hind  VN'iiCeli,  ;ii  la  ufuj  in 
roany  plcitt^.  Tiic  foie  Wheels  have  cotnmotdy  been 
ir.ade  ot  a  (ize  than  the  hind  ones,  Loth  on  account 
ot  t  irrii!^'  (Inirt,  anj  to  avoid  cutting  t\u:  braces. 
CiRitc-necks  have  alio  been  iuveiited  for  tuiniag  yet 
Iborlcri  and  the  fore  \VhccU  hu%c  btca  fewctca*  to 
M  ta  go  quite  under  the  bend  of  the  cniiie*lieck. 

U  i*  beld»  that  it  it  •  Meat  di&d^antage  in  Ibiall 
Whccb^  that  ss  their  axle  is  below  the  bow  of  the 
horfc*  brcatls  the  horfet  not  only  have  the  loaded  citi- 
iiagctodtaw  along,  but  alio  p.i>i  vf  its  weight  to  be M', 
wliich  titcs  iheni  footi,  and  iivakes  them  giow  much 
ikifler  in  thrir  hams,  than  they  would  be  if  thejT  dfCW 
on  a  level  wiih  the  lore  axle. 

Hut  Mr.  Ueifjhton  dir^jutos  the  propriety  of  fixing 
the  hue  of  tta^on  on,  a  level  with  the  bieaft  of  t 
}iotf<«-and  fay*  it  it  contrary  to  rcafon  andcxpe 
HorbNf  he  fityt»  lumt  little  or  no  power  bo  ortw  but 
what  they  ilcriTe  from  their  weight ;  is-tthout  which 
they  could  u«t  take  bold  ot  the  ground,  and  then  they 
mull  Hip,  acddraw  nothing.  Couimon  cxpcrieiiee  alfo 
teachcj,  that  a  horfc  mull  have  •  eert.iin  weight  on  hii 
h«ck  ur  ibvukleriti  thiit  he  laay  dimv  the  bettor.  And, 


'V 


when  a.  horfc  draws  hard,  it  ia  obfcrved  that  bt  ^ 
forward,  and  brings  bit  breaft  near  the  gtmind }  and 

then  if  the  \VT.ecli  are  high,  he  is  pulling  the  c.irria;;c 
a^aiiirt  the  gtouiul.  A  hor(c  tackled  in  a  w.,j,^i)ii  u  lII 
dniw  two  or  three  ton,  hecaufe  tin'  p<ii'jt  or  line  itl' 
traCtii.n  13  below  his  bread,  hy  the  lowncfs  of  the 
Wheels.  It  is  alfo  eointnon  to  c,  wl.cn  one  borfe  it 
driwnig  a  heavy  lond,  efptcially  up  hill,  bis  fore  feet 
\<ill  rile  trtMn  the  ground  ;  in  which  cafe  it  is  uftjal  ta 
add  a  weight  Ob  hit  back,  to  keep  hia  fore  paitdowoi* 
by  a  pcrfon  mounting  on  hi«  back  or  fliOuMera,  %rfi^eh 
will  enable  bin  to  d:'.iw  th:ic  load,  which  he  could  not 
mofe  before.  The  ^reatcft  flrefs,  or  main  bufrnefs  of 
drawing,  lays  lliis  mgenii  uH  \Miti-r,  n  to  overcome 
ohllaelci  ;  for  on  level  plain:^  tiie  drawing  is  but  little, 
and  then  the  borfc^  back  need  be  prelliEd  but  tRrtth  « 
fmall  weight. 

8.  The  iilility  of  broad  WHiccls,  in  amending  and 
preferving  the  roadi,  has  been  fo  long  and  genet  ally 
acknowledged,  .13  to  have  reeiilioned  the  legiflaturc  to 
enforce  their  ufe.  .^t  the  fame  time«  the  ptoprietorm 
and  dri%-eii  of  rarii:ig(s  leem  to  be  convinced  by  expe- 
rience, tiial  a  narrow-wheeled  carriage  is  rr.i/rc  e.i.i'y 
aod  fpcedi'y  drawn  by  the  fame  number  of  hoifi:*,  liun 
n  broad-wlieelcd  one  uf  the  fame  burthen  :  probably  bc- 
rnudr  the}  arc  much  lighter,  aud  have  lets  fndii>n  on 
the  axle. 

On  the  fubjed  of  tbia  article,  fee  Jacob's  ObferTft 
&e.  on  Wherl-CariiagM,  IJTj,  p.  81.  DcfagflL 
Expcr.  Phil.  vol.  I,  p.  201.  Fcrgufon's  Led.  4tO|| 
p.  56.   Marttn*!  Phil.  Brit.  voL  i,  p.  319. 

.C.'.winj  Wheel,  l.^  a  n.  ii;'.';,:  Luuli  iv-.-i;  Ky  Def.i- 
for  drawing  tKt  iuu!  .i.r  gui  of  j.uy  pWc,  or 
tor  tvjreMi;^'  ill  htth,  ur  doing  both  fucceflively,  without 
opening  doors  or  ^vindows.  See  Philof.  Tranf.  num- 
ber 437,  The  intention  of  this  machine  is  the  fame 
ft»  that  of  Haleii'a  vcr<li1ator,  but  nut  fo  elTcdtlul,  ttOV 
lb  convenient.  See  Defac.  Expcr.  Phik>f.  wL  Z« 
p.  (63,  563.^Thi<  WhciJ  u  alio  called  a  tadryu- 
gjf  li'Lcfl,  beeatife  it  drives  tbc  air  with  a  centrifugal 

/^'ij/.'r  WntEL,  of  a  Mill,  that  wlueh  riccives  the 
iinpolfe  of  the  flteam  by  means  of  ladle-boards  or  float- 
boards.  M.  Ta'cnt,  of  the  Aca<li  iiiy  ol  ticieiiees,  has 
determined  that  the  grealett  efF.cl  of  an  uuderftiot 
Wheel,  is  when  its  vilo<  ity  is  c^iuil  to  the  3d  part  of 
the  velocity  of  tl.c  water  that  dnvcs  it ;  but  it  ought 
to  be  the  half  of  that  velocity,  as  i«  fully  Ihewn  in  the 
article  Mill,  pa.  f  11.  In  Ssimk  M  underdiot  Wheel, 
it  ouglit  to  be  confidetcd  whether  the  water  e-nn  run 
clear  off,  fo  ttto  canfe  no  back-water  to  Hop  its  mo- 
tif n.  Concerning  this  .uticli,  fij  Dt-Ui.^nl.  l£xp, 
Phiioi.  vol.  3,  p.  4i2.  Alio  a  vinety  ot  expcrimeiiti 
and  obfervatioiisi  i' j<i:.i  ij  to  lindcrfhot  and  oveHhot 
Wheels,  by  Mr.  ^mcaton,  in  the  Philof.  Tranf^ 
vol,  J  I,  p.  100. 

MiflctW;  Whul.  See  Rota  ArfP^ttStnh 
■  Mtojuriitg  W'Htau    Sec  PtaAHiObAToa. 

Urjfyrnu's  W'utki..    Sec  UiiFrvKKOS. 

I'rrjian  W  H 1 1.  L.     See  Ft:    S  I A  N  . 

WkI  EL-iiiJ»v  r  .  .r.      StC  1>AKUMCTER. 

W'HIRL-POt'l.,  an  tildy,  vortex,  or  giiiph,  where 

the  water  is  eoutiwiail,  ;u-i;iug  round. 

W  Hiiai^'G-TAUL£,  «  nuduiie  ooBtmcd  for 

reptc- 
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KprdSfnting  firverj  phenumeim  in  pliilofophy,  nnil  na- 
tntr  s  M,  Oic  principal  latri  of  jrntWiation,  and  of  tb« 
{-•^■i  -  f  1  -■<•  rnotiom  IB  cdTirilrnewr  orbits. 

.'  f'ljpire  of  thtt  uiUfttnent  ii  ediibhed  fig.  t, 
})'  ,  ;  where  AA  »  a  (hony  frame  of  wwxl  •  B  a 
Ki.  >  fi-ici^  on  tfic  axr's  C  of  tt  t  wheel  D,  louiut  u  !- 
13  t.'ii-  catgut  ftiinf;  F,  which  ;ilfj  '^vzi  rouml  t'lf  )rn:i!] 
w  ■-•  K  Ct  Jitid  K,  cnitT:n>j  bttwctti  ihctn  a  vJ  the  .i;rc-jt 
v  l:<f  !  li  On  th^  iipjK-r  tnd  of  the  ,1115  of  tin:  wlwil 
G,  ah  JVC  the  framj,  i}  fty.'.d  the  ru;:inJ  hoard  ./,  to 
which  may  he  oci :jlfona!ly  lixrJ  tiis  htarcr  MSX  ( 'n 
the  axi.i  of  the  whrcl  H  is  fixcA  the  Kearji  N  PZ,  .inj 
when  Ihc  winch  B  tmn  -J,  tfie  "hec!»  awl  bearers 
are  put  into  a  Whirling  rnutlon.  E:ch  bearerlias  two 
wire*  W,  X,  and  V,  Z,  fixed  and  fcrewM!  xif^a.  itiio 
tbem  at'tlte  ends  bj  ntfti  on  Ae  outfide ;  and  when  the 

nuts  are  l.:fi-i  akI,  the  wires  nmy  h^  dr  iivu  out  in 
order  (n  chi' n^c  the  balls  U,  V,  wiiiili  Cjr-  iipori  tic 
wifi  v  i;y  meiuis  of  hn^n  I  v  fj;  f\\cd  ir'o  t'l;  balls  ■^''J 
prtv;n'.iri|j  their  tO'.;-;hin:^  the  WlXiJ  bfluw  iKeti:. 
Through  fnch  hi:!  th-ie  {)n:T.  <5  3  fi'Ii  Ii::c,  -.vhich  ii 
fixftl  to  it  at  a'ly  h-iv'th  frii:n  the  centre  of  the 
bcarrr  to  iti  i  bv  n  nut -fcrftv  a',  th'  top  of  the 
ba!! ;  the  lha:ik  of  the  fcrew  ii:^^  the  centre  of 

the  hall,  ar.d  :)ri'lJii)g  the  line  aj;.iiii,t  the  under  fije  of 
the  vhd<  which  it  goc^  tlir- .::rh.  The  line  goes  from 
itiebaB.  and  tinder  afmal!  pi:!!  y  fised  ta  the  middle 
of  the  bei  :'r  ;  tlidt  vip  through  a  focketiti  the  rouiitl 
phte  (S  a  ;>1  T)  it  the  niid  lk-  of  each  bearer;  then 
thrmr^'i  a  flit  it)  the  iru.-illr  of  the  fi[tn:-e  ten 
(O  a;vl  I')  of  c;ii:!i  tower,  .iii'l  pohi)r  over  a  fm:tll 
pulley  oil  thf  top  tomrs  doivn  nj;ain  the  fp.ine  war,  and 
II  at  lall  fa.tcned  to  the  opprr  end  of  ihe  fut  het  fixt  d 
iti  the  middle  of  the  round  [.lite  aboi-c  mentioned. 
■  £acti  of  thefe  pbtci  S  and  T  has  fo;ir  rcmr.d  holes 
near  their  cdj;es,  by  which  they'd!  !c  iip  and  down  upon 
the  wares  wbtch  make  the  coraer  of  each  lower.  The 
balk  and  plates  bciw^  thua  oonne6led,  each  hj  its  par> 
ticular  ll>ie»  i(r  h  plain  tliat  if  tlie  haBa  be  dnwn  out* 
ward,  or  towards  the  end  M  and  N  of  their  re- 
fpctftive  h  .-icrs,  the  round  plates  S  and  T  will  t" 
dr.iwn  Ufi-iL>  liic  lop  of  their  rcfpcftivc  towns  O 
and  P. 

Tisiic  arc  fcveral  hrafa  weii^hu,  fotte  of  t«ro, 
fomc  of  three,  and  others  of  four  oit  -  :!  ,  to  b;  oc- 
cafionjlly  put  wittiin  the  towers  O  atul  P,  upon  the 
ro:iid  pl.tcs  S  and  T  :  eieU  weight  havin<j  a  round 
hole  in  the  middle  of  it,  for  goin;;  upon  the  fockett 
or  axes  of  the  plates,  and  bein^  flit  from  the  rJ^e  to 
ihc  bQle,  that  it  a^j  flip  over  the  Koe  wbicb  cooiea 
from  each  ball  to  its  Tcipe»1jvc  ^late. 

For  a  fpccinirn  of  the  cxp»n(nents  which  may  he 
made  with  this  macliine,  may  he  lohjoincd  the  followr- 

I.  Removing  the  bearer  MX,  put  the  loop  of  the 
line  i  to  whieli  ilic  i.ory  hall  /j  h  fallened  over  a 
pin  in  the  centre  of  tlic  board  </,  and  firn  the  \Wnch 
J{ ;  and  the  h-.1l  wilt  not  ilMmcdtatcly  begin  to  move 
with  the  boari!.  hut,  OR  account  of  ila  inaclitity,  en- 
deavour to  renuin  in  its  ftatc  of  reil.  But  when  the 
ball  baa  aequired  the  fame  velocity  with  the  boirdt  it 
will  remain  upon  the  fame  part  df  the  board,  having  no 
relative  motion  upon  it.  However,  if  the  board  be 
Ldiicoly  Ho^p;'.!,  the  baU  wiUcoDVuaue  to  rtivoUc  u£«a 


It,  until  the  frlftion  thereof  ilups  i:«  motiDu  ;  fo  (ii:it 
matter  rrfjrti  every  chaugc  of  rtalc,  from  that  of  tetl 
to  that  of  motion,  and  vicr  vtrj'4. 

u  Put  a  lri»|B*r  cord  to  thit  ball ;  let  it  down  throng!) 
the  hottow  axt*  of  the  bearer  MX  andwhcrl  G,  a.ij 
fi-t  1  weight  to  the  end  of  tiic  co;  J )jelow  tic-  m.n  liriif  ; 
ai,1  this  wei^j'ht,  if  left        lih,-rly,  will  dv:;«-  the  b.ll 
Ir.Mti  t)ie  ed;^;'  of  thi    Whiilri^;  b;>ard  to  itt 
Di-a*'  <.fr  the  h;i)t  a  I  ttle  from  [he  crn;re,  ;>  :u  '-ur;i 
tlie  ulni'h  ;  then  the  h  ili  v.'tU  l.:)  roiin  1  ;:!:■!  r>j:i:.tl 
willi  the  bc^rd,  an  I  ,^r.idiriViv  (!y   fnrtlier  A\;ni  ihtf 
Centre,  vail'injj  up  the  vvr':;ht  b  Jo>v  ihi-  m^eh  '^r.  And 
ll'.u.i  it  ai  p  -.iij  i'i.\t  nil  bodies,  rcvolvin;;  in  circK'S, 
Invf  a  tcniV-^ey  to  Ry  u'F  frasj  thofe circles*  and  innti 
be  retained  in  them  by  fome  power  proceeding  from  or 
tending  to  the  centre  of  mot io^).    Stop  the  machine, 
am!  thtr  ball  will  tiinttnne  t  jttv.iive  for  fume  time  iijj.  'i 
the  hoifd  ;  h.;r  ai  (he  friction      ;-<hi;l'e  (lup^  its 
liori,  lie  irVtii;'hl  a''lin^  epcn  !.  '.vill  hi  iiii;  it  ie,,iKi  iij.l 
nr;<rcr  f  .)  the  centre  !•>  evi-rv  revolution,  till  il  h'l  i;^'-.  it 
quite  iSithtr.      HLnce  it  -iippenr.',  'I  jt  if  t'  e  pl.i-iet  - 
m(t  with  any  refiftiiiiee  in  poing  reiu;:J  ih.:  hr:, 
attraftive  pawcr  wuidd  brin;^  them  nearei'  ar:d  nc.ircr 
to  it  in  every  revolution,  till  they  wotdd  f<il!  i-.to  it^ 

3.  Take  tuld  of  the  cord  hrlow  the  machine  with 
one  hand,  and  with  the  other  throw  the  ball  upoti  the 
nmad  board  as  il  were  at  right  anvles  to  the'  con!,  and 
it  wiR  renlve  upon  the  boaid.  rhcn,  obfer^  :n„r  iho 
velocity  of  its  motion, pull  the  ccrl  bel  iw  the  maehinc, 
and  thushri  1.^  ball  nestcr  the  remit  :<i  the  hoards 
and  the  bail  .  ,'1  he  fern  lo  irv<:!ve  vv  ih  an  'ne.-cafi-ij; 
velocity,  a>  it  approa. :!,e'i  the  ce  itiY  :  an  !  thus  the 
planets  whieli  nrc  lira-ell  the  fin  peif.>rni  ipiickir  fcro- 
iDtions  than  thoCe '.V 'lieh  tre  rtu  e  remote,  a-ij  move 
with  greater  velocity  in  c»cry  part  of  their  rffpecllvc 
ctrdcf- 

4>  Remove  tlie  bsU  a,  a!)d  apply  the  bearer  MX*, 
whole  centre  of  motion  if  in  its  middle  at  ev,  dtreAIy 
over  the  centre  of  t'le  \V[)iHing  board  </.    Th<n  put 
two  b»tt«  (V  and  U)  of  equal  weielit  upon  thr^r  1  ear- 
and  hiving'  lUed  the:n   at  ei)  didjitccj 
irom  their  rcfpectivc  t-jritrtv.  of  motion      and  i  upon 
their  fdk  coids,  by  the  fcrew  njlt,  p-.it  eq'nl  ■.vti^hla 
in  (he  ttv.vcrs  <J  and  P.     I.  illly,  p-jt  t?ie  catgut  !!rinjr», 
E  and  F  upon  the|;r^io  .T  j  C»  and  rt  of  the  I'mill  wheels, 
which,  Ijcing  of  enual  d  .ioKttrs,  will  givtccpial  veloci- 
ties to  the  bearers  al>ovc,  when  thewinth  B  is  turned  V 
and  the  balls  V  and  V  wdl  fly  nlf  toward  M  and 
and  raife  the  weijjhti  in  the  ti)ive;-5  at  the  faw  iflftant. 
Thitfliewa,  that  when  bodies  of  equal  mtantities  of' 
matter  revolve  in  equal  circles  with  equail  velocities, 
their  centrifugal  forces  are  eq'ial, 

5.  Take  away  thefe  equal  balls  ar.d  pi>t  a  b.ill  of  ("> 
onnccs  into  the  bearer  MX,  at  a  6th  part  of  tlie  dif- 
tancc  ?i»s  from  the  centre,  atid  put  a  h;;ll  of  tir.c  ounce 
into  the  oppofitc  bearer,  at  the  whole  diit.iiice 
*y  =  et'S  ;  and  (ix  the  balls  at  thcfc  diftanees  0:1  their 
cord«,  by  the  fcrew  nuts  at  tlie  top:  then  the  bill  (J, 
whiefi  h.  t  (•men  as  heavv  aa  the  ball  V,  will  be  af 
only  a  6th  pan  nf  the  diilar.cc  'isuu  it  t  centre  of  mo* 
tion  {  and  confcquently  witlrcvoWe  in  a  circle  of  only  a* 
6tb  part  of  the  circumfitrcnec-  of  tbe  circle  in  wbicti 
V  revolves.  Let  equal  weights  be  pnt  into  the  time;  r, 
and  the  ivin:h.  be  turned  i  uliich  (jis  the  catgut  thin,;. 
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"h  ofi  c«m1  vhet^bfW,  wai  caiif*  the  latU  to  refohe 
in  rqtial  times :  but  V  u'!1  ii),v.\'  6  t-mt  !  as  faft  as  U, 
^bceaufe  it  revolves  in  a  circli:  of  6  tiiu;^  its  radiu*,  atid 
bulli  thcwcijjhtsin  the  tower*  wiU  rift  Uur  cc.  Hence 
It  apprar?,  tliat  the  centriftij^al  force*  of  revolving- 
bod'  ?  nrc  in  direft  proportion  to  their  quantities  of 
mniter  multUilied  into  their  rcipedire  vdocitiei,  or 
iiito  their  diSuce  frum  the  omtitt  of  thek  icfpeAiiv 
<irclw. 

If  thefe  Uiro  balk  be  fitcd  it  eqwat  diftancM  from 
4hcir  refiwdtve  centre*  «f  noiioiii  tber  wBl  note 
-whb  eand  veloetiiet ;  and  if  tbe  tower  u  bu  6  timea 
asmueb  might  put  into  it  as  the  tower  P  lias,  the  balU 
■jrtH  wife  their  wcii^hts  exaftiy  at  the  fairc  motrn  :  t : 
!.  e.  the  f  al!  V,  being  6  time*  a»  heavy  at  the  hall  V, 
hu  6  limes  as  much  centrifugal  force  in  defcribii>g  an 
trjual  circle  with  an  equal  velocity. 

f'.  Let  two  balls,  U  and  V,  of  equal  ivcight*, 
be  tixcd  on  their  cords  at  cqna!  dillanccs  from 
their  rcfpe^ire  centres  of  motion  «•  and  .x  ;  and  let  the 
eaigiu  fttin;,'  £  be  put  round  the  wheel  K  (whole cir> 
cumfcrence  is  only  half  that  of  the  wbrd  H  or  G)  mttd 
over  thej>ui1cy  j  to  keep  it  tight,  and  let  4  tioicaaa 
much  wnght  be  put  ieto  the  tower  P  a«  in  the  tower 
O.  Then  torn  the  winch  B,  and  the  ball  V  will  re- 
volve twice  at  f  iil  .li  I'lC  \::\]  U  in  a  circle  of  tin-  r.sme 
diameter,  bccaule  liny  ai«  cquidiilant  from  tbt  tciiUe* 
of  tlie  Circles  in  which  they  revolve;  and  the  weights 
in  the  tfiweis  xvlll  Ifoth  rife  at  the  fame  inAant ;  which 
<1>c»$  that  a  double  velocity  in  the  fame  circle  will  ex- 
.Tilly  balance  a  quijruple  power  of  ntlradlion  in  the 
ceiitic  of  the  circle  :  lur  the  weights  in  the  lowers  may 
be  cuniidcred  as  the  attr;»(flive  force*  in  the  centres,  ad- 
iDg  npoD  the  revolving  balti;  which  moving  in  equal 
circle*,  ai'e  as  if  tiiey  both  moved  in  the  lame  citcle* 
Whence  it  appears  that,  if  bodiet  of  cqiud  weij^hta 
revolve  in  rqual  circles  with  unequal  velocities,  their 
»entrliufal  forcen  arc  as  the  fquares  of  the  vclociiie*. 

7.  Tlie  catgut  ftrin^  remaining  as  before,  let  the 
<iina:n  c  of  tlie  bill  V  from  the  centre  .r  be  etj-.ial  to  i 
of  the  ilivifionf  '.111  in.  bearer;  and  the  diltance  of  the 
TksU  V  from  the  centre  rv  be  j  and  a  6th  part ;  the 
balls  thimfilvrs  being  equally  heavy,  and  V  luaking 
two  revolutions  by  tiiniinii;  the  winch,  whiltt  U  makes 
4mt  I  To  that  if  wc  Ciippol'e  the  ball  V  to  revolte  in  one 
iMOni«iit»  tbc  ball  U  will  revolve  in  2  momenta,  the 
Iqttaru  of  which  are  I  attd  4. :  therefore,  the  fquareof 
the  period  of  V  11  contained  4  times  in  the  fquare  of  the 
period  of  V.  But  tbc  liillance  of  V  is  2,  the  cube 
of  which  is  P,  and  tin:  .iilK.uc.-  1'  is  5',  tl,c  c-.l'L- 
<if  which  is  32  very  in;  i!-,,  in  u!.ith  H  is  cuutaiucd 
4  times  :  and  tbcrcfui  1 .  (iic  i:;'iaitsijf  the  periods  V 
und  U  are  to  one  anotliei  as  the  cub;  3  of  ihc-rdilbnces 
from  X  and  tu,  the  centres  of  their  rjrpLx"t;vi:  tHL-les. 
A-id  if  the  weight  in  the  tower  i)  be  4  ounces,  or 
i-i';'ial  to  the  fqiiare  of  which  is  the  didance  i>f  V 
from  the  oentie  jrj  and  the  weight  in  the  tower  P  be 
'  19  oiiiiceit  netrlj  equal  to  the  fquare  of  3 J,  the  dif> 
taoee  of  U  Gnmn  w ;  it  will  be  fotiad  opon  tHriiitw  the 
■Mchine  by  the  wiDeh,  that  thebafis  U  and  V  wif  raife 
their  ri-t"pe^3i*c  weijjlits  at  very  ntiirly  t!iL  r.uiic  inliant 
t  t  time.  'I'his  cNjieiiment  ti)ii)irin&  tbc  iiiujuu*  propo- 
l;tion  of  Kepler,  vi/,  iliat  the  fquarts  of  the  periodi- 
cal timci  of  ihi.  pUiicU  louad  the  ftm  are  iu  prof  ot« 


tion  at  the  cnbei  of  their  diAaoce*  Irmb  bn  {  and  that 
t)K-  riin'>i  avr.i'-ii'.:<ri  is  inreilelj !•  tbfi fifBire of  thedlf* 
tintc  fiorn  hii  tciilrr. 

8.  Take  off  the  firing  E  from  the  wheel*  D  and  II, 
and  let  the  firing  F  remain  upon  the  whreh  D  and  O  ; 
t;:ki:  ,TUAy  alfo  the  bearer  MX  iron  the  Whirling- 
boaid  d,  and  inflcad  of  it  put  on  the  machine  AB 
(fig,  a),  fixing  it  to  the  centre  of  tbc  board  by  the 

E'na  e  attd  J,  fo  that  the  end  r/  may  rife  above  the 
lard  to  an  angle  of  30  or  40  degrees.  On  the  upper 
part  of  dm  macbioc,  tbeiem  two  gla£i  tube*  « and  ^ 
dufc  flopped  at  both  end»,  eadt  tube  bebg  about  three 

quarters  lull  of  water.  In  the  tube  «  is  a  little  ^uick- 
iilrer,  which  naturally  falls  down  to  the  end  a  lu  the 
water  ;  and  in  the  ti.be  ^  is  a  fmall  cork.  Boating  0:1 
the  top  of  the  wattT,  and  fmall  enough  to  rife  or  fill 
i'l  the  tube.  WmIc  the  board  i  with  this  mai-hiMc 
upon  it  continues  at  red,  the  quicklihxr  lies  at  the 
bottom  of  the  tube  a,  and  the  Cork  floats  on  the  water 
near  the  top  of  the  (uIjc  i,  Bnt,  upon  turning  the 
winch  and  movirig  the  iDScbtM'*  the  contents  of  each 
tube  &j  off  toward*  the  tippemoA  end*,  which  are 
fiirtbeft  from  the  eenttr  of  nutioa  }  tbe  hnvieR  with 
the  greatetl  force.  Confequeotly*  tbc  quickfilver  in 
the  tube  a  will  fly  off  quite  to  trie  end  /,  occupying 
its  bulk  of  fpacc,  iiud  txilLtlli::;  tli-  \v:i'<  r,  which  it 
lighter  than  itfcit  :  hi;!  the  water  ia  the  tube  i,  flying 
oir  to  its  bigliL  i  I  ,  -'11  exclude  the  cork  from 
that  place,  and  cauli:  11  tu  (iefccnd  toward  the  lowcll 
end  of  the  tube  ;  fur  the  hearicr  body,  having  tbe 
pre  ater  centufugul  f<JTce,  will  poilcfs  the  upper  prt  of 
I  lie  tube,  and  the  lighter  body  wiU  keep  betwcca  the 
heavier  and  the  lower  part. 

This  cxperiioent  dcmonllraics  tbc  difurdity  of  the 
Cutcfiaii  dofirine  of  vonicca  i  fur,  if  a  pLinct  be 
more  denfe  or  heavy  than  its  bulk  of  tbe  vortex,  it 
wl!!  fly  iff  i:i  it  farther  ai:>l  fartlKT  frori  tbe  fun;  if 
le;i.  U'.tilc,  it  will  comcdiMvn  10  the  l.)wril  part  of  the 
vortcic,  at  the  fun  ;  and  ihe  whiili;  vi,rtrx  itfelf,  unlefs 
prevented  by  fome  obllacle,  Would  fly  quite  off,  to- 
gether with  the  plai'Cts. 

9.  If  a  body  be  fi:>  placed  upon  tbe  Whirling-board 
of  the  machine  (11^.  t.)  tii,-»t  i!)e  centre  of  gnvity  of 
the  body  be  dirciilT  over  the  centre  of  the  board,  and 
tbe  board  be  nKived  ever  fo  rapMiy  by  the  wioeh  B,  the 
body  will  turn  Rwitd  with  the  board,  without  remov- 
ing fram  ita  middle  1  for,  a*  aU  porta  of  the  body  ire 
ill  cquilibrio  round  it*  centre  of  gravity,  and  the  centre 
of  gravity  is  at  rcA  in  the  centre  of  ituitirin,  the  ren- 
trifocal  foTce  cf  all  j>:ot^  '  ili"  '  >  ly  v.  . I',  lu  ign  il  .it 
eqitui  dillances  from  it.sccutit  ui  w.iiUw.i,  .lini  il.cuitiie 
the  body  wiil  ■  ir.i  n  in  it^  (ibre.  But  if  the  centre 
of  giavity  be  (il.aed  ever  f«t  litllc  out  of  the  ccntie 
of  motion,  and  the  m.-«chine  be  turned  fwiftly  round, 
tbe  body  will  fly  r  ff  towards  that  lidc  of  the  board  on 
which  ita  centre  ot  gravity  li«  ];.  Then  if  tbe  wire  C- 
(tig-  3)  viith  its  little  ball  B  be  talc  n  away  from  tiiC . 
fcmi-globe  A.  and  the  flat  fide  /  of  the  femiglobebe 
kid  spoil  the  Wltirlii^-brard*  &  tl»t  their  ccntue* 
may  coincide;  if  then  the  boaTd  be  turned  ever  fo 
quickly  by  the  wincii,  the  I'tmi-g'.tibe  will  remain 
where  it  was  plac '.i  ;  hut  if  t(:c  wire  C  be  fcrewcd 
into  the  fcmi-gl.ibc  .it  </,  the  vvhule  become  tnic  bgidy, 
wbole  «;coUc  of  gravity  Is  at  or  utM  d»    ):a  iLe  ]ua 
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in  tli<-  cmtre  of  the  Wliirling-boaid,  and  kt  ihc  tl«ep    fyllein,  in  order  to  prefcrvc  iLat  JlI  LilasivX  w!;:vj) 
groove  h  ckii  iti  the  flat  fide  of  the  fcmi-^lubc  (ic  put    takes  place  amoiif::  t'n m. 

upon  tiie  pin,  fu  that  the  pin  may  be  in  the  centre  ii.  Take  away  ihe  Turks  itid  balls  frair  the  Whirl- 
of  A  (fee  fig.  4)  where  the  groove  is  to  be  reprefentcd     ing-bijard,  aud  place  the  trough  AB  (fig.  6)  thereon, 

at  b,  and  let  the  board  he  turned  b^  the  wincli,  whi^h  fixing  its  centre  to  that  of  the  board  by  the  pin  H.  In 

«i11  carry  the  litik  bull  B  (fig.  3)  With  its  wire  C,  and  t|tis  trough  are  two  bj>lU  D  and  £  of  unequal  weight*, 

the  femi-elobe  A,  round  tbe  ceotKipin  c  i ;  and  then,  ooiinedcd  bjr  a  wire  /,  and  made  to  Aide  ealily  upoa  the 

the  centHfuKil  force  of  the  iiitie  baft  B»  weighing  uae  win  ftmehcd  iirom  cod  to  end  of  the  trough',  and  made 

ounce,  will  be  fo  great  at  to  draw  off  tlie  fciAi-globe  A,  faft  by  aut  Icrewa  on  the  outl'dc  of  the  end*.  Place 

vcfifhing  two  pound*,  until  the  end  of  the  groove  at  c  thefe  oallj  on  the  wire  c,  fo  titat  their  totnmon  centic 

llrikcii  againll  the  pin  c,  and      prcvi.iit»  A  from  x^oiii,.;  of  ;;^nv!ty      may  be  diieCtly  over  the  ci-ntix-  of  the 

ary  farther:   othcrwife,  tJic  cc[itntuj;il  force  of  U  Wiiiilmj;  lnjard.    Tliet:  turn  the  machine  bv  t!ic  winch 

v»-<M.:l]  have  been  great  ciHii'..i;b  Uj  l.nvc  ctiriLd  A  (|>iite  ever  to  iMltlv,  ^mhI  the  trough  .m.i  L:,Ii)  (  ill  jju  :ound 

off  the  wbirling.faoard.   Hvnce  wc  ice  tlwt,  if  tiic  inn  thtir  centre  ot  gravity,  fo  a>  nciUicr  of  thctn  will  fly 

were  olactd  in  the  centre  of  the  orbit*  of  the  ]>laiiLts,  off :  bccaufc,  on  account  of  tlie  eqinUbriuip,  each  bw 

U OMild not  poflibly  remain  there;  for  the  centiifugal  detain*  the  other  wiili  an  equal  force aAing  i^nil it. 

(bieeiof  'lhe  planet*  would  carry  ihent  quite  oO',  and  But  if  the  hall  £  be  dra.vn  a  litUe  BfMre  toward*  the  ■ 

the  fwn  with  thcnt  efpeciiUy  when  lievcnl  of  them  end  of  the  truiigb  at  A,  it  will  remove  the  centre  of 

happened  to  be  in  one  quarter  of  the  heavena.  For  the  gravity  towards  that  end  from  the  centre  of  mo- 

fun  itud  planets  aix- as  iiuicU  gi)iint  .:Kd  hy  tljc  mutual  tion ;  and    tlun,  trpon    '.unriir    the  n-..ii:]i.'nc,  the 

Rtltndion  Uibaitir^  hctwcin  tliii;-,  aj  (lie  bixlit:*  A  littleballE  «illliyufF,  iiiiri  liiikf  with  a  c»i;ridcr3b!e 

aiid  n  ;irt  bv  ttic  v*irc  C  fix.il  11. tu  tlum  ln.tb.    -And  force  the  ciiJ  A,  and  tiiavr  the  great  ball  B 

even  if  thcte  were  but  one  planet  in  the  whole  heavens  into  the  middle  of  the  trough.     Or,  if  the  great  ball 

to  go  round  ever  fo  large  a  lun  iu  the  centre  of  its  orbit,  D  be  drawn  tow  ards  the  end  B  »(  t!:c  trough,  fo  that 

iU  oentrifngal  force  wowld  fuoncarty  off  both  itfelfand  the  centre  of  gravity  may  be  a  littL*  t<nv::r'{s  that  end 

tbe  fun  J  lor  the  grcatcft  btidy  placed  in  any  part  of  fi'om  thcccntie  of  motion  ;  and  the  mscliinc  be  turned 

free  fyiet  could  be  cafily  moved ;  becnnfe*  if  tliue  bjr  the  wiuch,  tbe  great  ball  D  will  fly  off,  and  /bike 

were  no  other  body  to  aumft  it,  tt  would  have  no  violently  agaiullthcCfidB  of  the  trough,  and  wSlhiing 

weight  or  gravity  of  itfcif,  and  coiifequeiitly,  though  the  little  ball  £  intotiie  middle  of  it.   If  the  trough  be 

it  cor.!J  hnvc  no  teudetic^'  of  itfelf  to  remove  from  that  not  made  very  flrong,  the  ball  D  will  break  through  it. 
part  of  fpKt-,  )tt  it  njgbt  be  VCty  Cafily  •MWadby        !»•  M'-.  l-'tigufuji   lias  fij.Li-ned  the  rcafon  why 

any  other  fubtbnce.  the  tides  rife  at  the  l^mc  liaic  on  oppoiite  fides  of  the 

10.  As  the  centrifugal  force  of  the  hgiit  boJ)  B  earth,  and  confcquently  in  oppi-U:!.-  Jire.  tions,  by  the 

will  not  allow  the  heavy  body  A  to  remain  in  the  foUuwiag  new  experiment  an  the  Whirliag-uble.  For 

centre  of  motion,  even  though  it  be  24  times  a*  boivy  thia  pnrpole,  let  abed  (tig.  7)  rcprelent  the  earth, 

aa  B  ( let  the  ball  A  (fig.  C)  weiKbing6  ounces  be  con-  with  its  fide  (  turtted  toward  the  moon,  which  will  then 

se^d  by  the  wire  C  with  the  mdl  Ji,  weighing  one  attrad  the  water  fo  ai  to  raife  them  from  e  tog:  mi 

otinoe,  and  let  the  fork  £  be  fixed  into  the  centre  of  in«id«r  toAewthat  they  will  rife  as  high  at  the  faine 

(he  WhirUng-board  ;  then,  hang  tbe  balls  upon  the  time  01^  the  amwUte  fide  from  d  to  e ;  let  a  plate  A  B 

futk  by  tlic  wire  C  in  b;i.li  a  mJhner  that  they  may  (Gg*8)  be  fixed  upoi.    jin   irml  of  die  /^.it  bar  DC, 

cxadlly  balance  each  ether,    v.liidi  will    be  when  with  fucli  a  circle  «1  raw n  upon  it  as  .1  b ^  <!  (fig.  7)  to 

the  centre  of  jjravity  botvi  cen  them,    in   the  wire  rtprefent  the  lotind  ii;(uic  of  the  ejirtii  and  fca  ;  and  111 

at  </,  i»  fuppirtcd  by  the  fui  k.     And  tliis  centre  of  tllijifc  at  ejgb  to  rcpieknt  the  fweiiing  of  the  tide  at 

gravity  is  a*  much  nearer  to  tlie  centre  of  the  bull  A  e  ami  g,  occafioned  by  the  infliieiice  of  the  BiOaB* 

than  to  the  centre  B,  as  A  is  heavier  than  fi;  allow-  Over  tti's  plate  AB    fuloend  the  three  aotj  beOl 

iug  for  the  weight  of  the  wire  on  each  fide  of  the  e, /*,  g^  by  the  filk  lines      /,  i,  fallened  tO  the  tOpf 

fodt.    Then,  let  tlie  machine  be  moved,  and  tbehdUa  oTthe  wtrea  U,  1»  K,  lb  Unit  the  ball  t^tmj  huat 

A  arid  B  will  go  round  their  common  centre  of  gra-  freely  over  the  fide  of  the  circle  r,  which  >*  nrdicft 

"vity  </,  keeping  their  balance,  bccaufc  either  will  not  from  the  moon  M  at  the  other  enj  of  t!)c  bar ;  the  ball 

allow  the  other  to  fly  off  with  it.     Foi,  fuppohug  at     over  the  cent rt,  am!  the  ball  at  /  over  tlic  fnit  of 

the  liall  B  10  be  only  one  ounce  in  weight,  and  the  bull  the  circle  g,  which  h  nearcU  the  moon.     Tiic  ball  f 

A  to  be  fix  ounces  ;  then,  if  the  wire  C  were  equally  may  reprvfent  the  centre  of  the  earth,  the  ball^  water 

heavy  on  each  iide  of  the  fork,  the  centre  of  gravity  J  on  the  fide  oext  the  moon,  and  the  ball  e  w^ter  on  the 

would  be  6  times  8$  far  from  the  centre  of  B  as  from  opnofite  lide.  .  On  the  back  of  the  moon  M.is  fixM 

the  centre  of  A,  a^dconf<^]uently  B  will  revolve  tviih  a  Ihoit  bar  N  parallel  to  tlie  horizon,  atld  dfCK  are 

»  velocity  6  timcaaa  great  as  A  doei ;  which  will  give  thnce  huka  in  tt  abowe  the  little  weichta  h  ft  r, 

B  6  tinea  a*  much  ccnirifnjrnl  force  as  any  fingle  ounce  filfceii  thread  a  is 'tied  to  the  lipe  1  doft  above  the 

of  A  htis ;  but  then  as  B  i  ;  (  iily  one  ounce,  and  A  ball  g,  and  pafllng  by  one  ftde  of  the  moon  M  goes 

fix  oimcci,  the  whole  centrifu/ai  farce  of  A  will  ex-  through  a  bole  in  the  bar  N,  and  has  the  weight  f 

ailly  'j.d.uice  tbi-t  uf  li  ;  and  tiiereforc,    each  bcKly  iiiing  to  it.   iiUvb  another  tlirtaJ  wi  is  lied  to  the  fine 

will  detaui  the  other,  lo  a:>  to  make  it  kc<p  in  its  rlofe  above  thr  haV.  J,  and,  pailiug  through  the  cen- 

'circle.  trc  of  the  mwii  .VI  and  middle  uf  the  bar  H,  has 

Hence  it  appeaia,  that  the  fua  and  ^ian^ts  mufi.  all  the  weight  q  U\iMg  tu  h  which  is  iightcr  than  the 

move  round  tlic  CDmniM  ceMrc  «if  ganaj  of  the  whole  weight ]».  A  tbitd  thread  at  is  tied  to  the  Hac  ^  dole 
Voi»lI«  4T  above 
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•Yevt  tht  hiiW  r,  wi,  paring  by  the  other  fide,  of  the 
ff.«on  M  thioujgb  tbc  mr  hu  thr  vrcight  r  biuw  to 
itt  whidi  »  lighter  than  the  weight  a.  Ute  vie  of 
thefc  ihrre  cntqual  «ei^t*  is  to  repfcicnt  the  mooo't 

uoequal  itirr.ftron  it  different  diilsnecs  from  her ;  fo 
th»t  if  th.'v  ir  -  l,  fc  at  I'hc-t;,  tlry  w  ill  draw  ai  the 
three  ha!',  t  Aaii]--  tlic  n-.^in  iviih  liifTcifrit  degree* 
of  fu>ct,  aiiv'.  c  iiifi-  tl  cm  f  >  api  rsr  as  in  fi^.  Of  'O 
wrhich  cif'.-  ihcy  jrt  riiuiinlv  t.i,ii;::i  ''ffn  r.n.h  other 
than  if  thi-y  Liin^  Ut<\y  by  tin-  [n  .'j  ciit!;  14.  I:nLS  l,  <,  i. 
Hence  it  ap^f  its  !li..t  s,*  the  muon  attracts  ttie  lide 
of  the  e.mli  uli .  '1  n«-arell  her  with  1  greater  dcj^rce 
of  fofce  than  (l.e  due*  liie  centre  of  itie  earth,  (he  will 
draw  the  water  on  that  fide  more  than  the  ceiitie«  md 
ctofe  kterlfr  0:1  th..t  Hdc:  and  at  ihedmn  the  centre 
more  than  thi-  t;i;'  /f!ie  frir,  t}i<r  centre  wiM  recede 
ferl!ii.r  fn"i)  lii:  iv.  f.X'.-  lA  it.  \  atir  on  that  op- 
.pufltc  fi  lf,  ;  11,1  !^;;v  ■  ii  r.<  liii  ).  tlicre  a»  (ho  i.;irrd 
11  0:1  tilt  !i  !v-  luxt  iur.  F(  r,  s»  ti  t  leiHic  will  be 
in  tl.c  midille  Li'twcrn  tlie  topt  uf  tiie  cppoiitc  rieva* 
lion.',  thry  If  II I  of  courfe  be  cquaOf  high  on  both 
fide*  at  the  ianic  lin^c. 

Howeter,  upon  ihisfuprtTi;-!  ',  tl.r  earth  and  moon 
would fuon  cotce  to;;ettiti  ;  an-)  this  would  be  the  cafe 
if  they  bad  not  •  motion  r>iund  their  currmon  centre  of 
^trhy,  to  produce  a  decree  of-  ceikirifugal  ton:e,-  foffi. 
dent  to  bahnre  thetr  mutual  attradion.  Soch  notioa 
thejhatre;  foraalheieobn  icvolve«  in  htr  orbit  every 
month,  at  the  didance  of  i4rv3O0  mi!;*  from  the 
e;ir".l''s  ci-ntrc,  and  of  2  j^cco  rr.iks  from  tlx;  centre  of 
j^rivity  of  the  tL.itl!  cticl  moon,  t!ic  rarlU  a!fo  poos 
loii'id  the  fame  con're  of  gravity  every  mtJti'h  at  the 
dillance  of  6000  miles  fram  it,  i.  e.  from  it  to  the 
centre  of  the  eatth.  But  the  diameter  of  tlx  t^ith 
bein;^,  in  ruu^d  humhers,  8oco  mitcs,  its  fide  next  the 
auton  is  orily  2000  miles  from  the  common  centre  of 
wnmtj  of  the  earth  and  owont  its  centre  6000  mBes 
Son  11,  and  !ta  fiwiheft  fide  from  the  moon  10000  miles. 
Confequently  the  oentrilbgal  forocs  of  thefe  part*  are 
«»  2CO0,  6roo,  and  tooeot  ?.  e.  the  centrifugal  force 

cf  ?.ny  fii'.c  of  till,'  e.Trtii,  v.>.cr\  it  iituinfii  tf  .nt  the 
moon,  ij  five  tirrcs  as  great  js  when  it  i'.luirnl  fmiid 
the  inu;<r..  Ani!  as  t!,c  moonV  attraction,  cxprriird  hy 
the  number  6c':o  at  ihc  earth**  ccistrc,  keeps  the  tarth 
from  flyir.g  out  of  this  montlily  circle,  it  miifl  be  great- 
er than  the  ccDtrifuga]  force  of  the  waters  on  the  lide 
next  her  ;  and  confcqnently,  htr  greater  degree  of  at- 
tradion on  that  fide  is  fuJncient  to'  ntfc  them ;  btit  as 
her  attradion  on  the  oppofite  fide  is  lefs  than  the  ecu* 
iiitagA  fcicc  of  the  wtier  thcrei  tbe  cscefs  of  thb 
feree  is  fbfieient  to  mile  the  water  joft  as  'high  on  the 
oppoAte  fide. 

To  proTC  thii  raperimentally,  let  the  bar  1>C  "  ith 
its  furniture  be  fixed  on  the  Whirling-board  of  the 
machine  (fig.  r.)  by  pulhing  the  pin  P  into  tlit  centre 
of  till-  board  ;  wlii.h  pin  is  in  the  centre  of  gravity  of 
the  ni.ole  b.ir  with  its  three  balls,  r,/,  g,  and  moon  ^^. 
Mow  if  the  Whirling-board  and  bar  be  turned  llowly 
found  bj  the  wincbi  till  the  ball  /  hanes  over  the 
centre  or  the  clrcie^  as  in  fig.  to,,  the  ball  g  will  be 
krpt  towardi  the  moon  by  rite  hnvieft  weight  f 
f  fig-  ^  )t  and  the  ball  <>,  on  acoonitt  t^ita  greater  eentrt- 
fiigal  force,  and  the  lefs  wei(;V.t  r,  will  fly  off  as  fiir  to 
the  Other  £dc,  as  in  fig.  10.   Aud  thus,  whilil  tbc 
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Bacliirc  is  kept  turning,  the  ball*  t  and  g  wui  hanj^ 
over  the  of  thcdliplie //Ti;  So  thu  the  ocnin- 
fiigal  lime  of  the  We  will  eaceed  the  noaa's  attno- 
tion  rail  m  OMldl  M  hcf  aUn£Hm  exceeds  the  centri. 
fugal  figrce  of  the  ball  g,  whSlll  her  attradion  juft  ba- 
Unces  the  centrifugal  force  of  the  ball  and  inakes 
it  keep  in  its  circle.  Hence  it  it  eviJint,  ihit  llie 
tides  rr.ul^  nic  tn  cq;ial  heights  at  the  lame  tune  00 
ojjpoiiic  litics  of  the  earth.  See  Kei^giifuti's  j.rCiu.'fS  on- 
Mcrhjnii  -i,  led.  !,and  IXfj".  Kx.  I'hil.  vul  l.Icct 

WHIRLWIND,  a  wuul  th.u  tiiVs  i.iddcaiy,  i« 
exceedingly  rapid  and  impet'iou^,  m  a  Whirling  dt> 
redion,  and  often  progreflivcly  alio ;  but  it  is  com* 
nonly  (won  fpent. 

Dr.  Fraofclist  ia  bis  Piiyfical  and  Metrtirolr-'.icsi 
Cbfervatioos,  read  to  the  Royal  Society  in  1-56.  lop. 
pofcR  a  Whirlwind  and  a  waterfpuut  to  proceed  frun 
the  fame  caufo  :  th  .ir  only  difftrt net  b»  ';'.;',  that  llic 
latter  paflVs  o»vr  the  wjter,  and  the  forine'  our  (iie 
land.  Ti^ii  <;}>  II  iiii  ii  oorn;bor,\trd  by  the  <,Lijr.a- 
tions  cf  M.  lie  i.i  i'n.fj.e,  anl  n-anv  cilrerj,  win)  luve 
remarked  the  nnpr  aiaticet  and  etTects  of  bath  to  be  iho 
fame.  Thty  h^ivc  both  a  pro^rtr/Tive  as  wAl  as  a.circn* 
lar  motion ;  they  ufuaUy  rile  after  caima  and  great 
beam  snd  nio91y  happen  in  the  warmer  latiti^es! 
tbe  wind  blows  every  vray  from  a  large  fiufoiMdhiip 
fpace,  both  to  the  waterfpuut  and  whulwiid  t  and  • 
waterfpout  bat,  by  its  progreffive  motion,  paJfed  fnm 
the  fea  to  the  bnd,  and  produced  all  the  phenooienn 
and  cfiiCH  t  f  a  Whirlwii.d  :  fo  tliat  llierc  is  o  reaibn 
to  doubt  si  j'  tliev  are  tr.cte.jrr  ;jriiirg  from  (lit  lan'ie 
gcnerLil  L,iuU,  am!  explicai  li  iij  un  tlie  fiirr.c  principle*, 
furnilhed  by  cledtric^  cipriimcnti  and  difcovencs.  See 
HvaaiCAMt,  and  Wati.«spovt.  For  Dr.  Frank- 
lin's ingenions  method  of  accounting  for  both  thefe 
phenoneaa,  fee  his  Lctici*  and  F^cti^  Ae»  voL  i» 
B.  191,  ai6,  &c 

WHISPERING.PAim,  an  pfaccs  where  aWhilV 
per,  or  other  fmall  ngifr,  may  be  beard  from  one  pairtt* 
another,  to  a  great  diftance.  They  depend  flO  a 
piiiieijilr,  tl  .1  the  voice,  ^c,  bring  appl  tu  one  end 
or  an  arcli,  eufily  paflci  by  repeated  rdiccUout  to  tbe 
other.  Thnai 


let  ABC  reprefenr  the  fegmem  of  a  fpihcn  t  wd  (^p> 
pofc  a  low-voice  ottered  at  A,  the  vibrations  extending . 
themfelves  every  way«  foneof  them  wfll  impinge  upon 
the  points  B,  £,  «er  aad  tbenoe  be  receded  to  the 
poima  F,  F,  &c  t  thence  to  G,  G,  ftc;  till  at  lall 
they  meet  in  C  ;  where  by  their  union  tl»cy  caufe  a 
ouch  flranger  found  than  in  any  part  of  the  fegment 

whMcicrt 
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whatever,  eren  loader  than  atlhe  po!ut  fom  kJkoct 
ther  f«  oxtt  Acriwdingly,  alf  tilt  cr>::iti.a:ice  in  a 
Whir^xring-place  {•■  that  near  the  pctf<>n  who  Whtf- 
pcrt,  tl)ere  be  m  fmooth  w>n«  ardicd  cither  cyinMbf> 
callr,  or  (Iliptfcilljrj  kc,  A  citeobr arch frOl  doj  hut 
not  fo  Well. 

Some  of  the  mod  rctrni  I-  able  phcfs  for  Wiifpiiinfr, 
arc  the  fr>l!ii«»in7'  :  viz.  The  pritoi)  of  Diunvliu^  at 
Sy^fiifc,  wli'cii  fi  crcaM  a  ful't  \V'ln!|>i  r  ui  ii  tou  l 
r.oifc  ;  or  a  cla;?  of  the  l:nnrl  ti  ibc report  of  u  canaon, 
&c.  The  aqiu  doc'u  i>f  Ci.n.di'is,  wliicli  lai  hitI  n  »oice 
16  mllfi  :  bcGiic  di»frf.  ntl.ci*  rr.ciit'o:)ec!  by  Kircherin 
)m  Phiiniirgia.  In  Ivif'jru^,  tht  irifft  confidmblc 
Whi^riog  place*  are,  tlie  doflie  of  6t,  Panl'a  diwrcht 
London,  where  the  ticking  of  •  watch  am*  be  Keani 
from  fide  to  fidei  and  n  vrry  ibft  V/t^fytr  wKf  be  (cot 
aM  round  the  iamt  :  this  Dr.  nerluiti  fbtrtid  to  hoM 
iir.t  nnlv  111  -lit  ;r;h!(TV  t  cli  ,  Ifit  above  upon  the  L-af- 
t'llti,  wlirrcn  Whifper  w.julj  U  carried  over  a  pcrfon'» 
liind  r  >,;n  !  the  top  of  tlie  si'cb,  tboujrh  there  be  n  l.iiitc 
opening  in  the  mUdle  of  it  into  the  upper  part  .»f  the 
dr^me.  And  the  ctltbrated  \Vi4ilpcrinf;-pl.ne  in  Glou- 
ccfter  cathedral,  viliith  h  only  a  gallery  above  the  rail 
end  of  the  riviir,  leadioj  from  one  fide  of  it  to  the 
Other.  Sec  fiirch'a  Hift«  of  the  Ruyal  Soc.  voL  1, 

WHISTON  (WttLtAM),  M  Engltfli  dimte,  phi- 
lofophtr,  mi  mathetnaticiaiH  of  uncooimoo  part*, 

I  n-ri'ii  r,  »nd  extraordinary  characicr,  w:i»  boni  the 
ij'^h  '  f  December  1667,  at  Norton  in  the  ctiunty  of 
Lt  lnlltr,  where  hi»  father  was  retlor.  He  wa*  cdo- 
catcd  rindcr  his  father  till  he  wat  17  year*  of  a^e,  when 
'hewM  fwtto  Tannvortii  f't  liool,  and  two  vcars  a'.'terad- 
mktedof  Cl.trc-hall,  Cambridj^e,  where  he  purfued  hit 
iludiea*  and  partlcit!^.iiy  the  mathematicf,  with  itrrcat  di- 
ligence. During  ihit  time  he  became  adl'ded  with  a 
great  tireakneli  of  fight,  to  dofe  iludy  in  a 

whitcnedreom  1  whidi  wwm  a  good  mcafore Ttfievad 
hr  a  Utile  irlaxatioD  from  ftodjr,  aod  taking  off  the 
{li<irt^  -.'Lre  of  light  by  banging  the  place  oppoiue  hk 

fot  w:th  jTcrn.  . 

In  xb'ji  \,'.:  «'^.<:  rn.i^lerrafer  of  arts  and  fellow  of  the 
c<  l''7'e,  aiii!  foiin  attcr  commenced  one  of  tlic  lutoii; 
lilt  I  ill  i^ate  i)f  htalth  foon  after  oblv'td  \r.m  to  re- 
Itnqoilh  tliiiprofclTwn.  Havinfr  entered  iii!o  Dn't  n,  ia 
1^94  he  hec.io  c  ^  'i  i;  tain  to  Dr.  More,  btlfeop  nt  Nor- 
wich ;  and  while  in  thi*  Nation  hf  puhlli'bed  hit  firft 
WDik,  intitkd,  AVw  TiKvry  ij  tht  Jutrth  iifc  :  in 
which  he  undertook  to  prove  that  the  Molaic  doArine 
of  the  earth  w*(  perlrftly  aji^reeable  to  reafon  and  phi* 
lofophy  :  >vliiih  »  .irl< ,  hating  much  Inpenuiiy,  though 
•it  Wat  wtitttn  a\;ai>i;l  by  Mr.  }iA\a  Krdl,'  brought  cun- 
flderabltt  rej.ii*ati">ii  to  the  siiE  n  r. 

•  In  tbe  yeiir  16'^*^,  billi"]}  More  /five  him  the  liv- 
ing of  I.owefloff  ti,  S  I'l  I'r.,  vlr  rc  lie  immediately 
went  to  refuel.',  ?nd  <i<vo!cd  himtclf  with  great  dili- 
gmoeto  the  dtftlur^re  of  that  tiufl.— In  the  beginning 
of  thti  crritiin-  lie  w;is  made  Sir  Ifaac  Newton'* deputy, 
and  afttrv.  arris  hit  filccefibr  iii  the  I.,ur,ifian  profcflbrfhip 
of  mathcmatici  %  w  hen  he  refignod  hia  living,  at  Lowe* 
tol^  md  went  to  triide  at  Cratbridgiek  Fkmri  ilm  woe 
Vm  pnhlieationa  became  very  frequent,  both  in  tbrologr 
•nd  Bathematiei.  Thn«»  in  1702  he  pttbiiflicd»  A 
8boit  View  of  the  Chnm^j  ofthe  Qi4  Teluhca^ 


and  of 'he  Harmony  of  the  fotjr  Evangrlifts.~Ii|  Ifttfi 
J': X  .J.  ^n.'t  .:j}roMtm'ua  ;  bclidc  eight  SerntoM  no  thc 
Aoi:oaipkflunciiiof  thc  Scripwc  tVgjiheckay  pecaehed 
■t  BuyVa  ledurr  (  and  Newton'a  Arithaietica  ITnt- 
«effali*.>»In  t7o8,Tacqac:t'i  Eitclid.  wiih  fclecl  ni  i. 
rents  of  AncMrnedeat  the  foriner  ot  w  inch  had  Acci- 
dental! y  bi:cit  hihlird  ir>tro.hi  tion  thi:  iludy  of  the  nia» 
tlfcm.itir* — I.iti.e  fariic  year  he  drc«-  up  an  Kflr^y  upoa 
thc  ApoUi>'iitni  Coi.ftliutiuiis  which  the  \'icc  chancel- 
lor rcijied  h'.s  liccliCi:  tor  pritaing-.  The  autlii>r  tdli 
u».  he  had  read  over  tlic  two  firil  centuries  of  the 
church,  and  tciiind  tlui  tiie  Lirlvbian  or  A:  ian  dn^lrinc 
v.  i;,  (.Ji  cfi)  the  docttlue  of  thote  a;^e>,  \vh:ci',  liiough 
ckened  hetcnxloxi  he  thought  ii  lua  dvty  to  difcover. 
—In  1709.  he  pnbtithcdn  tMloiMOf  Scrqena  wid  EC 
ftyi  on  tMiTiotMfBbjc&k— la  1710^  Fhekdionea  Phy. 
Coo-tfatbenHtieap,  which  with  the  PrKle^onei  Aftro- 
nomicr,  w.  -  tr.  'l:;iedan<l  publiihcd  in  E  .:;li.1i.  Ar-d 
it  may  Ix  UiJ,  Wflii  fmill  hotiour  to  tin-  r:',einji  y  i»f 
Mr,  Wljflon,  that  he  wat  we  ol  tho  1:1  •  wbo  e«- 
plaiiud  thc  NVwimiian  philofophy  io  a  popular  way,  fo 
at  to  be  intelli^tldc  tu  the  generality  of  rcadot.— 
Aiuon;;  cthcTthiii|;i  alfa,  he  tnuiCated  the  Apollolical 
ConilitutioMhlO  Euglifh,  wliicb  favoured  the  dodrine 
of  the  fupmnacy  of  the  father  and  fuborcii»atu>o  of  the 
fan,  vulgarly  called  the  Arian  hercfy  :  Upon  Wbidh  bia 
friendihegkn  tobcalanned  for  hoBi  and  tlic  ooafi^ 
quenee  Aewed  it  wu  tot  gfoundlcb  ;  for,  Od.  30, 

17 10,  Ik  wat  deprived  of  hit  protcflcrlhip,  and  ex- 
prlied  tlic  onirerfity  of  Q^mbiidge,  afitr  i»c  had  been 
formally  convened  and  interrogated  fur  tDnie  dayt  toge- 
ther.— Aithe  cundufiun  of  thii  year,  he  wrote  hit  Hif- 
twirtil  prff.Trcy  afterwards  pt  fiseJ  to  hit  l*rimiti»e 
Cbriuianuy  Revived,  coataininj;  the  reaAtua  for  htadi^ 
fcnl  from  the  commonly  leceived  notion*  the  1VU 
nity,  whti-h  work  he  publilhed  th«  n(st  ycllv  ><■  4 
vulunaci  ioo.  for  whirh  thf  CniwonHiift  ftil  ■ptwi  hit 
WUbA  vehemently. 

'  1a.i~ii,  he  and  Mr.  Ditfeoa.eoaipoGrdtb«ir  ftjieaie 
-  ferfiadtag  the  longitude*  which  they  puUilhed  the  year 

fuUowin^,  a  method  which  condled  in  mcaturiog  diC- 
tii:icrs  by  nuiiis  i;f  ihc  %cli..ci;y  ^Jl  fiiut.il  ;  fome  more 
p.irtlci.u  iifwiiuh  aic  rtj.iltd  m  ;Lc  liir  uf  Mr.  D«t- 
tun. —  In  I  ;  ■!.),  he  pi^hlhed  an  iroute.d  Letter  of 
Thaaks  to  doCtnr  Robiofun,  bitTiop  of  Lonlon,  ior  hit 
late  (..ettcr  to  ilia  cler^ry  a^aintl  the  uic  ot  New  Turrtii 
of  Doxolo>ry.  And,  the  lame  ycai',  a  Letter  to  thc  call 
of  iVitiingbam,  Cancrnimg  iM  Ltctuity  oftlie  Son  of 
God,  wd  hia  Holy  Spint*'~-ln  i^lO^hc  Mas  prupofcd 
by  Sr  Hana  Shmeana  Dr.  tiaOey  to  thc  Rr>^vai  MM.icry 
as  a  member;  but  wat  rafHfed  idmittucc  by  Six  liuu 
NcwtiR)  theptefident. 

Oil  Mr.  Wliiiloii't  cxpulfn  i  f  ,  11  C.i.iw'x'.Z^^p  he 
went  to  (^tin;]on,  wlirie  he  cualcmi'd  aka  i>uCio;s 
Clarke.  Iiu-jil!v,  i^nd  other  leaimd  men,  who  ccddt- 
vourcd  to  inoilt'intt'  bit  Txi\,  whivii  howcrtr  he  would 
nut  luiTcr  lu  b^'  titiiitLd  UT  corrupted,  wid  mauy  were 
not  much  Ltiietud  v.  ilii  the  auihoriiy  of  thcCe  conilitu- 
tiona,  but  .f^iovcJ  his  integrity.  Mr.  WtiLrton  now 
ictdcd  in  i«andon  with  bia  famiiir}  vdierc,,  witbottt 
fiiAring  ht»  xta]  to  be  iiitiintd«t«4  be  contianed  to 
write,  and  to  propagate  hisJ^rimitivsjQmfliaiiisy  with 
m  ntoirh  ardour  as  it  hie  bad  been  io  thc  molt  ilourilL.'ng 
drcun>iiaTtce*i  which  hMicm  ,wGn:  jn  bndi  dir.,  in 
4T*  *  4;zi, 
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tfllf  «  fiMcription  vrat  made  for  the  fupnort  of  hi* 
fuuUjt  wbich  atnoiiiitrd  10  470).  For  though  he  6iew 
(oHle  profit*  from  readiag  a(iiuBomicai  skI  philofopbi- 
cal  teaure«»  tnd  jilfo  (nm  hh  paUicatkmii  wbkli  were 

very  numerous,  yt  i  ihcft  <•{  thifnfelvn  were  «Ty  infuf- 
ficicnt :  nor,  when  juiiicd  iviil)  [he  brnc«alciM.*e  awd 
-tlianty  of  tl.ofc  h  >  l.ivcJ  ,:\\d  .  il.  oiiu  J  Liin  for  his 
'kartiing,  inti j^iity,  smJ  picljr,  linl  ilu  y  jircviiit 
being  Frcqucm.!)  in  jjicai  didrtl-.- -Li  17*2  lie  pub- 
liflicd  an  h'.hv  t;i«anl*  rclloWng  liic  line  text  of  t\\c 
■  Old  Tcllame-nt.  —  Iti  1724,  Tlic  Literal  Accomphfli- 
tncat  of  Scripture  I'ropticcici.—.Mfo,  'llii' Calcul4tioi) 
of  Solar  Kclipfct  without  Pdr;illaxtt. — In  I72(>|  Of 
tbeTbundciinff  LctfitMi  &c. — lu  172;,  A  CuUedioa 
«f  Authentic  Reeoraa  bekingtng  tu  the  Old  and  New 
TcAaaent.— lo  1730,  Moniain  of  the  Life  of  Dr. 
SMittel  ClaHke.-~1n  1:^2,  A  VMiratiue  «f  the  TeT- 
limoiiy  of  Phlcg^on,  or  mi  Accoiiul  of  llif  (iit.it  Ujik- 
nefl  and  liarthniukt-  at  c<jr  S^mo^u'^  Pjffiur),  dtfuihid 
by  Phlegon.— In  17^6,  Ai>i:ui.ifiaii  I  orgiiict,  &f. 
And  the  Primiti<fc  Kucl^antt  revised. —  In  1737,  The 
Altronomical  Year,  particularly  of  tlic  Comet  forttolil 
br  Sir  l£uc  Newton.— Alfo  the  Genuine  Wortu  of 
PuTrat  Jofepbut.— In  1739,  Mr.  Whiflon  put  in  hit 
cUbi  to  the  imihcmRtical  profeflbrfliip  at  Cambrt^c, 
.Ihea  maat  bj  the  death  of  Dr.  Sdnnderfoo,  in  a  ut- 
tertoDr.  AAtM.  the  nnftrr  of  Jefut^euiicget  bat  ao 
rcj^  wif  psMloit— In  174^,  he  uubUihM  hit  Pii. 
mitive  New  Teftamctit  in  Knrlifc.— In  174^,  Itis  Sa- 
cred Hiilory  of  the  Old  and  New  Teftamrnt.  AJfo, 
Memoira  of  hit  own  life  md  Writtpgit  whkb  ntwj 

cunou*. 

'  Whin  on  continued  many  years  a  member  of  the 
cftablifhed  church  ;  but  at  length  forfook  it,  on  account 
of  the  reading  of  the  Athanaiian  Creed,  and  went  over  to 
the  BaptJih  (  which  happened  wht!:-  he  was  at  the 
houfc  of  Ljamuel  Barker,  Efq.  at  IJndon  in  Rutland- 
fliitet  who  hod  nnnkd  bia  daaghtci :  where  he  died, 
■iter  o  wedc^  llhcft,  the  axd  of  Auguft  1792,  at 
upwards  of  84  year*  of  a^e.— Wr  have  mentioned  the 
principal  of  his  writing*  in  the  forceoiiw  memott  t  to 

which  may  be  added,  aumriogicalTiUeib  pofaliM 

in  1750. 

'J"hc  cliaraftcT  of  tins coiifciciuiinis  and  wortlry  man 
baa  been  attempted  by  two  veiy  jtbk*  pcrlonaget,  who 
were  well  acquainted  with  him,  namely,  biibop  Hare 
and  Mr.  Collins,  who  unite  in  giving  htm  the  hjghdt 
l^laufrf,  for  hi»  integrity,  piety,  itCi'  Ifcw  Whit 
ton  left  fome  children  behind  him  |  aamaf  tfwit 
Mnjolm  WMftaOi  who  waafbr  mmf  jmu  aioy 
'eonidenfak  bookldlcr  in  I^iidno. 
.  WHITE,  one  of  the  coloQn  of  bedin.  Though 
White  cannot  properly  he  faiJ  to  be  one  colour,  but 
rather  a  compoiition  of  all  the  colours  logctticr:  forNew- 
ton  ha*  demonftratrd  that  bodit*  only  appear  Wililc  by 
reflcAiog  all  the  kind*  of  coloured  ray*  alike ;  and  Uiat 
even  the  light  of  the  fnn  ia  only  White,. bccaalh  it  OBS* 
-filli  of  aU  colour*  mixed  together. 

Thia  may  be  Ihewn  mechanically  in  the  fbllowtng 
manaer :  Take  (icven  parcel*  of  colmned^  fine  powdcw, 
the  ianie  at  the  primary  colours  of  tiieinnboWt  taking 
foA  onaatitiea  of  thcfir  ■•  And!  be  pvoportimal  tbthc 
re^peai*e  hrodtha  of  dicfe  eolonira  in  tlie  laii^how, 
which  vt  of  ni45  V"^  vrngt  »7«  ydlBw^^giiai 


60,  bloe  60,  indigo  40*  and  of  -viokt  80 ;  then  mix 
inlimatriy  tttgethcr  tiiefc  fcven  porcclaof  powder*,  and 
the  mistm  will  be  d  ^rc^tj  White  «olMr  i  and  thiai» 
only  fimihr  to  the  tmitinj;  the  prifinatie  ookHu*  toge- 

4hcr  again,  to  form  a  White  ray  or  pencil  of  hght  of 
the  whole  of  them.  The  fame  thing  i«  done  convt-uieiit- 
!y  tiiMi  :  i.it  tin-  lilt  upper  fur^c  of  a  top  !  f  liiTided 
ii.to  ei|t;ai  p.iils,  all  aroiiix!  its  rdgi  ;  iLiii  ilivide 

tl.e  i.imt-  lji(a>:e  into  ieven  trftorj  m  l!ie  p"oj>  irtion  I'f 
the  number*  above,  by  te«cn  radii  or  iioc*  dniwr4  fraoi  lUe 
i  cntrei  next  let  the  rcfpedive  colours  be  painted  in  a 
lively  manner  on  theic  fpacea,  but  to  at  the  raf;e  of  r^ch 
colour  may  be  made  ncdilf  like  the  coluur  aiijoiiv 
ing,  that  the  fepsiatioo  may  not  be  u  ell  d«Aingut<hed 
by  tlie  eve  ;  then  if  the  top  be.  made  to  fpia,  the  eo>' 
loura  win  ihiN  feem  to  be  mixed  ail  togeibcr,  and  tite 
whtileforfiKe  will  appear  of  a  uaifurm  whitenefs:  and 
if  .1  ljr^(  round  lilark  (pot  he  painttu  in  tlic  niK!i''., 
as  tlieic  may  l>c  only  a  Imtad  ll.>t  ring  ii(  coluuu  arouaii 
it,  tlie  exprrinicjit  will  (iiccccd  the  l  etter.  See  New- 
ton'* Optica,  prop,  (>,  boi.jlc  t  ;  and  Fergufon**  Trads',. 
pa.  296. 

White  bodies  are  found  to  take  heat  (lower  than 
black  otK*;  becaiife  the  latter  abfurb  or  imbibe  rayiof 
•li  kind*  and  colour*,  and  the  former  rcEcit  them. 
Hence  it  k  that  black  pap«f  *•  feoi>er  put  in  flame,  by 
a  huniiog-glafa,  than  Whke  }  aad  hence  alfo  Uack. 
dothci,  hung  up  in  the  fun  hj  the  dyer*,  diy  fooocr 
than  white  one*. 

WHITEHURST  (John),  an  in^niow*  Englifc 
philofopher,  w  burn  at  Conglcton  i:i  ti  e  county  ot 
Chefhirc,  tlie  icth  of  Apiil  13,  being  the  foil  of  » 
clock,  and  ualch-tnaker  lliei  e.  Ot  the  early  part  uf  hi* 
bfc  but  iiilk  is  known  ;  he  who  dies  at  an  advanced 
age,  leaving  few  behind  him  to  communicate  anecdote* 
of  hi*  youth.  Oo  his  quittia^  fchool,  where  it  Cecma 
the  education  he  received  was  v^rj'  dcfcAive,  he  waa 
bred  by  bit  Alher  to  hiaowa  profeifiiNi*  ia  wfaidi.he  Sm 
gave  hope*  of  hia  fatore  eminence.  , 

It  wa*  very  early  iu  life  thatf  froo^hia  vicinity  t» 
the  many  ftupendou*  phenomena  in  Derbyffiirr,  which 
were  conftanlly  prefcntcd  to  his  o!,fciTation,  iut  .men- 
tion wan  excited  to  enquire  into  the  vaiioui  e~aiite>  u£ 
them. 

At  about  the  age  of  si,  hit  eagemcfs  after  new  idea* 
carried  biro  to  Dublin,  having  Itcard  of  an  ingcniuua 
piece  of  mechanifm  in  that  city,  being  a  clock  ivitb 
certaio  curiou*  appetMlagc|,  which  he  wa*  very  defiroua 
of  hxing,  aitdaolefriboiF  oonvrriing  with  theroaler* 
Or  hia  arn«al  lawwwr,  he  coold  neillMT  pracwc  a 
ii|^of  the  former,  nor  draw  the  Icatt  bint  from  the 
latter  eooeereing  it.  Tim*  difappuinted^  he  fell  upon 
an  expedient  for  accomplilhilkg  hi*  dtfi^jn  ;  and  .-Krcord- 
ingly  took  up  his  rclidtnce  in  the  htiufe  of  ihc  mechanic, 
paying  the  more  liberally  for  hi*  board,  a«  he  had  hopei 
fnnn  thence  of  more  readily  obtaining  the  indulgcncc 
withed  for.  He  was  accommodated  with  a  room  dircdly 
over  that  in  wbich  the  favourite  piece  wa*  kept  caiefulh' 
locked  up :  and  be  had  not  long  to  wait  for  hi*  ^pat^ 
cation :  tor  the  actift,  while  one  day  eoqdoycd  in  ex- 
aminiag  bia  macfaiac,  was  fuddcniy  called  down  ftaita;. 
which  tm  ytwrngcnqnircr  hmwcniiig  to  oncihear,  feftly 
flipped  iato  the  itXHU,  infpeOM  the  madiiae,  and,  pre* 
fcMif  firtUja^  hinUf  at  to  the  fecfel»  c(i»ped  undif* 
6  covered 
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coveveit  to  Ui»  own  apartment.  Hit  end  thut  compafletl ,  tiuns  o!'  which  are  infertcd  in  tlie  latter  editiontaf  Ur 

he  fliortly  after  bid  the  «rti&  brewcM*  mad  returned  to  Inquiry.  During  this  cxcutlion,  he  ereAed  as  engine, 

iu*  lubcrni  BngbikL  for  raifmg  water  from  a  well,  tu  the  rummit  of  •billi 

About  two  or  three  fan  after  bw  Ktpm  from  lie.-  m  »  bleaching;  ground*  at  Tdttidoi,  in  the  county  «f 

hiH)»heleftCongleton,aiideiitendillobafiBcftlbrhini>  Tyrone  :  it  »  worked  bjr  a COTnent  of  water,  and  for 


fcir  at  Derby,  where  be  (oMk  got  into  great  em^loynciit^ 

and  dtiltnguilhed  himfelf  very  much  by  fe*m1  inf(enkw» 
pifccs  of  I'.icLhnn'n'm,  both  in  his  o«'n  rc;^utarl»ne  of  bu- 
liitcls,  a!«d  ill  viMriiMWother  rrfpefts,  as  in  tKc  eonllnic- 
tion  of  curious  thermometers,  baronictfrs,  ind  ulher 
ph'lnfophical  inflruroentii  a»  well  ai  in  in]r«:tiiau«  con- 
friv.iiKxi  for  water-worku,  and  the  enrflion  of  varioua 
hi'}{er  machiiien :  being  confuhed  in  almoin  all  the  un- 
deitakings  in  Derbyfhire,  and  in  tlic  neighbouring 
cnuntio,  wlierethe  aidcf  fiiperior  ikiH»  in  mecbauica, 
pneumatics,  andhydrmRcfl,  waa  retjuifite. ' 

111  fills  manner  his  time  was  fully  and  ufefiJIy  cm- 
ploKil  ill  the  countrj-,  till,  iu  1775.  when  the  aft 
paflcd  for  tlic  bi  tter  re^ulaiian  of  theg«)ld  foin,  lie  wsi 
appointed  tlampcr  uf  the  iiio«ey-wetjz;his ;  an  office 
conferred  upon  him,  altogether  utiesi>ecti.'d!> ,  and 
without  folicitation.  Upon  this  occafiun  lie  removed 
to  London,  where  he  fpcnt  the  remainder  of  his  days, 
in  the  cooiiant  Inbita  ot  coltiratine  fomc  ufeful  part»  of 
plutofoahf  sad  wcdianifin.  Aodoen;  too  his  houfc  be- 
came  the  cqnflaot  refen  of  tbe  iagciiioiit  and  fckntific 
at  large,  of  whatever  oatian  or  laok*  and  tUi  to  fiich 
a  degree,  as  very  often  to  impede  tJm  io  the  ngilbr 
profecution  of  his  own  fprculationi. 

In  i7'/8,  Mr,  Whitehm't  [  il)!iOicd  his  Inquiry  into 
the  Original  State  atvd  rdtniation  of  the  ilank ;  of 

'which  a  fecond  editkm  appemredin  1786,  confiderably 
cnlaieedand  improved ;  and  a  third  in  1792.  Tliiii 
ma  tae  hboor  of  many  years  ;  and  the  nunncraua  in- 
vetfgatiow  nocdfiDy  lo  ita  ooapktioii,  were  in  them- 

'  tdftt  dfoef  lb  nntoward  a  Baturr,  aa  at  times,  though 

"  he  was  naturally  of  a  flroiig  conllitutioii,  not  a  Hltle  to 
prejudice  hii  health.  When  he  firll  rntfrr<l  upon  this 
fpeciica  of  refearch,  it  wa»  not  altogether  with  a  view  to 
invefti^te  the  formation  of  the  eanh,  hut  in  pait  to 
obtiin  f'jch  a  competent  kaowleiigc  uf  fuhlcrrjntoui 
gCMpiphy  as  might  bceume  fubfervirnt  to  the  purpoiea 
•f  aoroan  life,  by  leading  mankind  to  the  difcovery  of 
muif  valuable  fubflanccs  which  lie  concealed  in  the 

'  Impct  regiooa  of  the  caith. 

libytlia  tjtht  17791  he  waa  defied  and  adnuttoda 
FeHow  of  the  Ro^l  Society.  He  waa  alfo  a  member 
of  fomc  other  philofophical  focictiLH,  whicli  ;idraitted 
him  of  tlieji'  refp«tti»c  bodies,  without  his  previoua 
knowledge  but  fo  remote  waa  he  from  any  thing  that 
might  favour  of  oftentation,  that  thia  circumftance  was 
known  only  to  a  very  few  of  bis  moft  confidential 
tViendc.  Before  he  waa  admitted  a  member  of  the  Royal 
Society,  three  feveral  papers  of  his  had  been  Infertcd  in 
the  Piuloftipbicd  Tnidiaions,  viz,  TbenMnetricd 
Obferf  alHwa  at  Deifcy,  in  vol.  57  ;  An  Aoeonnt  «f  at 
Machine  for  raifing  Water,  at  OuUoo,  in  Chefhirc,  in 
vnL  6{  f  and  Experiments  on  Ignited  Subftanccs, 
vol.  66  :  which  tliret  pHjjLr^,  were  printed  aitu ■aida in 
the  colleftiun  of  hi»  works  in  1792. 

In  1  7S3  hemadc  a  fecond  vifrt  to  Ireland,  »vith  a  view 
to  examine  the  Giant's  Caufeway*  and  otiicr  northern 
parts  of  that  ifland,  whkiibe  Ctond  to  be  duefiy  com* 
fo6ed  of  veleaoic  aoHitier  t  «*  aoewtt  aod  tcpRftsta- 


ita  utihiv  is  perliap?  uneqoalled  in  any  countr)-. 

In  1787  he  puhliihcd.  An  Attempt  toward  obtaining 
Invarialilc  Vk-aiii-.-s  of  Lenijlh,  Capacity,  and  \Viir-ht, 
ft-oin  tlic  Ml  nfuratiiin  of  Time.  His  plan  is,  to  ob- 
tain a  mcafinc  of  tlie  greatell  Icnigili  tlint  cunvenleney 
will  permit,  frum  two  penduiiimt  wbufe  vibrations  arts 
in  the  ratio  of  z  to  t,  and  whofe  lengtlii  coincide  nearljf 
with  the  Eiiglllh  (landard  in  wi)ulc  uumbers.  The 
numbers  whicli  Ik-  ha*  chofen  (hew  much  ingenuity. 
On  ^  fuppofitioa  that  the  length  of  a  Ceconda  pcnduluniv 
m  the  utttiidc  of  London,  ti  39I  inchea,  the  teagth  of 
one  vibrating  4a  times  in  a  minute,  mu!i  be  80  inches  ; 
and  of  another  vibrating  84  times  in  a  minute  mufl  be 
20  inches  ;  and  tbeir  liilti  rriK'c,  do  inches,  or  J  feet, 
isliis  (landard  meafnic.  liy  the  experiments  however, 
the  difference  between  the  lengths  of  the  two  pendulum 
rods,  W1IS  found  tu  be  only  iV^ifM  inches,  inilead  of 
60,  owing  to  the  error  in  the  alCinied  length  of  the  Sk^ 
conds  pendulum,  39 }  inches  being  gireater  than  the 
truth,  which  ou^ht  to  be  391  very  oearif.  By  tbatCK- 
pcrioinit*  Mr.  Wliitrhurflobtaineda  fa^,  as acauatclf 
aanmybeina  thing  of  this  nature,  via,  the  difference 
between  the  lengths  of  1*0  pendulum  rods  wliofc  vlbra- 
tions  ai-e  known  :  a  datum  horn  whence  may  be  ob» 
taineii,  by  calculation,  th:;  true  lengths  of  pendulums, 
the  fpacet  through  whiclt  tieavy  bodies  fall  in  a  given 
time,  and  many  other  particulars  relating  to  the  due: 
trin»  of  stnvitatioa,  ibc  figure  of  the  earth,  8cc,  Sec. 

Mr.  Whitchurll  bad  been  at  times  fubjeft  to  (light 
auacka  of  the  gout,  and  he  had  for  levenl  years  felt 
btmlUf  gndunUy  diicltning.  By  an  attack  of that  difbafe 
in  his  ftomach,  after  a  flruggle  of  t  w6  or  three  months,  it 
put  an  end  to  his  laborious  and  ufefiil  life,  on  the  18th 
of  February  1788,  in  the  7  :;th  year  of  his  ,'ige,  at  his 
houfc  in  BoU-courl,  FlLct-lliect,  beiug  the  fame  houfc 
where  another  cmlntut  Ulf  taught  pnilufophcr,  Mr. 
James  I'crgufon,  hjd  immrdiatcly  before  him  lived  and 
died. 

For  fesctal  years  before  bis  death,  Mr.  Wiltchurfl 
had  boiHi  aft  times  occupied  in  arrauging  and  complete  ' 
jog  Cnw  papMs  for  a  treatife  on  Chimtieys,  Ven- 
tlhtioB,  and  Gaiden^ovca  {  which  have  fioce  becu 
collcaed  and  gfw  to  the  fobKc,  hf  Or.  WtUmi,  in 

tJowever  rrfye^tabk  Mr.  Wliitehurft  may  have  beca 
in  mechanics,  and  thofe  parts  of  natural  fctence  uhich 
be  more  immediately  culti>-ated,  he  was  of  lltil  higher 
account  with  his  act^utance  and  friends  on  the  uore 
of  his  moral  ({ualitiea.  To  fay  nothing  of  the  up> 
xigbtMii  and  puoduaUt  j  of  hia  dealing  to.  ifk  uanlac« 
tion8'f«bti«e  tobofiacfri  few  aorbive  been  known  to 
pofleft  moie  benevolent  affeAions  tlian  he,  01,  hcing 
pDlFcdcd  of  fuch,  to  dired  them  more  judiciouily  tt> 
their  pnipercnds^  As  to  his  pcrfon,  he  was  above  the 
middle  (tature,  ratlicr  thin  tl»au  oiherwi(e,  and  of  a, 
countenance  exprcfTive  at  once  uf  penetration  and  mild- 
ac&.  His  fine  gray  k>cks,  unpolkted  by  art,  gave  a  ve- 
nereblc  air  to  hia  whole  a|l|pa>ince.  In  diels  he  was 
plaint  in  diet  tenpci«tc«  in  W-femnal  interconrfe  with 
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maakind  nfjr  «nd  oUigmf^.  la  coapij  he  «u  cherr* 
f oi  or  grmtc  alike,  ucatAag  CO  die  «Aate  af  the  aeca* 
iton  (  with  mow  then  •  pecdhr  fpeciei  of  hanMunr 
•bout  Itlm,  dtlivrrn!  whh  fi»ch  pratitY  of  OMniKr  and 

Vificranct,  liiat  ■  !        !■ '•■  ^  f  im  liut  flightljr  wc-c 

ajjt  10  undci  rtan.:  I'.i.  .i  ,  wftcn  !ic  v»-a»  mcrclv 

{•lavful.  I5>«  V  he  c  ao»  dcfir?  of  informalion  on  l  ih- 
ji.-ft*  in  which   hr  c<>nviTf5nt    was  cxpitf(tNl,  Kc 

Oirit:'-  '  1  fi  'jpm^r[iin;:v  of  unpartin:^  ;t. 

WHl  r^UNDAY,'  ihc  J-JtK  dav  or  fcrrr'h  fm/lay 
■frori)  Ha:^er. — Tlic  fcafon  prtir>erlr  callci)  PrTilccfnS,  is 
fof  uhriy  c^i\td  if IttfuHlide  ;  tM-caiif'.'.  it  is  faij,  1:1  t^c 
pnmitivc  cburch,  iKc  ucwtf  bapt  /rii  pcrions  came  ui 
icliurcb  between  Eafter  aii4  Pcntecoil  m  vikr  gar. 

WILKlNS(Dr.JJ,n).il  TC77ir,--.T-r>vJ!ar.d  ^^rrr-i 
F.n-;!i(li  bidinp  .ind  mallicnialiciiio,  wua  llif  Ion  i-f  a  ^  -Id- 
fniirh  It  Oxfoid,  andbfjm  in  1614.  Aftir  l)fH;>:tcii- 
«-ut<-'!  in  f_>:tck  sod  L»«lin,  in  which  he  made  a  very 
t|iiick  projr'cf*,  'ii.  v  -i  r;itcnd  a  ftodcnl  of  Nfvv-Inri  m 
t'nat  iitiivcii'iry,  «tien  he  was  but  I  3  yrari  of  a^rc  :  Lut 
after  a  ftiort  ftay  there,  he  was  tcmovcd  to  M7?'iali  n 
Hall;  where  Itc  ti^-.';  hi' d(fj;i<o8.  Havin^r  trtered  into 
heSj  ordcr«,  !ic  li  i  I  f  t  ime  chauLiu  to  WiH'am  Lord 
Say,  aod  aiterwaid*  to  Clnriea  Comit  ftJattne  of  the 
lUiioe,  with  whom  lie  contmoed  fonetioie.  AdKertaj; 
10  the  Fkriimiiat  dMrisff  the  chrQ  mn,  thejr  made  hrm 
warden  uf  Wadhsm  em^re  ahowr  the  year  164^.  In 

lf>y''>  he  iiiarrtid  th--  fjutr  i  f  Oi'-.tr  Cromwtl!,  then 
lord  protector  of  I'nf;i-iMl,  u  ^T  intttl  him  a  dif;>en- 
fa!ioi>  to  h'i!d  h(R  ivirdrtilTlip,  1  ■  tuill  Itnrihrii;  til's  tnar- 
rtJift.    In   !<.•<;''',  hy   R  tl  ard  Crtiinwtll  made 

Ei-i:^er  of  Trinity  college  in  C<imbrid'^'e  ;  but  ejected 
tJic  year  followiiij^,  iipijii  the  rrftoration.  He  was  then 
chiiiVn  preuclier  to  the  fociety  of  Gray**  Inn,  and  nc* 
tor  of  St.  La  wrence  Jewry,  l^oodan,  tipon  the  momo- 
tton  of  Dr.  S<:ih  VVaid  to  the  bifhopTTcfcof  Exeter. 
About  ihia  tim^  he  henmea  meaiher  of  the  Royal  Sn- 
cicty,  traa  cbofen  of  their  eoimeil,  and  proved  one  of 
their  mott  cmiMeni  member*.  He  was  afterwards  m»dc 
dean  of  Ripi.on,  u'lJ  tn  16'jR  billiop  of  Chtrtcr ;  but 
dicdoftht  tioTie  in  lf>y:,  at  5R  vcars  of  a^t.  - 
Biftlop  WiikiT  waii  a  tn:in  who  thouj^ht  it  pru-Urt  to 
fiibmit  lo  the  [M)«tr»  in  beinp  ;  he  therefore  fitb!riiVirrl 
to  ihe  h<ietiin  ltai;iie  aiui  covcraiit,  ivhile  it  nas  cil- 
firttcd  ;  and  cqiitllv  ready  to  fwear  alleCTnnce  to 
kiii;;  Ch.itleb  u  ritn  he  w;is  rcllored  :  tlii»,  with  his  rno- 
deralC  fpiiil  l<'«ard.  dtfTi  r.ters,  rendered  hiin  not  very 
■grteabic  to  the  chutchoien  ;  and  yet  fennal  of  them 
euttU  not  but  f(ive  him  one  of  the  brft  of  chnaden. 
Sumet  wiiir-f  tf  ••he  wattmanrfntgrcat  a  mind, 
aa  Iti'e  a  ju:  j-irrrT,  ateiltitirnt  Tnttrer,  »nd  of  as  gorid  n 
frul,  as  anv  hi-  evir  knt■^^■  :  th.  t  tS.iiir^li  he  marri'.il 
<'i':n;will'ii  fiKfr,  \tt  he  m  itii-  r.()r,thfr  iifr  uf  thrt  r.l- 
Hancc,  but  to  do  ;'ood  officer,  .i~d  ro  rover  the  iinivrr- 
fi'y  (1  Onfird       in  thi  r^mrii' !«  if  Oi\rn  ant!  ii'-i]. 

At  Cambi  d'^t ,  he- ;  <irifd  with  tht  r'  w  ho  ftiidird 
to  p.op-i;iitc  UtUr  ll.  M-^iiii,  to  tnltf  ni  'i  oft"  from 
b'ju!;-'  ill  parli'-s.  <ir  from  nattow  n  iii^ns.  from  fupcr. 
Jliiti;;  <i  c.ri-c-is,  iind  fiercsmcf*  abr>nt  opinioua.  He 
was  «lf<> .(  ir  t  c;t>fcnrcr  and  promoter  of  experimental 
phii»r(iphy,  which  wii  then  a  new  thincTi  and  mvch 
luo&ed  after.  He  waa  muurelly  ambitiona,  bat  waa 
llie  »Kell  cletgymaa  I  mr  knew*   He  wa»  a  htvtr  of 


maakiod,  and  had  a  ddigfat  in  doing  good.**  The 
fine  faiAonaB  mentiost  afterwifda  another  qnlhr 
which  Wflkin*  poflt'ficd  in  a  f<i;jrcme  dr^'rvc,  and  which 
it  waa  wefl  for  hfm  be  did,  firic-  he  hid  ,'',r  -3t  occafion 

for  the  «1e  of  it  ;  and  tlut  ws»,  fiiy$  h-,  '*  n  ro::r;;re, 
whii-h  Ckti-.ld  (land  ag'alnfl  a  cjrn-"!.  Pi;  iigvuH  ailtha 
rcproachex  with  whuh  ill-natured  dcrgymca  ftudied  GO 

lold  h>lll.'* 

Of  hn  ;vtSlir:!*i^r«,  which  »U  of  »h*m  v-rv  tnpe- 
nioiis  ar.d  !e.Trni-d.  and  irinv  of  tiicm  pimc niiHy  cu- 
riou*  aitd  enlertainin':,  the  6rft  wit  i-.i  i''}*,  whm  he 
vr^» rmly  »4  year* of  3;:r,  vl/,  The  Difn  vcri  of  a  New 
World  ;  or,  A  l>"fco-it'>  to  prove,  t^  n  it  i-i  probable 
there  may  be  anothei  Habitabk  World  m  the  Moon  % 
with  a  DircnmlVooncemitt^  the  PtDffibi'ily  of  a  l^iffagc 
thiihtr. — In  i^p,  A  Di^eoarfe  cmcfrning  a  New 
Plaiiit,  tendin;'  ra  prove  thit  it  probable  oor  rarth  ta 
cnc  of  ihe  ri;incts. — In  <6|:,  Mtrciirr  ;  or,  the 
8*rTet  and  b"*'-  ift  Mt  HVi^cr  ;  (he-.vif>£-,  how  a  m.iil  may 
wnrh  l'iiv»cy  and  ^iirrd  rumi,unn-:itc  hii  Thourhrt 
to  a  I'rii-nd  .n  any  Di'huicf,  Kvo. — In  164^,  Malhc 
matiral  Map;:c  ;  or,  th"  Wotidern  that  mav  be  perlormod 
by  Mithrtraiical  Geomefry.  8vo.  Ali  tht:c  p'fcirj 
were  jniblilhcd  cf>tire  in  oiie  voliiine  8vo,  in  i*c"^,  un- 
der ibe  titk  of,  Tiic  Mathctriatii-al  and  Fhiiofophical 
Work*  of  the  right  rcr.  John  Wilkioa,  Ac|  wnha 
prim  of  the  ambor  and  gcnenl  title  f»g/t  huMmdf 
encnven.  and  an  account  of  hit  tifc  and  writinga.  To 
this  collertion  h  alfo  fybjoioed  an  ablfraft  of  a  larger 
Work,  printed  in  1668,  folio,  inti'.lcd,  Ati  Eflay  to. 
wards  a  Keal  Chatafter  and  a  Philofophical  Language. 
Thffe  were  all  his  niathcmatical  and  pliilnfi^phical 
IV;,  ks  ;  befidc  which,  he  wrote  fe»t:ra!  tracts  t  '  : 
gv,  natural  religion,  and  civil  psiity,  which  were  much 
cfteemed  for  their  piety  and  moderation,  aod  went 
thr'>;:^Th  fevenil  edition*. 

WINCH,  a  popular  term  for  a  wiadbrs.  Alfa  the 
bent  handle  far  tumiog  rawnd  wheda,  grind-ftaoeib 
*c.  * 

WIND,  a  current,  or  fl  ream  of  air,  efpeciaDy  when 
it  i»  moTcd  by  fome  natitr.il  caufe. 

Winds  are  denominated  fro-n  the  point  of  the  com- 
pifs  or  hortr.on  thev  blew  from  ;  as  the  call  Wind, 
north  Wind,  fo-rth  Wind,  ic. 

Wii  fls  arc  alfo  divided  inia  fcveral  kinds  ;  as  general, 
far:i-ular,  p-rtn'iiei.  fiattd,  variiiUft  lif  '- 

Contain  or  Pertnmal  Wisds,  are  thofe  that  always 
bimr  the  Gune  way  ;  foch  as  the  n-markable  one  be- 
tween the  two  tropica,  blowiar  conflantiy  ftom  tak  to 
weH,  called  alfo  k\k  gtnerat  Iradi'Wtiid. 

Stated  or  Ptmdifol  Winds,  are  tboTc  that  con* 
fluntfr  reiurrt  ai  rertnm  tin>e«.  Snch  are  the  fea  and 
land  brceri-«,  M'  v  •\  f  land  to  fcs  in  t^r  morning, 
snd  }r<;in  fea  toiami  ut  the  even injf.  Such  alfo  arc  tiie 
fhiftitiT;  01  [-prtiLitiar  triidr  Wind',  which  blow  <ne 
w.iv  i^iirir'T  <■•■  tt.iin  montfii  of  the  j'Tsr,  and  ti-e  contra- 
T\  wav  t'lC  nit  of  the  vc.t, 

l-'rirrii.^l'  or /.Vz-.T/fr  W :  N  Ti? ,  .ircf'^rh  SS  bloW  wi|h* 
o;it  any  rrjjiilarity  eitlu-i  as  to  limo,  rhce.  ordirefin.n. 
SuiU  as  the  Winds  thai  Wow  in  tcf  fnterior  parts  of 
England,  5cc  :  though  fomeof  ihtfe  claim  t!>cir  certain 
tinea  of  the  day  t  at,  the  north-Wind  ii  moft  freqnrtit 
in  the  morning,  the  sreii-liViad  ibmit  onon,  and  the 
fbtith-Wiad  in  the  niglbb 
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CfMna/Wtli9»  it  Upm  at  the  fame  time 

tbe  GmM  way,  over  a  very  UffB  tnA  of  fgtvwdt  mofl 
part  of  the  year  ;  at  the  K«ncw  tmik-Wiad. 

Piir//.      V/ 1  sDs,  indiide  all  otban%  cxMplingthe 

general  iradc  V»  iuda. 

Thofc peculiar  to  one  little  canton  or  provii  cc,  nrc 
cilUd  topical  or  provincial  fVinJi.  Tlic  Winds  are  aiiu 
divided,  with  icfpc^  to  the  point*  of  the  cumiMfior  o( 
the  hoiizun,  into  fartluiaJ  and  eoiUurul. 

Cariliaal  Winds,  are  tholt  blowing  from  the  lour 
caidinal  {lointa,  eiift«  wetti  nurth,  wd  (biiih. 

CtlJcttrmi  Wiiios.  are  tbe  intcnnnltatc  Wioda  be- 
t«k'een  jiny  two  cardiiia!  Winds,  and  take  ihcir  iidmet 
frm  iLc  point  ut  the  compute  or  iiurizon  they  Lluw 
fr:-in. 

In  Navigatiiifi,  when  the  W  iud  Llow*  gctiily,  it  is 
Callvd  a  bunt  ;  when  it  ItliiWi  harder,  it  i;  called  a 
Ai/e,  or  »^tf  gaki  aod  when  it  bluwj  very  ivsird,  a 


For  •  particular  account  of  the  trade- Wiiult,  mnn- 
fooBBi  tee*  fee  PhtloT.  Tranf.  luiinber  ibj,  m  Abiulg. 
vuL  a«  p.  133.  AUb  Robenrun'a  Navigatiba  book  5, 
fea.  6. 

A  Wind  blcfii'T  fr^mi  tlic  ftr,  is  u'.v.ns  r.-.n]!?  ; 
ai  bringing  with  it  tin'  c>jpii.'.;s,  cvLi|ioi.iiim  na- 
tions troni  the  waltr.- ;  .ilt.i,  in  lur'.n-.cr,  it  li  coi  '.  ;  .md 
ill  winter  warm.  On  tiic  cuiiirary,  a  Wind  iruin  the 
Continent,  is  always  dry  ;  warm  in  fummrr,  and  cold 
in  winter.  Our  northeiiy  and  fouthcriy  Wind*  how» 
mr,  whicli  are  uljaily  ai-cuuiiicd  the  ckuJe*  of  cold 
and  warm  weaiUer,  Dr.  Derham  oUervct,  are  really 
nihex  the  effcft  of  tbe  cuM  or  warmth  of  thc'jatoio- 
f|  here.  Hence  it  i»ttiai  uc  often  find  a  warm  fouthcrlf 
Wind  fiiddcnly  change  to  tlie  iiuith,  by  the  fall  of 
fimw  01  I'.ail  ;  aiul  ui  a  colil  i:i:lty  iii:;r  u- n i^-,  v.  t  liiiii 
liiC  W'lijil  litt.tii,  wliicli  alltjwurd  uiitLiS  ubuul  tu  x'.ic 
foiitherly  quarter,  when  tiic  i -n  h;is  wcil  wuroitJ  ilic 
air  ;  and  again  iu  the  cold  cvcniog,  turns  northeiljt  or 
eallcrly. 

Ptjfital  Caufe  of  Winds.  Some  phihtfophers,  at 
Defcaricit  Roluult,  &c,  account  for  the  general  Wind, 
fiotn  the  diarnal  ratatum  of  the  earth ;  and  fnoi  this 
general  Wind  they  derive  aB  the  particular  one*.  Thin, 
ri,  tlu  c:irta  [uiiis  eaAward,  the  part'ults  1,!'  li  air  near 
li.t;  tmutoi,  being  veiy  light,  aic  itfi  bcLiiid  ;  fothat, 
in  rcfpeit  of  the  earth's  furface,  tlicy  move  wtftwards, 
and  bccoinea  conltant  easterly  wind,  as  they  arc  found 
between  the  tropics,  in  thofc  parallels  of  latitude  where 
tbe  diurnal  motion  is  fwiftcll.  But  yet,  a^ainll  tliis 
bypotheCti  it  it  urged,  that  tlve  air,  being  kept  cluic 
to  the  eaitli  by  the  principk  of  gravity,  would  la  tiine 
acquire  the  lame  dej^rte  of  velocity  that  the  carth'^ 
furface  movei  with,  at  well  in  refpccl  of  the  diurnal  ro- 
tation, asof  the  annual revolutiun  about  the  fun,  which 
is  about  30  times  fwifter. 

Dr.  Halley  therefore  fubftitutcs  another  caufe,  ca- 
pable of  proiiucing  a-  like  c  mftant  cffctt,  not  liable  to 
the  faiae  objections,  but  more  a;rieeable  to  the  known 
propertiet  of  the  tiemeuts  of  air  and  water,  and  the  laws 
of  the  notkmof  fluid  bodict.  And  that  is  the  A^ion'  of 
the  fiii^a  bcaa%  at  lie  pafftt  every  d.^y  ovei"  the  air, 
earth,  and  watcTi  conbined  with  the  fitnation  of  thead- 
jpiaiiig  ooUiBettt*  TInit,  the  air  which  it  iela  rarefied 
cr.cipudedbj  bcatf  .asJllaws  HMtimtoimurda  tbole 


Eartt  which  ait  Woiv  nreficd.  aad  left  panderonr, 
ring  the  whole  to  an  equilibrium ;  at»d  as  the  fua 

keeps  continually  fhifthy  to  tbe  wenwanl,  the  ten- 
dency of  the  wf  pIc  bo!?v  (if  thr  Iru  t  i  sir  is  that  way. 
Thuj  a  general  ctiusly  Wind  i»  iotnurl,  which  being 
im|'ict>' d  upon  the  air  of  a  v.dl  otraii,  iiit  pjtts  impel 
one  aiicihcr,  jind  io  keep  niLvIrg  till  the  ntxi  return  of 
the  fun,  by  wiiich  fi>  rr.iiL'h  wfihc  motion  as  was  loll,  it- 
agjiii  relloicd  ;  and  thus  iht  calliily  Wirnl  is  made  ptr- 
pct'.^al.  But  a»  (he  air  ttiwjrrfp  the  nrrtli  auj  fuuth  it' 
\xiH  rarefied  than  io  the  middle,  it  f  ILwi  that  £raat 
both  fide*  it  ought  to  tend  towardt  ihe  equator. 

Tfii?  mojifjn,  compouiidrd  with  the  (oncer  eafterly 
Wind,  aiiouti!^  for  ail  tlit  plicnomcna  «/f  the  jjcut  ial 
trade  Winds,  wliitli,  if  the  whole  luiticeol  tlicgti.l>c 
wt-rc  l«*a,  would  IiIimv  (]iii;c  rni;iiiithe  wmld,  as  tiiryaie 
fj  1:  i  t  i  0*  :  i  tlu  Atianl'c  and  the  Kthio'.ic  oceans. 
Jb'.it  the  lar^c  conti-.icuis  of  land  in  this  middle  tran, 
bein^r  cacclii.cly  lio  iierj,  cominooicatc  their  hc:it  to  the 
air  above  them,  by  w  liicti  it  li  esoccdingly  nursed,  which 
(Tiakes  iineceir,iry  that  the  cottier  and  denferMr  Ibiahl 
niAtin  towards  it,  to  rclioieihe  eqaSibiium,  Thtt  it 
fnppuftd  to  be  ihc  caufe  why,  near  the  coaft  of  Guima, 
wind  alway-  uts  in  upon  the  land,  blowing  weLlerly 

itilicad  of  e.lUeity. 

troiu  the  fame  caufe  it  l>:if>pens  that  tlicr'r  arc  li:ch 
Coril.int  calms  in  that  p.irt  of  ttic  ocean  called  the  rjms  ; 
for  tiii»  tradt  being  placed  in  the  middle,  between  tho 
wt!!ei]y  Winds  blowing  on  the  coall  of  Guinea,  and 
the  ealicily  trade-Winds  blowing  to  the  \vcllw ard  ui  it  j. 
tlic  uodency  of  the  air  here  i«  imliffiErent  to  cither,,  and 
fo  Aanda  in  eqmUbrio  between  both  ;  and  the  weight  of 
the  incumbent atmofphere  being  dimlnidu-d by  the  con- 
tinual contrary  Windt  blowing  from  hence,  is  the  rco- 
iuii  :hut  the  air  here  retains  nut  the  copioat 'TBpoiir  it 
ii^c  i.tsi,  bullets  it  fall  in  fo  frequent  rains. 

li lilo  to  bo  confidei'cd,  tliat  to  the  northwijrd  of 
the  Indian  ocean  there  is  every  where  land,  within  the 
ufual  limits  of  the  latitude  of  30*,  viz,  Arabia,  Perfi*, 
India,  StCt  which  are  fubje^  to  eaccITivc  heats  wlie« 
the_  fim  it  to  the  north,  pafling  nearly  vertical;  but 
which  are  tcttseiltc  enough  tMhen  tbe  fun  is  remontd. 
towardt  the  otner  tropic,  hecanfe  of  a  tidgc  of  moan— 
taiiiant  fome  difl.mcc  uidiln  tlic  Luu!,  tu  oh^n 
iu  wiiittr  covered  l.iuw,  uicr  ivli^ch  llic  :iu-  r..i  it 

pailes  tnufl  needs  be  much  chilled.  Hence  it  lu;)ji<n« 
that  the  air  coming,  accordinj^to  the  general  rule,  out 
of  the  nurtb-eali,  to  tbe  Indian  fea,  h  fumetiuies  hot- 
ter, fometimes  colder,  than  that  which,  by  a  cigcula<> 
tiun  of  une  current  over  another,  is  returned  out  of  the 
fouth-weft }  and  confequently  toinctinet  the  under  cuc> 
rent,  or  Wind,  It  fton  the  nortli-eaft,  fometimct  fron 
the  foutb-weft. 

That  this  hill  no  other  catifc,  appears  from  the  timet 
when  thefe  Wwid^  fcl,  in  April  :  u-licn  tlic  tun  tie- 
gins  to  warm  thetc  cuunlni.s  tu  tiic  iioult,  ihc  tuuth- 
Well  monfoons  begin,  and  blow  duiiiig  the  heats  till 
Oftoher,  when  the  fun  being  retired,  and  all  ihioga 
growing  cooler  northward,  but  the  heal  incrcafmg  to 
tbe  ibutb,  the  north-call  Winds  cuter,  aud^blpw  nil 
the  winter,  till  April  again.  Aud  it  it  doubtleb  tnm 
the  fame  priiicipl^  that  to  the  (igutliw^  of  tlie«i]iii> 
tor,  in  past  oftttt  Indian  oceaiH  the  (KWth.well  Windn 
Auoeedlbe  JittitlMaAii  wben  the  fH«,.dntw»  sear  the 

tropic 
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"tropic  of  Capneorn.   FbiloC  TnmL  win.  1S3 }  or 
Ahridg.  «ol.  <i  pi.  193. 
Btit  feme  nhilsfiiphent  mt  fitticied  wtA  Dr.  Hrf« 

Iry  V  tlicnrj  above  recitetl,  or  thtnking  it  nnt  Tiifficlcnt 
for  cxpUining  the  Tanoo* phf noiwrnt  of  tht  Wind,  have 
had  nrcourff  ti>  aiiot'nT  i  :nufc,  vi/,  tin.  ./r  ivi'nr  iun  ut 
llic  eartli  and  ii&  aiinofphtn  lou'sui,  '.lie  Imi  ai;ri  ir .  .on, 
10  ivl.lcli  the  tides  are  ton'circcJly  (A%'ii'L,'.  Tli-  v 
Icce  that,  tho'jgh  we  cannot  dilcovv-r  acn4l  tides,  of 
■€W or  flow-,  by  oican»  of  the  barometer,  brcauftf  co- 
luilllN  of  air  of  unequal  height,  but  difTirieiit  deiifily, 
msf  have  ihc  fame  pt^riFureor  weiglit  ;  yet  the  protu- 
bnvnce  in  the  atmofphere,  whicli  t>  ooatimmllj  fal> 
loving  the  moon,  mull,  fay  they,  occ«finn  «  morion 
in  all  part*,  and  fo  produce  a  Wind  wore  (Ji  li-f$  to  every 
place,  which  confpiring  tvilli,  orbein^  ctunlcraded  by 
the  Winds  anlinjf  from  other  caul'ei,  maket  them 
greater  or  1-' I r>.  Scvc-ral  dtfTertationi  to  thtt  purpofe 
*pere  piibHllitJ,  011  occafitin  ct  itie  ftlbjed  propufed  by 
the  Academy  of  Sciences  nt  ijerlin,  for  the  year  1746. 
Hut  MulTchenbrtwk  will  not  allow  that  the  aitraftion 
of  the  moon  if  the  cinfe  of  the  general  Wind ;  becmufe 
the  eaft  Wind  does  not  (oEkrw  the  motion  of  the  moon 
about  the  eartit ;  for  in  that  cnle  there  would  be  moie 
than  2^  chiu^ns,  to  whtch  it  would  be  fubjcA  in  the 
courfe  of  a  year,  inHi3d  of  two.  iMrod.  nd  PhiL 
'Nat.  Vol.  2,  pa.  11-^1. 

And  Mr.  Heusy  licic":,  coiiceivlnj;  tlict  the  r.iit  f.ic- 
tion  of  the  air  by  the  fun  cannot  limply  be  the  cKufe  of 
all  the  regular  aud  irregular  motions  which  we  find  in 
the  atmofphere,  afcribes  them  to  another  caufe,  vnt, 
the  afccnt  and  dcfcent  of  vapour  and  exhalation,  at* 
Tcr  .JtJ  by  the  clc£kcicil  fire  or  fluid  ;  and  on  thif 
I  r  i  1] t  i  pie  he  hw  «i Jcifoiircd  lo  esphwat  large  the  ge. 
nti  ^l  j<heT!aEneiia  of  the  weather  au  bitmncter,  PhuoC 
Tranl.  vol.  .^i;,  pa.  12^. 

Zmk  0/tJk  Pnin^  y  Wins. 

The  chief  laws  concerning  the  prtiJ-.ietioti  of  Wind, 
may  bccollcded  under  the  following  heads. 

1.  'If  the  fpring  of  the  air  be  weakened  in  any  place 
more  than  in  the  adjoiRing  placet,  a  Wind  will  blow 
tJirough  the  place  where  the  dimiauiion  is  j  becaufe  the 
lela  cbftieor  forcible  will  ghe  nj  to  that  which  it  more 
fo,  and  thence  indvee  a  evrreat  of  air  hto  that  place, 
or  'A  Wind.  Hence,  becanfe  the  fpring  of  the  .lir  in- 
cituff!,  as. the  compreflfing  weight  increaftn,  and  tom- 
prefll'd  air  i?  denffrthun  tlmi  winch  1?  Irfs  romprodci!  ; 
all  Winds  bluw  Into  rarer  air,  out  of  a  place  tiled  with 
■  dfiifrr. 

2.  Thcirfore,  hecaufe  a  denfer  air  Is  fpccifieally  hea- 
^erthan  a  rarer}  an  extraordinary  li^htncfi  of  the  air 
in  aay  place  muil  be  attended  with  cxtraordtnwy 
WIndt,  or  Aoraa.  Mmrt  an  eatraotdinary  M  of  the 

m'rc-Tiry  m  the  barometer  ftewing  an  extraordinary 
lij^Vt-cfs  of  the  atmofphere,  it  ii  bo  wottder  if  tlut 

fiurcttls  sKirms  of  Wi!;d  ar.d  nun. 

3.  If  tl.c  air  br  fiiddenly  rondcnlwl  in  .iiiy  place,  itl 
fpring  will  be  liiddcnly  diminilhfd  ;  and  hcner,  i(  this 
diniinuticm  he  great  euuugli  to  aiicCt  the  barometer,  a 
Wind  will  blow  through  the  condenfed  air.  But  fince 
the  air  cannot  be  fuddenly  cofidenfcd,  unlcft  it  has  be* 
lore  been  much  mrelkd,  a  W^ind  will  blow  through  the 
air,  aa  it  coob,  after  haring  becRttolentlj'iicatcdU 
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4.  In  Hke  Manner,  !f  air  be  foddenly  rarefied,  it*  fpriiij^ 
ia  Mddealy  iiicrealBdi  aad  it  will  therefore  ftuw  thraagh 
theak  Bot  aAcd  on  by  the  nrcfyiaf  force,  flmee  a 
Wind  will  blow  oat  of  a  piafie*  id  which  t  he  air  i  s  fudiiia. 
ly  rarefied ;  and  on  thia  prineiplc  probably  it  it,  thit 
tilt  fun,  by  rarefy iog  the  air,  mu& liave  agicatiaflll* 
eiuc  on  the  produ^tiDn  of  Winds.' 

c.  MoH  caves  are  found  to  emit  WinO,  cir'n-r  trinrc 
or  lefs.  iViijfTchrnhrof  k  hai  eiiutnerated  a  ^jriety  of 
caufcs  that  irijiliiLf  Wind*,  cKifting  in  the  bowels  of 
the  earth,  on  its  (urface,  in  the  atmofphere,  and  abort 
it.   8rc  Introd.  ad  Fiul.  N.it.  vol.  2,  pa.  1 1  |6. 

6.  The  fifing  and  changing  of  the  Wiada  are  dctn* 
mined  by  weathercocks,  placed  on  the  topt  of  hwh 
buddings  &:c.  But  thcfe  only  indicate  what  pane* 
about  tlicir  own  height,  or  near  the  furfacc  of  tLe 
ra.tli.  And  WolAus  affurCS  t'^i  in^^^  obit  rv.'.ti.ini  tf 
fesci.tl  yc4i»,  that  the  hifjher  whi^h  dri»«  tti« 

cloud*,  are diflereiit  frt  in  the  l.r.\er  one*,  which  move 
the  weatliercocks.  Indeed  it  is  no  uiicumnnon  thing  to 
fee  one  tier  of  cloudti  driven  one  way  by  a  Wiad«  aad 
anotiicr  tier  jttft  over  the  former  driven  the  eoattan 
way*  bjr  aaothcr  current  of  air,  and  that  often  win 
vetT  «Mbcaft  wlodtick  And  the  late  «B|cnMai» 
with  air  boOndna  have  praeed  iht  fivquest  euAencc  «( 
counter  Winds,  or  currents  of  air,  even  when  it  was 
not  otherwife  vilihle,  uor  at  all  espc^^d  ;  by  which 
they  have  been  found  to  take  vciy  ditfcrcnt  and  unex- 
fc^ed  oourfes,  as  tbej  hare  alceaded  higher  and  highci 
mtbeauhgfflMre. 

Ln»  ^tt»  FytemJ  PiMif    dt  Wins. 

Wind  being  only  air  in  owtion,  and  the  awtioa  of  a 

fluid  againA  a  body  at  reft,  creating  the  fame  refillance 
as  when  the  body  moves  with  the  f*roe  velocity  t!iroiij;h 
the  fliiici  at  red  ;  it  follows,  th.it  the  fence  of  the  \\  liiil, 
and  the  laws  of  its  ;i6li>in  npon  bodks,  may  lie  rclcrml 
totliufe  oftlieii  rci'iilance  when  tnuved  through  it ;  and 
at  thefe  circumilances  have  been  treated  pretty  fully 
under  the  aittcle  RisisrANcr.  0/  ifx  Air,  there  ii  no 
OGcafion  here  to  make  a  repetition  of  tbein.  Wc  there 
hid  down  both  the  qu.-intity  and  lairaof  fuch  a  WKt* 
upon  bodies  of  diffe  rent  ihapet  and  fizea,  moving  «nd  all 
degreei  of  velocity  up  lo  200O  feet  per  fecond.andiMb 

for  jjlane?  fet  at  all  de^'rccs  of  obllqiiitv,  or  1 1: t  lii-atum 

tu  the  direction  of  motion  ;  alt  which  circumltanci*i 
lu%iiig,  for tbe filft  tina^ bcea  determined  by  nalcs* 
perimrnts.  ^ 

yfi  to  the  Velotity  0/ the  tf  lnJ  :  phdofophcrs  have  made 
life  of  various  mcth(>ds  for  determining  it.  The  metlmd 
employed  by  Dr.  Derham,  was  by  letting  light  downy 
fcauiefa  dy  in  the  ait,  and  nicely  oblierving  tbc  diibacc 
to  whicb  they  were  carried  In  any  number  of  half  ft* 
conds.  He  fays  that  he  thus  meafurcd  the  vclccity 
the  Wind  in  thegrrjt  ftorm  of  Augud  10^,  v\!uch  he 
fotiini  nuiwd  at  the  rate  of  33  feet  in  Inlt  a  ftcvuid,  or 
45  miles  per  hour:  whence  he  concludes,  tliat  the 
moft  veliciiieiit  Wind  does  not  fly  at  the  rate  of  abo»e 
50  or  60  miles  3.n  hourf  and  that  at  a  medium  the  «c* 
locity  of  Wind  is  at  thenMof  la  or  15  inilctpchMT. 
Philof.  Tranf.  number  JfJ,  Or  Abridg.  vol.  4,  p*4lf' 

Mr.  Bticc  obfcrvet  howwer,  tliat  eipersBKnta  with 
Aathen  are  UaUe  t»  mak  —aettaiaty ;  aa  diey  baidlf 
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cHr.fB  Ibrwifdi  I*  t  ftnigbt  dbcAMNi*  tot  fptraUf,  or 

tbe  irregulufy  froM  fide  to  fide,  or  up  ud  down*. 

He  therefore  Confidera  the  motion  of  8  cloud,  by 
meant  of  .itb  ntsJow  over  the  furf^cc  of  the  earth,  at  a 
much  more  accurate  meafure  of  the  velocity  of  the 
\Viiul.  In  thitway  he  iouud  tliat  lUc  Wii,d,  in  acoii- 
fiderable  ftorm«  moved  at  tiie  rate  ot  near  63  miles 
tn  hour ;  and  when  it  blew  a  freih  gale,  at  the  rate  of 
%t  in'lci  per  hour}  and  in  a  fmall  hrectc  It  w.i«  near 
10  miles  iii  hour.    Phiiof.  Tranf.  vol.  56,  p>  ziii. 

The  vdocitj  and  force  of  the  Wind  are  alTo  deur> 
mined  expcnmentally  by  variom  maeluneh  cadled  «m« 

momHtrs,  v-nad-u'.cojureri.  Or  wW-^^^/J  tfcc  dclicriptlpn 
of  which  fee  under  thcfr  articlcr. 

In  t)ie  I'lidof.  I  rnnr.  for  17591  p-  Mr.  Siucaton 
h«»  given  a  table,  communicated  to  tr.rn  by  ;•.  Mr. 
Ro'ife,  for  (hewing  the  force  of  the  Wiml,  witii  iVvci-n! 
4i&nnt  velocitie«t  which  I  (hall  iiifert  below,  as  [ 
find  the  Bwsbcr*  nearly  agree  with  my  omd  experi- 
menu  nade  on  the  refiltancc  of  the  air»  when  tbc  re> 
fifl!«g  furfacea  are  ndutied  t»  the  ftote^  <ise«  «.due 
proportion  for  the  refilbBce*  which  »  ia  a  higher  de- 
gree than  that  of  the  fiirfacea. 

N.  B.  The  lahlt  of  my  itfuitu  \i  printed  in  pa.  i  u, 
Yol.  I,  uudci-  the  .iniut':  Asemomitkhs  where  ii  la 
to  he  noted,  that  the  ninnbcrs  m  tiif  tiiird  coliinin  of 
lhat  Ubie,  for  the  velocity  of  tlie  Wind  per  liour,  are 
idl  errancoufly  printed,  only  the  4th  part  of  .\tuc  each 
of  tbemmiEht  to  be ;  io  that  thofenumbera  auiil  be  all 
ttuUipBedbf  4« 

A  Table  of  tbc  diSertnt  Vdodtiea  aad  Force*  of  the 
WM*  accanliiig  to  their  nrnniHW  i^pclbtiou. 


Veloclir  of  ibe 

Wind 

Perpenili- 
cular  fiM'cc 
on  one  fq. 
foot,  in  a- 
vei'ilDpoii 
pounili. 

Milei 

m  oo« 

B  feet 
in  one 
fec4>ntl. 

I 

1*47 

•005 

% 

»-9J 

•MO 

3 

440 

•044 

4 

5-87 

•079 

5 

7*33 

•123 

10 

14-67 

•49a 

15 

22 -co 

I-I07 

20 

29*34 

1-968 

«S 

3667 

JO75 

3« 

44-01 

4'4»9 

35 

5«'3+ 

6027 

40 

58-68 

7«73 

45 

66-01 

9-963 

50 

73*35 

12-300 

60 

17-71? 

8e 

117-36 

31-490 

loe 

146*70 

49*200 

Common  appcUations  of  tha 


Ilardiy  perceptible, 
1^  J  uft  perceptible. 

J  Gentle  pleafant  wind. 

j|-  Plcafant  biiik  gale. 

}  VeiybriOc. 

}  HtghWiiidK 

}  Vciylilc^. 

Aftomortempeft. 
A  errtt  ftorm. 

A  hurt  i[:.inc, 
C  iV  hurricane  that  tears 
i    up  tites,  and  carries 
^  buildioga&cbcforeit. 


The  force  of  the  Wind  U  nearly  as  the  Iqiiare  of  the 
Telocity,  or  but  littk  above  it»  in  tbcfc  vdocitict.  But 

the  force  ia  miKhipaw  ihn  in  the  finale  iMM»9f  the 

Vok 


furAcca»  with'tfie  fiune  vdoctty,  md  dm  increafi^of 

the  ratio  ia  the  more,  at  the  velocity  is  the  more.  By 
accurate  experiments  with  two  planes,  the  one  of  17* 
fqiiaiv  inclii-^i  the  odiei  of  3:,  whuh  are  ne.itlv  in  the 
r.itii)  ol  5  to  .j,  1  found  tlicin elilluuecs,  witli  a  velocity 
<jt  JO  feet  per  r<Li):;d,  t;>  be,  the  one  I'loo  ounces, 
and  the  other  2-^41  ounces;  ^hitb  arc  in  the  ratio  of 
8  to  17,  being  an  iiicreafe  of  between  \  aad  \  part 
more  than  the  ratio  of  the  furfacet. 

W  SKu-Gi/^r,  ill  Pneumatics,  an  iudrument  fcrvinf 
to  detcnaine  the  tirfocity  aitd  force  of  the  Wind.  Sea 
ANBMOMETEa,  ANCMOscopg.  and  the  article  juft 
above  concerning  the  Force  and  Velocity  of  the  Wind. 

Dr.  Haleit  had  various  contrivances  for  this  ptirpofc. 
He  fount!  (Statical  KlT.iys,  vol.  J,  p.  326)  tlut  the 
iiir  rnibeii  out  ol  \%  fmith's  bellown,  at  ilie  rate  of  6^*^ 
feit  ill  a  icciiiid  of  time,  whtii  cuiriprciTed  with  a  force 
of  iiall  a  pound  upon  every  iuuarc  inch  lyin^  on  tbc 
whole  upper  futface  of  the  bellows.  The  velocity  of 
the  airi  «»  it  naficd  out  of  tbc  tniok  of  his  vcntilatoni 
wa«  fiwnd  to  be  at  the  ntc  of  3000  feet  in  a  minutet 
wfaieh  it  at  the  ntc  of  34  nilea  ao  hoar.  The  fane 
author  f^iys,  that  the  vcfocitf  wtlh  which  tmpclled  air 
p..fn. .  out  »l  any  orifice,  may  be  dttcrmitied  by  Iiarii^ing 
.1  light  Tulve  over  the  nofc  of  a  IkUows,  by  phaui  Icatiurn 
hiii^;>  j,  which  wili  lie  much  ii^tntcd  and  lifted  up  from 
a  perpcttdtciiiai  to  a  more  than  horizontal  pofitiun  by 
the  force  of  the  milling  air.  There  is  'alfo  another  more 
accurate  way,  hc  '£iya,  of  eilimatitig  the  velocity  of 
air,  viz,  by  holding  the  orifice  of  an  inverted  glaia 
fiphon  full  of  water*  oppoltte  to  the  ttrcaoi  al.air«  by 
wmch  the  witer  will  he  deprHTed  in  one-lej^ »  and  raifed 
ia  the  other,  in  proportion  to  the  force  with  which  the 
water  is  impelled  by  the  air.  Dcfcrip.  of  Ventilators, 
1743,  p.  12.  And  ihia  perhaps  <;ave  Dr.Itipd  tfac 
idea  of  his  Wmd-gagc,  deicril-,i,d  behivv, 

M.  Boiiguer  contrived  a  fimpie  inUrnmcnt,  by  which 
may  b«  immediately  difcovercd  the  itnxe  which  the 
Wind  exerts  on  a  given  furface.  1  his  is  a  hollow  tldlC 
AAUn  (fig.  14,  pi.  30),  in  which  a  fpiral  fpriB|( 
CD  it  fixed,  that  may  be  more  or  Icfs  compreficd  bj  a 
md  FSDi  piiGfl|[  thcoMBh  a  hole  witbia  the  tube  at 
A  A.  Iiten  having  ohkmd  to  what  degree  diflemt 

foreran;  .;nr  ■  n-fdi'^  aic  cipiiLle  of  coinprcfEtij^  the 
fpinil,  i^aiK  Jii.lLui.i  OH  the  rod  iu  fuch  a  rtianocr, 
that  the  iiv.uk  aL  .S  inav  indicate  the  weight  requilite  to 
force  tbc  ipring  iuio  the  fjiuation  CD  :  aftcrwaids  join 
at  right  angles  to  this  rod  at  F,  a  plane  fuiface  CFE  of 
any  ^ven  area  at  pleafure  ;  then  let  this  inftrumcnt  be 
OppMcd  to  the  Wind,  fo  that  it  may  ftrikc  the  furface 
P«ipcndkufanl7»  or  paiaM  to  the  rod  1  thca  will  tha 
ourk  wX.  S  (hew  the  wcq^bt  to  wfaid^  the  ioice  of  the 
Wind  is  equivalent. 

Dr.  Lind  has  alfo  contrived  a  fimpir  and  eafy  appa* 
rami  of  this  kind,  nearly  upon  ttic  lall  idej  of  Dr. 
Hales  mcnUKOcJ  alio .c.  This  iulbitment  ia  fiiUy  ex> 
plained  at  the  article  Asemumetkr,  vol*  !»  pa,  IIJ, 
and  a  &|uic  of  it  given,  p4.  3,  fig.  4.  . 

Mr.  Seojaaiio  Martin,  ftoin  a  hint  firflfuggeflcd  by  • 
Dr>  Burton,  contrived  an  atiemurcupc.  or  \Viad>gagea 
of  a  oonftructiun  like  a  Wiud-milJ,  with  fourlaik  t  bitt. 
the  axis  which  the  latla  vsa^  ia  aot  cyliadrical,  btit 
conical,  like  the  lafee  of  a  watch  $  awrat  this  fufoe 
wiadt  a  oordf  haviag  «  weight  at  tM  cad,  which  ia 
411  wotisd 
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^tttid  alxt-ayt,  hr  the  force  of  the  Wind,  a\ion  the 
fiull»  till  the  weight  juil  baUncn  that  force,  which  wilt 
be  It  a  ibicker  part  of  the  fufee  wlien  the  Wind  is 
lkn^»  mnd  K  a  baaHkr  jwrt  of  it  when  U  i«  weaker* 
But  although  thli  iBftrunieFt  Ibewt  when  a  Wiui 
U  Rron^^tT  or  vreaku,  it  uiil  iicitiicr  {hew  what  i«  the 
aelixsl  Telocity  of  the  Wiud,  nor  yet  it»  force  upon  a 
fquaic  foot  of  dirc£l  fuifave;  becaufc  O  c  f  i  li  -  t  ict 
at  an  uncertain  oblique  anirle  to  the  \\  ukU  thit 
ads  at  diScreiit  diilancct  from  the  a*.;*  or  centre  o!' 
■kotioD.  Martin's  Piill.  Brit.  vol.  p.  211.  Seethe 
If.  J,  plate  3,  *oi.  I. 

WilfV^M,  tiw  l«OH!  at  Aia'^rM  (  which  fee* 
Win^MiMt  a  kind  of  mill  which  nedmSlaaiMiton 
from  the  iatpulfis  9f  the  Wind. 

The  internal  ftruaure  of  the  Windmill  ia  m»ch  the 

fame  l»idl  tfiat  w-jtc-nnills  :  liit  licT^iiil'r  I)ctv»iCn 
tlicin  lying  cliiclS/  m  r\tci  n:il  up jj.ir.it us,  tur  the  a  [jpii- 
cation  of  the  power.  This  apji.nHtus  ciinliOs  of  an  axis 
£F  i&g.  II,  p).  36)1  through  which  paU  pcrpcndtcular 
to  it  I  aod  to  each  other,  tuo  arms  or  yard*,  AB  and 
CD,  iifually  about  31  feci  loogt  on  (hcfe  yards  are 
formed  a  kind  of  faiis,  vanct,  or  fl(ghta>  in  atrapeaoid 
ibffli*  with  parallel  eodai  the gmter of  whidi  HI  i« 
about  6  feet*  and  die  kJs  FG  are  deteranncd  by  r»dii 
drawn  from  the  centre  E,  to  1  and  H. 

Thcfe  fails  arc  to  be  capable  of  being  always  turned 
to  the  winfl,  to  rrcrlu*  its  impulfc  :  for  u  hicli  purpofc 
there  are  ".vo  dilTcrcm  {•nntrivaiices,  wiii<.h  cuulUtutc 
the  two  dtllt-iL^it  kind:,  vt  WinimHU  in  common  ufe. 

In  the  one,  ilu:  whole  machine  ii  fiip|)oited  upon  a 
movciblc  arbor,  or  axis,  fixed  upiij^ht  on  a  Hand  or 
fioDl }  and  turned  round  OCT>fiowa!ly  to  fuit  tlie  wind^ 
by  means  of  a  Uvcr. 

In  the  other,  oalj  the  caver  ar  aoof  of  die  mmckiae, 
with  tl>e  axis  and  fatla,  iolike  mrancr  taraamand  with 
a  i^ralicl  or  horixoiUdl  niLti'Hu  Tor  ihii  ntirpofe,  the 
forer  is  built  tiirTrt-wife.auJ  t  :i^i>mpjlTi.  I  w  I'li  a  wooden 
ring,  having  .1  f;r<>o»r,at  the  b^ittum  <jt  wliicii  Art  phti  li, 
•I  ccitain  diiUnccs,  a  nmnl)er  oi  l>rat«  truckle* }  and 
within  the  giouvr  is  another  rintf,  u^ion  which  tltc  whole 
ttimi  Hands.  To  the  movcahlc  rin;»  are  tonr.tfted 
beams  ft s  and  to  the  beam  ab  is  ^ficncJ  a  rope 

at  if  baling  itt  other  end  fitted  to  «  windiaiiH  or  uw> 
i«',«cntrocliio :  this  rope  being  ilrawii  tkrougb  the  iron 
hookG,  end  the  windU&  tumcd,  the  fail*  are  r.iovid 
(ound,  and  fcl  fronting  the  wind,  or  with  the  axis 
poir.tiag  Draight  againit  the  wiiu^. 

The  iuttin.sl  mrdianifm  cf  .i  in d null  i«  es^liibitrd 
in  fig.  la  ;  where  A  HO  is  tlic  upper  nv»m,  and  HoZ 
the  rower  one;  Ali  the  axle^ree  pafTing  througli  the 
mill ;  STVW  the  fails  covered  with  canvas,  let  ob- 
liqoelf  to  the  wind*  and  uiniing  rotiad  in  the  order  of 
the  mtmi  OD  the  cogwiiccl,  hanng  about  48  oegs 
«r  teeth,  «, «,  a,  itc,  which  bir^  vmwd  tl,c  iuntern 
KF,  having  8  or  9  trandWt  or  roattdi  r,  r,  c,  &c,  tc>. 
gcthcr  with  il.^  uprifjht  axis  GV  i  IK  is  the  upptt  ii.iU» 
fiuoc,  add  LM  ihc  l«*wcri)iic  ;  <j^R  1)  the  builjjf,  lup- 
porting  the  axis  or  fpindk  tiN  ;  this  br;d;,rc  u  '..ipportcJ 
by  the  bcami  tJ,  XY,  wedged  up  at  e,  ti  and  X  ;  ZY 
ia  the  hfling  tree,  which  ftands  upright ;  ab  and  rf  are 
kwertf  whofe  centret  of  motioo  are  Z  and  t  ;  f^bi  it  a 
«Mdf  irilh  a  ihjuc  f,  goiag  abeoi  the  pint  g  and  b,  and 

iMtf(f  »«.baiaMe^  «qaMc«poife.   The  fpindlc  iN 
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is  fixed  to  ihi'  upper  millftone  TK,  by  i  p'w  of  iion 
called  the  rynd,  arid  fixed  in  the  lovrertidc  oftheflori", 
which  \t  the  oiiiv  one  tliat  tnro>  ahovt,  and  its  wbnfe 
weiukt  reAa  upon  a  hard  Aaoe*  ixed  in  the  bridge  Qll 
at  N.  The  trundle  £F,  and  in  axil  Gr,  mty  be  lafcea 
away  ;  fur  it  rclU  by  itt  lower  part  at  (  by  a  fquaie 
fockct,  ai'd  the  top  ri;ni;  in  the  edjje  of  the  beam  cp. 
Bv  heariiig  down  the  cti!^.  /t.)  i'it  !•  vrr  /'•,  in  raifcd, 
•rfiiih  y,y,  and  tVi'>  raiUs  \  X,  v.iiicJi  Hftt  ap 

t1  Ini'.-f  (_")J\,  v.i  i  t'.f  Hi.ii  I-.'',  a'l'l  the  upp<r 
Hone  IK. ;  aiiu  thus  the  ttonevare  fet  at  any  diHnncf. 
The  lower  or  immoveable  tlooe  it  fixed  upon  flior^ 
be«nw»  and  ia  broader  llian  the  upper  one :  theloor  a 
conveyed  throneh  ifaetuand  e*  into  a  cfaeft;  Piitkt 
hopper,  int»  which  fe  pat  the  cant  wbidi  runs  tfaroflTk 
the  fpout  r  into  the  note  t,  and  b  fitUs  between  the 

n  m;u'!,  will  r;  it  H  i;ri)ut;J  to  inL';i!.  Tlic  .'MS  C/  is 
fijirirc,  whidi  fij,ikiii^  t.'ic  (pout  r,  an  it  jfo  r 'tinci, 
m.ikci  till"  corn  run  O'.il  ;  ri  1^  .t  lirnic;  <^''.na'r  dhout  li.e 
pin  /,  and  fcnrin^  to  move  the  fj>out  nearer  to  the  axis 
or  farther  from  it,  fu  as  to  make  the  com  nin  faflcr  or 
flower,  aocuidioi;  to  the  rtlocitir  and  foire  of  tlie  wind. 
And  wb(»  the  wind  ia  Arong*  the  laiU  are  only  cox-rrrd 
in  part,  or  on  one  fide,  or  peibapt  only  one  Intf  «f 
two  oppofite  failf.  Toward  the  end  B  of  the  ulctree 
is  phtced  anotticr  cogsvhetl,  trundle,  and  rriiliritii  fs, 
with  an  apparatus  like  that  juH  dcfcribed  ;  k>  th^C  ibe 
Inn  e  axis  move*  two  Hones  at  once  ;  and  when  only  one 
pair  is  to  grind,  one  of  the  trundles  aitd  its  fpindle  are 
taken  ouli  xjl »  a  gii  th  of  ]1  .iliie  wood,  fixed  at  the 
cud  .1-;  the  other  end  /  being  tied  to  the  lever  km, 
moveable  ab:>ui  i  ;  and  the  end  m  being  ptit  down,  draws 
the  girth  xyl  clofe  to  the  oogwhcai,  which  gently  and 
gradually  li«pj  the  inntion  ofthe  mill,  when  rrq^inJ: 
fij  li  a  lidder  for  afi»ndiHg  to  the  higher  part  of  tiic 
mill ;  and  the  »  drawn  up  br  means  of  a  rope, 
I  i)lk-d  about  the  ttit  ABf  nrhcB  tbe  miB  ia  at  wuik. 

ixC  Ml  LL. 

'jLary  nj  t'tM  WixoMtil.,  P^iim  itf  tie  Smlifl^t, 

Were  the  hlU  fet  fijnarf  upon  their  arms  or  vs'ili, 
and  prrpendtcnbr  to  the  axhirre,  or  to  the  wind,  11 
motion  would  enfue,  becanfe  the  direct  wind  would 
keep  tbeai  in  an  cxaft  bahnsee.         by  fitting  tlicni 

obliquely  to  the  common  bm'',  like  tV.r  faiUof  a  ftculie- 
ji»ck,  or  inchned  like  the  riiJ<lir  of  .1  ihij),  the  wind, 
by  Arikin;^  thr  fiirfjcc  of  tlicui  oljhijucly,  turns  •.iuni 
alxHit.  Noiv  this  anglv  which  the  bili  are  to  make 
with  their  common  axia,  or  the  cic;,';cc  ii{  tvetuhfritj, 
■a  ihc  iiiiU'Wrightt  call  it,  fb  as  (hat  the  wind  may 
hare  the  greatrH  efle^l,  is  a  matter  of  nice  enquiry, 
and  hia  much  occupied  the  thoaghu  of  the  nuMciB* 
tician  and  tlw  artift. 

In  exBiniiiing  the-  compoand  HMtloaaof  the  nUa 
of  a  ftiip,  we  find  th.U  the  more  if  approaches  to  the 
di^c^^;.l^■.  of  thf  kee!,  or  tot^ie  r-ourfc  of  tlic  wntri  ,  the 

more  woklv  thii  flrikct  it  ;  hut,  on  the  other  U^ni, 
the  greater  is  iht  ]ir>wcr  of  the  Itvcr  to  turn  t'ri;-  vtlltl 
about.  The  obltquay  of  the  rudder  therefore  h^^  't 
tlic  fame  time,  both  an  advantage  and  a  difad«'.l;.t.1^-^ 
It  hat  been  a  point  of  iaqiiifjr  thmfbre  to  find  the  po- 
fition  of  the  rt^der  when  the  ratio  of  the  advantage  over 
the  dtfadwmty  ia  the  gnmA  Aad  M*  Renam  i* 
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liiiAaaryfif  l^tMfkiagdf  (hif»«,  ImkMtit  that  ihc 
bitl  fimtiM  of  (he  iwldu  n  wlMtt  tt 
fifabont  $5  degnes  withtbc  kcd. 

The  obliquiiy  of  ihc  faJIi,  with  rc^nrJ  io  their  atis, 

Inid  precifely  the  f*mc  arfv»nt;i.'c,  I'l&dvantagc, 
%rith  the  eb!rquity  of  the  ruiidi  1  to  liic  ktti.  Aiid  M. 
Pjrcnt,  fcekiiif,'by  the  new  ai>j1yll»  the  moll  ad»ttit?ge« 
otfi  tittiation  ai  the  faili  no  the  axis,  finds  it  thcf  f^me 
«a){k  of  about  $f  degree*.  Thh  MSqmtj  b^'cn 
detenriaed  bf  many  other  tnaTHcnutlcttafl,  «ad  tbtiitd 
t»  be  nofraocuratelj  $4°  ^4  .  See  MaobMrm^t  Flmt- 
jaai,  p.  7]t  J  Sifli^ifiHi^  iluxion*,  prob.  17,  p-  $!t  i 
llirtfa^t  PwiuT.  Bntaa.  toL  i,  p.  120,  vol.  2,  p.  2 1  z ; 
&c. 

This  angle,  however,  is  only  that  which  gi*e«  tbe 
wind  the  greatcft  force  to  put  tlic  fail  i:i  inotioi',  !>  ii 
not  the  anj^le  whidi  t'i"-^  the  force  of  t!'.c  wind  a 
mnsimum  upo;i  tlir  IjiTv" ;  <  n  r.  tri  ition  :  for  when  tlie 
(ail  has  a  certain  degree  flt  vjlocity,  it  yicI'U  to  the 
wind;  ai'd  then  t'lat  .irgle  mnfl  bv  inciTufed.  to  give 
the  wind  its  fvR  cifcfti  MBcUunn.  in  bia  Fluzioai^ 
p.  734,  he*  ftewti  htrw  to  dctcrminr  tbtt  angle. 

It  may  be  cbfeived,  thai  th<  iuriv.ifc  uf  I'.U  rrv^le 
(houlJ  be  dillcrei.t  atooTdiog  to  ttie  dlfrviciu 
from  ihi  axL'trcc  to  t'lc  fiutlifr  i.-xta-:!ii'y  of  t fie  fail. 
At  the  beginning.-,  <.r  axis,  ii  flioiild  Kc  ; 44';  ai  d 
thence  continually  iiicicafing,  f;ivii  g  tl.i  v.ii'.c  a  ivvil), 
and  focnuiingall  the  iib$  uf  t!ie  vaue  to  lie  in  different 
phne?. 

It  it  farther  obfervedt  tliat  ibc  riLa  of  ibc  vane  or 
lail  ow^ht  to  dicreale  in  kn^h  from  the  axta  to  the 
extremity,  jrtving  tlic  «aae  a  cunilinear  furm  ;  To  that 
no  part  of  tne  force  of  any  one  rib  Ivc  fpent  upon  tlic 
red,  1v.li  all  uiijvc  oil  i:>;K[^K.ndei>t  ofeacli  otlici.  'J'he 
tivilt  above  inciittua«.J,  and  the  diriiiiiutioo  of  itic  rib^i 
aic  exemplified  in  the  wing*  ofbiidr. 

A  ■>  the  cndt  of  the  fail  nearcll  the  axis  cannot  i 
w  Ali  the  fame  velocity  which  the  tip*  or  farthcft 
ha«C(  ihhotu^  the  triad  ada  cqualhr  flrong  upon 
than  both,  Mr.  FeifnCm  (Led.  o»  Mrch.  pa.  53) 
fiiggcllk,  that  perhaps  a  better  poGiion  than  that  of 
ftretching  theni  along  the  armi  dirtily  from  the  ceirti  e 
of  motioa,  might  be,  to  have  them  fee  p<r|ieiuii'ciilnily 
Bcrof*  the  faitEer  ends  of  the  armr,  and  there  luljullcd 
Icnzthwife  to  the  proper  ai.gic  :  for  iii  that  cafe  Wot h 
emu  of  the  (aik  wouki  move  with  tiie  fame  velocity  ; 
and  being  fanlicr  from  the  centre  of  motion  they  wotild 
have  to  amch  the  more  power,  and  then  there  Kould 
be  flOOeoafioo  for  having  tltem  (b  large  >«^tbe}-  arc 
gcnmlly  made ;  which  would  render  them  IvHaiv 
md  eonfeqoeotly  thare  wouU  be  fit  ■nich  the  kb  fne> 
tMN  oa  the  thick  neck  of  the  tife*  trhcn  k  tunia  io  the 
waU. 

Mr.  -meaton  1  Piitlof.  Ti^nf.  17 99),  from  h's  cx- 
perimeota  with  WiadmiU  f-iil^,  deduces  teverai  pradicat 
maxiaut  ar, 

u  That  whcB  thcj«ind  falls  npon  a  cortMire  for. 
fKT,  it  taaa  adtanKaR  lo  the  power  of  the  whols, 
thMIgh  tHOf  fatt,  tue»  feparately,  AooM  Dot  bc 
difpMtd  tt>  the  beft  advMta^te.    By  fewrel  tnalt  he 

has  found  tbiit  the  ciirtrd  form  and  pofiiion  of  the 
fails  will  be  beil  rcgtdaicd  by  tbe  aumbf  rt  in  ilic  fuU 
iMstngteUek 
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That  a  broader  fail  fcqoiica  a 


iil  fcqoiica  a  grcatflr  H/j^ )  gad 
braasc^  at  toe  evMeitfit^f  thaa 
f  adtaatMMae  (baa 


tbat  wlien  the  fail  is 
near  the  centre,  thia  h 
that  of  a  paralkh]f!ra«i. 

When  tlw  faib,  made  like  feftor*  of  cir,-!--», 
ii>iiii:»'»  at  the  centre  or  axii,  fiWr/i  irp  shfttt  7  Stlu 
o:  lilt  .<-iii.lr  L-in  iil.tr  IjiSfr,  ili-.  t'fr.-\  w^i  ihcgrcateft. 

4.  Tiie  \  jiiKicy  of  VV  iiu!'T'ill  ji,U,  w'.rthrrnnlnaHerf, 
or  loaded  fo  u  to  prodnoe  a  niavimrm  i  f  e?ff  is 
Bcarlv  as  tlie  velocity  of  the  Wind ;  ihetr  ihape  and 
pofinon  being  the  fame. 

5.  The  load  at  the  naxMMim  it  netthr,  but  fcaw- 
whni  left  thaa^  aa  the  fi|inie  of  the  ^diatf  ol  tit 
windL 

6.  TbedMb  of  the  faaie  Ma  at  t  maniniw,  mt 

iieaily,  but  fomcwhat  kft  than,  aatlcctibeaofthe  ve* 

locuy  of  the  wind. 

7.  In  lails  of  ;<  fii'hilf.r  fr^nre  and  po'it'-in,  the  lum- 
ber of  tiiiiif-  111  I  givtn  tiir.t,  arc  id  iprocally  as  the 
radius  or  length  of  the  fail. 

^  Tlw  ettecit  of  fails  of  firnilar  figttre  and  polkion, 
are  ai  ih;'fcjnare  of  their  length. 

9.  I'hc  vrlficitT  of  the  extremities  of  Dutch  mills» 
as  well  as  ut  the  ndargcd  fail*,  in  »ll  their  tifital  po« 
fitioaa,  ia  OMsfidcrahljr  gitatcr  tbaa  die  vdocity  of  the 


if.  Amat,  rti  confidering  what  fignre  the  fatit  of  a 
WindlniH  flkonld  hare,  to  receive  the  greateft  impolfe 
from  the  wind,  finds  it  to  he  a  fe^^or  of  an  vllipril, 
whofe centre  h  that  .(f  tSe  axlettee  of  the  mill  {  and  the 
kfs  ft.-iTii:rxi« -lie  luitjl.t  of  31  feet;  1*  for  the  greater, 
it  follow!  iK-tcflarily  from  the  nile  that  direds  the  fail 
to  Ik-  incHnctl  fo  the  aii*  in  the  angle  of  5^  de^jrees. 

On  this  foundation  he  aflumes  lour  fitch  faib,  each 
ix-ing-  n  (juarter  of  an  ellipfe  {  which  he 
(civc  all  the  wind,  and  loic  none,  aathei 
d^.   Tl>efe  4  furiaeca,  iaulti]died  hf  the  livery  with  - 
whicb  the-mdaAi  oa  o«eaf  ibca^  (Apnft  the  wbolt 
power  the  wiadbaa  to  mofe  the  raacbine,  or  the  whok 
|Nnrer  the  machine  has  when  in  motton. 

A  Windmill  with  6  elliptical  fails,  he  (hews,  would 
ftill  liavr  more  poworiliaii  one  «  iih  only  four.  It  winjld 
only  hsvc  the  hinie  furfjce  nritli  the  four  ;  fincf  ilie 
4  L-ont;(:ti  ihc  wh'ile  fpiL-e  nf  tVe  t.ll;pf:»,  ai  well  r.i  tliC 
6.  B«*i  tlic  fiMce  of  tlic  6  woiil'J  be  fi;r<mUT  than  that' 
of  the  4,  in  the  ratio  of  2^^  to  731.  If  :t  Were  de« 
fired  lo  have  only  two  fails,  each  licing  a  femiellipfis^ 
the  furfuce  would  be  ftiH  the  fame  5  but  the  powef* 
would  be  diminiihed  by  near  t*3d  of  that  with  6  liala  t 
becanfe  the  grcatnclaof  diefrfiora  woiiid  mdi  ftonco' 
the  lever  with  whicb  the  wind  A&». 

The  fame  acthor  has  alfo  c  mfidcird  which  form, 
anion;,'  I  he  n  firagnlar  fibh^  will  beanAadsMlifgcoiisi 
4  V  a  us. 
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L  th«;t.n^ich  .(h«|^  have  the  frodu/ft  of  the  fuTfjcc 
by  the  lever  of  t)ic  wjiid,.the  ^reatcA.  The  rcfult  of 
thi*  er.q>iiiy  iy,  UiaCt/bie.  width  of  the  idSiiupiiM.  fiul 
Ibnuld  be  nearly  dooMe  iti  1? ngfh  i  .whercftt  tUiallr  the 

Irn^'th  i»  maiic  alii  Aifl  ,  n"mp«  the  wiJtli. 

The  prwcr  of  tfa  mill,  with  four  of  tlitfc  new  reft- 
anccuUr  failt,  M.  P.itcu:  (hcvvK,  will  be  to  the  nower 
of  four  elliptic  faiU,  sican}'  a«  ii{  to  23  ;  wLicli  leave* 
a  confidcrable  advaatsce  on  the  (Ide  of  the  ellifjcic  one*; 
and  vet  the  force  of  tlu-  new  rcdangular  fail.-i  will  Hill 
be  I. '  rli  ji  rably  greater  (itun  that  of  the  cotDinon  odcw 
.  M.  Parent  alto  coofiikn  what  aiunber  «f  the  new 
laib  will  be  moft  adnntagttMMi  and  Cad*  that  the 
fifwer  the  fails,  the  more  furfacc  there  will  be.  but  the 
power  the  lefs.  Farther,  tlie  power  of  a  VViodmiU 
with  6  fails  !5  tk-noitd  liy  14,  that  of  *tii>tlii-r  with  4 
will  be  3s  I^,  .nui  .iiiiithcr  with  t  faiU  will  br  Ueirated 
by  9.  TImC  ;i<  to  the  Luninion  Wii.diiull,  il^  [)o«er 
lill  diminifhc*  u  the  breadth  of  the  fails  is  fmalleri  ia 
proportiui)  totbekngth:  and  therefore  the  uTiialpnh 
IKMrtioa  of  f  to  I  u  axceedingly  difadvantaseo^s. 

WINBWARD*  III  Sea  L*agua^e,  denotes  anjr 
thing  tetvard*  that  point  fimn  wllMCe  .the  wind  Uowt^ 
in  refped  of  a  (hip. 

. . .  i^'  /  j  \V  1  N  D  \v  A  R  n .     S  lC  S  A  III  K  r, . 

WiMLiwAKU  T:Je,  dt;u<jU!>  a  lidc  that  runs  agaiuil 
the  wind. 

WINDAGE  ^  u  GuKt  is  the  diffuence  hctweea 
the  diameter  of  die  boic  of  die  gUD  aadtiie  diameter  of 

Heretofore  the  Wuidage  qipoioted  in  the  EaEUIh 
fervice,  viz,  i-soth  of  the  diatneter  of  the  ball*  wnkh 
has  been  ufed  almotl  from  the  beginning,  has  been  far 

tooiniuli,  <AvIt»-^'  jjirhap'  to  tiic  l:ril  want  uffoirionci's 
in  llie  ball,  'H  to  11:11,  foi'liuls,  or  irtc^iiUrilics  111  the 
bore  of  theguii.  Biubtcly  a  btgiuuiag  basbccu  nude 
to  dimiuiHr  the  Windage,  which  cannot  fail  to  be  of 
VujT  g>'^'S(  advantage;  ait  the  (hot  will  both  go  much 
trucTy  at>d  have  lefs  tooB  to  bounce  ubont  from  fide  to 
fi,(ie»  to  the  great  damase  of  Uic  gun ;  atul  bcGdcs  much 
hlfsp  i  A  v'rr  will  iinve  Kir  die  fume  effect,  as  in  fomc 
raf)  i  ^  ur{  the  inflimedpowdcrclta^  by  the  Windage. 
"Cnr  Trctich  ^niivv.^nce  of  Wladagc  ia  t*zjfib  of  the 

Uiiit/ictcr  ut  ihc  bLsU. 

WlJvlJl.ASS,  i)r  \'\'isDi.Aca,  a  particular  machine 
ufcd  fur  laifing  heavy  weight*,  guns,  iluuct,  «u< 
ebon,^  &c. 

This  it  aTtrv'  fcrtpte  machine,  onfiHIng  only  of  aa 
■nil  or  roller,  fupportrd  horijiontally  at  the  two  ends 
hgrtwo  pieces  of  wood  and  a  pulley  :  the  two  pjcoca  of 
wood  meet  at  top,  being  placed  diagonally  fo  aa  to 

pI'Op  each  othtr  ;  and  llic  axis  or  n  Ucr  goes  through 
the  two  pictt.i,  and  u:iTi,iiii  thcni.  Tl.c  pulley  isfaClcn- 
eid  at  tcp,  v.bctc  the  pitccs  join.  I.>i;lly,  there  ?.ic 
two  Aavtii  or  hand  ipiai-cg  wiach  jgo  through  the  roller^ 
to  turn  it  by ;  and  the  rope,  which  COQiea  0«cr  the 
pulley,  ia  woiuid  off  and  on  the  fame. 

Windlass,  in  a  Ship,  is  an  inftrvment  ia  fmall 
Ai^  placed  upoo  theoeck*  juft  ahaft  the  foteaiaft. 
'fx  la  made  of  a  long  and  thick  piece  of  timber,  etthee 
cvlindrical,  or  oftagunal,  ?;c,  in  fdrm  ufaii  jxlciict, 
placed  lioriKontully  acrofs  thi  ihip,  a  fimt  or  more  above 
the  deck  ;  and  it  is  tu-nt  J  i.hum  by  liiu  btlp  of  hmd* 
f|>iiLct  ^ut  into  holes  nude  for  that  pufpofc 


This  reach ine  will  purcbaie  or  raife  mtich  nuM«-.thai 
a  rapllaa,  and  that  without  auy  danger  to  thole tha| 
bcant  fbrif  ia  beai-ing  the  WindlalaahMl*  aajraf.tht- 
haodlpikea  Ihould  lutppen  to  flip  or  break,  the  n(iadhA 
will  (top  of  itfelf,  as  it  does  at  the  end  of  every  puH 
or  heave  of  tbe  men,  being  |H-cveiacd  from  rctj^noag  by 
means  of  a  Caleb  dial.  fiUa  lata  Mtchae.  Sar  .^i*'!^ 
pL  IS- 

\'.  INDOW,  q.  d.  vrlnJ-doer,  Uk  aperture  or  Djiea- 
ing  in  the  w«ll  of  a  houfe,  to  admit  the  air  and  hgiu. 

.  Before  the  ufe  of  gUfs  became  geBCnl|- « hich  wi^ 
not  till  towards  tJie.  end  of  tbe  itth  ceotniy,  the  Win* 
dowa  in  Eoglaad  teem  geaeraSy  tohave  been  compofci 
of  paper,  oucd,  both  to  dclcnd  itsguinft  the  weather*, 
and  to  mahe  it  more  traufpsrent  {  as  now  is  fotnetimct 
ufed  ill  Wdrkfll'jjjs  and  uiihiiifhcd  buildia;;&.  fi  jnn  r>f 
thu  bc'iicr  fort  were  furitiihcd  with  lattices  cf  wo^xi  of 
(hri-ti  of  linen.  Thrfe  it  feems  wei-c  lizcd  in  fraroci, 
called  c»pfamtntm^  and  hence  our  caftaiaUt  Aill  £u  com' 
nion  in  fume  of  the  counties. 

The  chief  ruica  with  regard  to  Windowa  aae.  I.  Hat 
(hey  be  a»  few  io  nnmber*  and  as  laodesate  in  diiaea* 
lloni, asmay  becoBfiAentwithoilKricfpeAa^  inalimicb 
as  all  oprnings  are  weafcenings. 

-  .  T'l.  t  they  \i-  placed  at  a  conveincnt  diSanc* 
Iroui  the  auL;li.ii  ur  cornLrs  of  liic  buildings:  both  for 
ftren^rth  and  btai:!y. 

3.  'i'iiat  they  be  made  all  equal  one  with  another^ 
in  their  rank  and  order ;  fo  tbat  ihofe  on  the  right 
baud  may  aofwer  to  thufe  00  the  left,  aod  thofe  aboie 
be  right  erer  ihofe  bcbwrt  bodi  fikr  ftiaiiftk  aai 
beauty. 

Ai  to  their  dtmenfiaas,  eare  i«  to  be  taken,  to  giie 

tliftn  neitluT  xno-x  nor  Icfs  t!ian  i.<  nctdfii' ;  rfL;ardbe» 
h^ij  ui  the  li/r  t;t  the  ro<i::is»  ;(iiJ  uf  the  baiid'r>|I. 
')  )ic  ajitrlurt*  <>i  Windows  111  liiiddlt-llzc  J  UoniLS,  n,-:iy 
be  from  4  to  5  feet ;  in  the  icnalirr  ones  lc(s  }  and  in 
l-trge  buildings  mot  e.  And  the  height  nay  be  donbk 
then-  width  at  the  lead  :  but  In  lofty  roomi^  or  line 
bwldinget  the  height  may  be  a  4th,  or  3d*  cr  hvC 
their  braidd)  more  than  the  double.  . 

Snch  are  the  proportions  for  WtndiNn  of  tbe  Grft 
ftorv  ;  .-.'k!  the  bfL-j'ith  niiift  thf  fame  in  the  upper 
liunti ;  but  astfj  u:<  iici^lit,  theiVcond  rtory  may  be 
n  3d  part  l-jwcr  tlKui  tlu-  I'nit,  andthethifd wrja 41k 
part  lower  than  the  fecond. 

WINTER,  one  «f  tbe  lour  ftaibna  or  qoaftcn  of 
the  year. 

Winter  properly  commences  on  the  day  when  the 
fim't  diilanBe  thm  the  senidi  of  tbe  pboe  ia  the  grcatdl* 
or  when  hli  dedination  it  dw  greateft  on  the  eontrary 

fid'.-  uf  the  i-'quulor  ;  and  it  ends  on  the  dav  uhtn  that 
dillaiicc  is  A  iBcaii  between  the  greatcd  and  Itsil,  or 
wht  a  he  next  croffcs  the  cqai:io<;:ial. 

At  and  near  the  equator,  the  Winter,  as  well  a*  tbe 
Other  fra'^jns,  return  twice  every  year;  but  all  other 
places  hatx  only  one  Winter  in  the  year  ;  which  in  tlie 
northern  hemifphere  begifas  when  the  fun  is  in  tlic  trupic 
of  Capricorn,  and  i»tne  fimtbeia  bcnilpfaae  wbalM> 
i*  ia  the  tropic  of  Cancer;  fo  that  all  places  in  tho 
firtic  hcinifphere  have  their  Winter  at  the  fame  lini  .  . 

Nutwiihnanding  the  culdnefs  of  this  fcafon  si 
pr^vtd  111  a'^KHiomy,  thai  the  fun  is  really  nearer  to  ih« 
caithia  vur  Winter  than  in  fuouaei:;  the  tsahw  of  the 
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iefrA  ofliraT  }-•'''■■:  n\vtng  tn  dtelowndi  of  ibc^NV 

Or  to  the  obliqui)  ufhis  rayi. 

WOI.T-F,  Wiitnuj,  (CH»!^TtAx),  hanm  of  the 
Rctnan  empire,  privy  (.ounftiior  to  the  king  of  rViilTia, 
•nd  chanceHcir  to  the  imivrrfitv  of  H«llc  in  Saxor.}-,  ,.s 
vrtB  *i  mc-mbcr  nf  rn«ny  of  tlic  Htmry  icadomics  in 
Europe,  wai  bcrn  at  Bttfl*n  in  1679.  AftcT  ftudying 
phikifopby  and  otsthemattCT  at  BrriUu  and  }cja,  he 
obbniKid  penuMtm  to  give  ledum  at  LeipGc ;  xrhieh, 
h  t703,  M opened  wiu^diSeitaljtmfitlledfHy?/;}''' 

which  (erred  grrathr  to  enhance  tlie  rcpui^^n  of  hi* 
talent*.  He  pnWiroed  two  other  dHTertatiorii  the  fame 
year;  thcfirtt  D.'  R»ih  Dnitatij,  the  itlirr  D;  Ai^">- 
rttbmo  Irrfmit  jimals  Diffv  ttaiilk  \  which  oMaiited  him 
the  hoiKiurabTo  apprDation  of  ASIutW  tbfr'nbftf 
6f  Philcrfophy  at  Leipfic. 

He  now  accepted  the  profellbrAtp'  of  *mthcinat!ci/ 
at  Halle,  and  wat  eteded  into  the  loclety  at  Ijcipfic^ 
at  thattiire  crj;<red  in  prhlifhing  the  Aiia  Erudi^tmu 
After  hating  ioietted  m  this  work  maay  imporlaiit 
pfccet  Ttlatfog  to  mattwHiatka  and  phyfica,  he  under- 
took, in  170Q,  to  texh  a!l  the  various  hranchea  of 
philofophy,  b<j;inn?ng  witli  a  fmall  Logical  trc.itife 
HI  Ll^ttii,  biti\;  Tlio-i::;lir  -  ir.c  I'lm-cr?  of  the  Human 
Un  Jet  ll  jiiJin,;.  IK-  cjisied  iiinjfctf  through  thcfc 
prt:it  |iLirf;:i-'  s\-\\h  anfiar.ing  affldiiity  and  ardour:  the 
king  of  Frtiflia  rcwardid  him  with  the  oflicc  of  coun> 
fellor  to  the  court  in  17:11  and  augmented  the  orofits 
of  th:»t  poll  by  Ttiy  coofiderai^e  appaitttmcats  I  be  was 
itfo  chuku  a  arendberoftlie  Royal  Socict7 of  Loadaa 
and  of  Pruffia. 

In  the  midftof  all  thia  profpcrity  howrrer,  WoMF 
raifed  an  ecclcflaftieal  fturm  againfl  Ittmrdf,  br  a  I^tin 
omiion  he  deliwred  in  praifeoT  theCftinefe  phhofophy: 
(  very  piiljiit  immriii jlclv  rcTouf.iJe d  agsTnft  hU  tenet*  ; 
ami  ilif  iactihv  ot  iheolo^'v,  whu  ctiiticd  into  a  flricl 
examination  of  hi*  prodtiftion*,  refolvingthat  the  doc- 
tiinc  he  taught  waa  dangerous  to  the  laft  decree*  an 
order  wai  obtained  in  l-jii  for  difplaciiig  hinit  and 
cowmanfhnghimtoleaTe  Halle  in  arbours, 
f  \S  ii'ft  now  retired  trt  Cjflcl,  wheie  lit  obtained  t!>e 
profcflorfliip  of  mattiematica  and  uHilofopby  ia  the 
nni«crGty  of  Marboofei  Ac  title  of  Coonrellor  to 
the  Lan^flicof  Hdle )  to  which  a  proitahk  ^(ion 
wat  annexed.  Here  he  renrtred  his  nbour*  with  re- 
t?niibli:J  nrruLir  ;  >ritl  it  \v;i!>  in  lliij  tfrcat  thathcjHltl* 
l;llicdthc  j;r(-^!cLt  p,;rt  .jt  his  ti  jiin-ioij*  ivork). 

In  17^5,  he  watdcclartd  an  honorary  proftlTor  of 
the  acadcrriv  of  friencea  af  Peierihurg',  and  in  1733 
wai  adttsitti  i]  i-  to  ili.  i  of  Paris.  The  king  of  Sweden 
lilfo  declared  htm  one  of  the  council  of  regency  ;  but 
the  picafing  fitaation  of  his  new  abode,  and  the  multi. 
tude  of  booours  which  he  had  rcceired,  were  too  aUur> 


'  ehanfelTor,  al^-T  p-fpftlTor  of  the  few  cf  nattrre  int!  ef 
nationt.  1'^  Ji'ng  a/terwarda,  upon  a  Tacanc^,  rafcd 
him  to  the  dignity  of  chancellor  of  the  onivtrlit)  } 
ard  the  rlrftor  of  Bararia  created  liim  a  baron  of  the 
empire.  He  d  et}  at  Halle  in  Saxony,  of  the  gOUt  in 
his  H'^Tiiarh,  in  1754,  in  the  7tHh  ycsir  of  hll  age, 
nftrr  a  life  t  iler!  Up  with  a  train  of  afiioDt  as  wife  and 
fyfteicJtical  as  his  writings,  of  which  he  compofed  ia 
Lniln  and  Gertnan  more  than  60  difiinS  pieret.  The 
chief  of  his  mathematical  eeaipo6tioa%  ia  hia  EkmoM 
Afafftiftof  Vnivtrfa,  the  bcft  edition  of  whMi  ft  that 
of  1732  at  Genera,  in  y  vols  4to ;  which  does  not 
however  cotnprife  hi*  Mathematical  Diflionary  in  the 
German  lai.^i:.i^r,  in  i  vtjl.  Svo,  nor  many  uthirr  di(^ 
tinft  work^  <m  liiffVrrnt  branches  of  the  msthematics, 
nor  his  Syfltiii  "\  Pliilofopiiy,  in  2  j  yols.  in  .{to. 

WORKING  to  iVmdwarJt  in  Sea  Language,  ia 
the  operation  by  which  a  (hip  tadcafoon  to  oiakc  a. 
progref*  againft  the  wind. 

WHEN  (Sir  CHaiaTOPaia),  a  great  philofoiiher 
tad  aiathematieian,  tad  one  of  the  moft  Jeanwd  tpd 
canaeat'  atchitcAa  criF  his  age,  irat  the  fiia  of  the  n-v, 
ChrJdopher  Wren,  dean  of  Windfor,  and  was  borr  at 
Knjyle  in  Wihfhire  in  i6jJ.  He  ftnd-td  at  WadJain 
college,  Oxford;  where  he  took  t'- i!:^:;ree  of  mailer 
of  :irt»  in  iftj  ^,  and  wj*  choftn  ftllov.  uf  AllfooU  col- 
Ic^:;^  th'.re.  Soon  after,  be  became  oi>c  of  that  tn^ni- 
ous  and  lc:tmed  fociety,  who  then  met  at  Oxford  for 
the  improvement  of  natoral  and  experimental  pliilofoph^^ 
and  which  at  length  produced  the  Royii!  Sficicty. 

When  very  young,  he  difcovered  a  fiirpnling  geitiuv 
for  the  oulfaemaiicat  in  which  fcience  he  made  great 
tfdfinoea  brfotchewraa  t6  years  of  age. — In  i(<;7  he 
was  made  profeflbr  of  aftronomy  in  (JreJbam  col'egr, 
I.«mlon  ;  and  hislcdurc^,  which  vrere  murh  freouent- 
tended  greatly  to  the  promotiun  ofit.'!  knowledge: 
ill  his  inaopnra!  ontion,  ainoug  other  thing',  he  pro- 
pofed  feveral  methods  by  which  to  account  f.  r  t^ir  i1ja- 
dows  tcfUrninj;  backward  10  dcgfceson  the  dialof  ki-^- 
Ahaz,  by  the  laws  of  nature.  One  fiihjrtt  of  1  Ifc- 
ttites  WHS  upon  telefcopes,  to  the  improvement  of  m  hicla. 
he  had  grtiitlv  conttihulcd  ;  another  wat  on  certainr 
propeniet  of  tite  air»  and  the  banitneter.  In  the  year 
idjfi  lie  tcad  a  defcfiptiaB  of  the  body  and  differcitt 
phnfcs  (>r  ttie  phnct  Salofoi  which  AibjeA  ha  pro* 
pofcd  to  Tnvefttgate  whfle  hi*  collcigue,  Mr.  Rooke* 
tlik'n  pK./ciTov  uf  j;ci jiiifti  V,  w'hs  canymjj  on  h!l  ob- 
fti  1,11  Ions  iipi.n  t!ie  fariliilci  of  Jupi'.c.  The  fame 
year  he  coniirmL-i.itci.1  foni^  (icmi.':il(r;itijns  concerning 
c)'clotds  to  Dr.  Wallis,  which  were  afterwards  publifhe* 
by  the  do^or  at  the  end  of  his  trcatifc  upon  that  fub- 
jefl.  About  that  time  alfo,  he  refolved  the  problem 
{•ropofed  by  Pafcal,  under  the  feigned  name  of  John 
de  Montfbrd,  to  all  the  Engltfll  mmhematiciaos ;  and 
returned  another  to  the  mathenfiatictanc  in  Fratice,  for. 


iac  to  permit  him  to  accept  of  many  advantageoua 

t/Bat  t  aRKHjg  which  w«a  the  oflke  of  picfident  of  the  merly  propdcd  by  Kepler,  and  then  refolved  Ukcnrife 

acadetny  at  PeterflMirg.  by  himfelr,  to  which  they  nocr  gave  any  fohitHMU*^^ 

The  king  of  PriiCia  too,  who  was  now  recovered  In  if.to,  he  inx^ r(»i i!  a 

from  the  preiudices  he  had  been  mai!c  to  conceive  ngainP.  f-^lar  cciijilVs  :  ;i:  il  in  tl: 

Wol!f,  \':.-.te(J  t')  re-illr-.lhfh  him  in  the  univerfitv  of  iu-  w'th  tiii  ot'nr  i-'-nt! 


Halle  iiJ  I  7jj,  iiiid  nii.dc  another  attcn)pt  locffeft  it  iu 
1739;  wh  th  Wolff  for  i.  t  ir.f  t:  f  1.  jht  fit  to  decline, 
bat  at  laft  fubmitted :  he  returned  therefore  in  i74i> 
liitftcd  wilb  tbc  chaadera  of  frivj  coanfdlor,  tke 


ir.r  thod  for  theconflrufiion  oF 
■  1  .tter  part  of  the  fume  year, 
IU-  w.tn  till  ot'iiT  i-'-ntlL'.ni  n  formed  thcmfelvc;  in'.o  a. 
fo'.icty,  tu  jntit  wci-kiv,  for  the  itr.ptovement  oi  iistu-- 
r.'.l  a  id  '  xperimeutal  philofophy  ;  1'  i,g  the  founJatirta- 
of  the  koyal  Society.— In  the  heginr.iog  of  ifitii*  he 
mn  chdcB  BwiKhn''  jMcllbr  gf  wommj  at  <^find^ 
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Aawac  Ui  «tbBr.a«CMaUlliaMau»  Dr.  Wr^  luitd 
gMOod  fo  CQoGdnab «  a  AciQ  in  ardritcAurr,  tliu  he 

\>a-i  f'/i  t  for  ihe  fu.ft-  year,  {lom  Oxfi.r<](  by  iii.Li  of 
ka^  Clwlb)  ilic  Zi!*  u>  afUfl  ^t'c  J'lhii  Dctiito^iu.  lur- 
vvvur  gtiieial  of  lie  wcjili*.— In  i66j,  be  *nc»  cliofrti 
tkL'oMr  ai  ihf  Royal  Sw-ti  ty  ;  bcitig  Out  of  tbofe  uLo 
ttcrc  I'lrll  j^jjui;.li-J  I  y  tl.c  CouiKil  aflel  the  Kl'''^<^t  of 
tlutit  cliarter.  Nut  long  afurr,  it  bcitig  cxpeftcJ  thst 
the  king  wuti](i  make  iIm  fociety  a  viGt,  the  U»d 
Brainilccr,  then  nrclidtiit,  b)-  ».  Utter  rcquciled  the 
advice  of  Dr.  Wren,  conccniug  the  exp«rtzncnti 
which  might  be  moll  proper  on  i)>iit  occafioa  i  lo  whont 
th«  dafibor  reCMnmciidcd  |>rincii>allv  the  Tonkdliai^ 
experiment,  and  the  «ciitiu:i  necdie,  b^il^  OOt 
Oicrc  anutlcnM  uis  but  ufiful,  snd  alfii  neat  in  thr'r 
operation.  Indtcd  upon  many  occaliiin;.  Di.  Wrtn  iVtl 
pitat  honclir  to  that  illiilrtotK  body,  t)y  ir.aiit  >  ii;ii  U» 
aaJ  ufcfiddjltovericj,  ii;  <  iSoniju. . ,  I'aluiui  plnltM'iphyj 
tad  other  fciciiceH,  lebted  in  t lie  Hidury  ot  the  H.'.')4 
Society,  where  Dr.  ti^rat  hat  iiiUcied  thetu  ftun>  the 

X'"er»  and  other  boiiki  of  the  ruciety  lu  1665.  Among 
•  •f  hij  prodiicliont  ibtte  cnumenitLd,  ii  a  Suu^ 
(lobe  t  rcfrckiita^g  ihe  fpou  aiwi  «»rioiia  uf 
wtiitencr*  updo  the  moaa'tliirtaGC,  wHh  tlie  hlHt,  «nU 
aencca  and  cavitiet ;  the  w-liolc  contrived  fof  that  bf 
tiirnhig  it  round  to  the  h'ght,  il  tttevrt  all  the  luBar 
jil  .lit--,  with  tl-.c  van'ous  app-'ii  .ikcs  lliat  Iiappott  frum 
the  liuiiii*'!  of  tlic  luoujuair-s  «iiid  valieyj,  olc  ;  thu 
hiiur  model  u  .is  i<t:iced  in  the  king'«  cab:iiti.  Aeothcr 
of  thefe  produetiiins,  is  a  trad  on  the  Dotflrine  of 
Xlotion  Inat  arifcii  froui  the  imparl  between  two  bo- 
dictu  iUuAiated  experiments.  And  a  third  t*,  The 
tliwtyof  the  beafuns,  aj  to  the  teinpcialure,  wea- 
ther, produ^oiMS  difcalii«r  9xp  &c>  Itir  which  pur- 
pofe  he  conirivcil  many  curicu*  macluBOi  fcx-eral  of 
which  hcpt  thcircwn  n»iflci«,  tr«cui;  out  tbelincs  oC 
viriiiioni.  To  that  a  perlan  might  know  what  ehangta 
the  weather  had  undergone  in  hii  abfence  :  as  wind- 
gagef,  thermometers,  baromelcrD,  hygrometers,  rain- 
p.i^ei,  Sec— He  made alfo  gnat  uJdititus  to  tl»e  new 
dilcoverii.'t  f>n  pendiihim>i ;  ;;nil  amon^  otln-r  things 
(heued,  lli  it  t!it:c  :riny  li-  (junliicc-il  3  i.,nuial  (!nii(,'jtd 
lor  tnciifun:  irom  the  pendulum  lor  comn'.on  afc«— He 
inWDted  many  ways  to  make  aftronomical  obfiemtioU 
more  etify  and  accurate :  He  iittrd  9ad  bttijC  aitt> 
dijintfi,  fcxUnts,  and  ia<!ii  more  CmUMldioUBf  tMB 
fonncily :  itc  made  two  teklcopct  to  open  with  a 
joint  like  a  IcAor,  bv  which  dbjcmi*  amj  infiillibty 
take  a  d  fiance'  to  half  minute*,  8a:.  He  mad<  m^iiny 
forts  of  retcf,  fcrews,  and  other  devicis,  forimf  rt  ving 
telefcupi. ^  to  ;:ikc  fn-.nll  i!,ilaiKt:>,  ;:ritl  app.^ttiit  tli.iini:- 
teis,  l«i  I'cconiU;  I-Ic  niadc  jjJCUurci  lur  tuning  ia 
more  or  klj  H;^iit,  as  the  obfttv^r  pleafcs,  by  opining 
and  (hutting,  the  better  to  lit  j^lalfes  for  crcpiiletdine 
obfctvations,— He  added  muth  lo  the  theory  of  iii(>p- 
trici ;  inuch  lo  tic  ni.iiiufjcl'ire  of  griitdij-g  gucd 
glanis  :  He  nitemptttl,  a:;d  net  without  fuctefs,  tli* 
sukiagofgLkflinaf  othei  forma  thaafpherical.  He  oa^UK 
mcaforcd  and  delineated  the  fphem  of  the  hiwiouia  oE 
the  eye,  the  prdportiont  of  wnick  to  one  .iiiuihcr  were 
only  guclEed  at  oeforc :  a  ditevflion  flicw^n^  Uie  rcafima 
why  wc  (ce  o^cA<  cteOt  and  that  ceflcdioa  ^mmiwcci 
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avp'ick  tu  x'A»a  ^  refradicm.  He  displayed  a  oata- 
riTaod  eafy  tlieory  of  refra^ioas,  which  exactly  an- 
{marti  aof  eaperiauau  He  fuill^  demoniratcd  all 
dioptriiif  tn  nftvr  propoStionst  (hewtag  not  only,  as  isi 

Kii».'r/j  liioptric;,  the  common  properties  of  gUfleSf 
hm  the  pr  if  oriujaj  by  \vl.ich  ihc  ir.divi<lual  rayi  cut 
the  ati>»  ai>d  each  other,  upon  whiLh  the  diarges  of 
the  te'cfc;)pfa,  or  the  pruportioii  of  the  eyc-glafTes 
and  apci  turii,  arc  Jcuumiliably  difcorereJ. —  He  ouide 
copdatxi  (^u.r«»tions  00  6«turn,  and  a  true  tltc«fy  ot' 
that  iilanct»  before  the  printed  difoourfe  by  Huyffeu% 
on  that  fubjc^.  appeared. — He  made  naps  of  t^M 
rkiwWs  and  other  telefcoi^c  (Ufa ;  and  propofed  tDC» 
tliods  ta  determine  the  ensat  Aocflioa.  at  to  dw  cactk'a 
motion  or  ^\\,  by  the  £iaU  am  about  the  ptde  to  ba 
ll^^ar)a^c  telcicopcs— —  Id  RMrigation  he  made  maity 
i:^)pmTenirnts.  He  fiame-d  a  tnagnetical  terella,  which 
he  jj'occd  iatbc  ni:<iii  nt.i  (jLtne  iKHrJ  wilha  liiile,  into 
V.  Uchthe  leiella  is  iuU'  i.'tMWtrled,  till  it  be  lilvc  a  globe 
with  t)'a-  p<iK;i  in  tlic  horixoi) :  the  pLue  it  theu  dullot 
over  with  )le«l  jii:ngs  from  a  fteve ;  ike  duU,  by  tltc 
magiiLticai  virtue,  bcvoinis  immediately  ligurcd  into  fur- 
rows thai  bcod  like  a  Curt  of  helix,  proceeding  as  il  wets 
ot<i  at  oac  polo,  anil  rctuviiing  ia  by  the  other  (  th4 
whtdepUiK  bccuaiing  figured  like  thccicdeaof  •  |da* 
lii&lieM.^It  being  a  qiwUkio  in  kia  rimeMwngth* 
BRMilean' of  nasfgaboat  t»  ndnfe  ncduaical  powera 
failtiig  againft  the  vrind.  «iraa  redacthk }  he  fbctced  it  to 
bt  R'l'dge  ;  and  !k  di.Hi()uiii;»li.d,  how  a  IranfiOJt 
iaiCii  upLin  aj)  oLl  t,;iL-  pl.n.t  wolIJ  eautc  llit  motion  of 
die  plane  againlt  the  Uiti  uun  er  :  .uij  ]\c  maile  h:i  in- 
llrun.etit  Rtechaiiitaliy  producing  the  fame  cticC.!,  <um1 
ftievTcd  ilie  rcafoa  of  failing  onsll  winds.  'I'hc  geome- 
trical mcchaniltn  of  rowio|^  be  flicwtd  to  be  a  lever  o* 
a  moving  or  cedent  fokrumt  for  this  end,  he  oada 
ijitlruiueaU  and  experiments,  to  &id  the  rcfilwo* 
to  motion  in  n  liquid  medium  ;  with  qihrr  thingi  that 
ate  the  neceiiary  eLements  for  hiyiug  down  the  geuoMtrit 
of  latliagi  fwimfflitig,  rowing,  flying,  and*  coaAruA. 
ing  of  ihips—  He  invented  a  vtry  Ipecdv  and  cui  ioiia 
way  of  etehing.  He  darted  many  thin^t  loisuriii  '.he 
emendation  of  waiei-wurks.  He  bkewtfe  made  fame 
inflnimcnts  lor  refpiration,  and  lor  Itraiaing  the  breath 
from  f-jli^iiirms  vapollrc,  to  try  whelhertl.c  l.'iine  trcjtii, 
(opurilied,  wdi  Icnrc  aj;;iin.— He  was  the  hrll  iuventor 
of  di«wingp:£.^ures  by  microfcopical  glafTcii.  He  fouad 
out  perpetual,  or  at  Icall  l«iii;;hved  ian^iS,  for  keeping 
a  perpetual,  scgular  hear,  in  order  lo  vMciou<  ufes,  at 
hatcliiog  6l  fgp  and  inicdii,  prodiiCtion  of  plaa>f* 
chcnicu  prcpBTataona,  imrtatisg.  natnre  in.  pnwiueing 
f.  flih  srtd  minerals,  kecpiflc  the  motion  of  waichc* 
cqiu!,  lur  the  longitude  and  allronomical  ufes. — He  was 
the  fit  ft  an:  111  ir  nt  l  \.c  aii.-.ti.;.i!<;-<I  i  :■.  pv  riif.t  ;it  of  inje£k- 
tng  hqufji  intj  the  v<i:i.i  itt  auia^i.  iif  this  opera- 
tion, dl.Ji-:>  cr;a-u:i5  wcrc  iiiin^idijlely  purged,  Wl- 
mitcd,  intoxicated,  kdlcd,  or  revived,  according  ta 
the  quality  of  tlic  iitjuor  injitlcd.  Hence  aro(c  niaitp 
other  new  c^kpeiimcnis,  pnjiicukrly  tUitt  of  trao»fu< 
fing  blood,  whicli  has  been  proiffented  in  fundry  cu« 
riout  infiances.  This  is  a  fliort  account  of  the  princt> 
pal  dScoveiick  which  Dr.  Wico  prelentcdt  or  fugr 
gcfledt  to  the  Royal  ikiciety,  or  were  impteoed  by 
him. 

Ai  tv  Ilia  aicblteAanl  wovka:  It  hat  before  b<-ia 

obfervcd 
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obfrrred  thit  he  had  been  feni  for  to  aQItl  Sir  Juhn 
Denham.  In  1667  he  traveled  into  France,  to  cx~ 
'kmine  the  moft  bcautifoi  ediiicc*  nd  cutiom  mrchani- 
cal  worin  llhat,  tilieo  be  made  maay  afefnl  obferm* 
tioM.  Upov lininMni  borae,  he  waa  aj^pelnteJ  arcHu 
one  of  the  cnmtniflkiofra  f«r  tepairinp  St. 
P.iuTs  c:\tTicdiBl.  Wlt^i'n  a  few  dars  after  ttic  nrc  cf 
lAUidon,  be  dtfw  a  plnn  fir  a  new  cit\',  and 

jii  tfrntrd  it  to  the  1; nj^ ;  but  it  was  not  ujijirnv- 
ed  of  by  the  perlistiKiu.  In  this  modei,  the  chief 
ftreet*  were  to  crofs  each  other  at  nght  angles,  vkitb 
tcfler  ftieett  bttweni  them ;  the  chordiea,  pnhlic 
IwBding*,  Ire,  fo  difpofcd  as  not  to  ItttCTftre  with 
0»  ftraiett,  and  fam  piazzas  placed  it  proper  dif^ 
taneee.  —Upon  the  Sixth  of  Sir  John  Dennam,  In 

ifif'R,  lif  furcTrrlfil  Tii:n  m  ll.'f  rffici*  of  fiirv.rvor- 
gentr-j!  of  tVii:  l;iii;^'3  vo-l.i;  and  fvr;rTi  lliii  limc  Lc 
jiad  th^-  di:ritii"ii>  of  ;l  r;''<-al  rt^any  p'jl  I't  edifices,  bv 
which  he  a-*quirt:d  the  hijjhcft  reputation.  He  buift 
the  niafjnificcnt  theatre  at  Oxford,  .St.  Paul's  cathe- 
dral, the  Monument,  the  modem  part  cf  Hampton 
Cmrt,  Chelfca-college,  one  of  the  wings  of  Grccn- 
iridi  hofpital,  the  dharchct  of  fit.  Stephea  Waflmolei 
md  St.  ^far7•te•lK>w,  with  npwarda  of  60  Attier 
«liurchfs  nti'l  pu(]!!c  ■(vorl^i^,  which  that  dreidful  fire 
made  nrnfTan-.  In  the  risnagement  of  which  bufi- 
reft,  he  \v.i»  aifi'tcd  in  thi:  mcafuremctils,  itnd  laying 
out  of  private  property,  by  the  ingenious  Dr.  ttoix-rt 
Hook.  'The  wiety  of  bofincfs  in  tvJiich  he  wa«  by 
this  means  engaged,  requiring  his  conQant  attendance 
atid  concern,  he  refi|]rnttJ  bis  Savilian  profi-flurfhip  at 
Oxford  in  1673  j  and  the  year  fiiUowing  he  received 
from  the  Witg^  the  Konottr  of  knighthood. — He  vn* 

<iiic  of  t!ie  conin)!fTiniiri<g  who,  on  the  tr.otion  of  Sir 
Toua'i  Mcarr,  furvcyor-gfcnctal  of  the  or<!ti3ricf,  liad 
been  .inpointed  to  find  oiu  a  priji-.T  place  for  eri-rt^n;; 
an  obfervator)-  j  inti  he  propoicU  Grcenwicii,  which 
wras  approved  of;  '.ho  foundation  ftone  of  which  WM 
laid  the  io(h  of  Aiigiift  1^7$,  and  the  buildinr  wOt' 
prefently  fiiiiilifd  under  the  diieftion  of  Sir  jMIlt* 
witli  the  advice  aad^ffiftance  of  Siv  Chriiltq^r.' 
'  In  16S0  heNiraaehaieii  prvfident  of  the  %.a^8o« 
c'>:\  ;  :iftcTwarJs  appointed  architect  and  commifHooer 
t>t  Chehca  collfge  t  and  in  1684.,  principal  officer  or 
comptroller  of  the  works  In  Windlor  c:ulli'.  SlrChrifto- 
pher  fat  twice  in  Parlianieut,  a»  a  rtwcU-tKativc  for  two 
diHicreni  boroughs.  While  he  contifllcd  furveyor-gene- 
ral,  hit  Tcrwkoce  wa«  in  Sootlaad^ard  ;  but  after  his 
removal  from  that  office,  in  1718,  he  lived  in  St. 
Jainc«'>*{ireet,  Weftcninfler.  He  died  the  s{th  of 
Fehmary  1733,  at  91  yean  of  age;  and  he  waa  ia> 
terred  wiili  great  folemnity  iu  St.  Paul's  cjifhcdrat,  in 
the  vault  utKler  the  fouth  wing  of  the  choir,  near  the 
«aft  end. 

Ai  to  liis  perfon.  Sir  Chriftopher  Wren  was  of  a 
low  llaturc,  and  thin  *ame  of  body  ;  birt  by  temper- 
ance and  fcflftil  manajrenieoi  lie  enjored  *  food  flate  of 
health,  to  a  vrry  umifitsl  lengtb  of  fUti  Ht  wu  mo- 
4lclt,.de«(iut,  iiridly  v.'riuotta^  and  my  GOinaMuiicn> 
uaeof  his  know  ledge.  Bcfidta  bta  pectiliar  emiaence 
as  an  archittCL,  hi«  leamirg  and  kiiowlrd^^t  were  vtir 
ekteuiive  in  ;.U  the  arts  and  fcieiices,  and  cfpcclully  ui 
tlir  mathematics. 

*ik  ChiiAopjicr  never  printed  any  ihing  hioiTelf,  but 


frvera!  of  his  works  have  been  pnblllhcd  bt  others  { 
fomc  in  the  Philofophical  Tianiaftionf,  and  fome  bj 
Dr.  Walh':;  and  other  friends. — His  pufliiumout  n'orkt 
and  dmiights  were  pablilkcd  by  his  fon. 

WRIGHT  (Edward),,  a  noted  EngtiA  matbesia* 
tfcT4n,  who  flcrurifhed  m  the  latter  part  of  \he  'l6tli 
C'jrituT-v,  and  bf;jinning  of  t^it:  I'th;  dying  in  the 
ycir  jtuj.  He  wag  contcmpo:«r)  wlili  Mr.  Briggs, 
.wd  iniioh  concerned  with  him  in  the  bufiiicfs  of  tnc 
logaritlims,  the  fhbrt  lime  they  wvic  pnhlirticd  before 
his  death.  He  alfo  contributed  greatly  to  the  im|m>*e-' 
ment  of  iiavi^jation  aiid  ailrun'i.ny.  The  following 
meraoiis  of  him  are  irannated  from  a  Latin  paper  io 
the  annida  of  Ooavile  and  Caiut  coUece  in  Ctin bridge, 
Ttr,  **  This  year  (>6ij)  died  at  f^oodon,  Edward 
Wr:-!,t  of  C:.iv  .lon  h  >:,,rr, f  ..nierly  a  fellow  of 
ihii  Ci.ikgL  ;  '.'r^n  ri'fpcileil  by  ail  for  the  iulej^riiy 
and  fimplicity  of  his  manners,  and  ^Ifo  fainiiUii  for  his 
flf'IVin  the  ma'.lieoiatical  fcienets :  fo  that  he  was  not 
iiniicfervtdl)"  flvlrd  a  moft  ixt\llcrit  mathematician  by 
Richard  llackluyt,  the  author  of  an  original  trcatife 
of  our  Englifh  navigations!.  What.knowh-dg-  be  had 
acquired  in  the  fetence  of  nedianiei^  tttd  how  ufcfully 
lie  employed  that  knowledjfe  to  the  puhKc  as  well  as 
private  advants^c,  ii'.jjnd^ititly  ippear  both  from  the 
WTitings  he  pi:!)' jIkc;,  and  from  the  many  meclia:iic.°il 
operations  A'M  <  .nf,  which  arc  llaiiding  monuments 
of  his  great  induftrj-  and  infjcouity.  He  \vae  the  firft 
undertaker  of  that  difficult  but  ufeful  w-ork,  by  wliicll 
a  little  river  is  brought  frt>m  the  town  of  Ware  in  s 
new  canal,  to  fupply  the  city  of  London  with  water t, 
but  by  the  trick»  of  othera  he  waa  hindered  from  com* 
pffting  the  Vwnk  he  had  hegnn.  He  was  excellent 
ho:h  in  r.Tr.triv-ancc  and  execution,  nor  \.c  infi-r'i.r 
to  the  nioft  ingen'!ou«  mechanic  in  O--^  nuking  of  in- 
ftrumcnts,  cither  of  braf'^  or  o;lni  n...;icr.  To 
his  invention  is  owing  wiiBicvcr  8dviwta;jc  Hunditjs's 
geoj^raphical  charts  nave  above  other* ;  for  it  was 
Wright  tvhn  istif'fit  Injocus  Huiiditis  the  method  of 
Ct^RirDttn<;  tlic.n,  whiv-h  wa«  till  then  unknown i  hutj 
the  dngrstei^l  Homliua  cuuceuled  th«  Mme  of  the. 
fme  author,'  add  arro^ted  the  glory  of  this  invtnltAn. 
to  h'n-ftlf.  Of  this  fii'.idulcnt  praciltc  the  goin.  n.3u 
toulJ  ii'jt  I.'Jp  complaining,  and  jnflly  eiioii;^li,  m  ihe 
preface  to  ii's  treatifc  of  ihc  CorreAion  of  Lirors  ni 
the  Art  of  Navljjation  ;  which  he  compofed  with  ex- 
cellent judgment,  and  after  long  experience,  to  the 
grtat  advancement  of  naval  aiff«ir«.  For  the  iatpntt' 
tnoit  of  this  art  he  was  appointed  mathematical leSurer 
by  the  £all-lndi«  Comuany,  and  rend  k&nrea  m  die 
hottfe  of  that  woitliy  knight  Sir  Thomas  Smith,  for 
which  he  had  a  yca-ly  Uhry  of  ;n>uni!.'.  This 
office  he  difchargcd  v>i:h  ;^rt;it  repolLii :oi;,  ;ir,d  much 
to  the  fatinLiCtion  of  hh  litarn?.  Her  poLi  ihod  in 
EngliOl  a  book  on  thedodtrinc  of  the  ipbcie,  and  ano- 
ther concerning  tlteobnftnifiion  of  fun-diaU.  He  alfo 
prtf'i^ied  an  inj^enioiis  preface  to  the  learned  Gilbert'i 
(n.ok  on  ibc  loadiloBC*  By  theft  tod  other  '.fiia  wTilB 
■PS*».rh«  baa  tmafaiittcd  Ma  Jhad  to  laieft  poflerity. 
White  he  waa  «et  a  fellow  of  thta  eoHege,  he  couid 
not  Ik'  eoiKcaltd  in  hU  pri<:itc  fliidy,  but  w.is  called 
iortii  to  the  pi.blic  bulmcfstif  ibc  nation,  by  the  queen, 
aboiii  [ha  y«;ar  159J.  .  £Ptlier  accwi-ais  fsy  i^iq-'j 
lie  vt-at  ordered  tu  attend  tiic  taxi  of  CumlicrLuid  m 
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fboic  miiUitte  apedhtoBt.  Oae«f  tliefe  he  hsi  pivcn 
t  faithful  account  of,  in  the  matinrr  cf  a  journal  or 
ephemcn's,  to  which  he  kai  prrlivcil  .!:)  t!L.cam  hydro- 

£af>hical  chait  of  his  own  conti !^a:.(.^;.  A  IktU  he- 
re hit  death  he  eniploycd  himalf  about  an  Englifh 
Innflatioo  of  the  hook  of  lo|rarithm>,  then  lately  dif- 
covered  hy  iovi  Napirr,  a  Scotchmant  who  had  a  great 
iJle£Uon  ror  him.  Thi*  pollhomous  work  of  his  vt-aa 
pulililhcd  foon  afterr  bf  hi«  onijr  Samuel  Wrigkta 
'  who  vn»  alTo  t  fcholar  of  this  college.  He  bad  lwni> 
cd  tnaiiy  other  ufeful  defignt,  but  was  hindered  death 
frotn  bringipjj  them  m  perfcflion.  Of  him  rt  may 
truly  be  fa'd,  that  he  Ihitiicd  ifieire  to  forve  the  puljlic 
than  himfcir ;  and  lhoii^;h  he  wis  rich  in  fame,  anJ  in 
the  prornifts  of  the  f^rcat,  yet  he  died  poor,  to  the 
icandal  of  an  ungiatct'ui  z^r."  So  far  the  memoir  j 
Other  particulam  fonccriiiiijj  him,  are  It  follow. 

Mr.  Wright  firft  difco*CKd  the  tme  way  of  dividiar 
cbe  meridian  Hac*  according  to  wUch  the  Mereator^ 


cbaru  are  conftrnAed,  and  upoa  which  Mcrcator's 
failing  it  founded.  An  account  of  thit  he  fent  from 
Caius  college,  Cambridge,  where  he  wa«  then  a  fellow, 
to  hi»  friend  Mr.  Bfondeville,  containing  a  fhort  table 
for  that  purpcfc,  with  a  fpeciroen  of  a  chart  fo  di- 
vided, tnrctliii  with  the  manner  of  dividing  it.  All 
which  r>l.  -  dc  ille  pubUlhed,  in  1594,  among  his  £x- 
ercif.-i.  And,  in  1^97,  the  reverend  Mr.  William 
Barlowe,  in  hit  NiTigator'a  Supply*  gave  a  demoa* 
ftration  of  th!i  divifion  ascommunicatcobjr  a  friend. 

At  length,  in  i  ^99,  Mr.  Wright  himfclf  printed 
his  celebrated  trcatlfc,  iiiti'lid,  77v  CorrtLln^n  cf  crri^ia 
£rrai  t  In  Knvigaihi,  w  hich  h;[J  bc  t  n  written  iiuiiy 
years  before  ;  where  he  fi-.tw;*  ilic  reafon  of  this  divi- 
fion of  the  meridian,  the  manner  of  coiiitnicting  his 
table,  and  iti  ufes  in  navigation,  with  utiicr  in^prore- 
nent*.  In  1610  a  feoood  edition  of  Mr.  Wright's 
took  wat  pablilhed,  and  dedicated  to  his  royal  pupil, 
prince  Henry ;  in  which  the  author  inlerted  fartner 
nnprovetneoU  I  particularly  he  propofcd  an  excdtent 
way  of  determining  the  ma^itude  of  t!u-  earth  ;  at 
the  lame  time  recommending  very  jridiciuuily,  the 
making  our  common  :iicjn;tr*  in  fume  certain  propor- 
tion to  that  oC  a  degree  on  it«  furiaccj  that  they  might 


not  depend-  M  tbe  nacertatn  length  of  a  barleT.ean. 

Some  of  his  other  improvements  were  i  The  Tabic  of' 
l^atitudes  for  dividing  the  meridian,  computed  as  fiir 
aa  to  minutes :  An  inllrument,  he  calls  the  Sea-riogi, 
by  which  the  variation  of  the  compafs,  the  altitude  of 
the  fun,  and  the  time  of  the  day,  may  be  readily  dc< 
tennincd  at  once  in  any  place,  provided  the  latitude  be 
haowa :  The  correding  of  the  error*  artfiog  from  fla 
ceeeatridty  of  tbe-qrc  m  Mumm  by  llw  nwftAja 
Atotalamcodmat  wtbeTtUnoTtbe  *  ^'  ' 


awl  phew  thefitnand  tmn,  from  hit  own  obCcrva' 
tiom,  made  with  a  fix-foot  quadraat,  in  the  yiai^. 

'S94>  9$i  9^t  97  :  A  fea-quadrant,  to  take  altitndci 
by  a  forward  or  backward  obfcrvation;  h.iving  alfo  ^ 
contrivance  for  the  ready  filiditijr  the  l.ktitude  by  the 
height  of  the  pok-Aar,  wlien  oat  upon  the  meridian. 
And  that  this  book  might  be  the  better  underflood  by 
bcfinneni  to  thtteditioBU  fubjoincda  traaflation  o(2U^ 
nomio'a  Cimpendikmi  t  aocl  added  a  large  table  of  the 
vatiatioa  of  the  compafs  as  obfcrved  in  my  difcgat 
parti  of  the  world,  to  fliew  !t  is  not  ocrtfumed  hyinf 
magncllcal  pole.  TIil  woik  go-.ti  through  fjvcral 
other  editions  fince.  And,  btlsdi;  tlic  botvks  ahj»c 
mentioned,  he  wrote  another  on  ravig.Ttion,  intiilcJ, 
Tb*  U*%>en-Jiitdiag  /hi.  Utht  r  accotiots  of  bin  lay, 
aUb,  that  it  was  in  the  year  1  ^cig  that  be firft  h^gan  10 
attend^  the  earl  of  CuinbciUiul  in  hit  voyages,  tt  ia 
aHb  laid  that  he  made*  for  hn  pupil,  pmce  Henry,  a 
large  fphcre  with  corioua  movements,  whi«h,  by  the 
help  of^  fpring-vvork,  not  only  reprefented  the  molioaa 
of  the  whole  celtfii.d  fphcre,  hut  flicwcd  likcwife  the 
paniculai  fjllcms  of  liiC  fun  .md  mu  .r>.  ;iik1  tiitir  t-li- 
cular  motions,  together  with  ihiir  pi  ,ct!  and  pulTlbjii- 
ties  of  eclip'ing  each  other :  there  is  in  it  a  work  for  a 
motion  of  1 7 100  years,  if  it  ihould  not  be  flopt,  or 
the  material*  fail.  Thit  fphere,  thoi^h  thaa  made  at  a 
great  expence  of  money  and  ingenioui  tnduftry,  ws» 
afterwards  ia  the  time  of  the  civil  wan  caft  afidt^ 
amon;;  daft  and  rubbifli,  where  it  was  found,  ia  tlw 

ytJr  l''46,  by  Sir  Tuna^  Mu;;rr,  who  at  his  out.  ex- 
ptnce  rrllurcd  it  So  its  tirtt  itatc  of  pcrfctkion,  and  ii<" 
pofited  it  at  his  o»'a  houfe  in  the  Tower,  among  Ul 
Other  mathematical  inilrtuneuta  and  curiolitics. 


X. 

X  E  N  "       X  E  If 

XENOC  RATES,  an  eminent  phftofopbet  amone  mer  wanting  a  fpur,  and  the  latter  a  bridle*    He  wm 

the  ancieat  Gtceka^  was  bom  at  Chalcedon,  and  fimd  of  the  mathemMici  t       pcmuttcd  none  of  his 

mea  314  ycmt  before  Cbrift,  at  about  90  years  of  agcr  fbhohrs  to  be  ignorant  of  theili.  -  There  was  fomethine 

He  became  early  a  difciple  of  Plato,  ftudying  under  flovenly  In  the  behaviour  of  Xenocrates  ;  for  whicO 

thia  great  owner  at  the  fame  time  with  Arillotle,  reaiba  Plato  frequently  exhorted  him  to  facHKcc  to  the 

thNghhcMtaacpoStMcCffnltAaiii  tlMfiDr*  giMcis  S«rioiilM6ndfiemitj«m*hM7a  fcen  in  his 

dcpoit< 
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Jkpoftmtr  TCI  netwlthftaadi^f  tbi*  fentc  cat  of 
■HBd,  he  ml  my  rnmpaflkiaMc;    There  wM  ibtne* 

thing  fxtraordinary  in  the  rcftitadc  of  hi*  n^ora!j:  lie 
was  abfolutc  mailer  of  hi«  pafTions  j  :iii(J  was  not  fund 
ot  ploafurf,  rii-ht-i,  or  npplaufc.  Incited,  fo  j^rrat  waj 
his  rt  piitation  for  iinc«nty  and  probity,  that  lie  wa»  ihf 
only  pcrfon  whom  the  mtgillratn  of  Athcr.3  difpcnicd 
iroiii  confirming  hit  teflimooy  with  an  oalb.  And 

ict  he  WW  fo  iff  treattd  by  them,  it  to  be  fold  becaufc 
e  could  not  ptf  the  poH«tax  laid  upon  ferdgoera.  Dc> 
■Mnm  PlndhcM  bonght  XeAocntca,  pud  ibe  deht  to 
Ac  AtbcsiuMt  md  immedfately  gave  mm  hblibcitf. 
At  Akxaoder't  rrqueft,  he  cumpofed  a  trratlfe  on  the 
Art  of  fteignuig  ;  6  books  on  Xatuir  j  6  books  oa 
Philofophr  f  one  on  Richci,  fcc  ;  but  none  of  them 
have comt  down  to  thrjV  tnnct :— Hit  thn  In^V  it  firms 
wat  b««  v^mv  (luff :  Cicero  refutei  him  in  ifac  tirti  booit 
of  the  N'atiirr  ot  the  (Jf)dt. 

XENOl'KANES.  a  Greek  phllofupher,  boni  ia 
Colophon,  was,  according  tofome  aiithoTB,  the  difinpb 
of  ArcheUns  (  in  whkh  cife  he  moft  ha*e  been  cos* 
tntiporarT  with  SocmlCi.  Olben  rdatc,  diit  be  na^X 
bimtelf  tfl  hekneir,  and  t1i»  be  lifed  nt  the  fane  tune 
wtth  Anaxhnandcr :  according  to  vrhich  «ee»ant  he 
mvifl  have  J:oi;rilhid  htfure  Soi^ratr?.  AwA  about  the 
60th  Olympiad,  a<  Ding-enrs  I-irrlia»  affirm*.  Hc 
fovjnded  ttic  l%lc;itii:  feit  ;  and  wiotc  feveral  poeOM  on 
piitbl'uphtcal  fubjc^ks  i  aiall'u  agrcatmany  on  the  foun- 
tl&^ion  of  Colophon,  and  on  that  of  the  colony  of  EWa. 
Uc  wrote  alfo  againft  Homer  and  Hefiod.  He  wat  ba- 
fiiflicd  from  hit  country,  withdrew  to  Sicily,  and  lived 


wtepi  if  tbqr  vc  iuuh  aoc^fiwrificcn  to  Ibem.^ 
Tbe  nfwcr  be  made  to  n  nwn  .with  wb<un  he  refufea 

t<»  play  sit  dici.',  ii  l.ij^'ulv  ^iortby  of  a  p'l  !  r  : 

I'hit  man  calling  luiu  a  cawud,  "  Yt>,  rc).>I;:Ll  liz,  I 
am  <  xc  . {lively  fouith  rcijanl  to  .ill  (hair.cful  a£lion5." 

XLNUPHON,  a  ccttl.i-atcd  Greek  gcnfrai,  philo. 
fuplicr,  and  hiUorian,  wa^born  at  Atlicbt,  unJ  became 
eiMly  a  difciplc  of  Socrittct,  »'ho,  {,iyi>  S'.rabo,  faved 
hit  life  io  battle.  About  the  ^otti  year  of  his  a^c  hc 
engaged  in  ibe  expedition  of  Cyraa,  aitd  accotnpliihcd 
hit  immorta]  retreat  io  the  fpice  of  i{  monthi.  Th* 
jealoufy  of  tbe  AtbcoJun  bu^Acd  hun  from  bit  native 
city,  (or  engaging  in  tbe  fervlce  of  Spatta  and  Cyrus. 

On  lua  return  thcicfuri'  Ke  rvti:  t  .1  t  j  S  j  ,  a  town 
ol  Llis,  where  be  hu-'''  a  ttiiip'.t  to  U  jim,  which 
he  rtxutions  in  hu  ep.lllts,  und  dcVLieJ  bit  kifurc  to 
phiiuiephy  and  rural  Iporti.  But  commutiont  arifing 
in  that  country,  he  removed  to  Corinth,  where  it  fccnit 
he  wrote  hit  Grecian  Hillory,  and  died  at  the  age  of 
90>  in  the  ^ear  360  before  Chrift. 

^Bt  hia  wife  Pbilella  hc  lutd  two  fona,  Diodonitand 
OryUuib  Tbe  latter  rendered  hnofelf  tminoitnl  \xf 
killing  EpAininondu  in  the  fanioiiii  battle  of  Man* 
tioea,  but  pcriflied  In  that  exploit,  which  bit  father 
lived  to  record. 

'J'he  bell  cd'.tiuuk  af  h.i  u  ork;  an  lI'ioTc  <  f  Ffacck- 
fart  in  16^4,  and  of  Ox)>'rd,  in  Gru  k  iiu!  l  .atin,  in 
■  '93,  5  voIm  8vo.  Sepaiiitcly  bavc  U.*c»  pubhlhed 
hit  Cyt0feJta,  Oxon.  1727,  4to,  and.  1736,  &vo. 
Cjrr /tnaiafij,  Oaon.  173^,  4to,  and  174?*  8^0.  Me— 
moraii/ia  Socralit,  Osuo.  1^41,  8vu. — Mia  Cyrofedtt. 


in  Zancbe  and  Cntnm»  optnUm  wkh  rqjnrd  to  bu  been  adminbly  tiuflnted  tutu  E^liih  by  Spcunan.. 
'  the  nitun     Ood  SMm  not  iniu£  from  tbarof  8pi>      XIPHlASy.  in  AfttMomy,  ia  the  Dorado  or  Stmrd- 

■ltan«— When  he,&w  the  Egyvtiant  pour  forth  himeo-  fifll,  a  eonflelUtion  of  tbe  JoVubem  hemifpberei  being 

tations  dining  tlxir  ficftivals,  be  thua  advifed  diem:  one  of  the  new  cunAcllntionn  added  bj  modern  atiro* 

**  If  tbe  objcda  of  fmt  wniflap  are  Godi^  do  not  ■omem-f  ■■dcnnliiiBf  afi^  iantudj*  See  ]>0JiAaa». 
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YARD,  a  lineal  meafure,  01;  mcafitre  of  length, 
uCcd  in  England  and  Spain  chiefly  lo  meafure 
doth,  AbA,  &c  The  Yard  was  fcttkd  b^  Neujr  the 
ift,  from  the  length  of  bis 'own  arm. 

The  En,;Ii(h  Yurd  ear-ta'iis  5  feet  ;  and  {kkcqval 
tu  4-5i!i!.  uf  the  Kn^hlh  ell,, 
to  7.9tht  of  the  F^iri?  .11, 
to  4-3dt  of  the  Flmiifli  t!l, 
to  56-51118  of  the  ypauilh  vara  or  Yard. 
Y.Mn,  <,i  GMe»  Y*rd,  it  alio  a  popular  name  given 
tc  ifii-  3  llatb.  which  compofe  iKe  belt  of  Oriot*. 

YEAR,  in  the  fuU  extent  of  tbe  word,  is  a  fyAcm 
or  cycle  of  fevenl  months,  ufually  12.    Othc:  9  define 
Year,  in  the  genera),  a  paiod  or  fface  of  timcp  HMt* 
£ated  out  by  tie  rcvolutlou  of  fimc  ceUUnt  bndj  is 
Vol.  UJ 
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itt  orbit.  Titut,  the  lime  in  which  the  iixcJ  ;l;irs 
m.ikc  a  revolution,  is  called  iha  grral  I'dir ;  and  the 
timet  in  which  Jupiter,  Saturi^  the  Suu,  Mocn, 
complete  their  courfes,  and  return  to  the  lame  point  of 
tbe  xodiac,  nre  rcfpcAivdr  called  the  Year*  of  Jup 
piter,  and  Sbtum,  and  tbe  &>1ar,  aitd  Ltmar  Yesrs»&c. 

Ai  Year  denoted  ortginally  ,i  levo'.  tion,  and  Wij 
not  limited  to  that  cf  the  kiu  awuiUi^^gly  we  find 
hy  tlic  oidcft  accov;ini>,  ihjt  people  have,  at  dififrer.- 
timet,  exprefTcd  other  revuluiioni  by  it,  narticubrty 
that  of  ihc  moon  :  and  confcquentjy  that  the  Years  of 
Ibme  accouDt.i,  are  to  be  reckoned  only  munths,  ;ind 
Ibmctimei  prriodt  of  3,  or  3,  or  4  months.  This 
w31  help  us  greatly  in  undcrAaading  the  accounts  that 
ocrtaia  Minn  give- of  dmr  onm  aati^aitxi  and  per. 

4  X-  Uf  e 
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Vinps  of  tlif  H7,c  of  nv.n.  WiffMil  ^xprcfily,  in  fe»«* 
ta!  iht:  oi\  llriL-k  \vt:t(r  ii,  th^:  tlic  F.)r)'ptuin_ Y«ir, 
;il  cinf  pi.i'i.ii!,         iii  ly  n  in<^iiili  ;  arc  rnrtlicr 

t(.]il  ih.a  at  o'A  rr  jn^ro'.^  if  v  j-^  i,  ini);it"ll-,  i>v  4 
IlKiiitlis  .  anj  11  ]>'  liable  t!..i'.  Jin-  oL'I'iron  of  Ilr.icl 
icilowed  liie  Ej^ypi  nn  account  of  tliur  Die 
Egyptians  talkedi  almoll  zcco  v.:hi:i  ?^<>,  of  lnunj; 
aecount*  of'twnt*  48  tbouibnU  Years  dilUncc.  A 
Pfmt  deni  muQ  be  alln«'ed  to  rallacy,  on  the  above  4C- 
couiii ;  hut  hci'tic  tiiid,  the  E'^rvptuni  hnAi  in  the  lime 
of  the  t'trt-cks,  ilie  fame  ambitli.n  which  the  Chimfe 
havf  at  [iv-  frnt,  aii'!  wanted  lo  pat's  thimfil  ■  -  k  (  'ii 
that  ^eo].-le,  a»  thvfc  others  d'l  upun  us,  fi)t  tiiw  ul-.vii 
inliahit;ints  (;f  ilie  earth.  Thev  h;id  rtoiurfe  alfo  to 
the  fjinc  me^n'<,  9nA  huth  tin;  (»refcnt  ai>J  the  tatly  im- 
pollort  hnvp  putor.dcd  to  antitiu  obfcrvalion*  of  the 
'ncavenly  budiea,  and  tcoountcd  edipfea  in  particular, 
to  vouch  for  the  trntli  of  their  aecoanta.  Sioce  the 
time  in  which  the  TolarYear,  or  period  of  the  earth's 
rcvolutroti  round  the  fun,  has  been  received,  we  majr 
Bt  i  I'lrt  V  Itli  ct  n;r'ir.v  ;  If.it  fur  t  liorc  l  oinole  age*,  in 
whicii  wc<iori'-'!  kimv,-  of  actrta  ii:v  wlut  is  meant  by 
the  term  Year,  i;  >  inr.jolFihlc  to  tDrr.i  any  cx):i j^iitme 
of  ilic  diii-ation  of  time  in  the  accounts.  The  Uitby'- 
loninn*  pretend  to  an  antiquity  of  the  fame  romantic 
kind  i  they  talk  of  47  thoulaod  Year*  in  which  they 
bad  kept  obfertttiont  t  but  we  may  judge  of  thefc  at 
of  theotherf,  and  of  the  obfervationt  a«  of  the  Yean« 
The  E(»yptian»  fpeak  of  the  ftari  hnviof^  four  timet  al- 
tered their  amrfe*  in  that  period  uliii.li  tin  y  t"l  ur:i  for 
their  hiilory,  and  that  the  fun  fei  tw'.r<:  in  c.uL 
They  were  not  fiicli  [H'Tict  af^ronomci-,  l'i:f,  .^lur  a 
lound-about  wvagc,  titcy  m>|^t  perhaps  miliakc  liic 
caft  for  tlie  weic  when  they  came  in  again. 

Year,  or  Sot-Aa  YeAa»  properly,  and  bjr  way  of 
.eminence  fo  called,  i*  tbe  fpice  of  time  io  wbidi  the 
fun  moves  throiiijh  the  1:  figns  of  the  rrl.'ptic.  This, 
by  the  ohfcrvatiou*  of  the.  bell  modern  ailronomer?, 
contait^«  36^  dnyt,  5  hours,  48  min.  4>t  fecunds :  the 
quantity  aflumcd  by  the  auttiors  of  the  Gregorian  ca- 
lendar iii  365  days,  ;  hours,  49  min.  Dm  in  the  civil 
or  popular  account,  this  Year  only  contain*  36)  dayi) 
.  except  every  4th  Year,  which  contains  366, 

The  trictuhude  of  iimfoM  icemi  to  have  Kiven  occa- 
-fimi  to  the  Srft  Snftitution  of  tlie  Year.  Man,  natU"' 
rall\  ciitioiis  to  know  tlie  caiifc  of  that  divcrfity,  foon 
found  it  waa  the  p:oxim:ty  and  diilance  of  the  fun  ; 
and  therefore  gave  the  name  Year  to  the  f[>acc  of  time 
in  which  that  luminary  performed  his  whole  courfc,  by 
returning  to  the  fame  point  of  lii»  orbit.  According 
totheaccumry  in  iheir  ohfervalionii,  the  Year  of  fomc 
nation*  was  more  pcrfc^  than  that  of  otheii,  but  none 
of  them  -quite  cxad,  nor  whofe  pana  did  not  Ouh 
with  rej^rdto  tbe  partt  of  tbe  futt't  oourie. 

According  to  Herodotus,  it  was  the  Egyptian!  who 
firll  formed  the  Yeiir,  making  it  to  contuia  360  days, 
which  they  fnhclividcd  into  Is  months,  of  32  uiw 
each.  Mercury  Trifmegiftus  added  5  days  more  to  tlie 
account.  And  on  this  footing  it  it  faid  that  Thalei 
inilittitcd  the  Year  among  tlic  Greeks ;  thougli  that 
form  of  the  Year  did  not  hold  throughout  all  Greece, 
Alfo,  tbe  Jewifli,  Syrian,  Roman,  Fcrfiaa,  £tbiopic» 
Anbte,  &e  Yean,  were  aB  diSiereat.  In  Ja^  con* 
fideriPK  tbeimperi«A  Site  «f  iftnoBOOiy  io  tliofis  Kgt*, 
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k  i*  nftwondeethak  difemt  pao^  ibovU  idifaipM  k  . 
the  caleubtion  of  the  fan'*  eaurfe.  Wtf  are  even  aOutcd 

hv  Diod.  S'Cidui,  lib.  1.  l^lut.i.nl;,  in  NuiM,  and 
Pliny,  lib.  7,  cap.  40,  Uial  the  Lgyplidu  V*.ar  itfelf  WM 
»l  fir:l  very  diifcrent  from  that  now  reprcfcnted. 

'i'he  loinr  Year  is  cither  aflronomUal  ax  civil. 

Ti  e  A/.tottmcal  Solar  YiAit.,  is  that  which  is  de- 
termined prccifeljr  hy  ailriwomical  obfcrvatioos  j  and 
is  of  twt>  kinds,  trtpitatt  and  _fiJircal  or  ojlral. 

Trrtual,  or  Natural  YtAa,  i^  il  ^  time  lb*  fimukei 
ill  p.afrmg  through  the  zodiac  ;  .vhich,  at  before  obfer»« 
I  1,  3'-jtl.  ;  h.  .jSm.  .'gUc.  ;  or  ^.fijd.  5I1.  49niln. 
Tliib  !»  tiic  osily  piapi-r  ar  natural  Ye««r,  bec^ufc  it  ai- 
ivays  kee|nthe  fame  feafout  lo  the  fame  month*. 

SiJnreai  or  Mral  YkAii,  is  the  fpace  of  time  the 
fun  take*  in  paiiing  from  any  fixed  Aar,  till  bis  retnm 
to  it  again.  Thit  confiftadT  }6s  d.  6h.  om.  1 7  fee  | 
being  ao  m.  S9  dec.  longer  than  tbe  tnw  foiar  year. 

Ltmar  YsAa,  it  the  fnace  of  la  Imwr  vismIm, 
Hence,  from  the  two  kindeof  fyaodioil  bimr  noathe, 

tliuiearifc  t^^  o  kinds  of  kuUT  Y«an»  tbc  ODC  ffrvo< 
nii:      the  other  civil. 

l.inar  Afircnmical  YrAa,  lOilUllj  of  12  li:nar 
fynodical  months  i  and  therefore  contains  3$4d.  8h, 
48;m.  38 fee.  and  is  therefore  lod.  2  1  h.  om.  10  f. 
nortcr  than  the  fofar  Yew,  A  diffmace  which  ig  tbe 
flUBdaiioD  of  tbe  Epa^ 

Lunar  CivilYtAt^t  is  either  common  or  embolifujic. 

«riac  Ccmmcn  Lunar  Veak  confiilt  of  II  lunar  civil 
months ;  and  therefore  contains  3^4  Jay^.  Ai'.d 

Ttkc  EmlMwttt  or  JaurtaUuy  Lunar  YfiAt,  coitdfta 
of  13  knar<itril  aonth^  and  Ifacrefixv  oonMia*  384 
days. 

Thus  far  we  have  confidered  Years  and  aiOOtlia« 
with  rceard  to  aftronomical  Dnaetpke,  upoQ  which 
tbe  diviuon  ii  fettnded.   By  thit,  tbevarioitt  fimM  of 

civil  Years  that  have  fonntrJy  obt&iaed,  or  that  do 
dill  obiuin.  In  divers  naiiou^,  are  to  b|;  examined, 

Civ::  Vi  AH,  is  that  (arm  of  Y(.2r  which  ci't  ry  oation 
h.*]  coittiivcd  or  adapted,  tur  computing  their  lime  bv. 
Or  the  civil  is  the  tropical  Year,  conhdered  si  only 
conlifling  of  a  certain  number  of  whole  day*:  the  odd 
bounand  mingtes  being  f«t  aflde,  lo  reader  the  com- 
putation of  time*  io  the  oommon  occaHons  of  lifcg 
morecaiy.  A*  tbe  tropical  Year  is  365  d.  jh.  49  m. 
or  almoft  365d.  6h.  which  ^'^  s  :r,i  a  quarter  % 
therefore  if  the  civil  Year  Ijl'  iiia  ij  days,  every 
4th  year  it  muft  be  36^)  ilays,  Ui  kn;;  ucnrlv  tu  the 
courfe  of  the  fun.  And  hence  the  ci»il  Year  tt  either 
commen  or  byjcitilt.  The 

Lummn  Civil  Year,  is  that  confifling  of  365  days  1 
hiving  feven  months  of  3  f  days  each,  four  of  30  daya, 
and  one  of  a8  da^*}  a*  indicated  by  the  folbwbig 
well  known  memorial  rcrfcs : 

'riiiily  d;L;,  <  hath  .Si-ptcinhcr, 
April,  June,  ,irJ  .N'ovmibcr} 
FcbruaiA-  twenty-eight  alone. 
And  ill  th«     have  thirty^ne, 

B'lffixiiU  or  Leaf  YtAa,  coaltfttof  366  dayt ;  having 
one  day  txtraordio.iry ;  called  the  Intercalary,  or  bif- 
fottik  day  \  and  takes  place  every  4th  Year.  This 
•dJitimial  dajr  to  CTcry  ^Ut  Ydi^  wai  fidk  iatfodoccd 
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fcy  Julroi  Cie(*r»  who,  to  make  the  civil  Year*  keep 
pscr  with  the  tropictl  ones,  contrived  that  the  6  huiiri 
hkh  the  latter  exceeded  the  fanner,  ihonld  make  one 
ill  4  years,  tod  be  added  between  the  J4th  and 


w 

i!iy 

j^d  "f  Febnun-,  whith  " 
of  Match  ;  and' as  they  tia»  counted  day  twice 
over,  or  fwd  bit  fruo  ijlemint,  hence  the  Year  h&lf 
came  to  be  railed /fi/.v/«--,  and  i^v/<7c  ' 

However,  amoii^  u«,  the  intercalary  day  is  not  in- 
tmdiiccd  bv  counting  the  :  jd  of  February  twice  o*cr, 
hut  by  addinjr  a  dny  at  the  cud  of  lh«l  noath,  wWch 
tlu-.v  !<  ■  M.  '!iat  WarcooUMTO  zgday^. 

A  i-iiuu  rcfori>ia;:;>i»  waaaiMtinihiiycarhy  Pope 
Gu  -oty.   Ste  f/V.-f.r/rtw  Ybar,  C^UNOAR,  filUSX* 

.•»ILt,  and  l.VW-lear.  .     -     ,     ,     ,  , 

The  Civil  or  Lejjal  Year,  in  F-nRland,  formerly 
COmmtn<:ui  <m  the  day  of  the  Anntiiiriati.in,  or  25th 
of  M.^ch  ;  tlioi:j^U  the  hiilorical  Year  began  on  iht- 
day  of  the  Circumctlion,  or  ift  of  Janttaqr  j  on  »  hicli 
day  the  Germtn  and  Italian  Year  alfe  begitis.  Tl. : 
part  of  the  Year  b».tween  tlicfe  two  Ictnis  wtj  nfo.Hy 
cxpieiTed  both  wa\s:  as  1-45-6,  or  174'^.  Bin  by 
the  aa  for  alteni.rr  the  ftilc,  the  cwil  Year  DOW  com* 
muK-es  with  tlic  ill  of  January. 

An:knt  Roman  Vear.  This  was  the  lunar  Year, 
which,  a«  firlk  fettled  by  Romulu*,  conuiued  only  ten 
montha,  of  vneitud  Bunben  of  daya  in  the  follawing 

March  ^'i :  April  30;  May  5«l  J"!*  JOJ  Qnlwilft 

31;  Sex,  '  1  ;  September^o;  Oaober  J  Novem- 
ber 30;  Dti^!:l'^r  ^o}  in  ail  304  days;  which  came 
ftort  of  the  tr.it  l.;u,ir  Yc  ji  hy  50  ('.11  i  ;  :■•:■!  -  nV:- 
ii>larby6t  day*.  Hence,  thebig.nnmg  (,f  k  itvi^Kii  5 
Year  was  vague,  and  unfixed  to  any  i-itciir  K^i'on  ; 
to  remove  which  inconvenience,  lliat  prince  ord<;rtd  io 
many  dav«  to  be  added  yearly  as  would  make  the  ftate 
<  f  the  l.c:iven«  conrcfpond  to  the  firil  month,  without 
tJllii'T  thtm  by  the  name  of  any  month. 

Xillna  rompiliu*  corrctlcd  this  irregular  conftiliition 
oftlic  Y«ar,  conipofing  two  new  months,  January  and 
February,  of  the  days  ib.n  wire  uft,!  u>  U-  uJ.Jl.1  to 
the  foniier  Year.  Thus  Noma's  year  conli:Ud  oi  12 
montha,  of  diiKfent  daya,  a»  foHow ;  vis, 
January  -  jg ;  February  jS;  March  - 
Apill  -  -  ?y  ;  May  -  31  ;  J»'nc  -  - 
Quiutilis    3>;    Sexuli.  September 


Odobtr  -  31 


No*cmber29}  December 


3'  \ 

ay ; 
29 ; 


«n     %^  >  days  ;  therefore  exceeding  the  quantity  of  a 

1,  I  ;  r  c  i  il  Year  by  one  day ;  that  of  a  lunar  aftronomical 
Year  bv  h"  S  bui  falling  ibort  of  the  common 
Ihlar  Vcir  by  10  davit  fo  that  «s  beginnmg  waa  ftitl 
vaeuc  and  iiniixed. 

Nunta,  however,  defiring^  to  have  tt  begin  at  the 
winter  folftice,  ordered  as  daya  to  be  intercalated  in 
February  every  ad  Year,  ayewy  4tb,  ax  every  Cih, 
and  It  every  8tb  Year. 

But  this  rule  failing  to  keep  out  ten  even,  recourfe 
vk-aft  h.id  to  a  new  way  of  intcrcalatir.g  ;  and  iulltad  of 
2 «  days  every  8th  Year,  only  15  were  to  be  added. 
TIw  cave  of  the  whole  was  committtd  to  the  ponti- 
fcx  mjximiis;  who  however,  nenUctin^r  ihi:  t^iiH,  let 
,1,;,,^,,  run  to  grea' conrnfion.  And  thus  the  Roman 
Yiar  Uoud  tili  Juliua  Ca;f«r  rcfbimcd  iu.  See  Calsh- 


DA*.  And  for  the  manner  of  reckoning  the  dayi  of 
the  Roman  Rionths,  fee  C*Ltxi>s,  No\es,  ind  lAVa. 

^uCm  Y^ar.  This  is  in  cfTtd  a  folat  Yta-,  coin- 
moolv  containing  36^  davs;  liinugh  every  4U1  Year, 

J  ulian   'i  c;>r, 


ciiiitaiiiJ  l'j(>.  The  ir  I.  '.i  ^  o:  I'.n: 
wuxi  the  jtuuibct  of  tbcir  ciVi,  iiJbd 


January 
April  - 
July  . 

October 


3' 


February 
M-.iv  - 
Au-u!l  - 
Noveit;btr 


28, 

3'  i 
3'  . 


March  .311 
June  -  -  30  ; 
September  30  . 
Dtceniber  31. 


But  every  BiflVxtile  Ytsr  had  a  day  added  in  Fibfuans 
niakifi^f  it  tlx.-u  to  cotttain  ztj  ihys. 

The  mean  quantity  ihcretorc  of  the  JiJian  '^'c.ir  is 
3*^5^  rby%  or  365''(j*';  exceeding  the  tnie  fo'ar  Year 
by  lotnetvhat  more  than  ll  mioutca;  an  «xee£(  which 
■mountatoa  whole  day  in  ahnoft  tji  years.  Hence 
the  tiiiK'.  of  i!ic  cfjiiinoiicj  go  barkward,  and  f.ill  eailier 
by  out  ci;iy  in  about  130  or  J31  Years.  x\ud  thus 
the  Konun  Year  ituod,  till  it  w«a  farther corredcd  by 
pope  (iirj'ory. 

For  kttliii/  this  Y'car,  J-.dius  Cicf.ir  broujdit  over 
from  Egxpt,  Sufi^enes,  a  I'/lebratcd  iiialhttt.ulician  ; 
wIk), -to  fupply  the  deftct  of  ')y  days,  vvhieh  had  uteri 
lu.1  through  theac2h:&  of  the  |>riciisi  and  to  hi  tug  the 
beginning  of  tbe  Year  to  the  winter  foMiee,  made  one. 
VL\ir  t  .>  confift  of  I  J  tnotiihii,  or  4  55  d>iys  j  on  which 
account  that  Year  wasufed  to  be  called  anuiu  eonfu/ionhf 
the  J'far  cf  cmfufiant    See  ''Jul'tan  Calln  pa*. 

Cn  ^rriiin  Year.  This  is  the  Julian  Year  coire£ied 
by  el, rule,  vi/,  that  iullead  of  every  fecular  or  lOOtk 
Year  being  a  biflextilc,  aa  it  wooU  be  in  .the  fonnecv 
vi-ay,  in  the  new  way  three  of  tbem  are  common  Ycart^- 
and  only  the  4th  is  bifTextile. 

The  error  of  11  minutes  in  the  Julian  Year,  by  con> 
tinual  repetition,  had  accumulated  to  an  error  oi'  1  j 
cays  from  the  time  when  Cafar  made  his  correction  ; 
by  which  rrcans  the  equinoxes  were  ^rreatly  dilluibed. 
In  tiic  Year  Ijtd,  the  eqiiinoxcs  were  fallen  l>ack  to 
d<iv$,  .iiid  the  full  moons  4  days,  mote  backivaid  than 
tliey  wrre  in  the  time  of  the  Nicrne  cotmcil,  which  wat- 
in  the  Year  3*5 »  via,  the  former  from  the  aoth  of 
March  to  tlir  10th,  and  the  latter  from  the  jth  t  .  tlic 
ift  of  Ajiril.  To  remedy  ibis  increjfinj;  iriv;;uijnty, 
pcpc  Ciiicfiory  the  13th,  in  t;ie  vc:)r  15S3,  cailcd  tope- 
tiicr  the  cliivf  a;i ronon\-is  of  hlu  time,  and  eoucerled 
tSii'  roiref  li;>r,  ll'.rc.ui:;g  out  ll.v.-  lo  d4\  <  .ibovc  men- 
tioned, l  ie  <  ^changed  the  luii  u  c)^I>.  i  -t  t'mt  of  the 
epS-Cif,  and  m.iJ;  lhc4thof  October  oJ  tliat  Year  to  be 
the  t{ih;'h«  that  means  reitoring  uic  vernal  equinox 
tothfviftof  ^'an;h.  It  wasalfopnivideJ,  bythrumif. 
fiuu  .  r  ;  i^eroal'tiy  Juj"*  i:i  .|'0  Ye.irs,  t  1  1..:  '  ■  tLe 
civil  Ve.u  keep  jiacc  iie;i'!y  v-itb  tiie  lolar  V*.ai,  tin  lijc 
time  to  conic,    k'n:  Calsmjar. 

In  the  Year  i',o%  the  error  of  10  days  wis  grown  to 
II ;  upon  which,  the  prottlljut  ilite-,  cf  (^i  rmanr,to 
prevent  farllier  ennfolion,  adopted  the  Gregorian  Correc- 
tion. And  the  fame  vfn*  accepted  alfo  tn  England  in 
the  ye.ir  175:;,  w!.cn  I  i  d.iys  \verc  'liro^vii  out  after  till! 
2d  of  Sfpter:ibtr  that  Year,  by  ;iccoiiiit  i:i^  the  -jd  to  be 
ihc  I4'h  d;iy  of  the  m  iilli  :  ctIIii;;;  tli":,  llic  new  fuie, 
and  the  fotmcr  the  olJ  Ailc.  And  (he  i^iegsrian,  or 
4,X  .2  neva 
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new  tl'li",  is  now  in  like  minrcrufcd  iu  moft  countrie* 
of  F.uropo. 

Yet  this  bft  correftjon  U  ftiU  not  quite  perfcd ;  for 
as  it  hn  been  Qtttm  that  in  4  centuriM*  the  Julhn 

\car  gains  3"*  2''  40"  ;  and  a»  it  i»  only  the  3  day*  itiM 
arc  kept  out  in  the  Grc^:;on'an  Year  5  there  »i  (1111  an 
txtcfs  of  2"' 40    i;i    4  ..i.:.t',.i  Ik- ',  .imo'.i'.'s  t  »3 

wliolc  day  in  36  ccjuums,  in  3O00  Yt;ir».  iitt.  L  a- 
Lts  PAR,  A'-ti' or  Gr-f^orwn  Sri  t.K,  &c. 

Ts^r/z/jn  Yii  AK,  called  alfo  xhs  2'tar  if  NttlcHafar, 
on  account  of  the  epoch  of  NabDnalTar,  i*  the  iolar 
Year  of  i|6$  day**  divided  into  U  montht,  of  to  day* 
•  each.  beiSde  {intercalaiy  ray*,  added  atthe  end.  l«c 
worder  and  tunnes  of  thefc  nioiiths  are  as  fc^I '  a*  : 

1.  Atiivr; 
6.  Mecncir; 

Pdchoti ; 
12.  Mcfori. 


1.  Tliatit  ;    -  -   2.  PaopU!}  - 
4.  Clwjac ;  -  -    5.  Tybi  ;    -  - 
7.  Thatncnoth;     S.  Pii;-.i:i  -.itlit; 
JO.  Pauni  ;  -    -   Jl.  Epiphs  ;  - 


As  the  E;;yptian  Year,  hy  nej:;Ic6\ing  the  6  hours, 
in  e»rry  4  Years  lofcs  a  w  hole  day  of  the  Jtdian  Yt-jr, 
its  bejfinniiipj  nins  throiiffh  «-v<-ry  part  of  the  Juli;m 
Year  in  the  fpace  of  1460  Yiar.  ;  after  which,  they 
meet  apjain  ;  for  which  reaUm  tt  i«  called  the  trraiic 
Year.  And  bccatde  this  return  to  the  fame  day  of  the 
Julian  Year,  i*  performed  ia  the  ffMde  of  1460  Julian 
Yean,  thi>  circle  i«  called  the  Sothic  period. 

This  Year  was  applied  by  the  Egyptians  to  civil 
vfe*,  till  Anthnny  and  Ocopatra  were  defeated  ;  but 
the  nia'l  c -l  it  inns  and  aflronotncrs  iilVfi  ir  ti!l  tl  c 
time  of  Ftol'jiny,  who  made  nfeof  it  in  hi;.  Altiiagcil  ; 
fo  thnt  the  knowledjjc  of  it  is  of  }(rcat  ufe  in  af- 
.  ilronomy,  fi>r  comparing  tiie  ancient  obfcrvations  with 
4he  modem. 

The  ancient  Egyptian*,  we  are  told  by  Diodonit  Si- 
<cuIo«,  (Plutarch,  lib.  1,  in  the  life  of  NutKa,  and 

Pliny,  lib.  7,  cap.  48)  mcafiired  their  Years  hy  t'  c 
courle  of  the  moon.  At  (irft  they  were  cnly  uue 
month,  then  3,  then  4,  like  th.n  of  the  Arcadians  ; 
and  then  like  that  of  ihe  people  of  Acarnania. 
Thofc  a'.ithors  add,  that  it  is  on  this  account  that 
they  reckon  fiich  a  vail  n.if^bfr  of  Year*  from  thejbc- 
cinning  «f  the  world  ;  and  that  in  the  IiiAory  of  their 
kinjTf,  wc  mett  with  .fomc  who  lived  iooo»  or  1200 
'Yean.  The  fame  thing  »  maintained  by  Kirchcr; 
Oedip.  E^iypt.  torn.  2,  pa.  .-52.  And  a  h.\r  n.irhor 
obfcrvcf,  that  Varro  has  affitrntd  the  lame  oi  all  in- 
tions,  that  has  been  quoted  of  the  E;;yptians.  By 
wrhich  means  many  aci  ount  for  tlie  gie.it  a^^es  of  the 
more  anci  tit  patriarchs  ;  cxpoundi:i,j  the  jjradual  de- 
<rcafe  in  thnr  njjes,  hy  the  ruccelfive  increafc  of  the 
•umber  of  months  in  thiir  years. 

Upon  the  JBcyptiant  being  fubJued  by  the  RoOMiW, 
they  received  ine  Julian  Year,  though  with  •fome  alte- 
ration ;  for  tluv  f^n  r.t.uiird  ',\::'t  ancient  months, 
with  the  fivt.  aiidit^v;;>.il  Javi,  iuid  every  4th  Year  they 
inlcrcidated  another  day,  for  the  6  hours,  at  the  end 
of  the  Year,  or  between  the  jRth  and  zrjth  of  Angutt. 
Alfo,  the  bej^inning  of  their  Year,  or  the  tirrt  day  of 
the  mnnib  Ttioth,  anfwered  to  the-  29th  of  Au|guft  of 
the  Jtdian  Year,  or  to  the  30th  if  it  happened  to  be 
icap  Ymr. 

Tlt'jUftm  Gnd  YiAK.— Thtt  vaa  •  lunar  Year, 


confiAInpf  of  II  months,  wVicii  at  iitti  had  each  3© 
days,  then  alternately  29  a:.  !  3  :' days,  computed  from 
the  Jitit  appearance  of  the  new  moon  ;  with  the  addi- 
tion of  anenibolifmic  month  of  days,  every  3d,  Jth, 
Stli,  t  ith,  I4tbt  l6th.  and  i9ih  Year  of  a  cyck  <^ 
1 9  Years ;  in  Older  tu  keen  the  new  and  fall  moons  to 
ll:e  fanir  terras  or/i;al(iiis  of  ilic  Year. 

Their  Year  commciurd  with  that  new  tr.oon  wliich 
was  ncartll  to  thcf  immer  ft)lUicc  And  J  .  c:idi.T  cFthc 
months,  with  lisc  tmmher  of  their  diiys,  w  ere  as  follow  ; 
t.  ExaTo^flwr,  of  days;  S.,M«7»ywtyiiigr  30$ 
3.  Bcre'fcuivf  4.  M«M*<««T7fff4v  "Jo;    j.  fli/a- 

tt^ijiY  ig;  6.  n«*sAaflr  ;  7.  VaunyiL*  294 
8.  Ayiify(:uv  'jc  i  [>■  r.>.i?>;?5" 29;  lo.  Mitruxii0 

}  II.  Oa^y1l^Mlt  29  i  ^  12.  Liuftfifun  30.» 
But  many  of  tbt  Greek  nationa  luiil  other  nanwt  far 
their  months. 

The  Anrkta  Jtmfii  Yeae.— This  is  a  luhar  Year, 
ufiiany  coiilif.ingof  II  oKHitbs,  containing' altcn:acrly 
3'v  and  29  day^.  And  it  was  made  to  a^rce  with  the 
lolar  Year,  by  addin^j  1  j  I  f  tit.-timc*  12  days,  at 
tlic  ci>d  of  the  Y^i.'^.r,  or  h)  uii  (.rj.bol'finic  month.  The 
Older  and  quantities  of  t!ie  munth<  were  as  follow: 
t.  Nifan  or  Abib  50  djys ;  i.  Jiar  or  Zius  191 
3.  Sihaii  or  Sievan  30;  4.  Tbatnn/  or  Tamut  29$ 
$.  Ab  30  i  6.  £Uil  29 ;  7.  TijVi  or  Ethaoim  to  ^ 
8.  Marehefvam  or  Dul  29 ;  9.  Cifleu  30;  jo.  Teoeth 
29;  II.  Sabat  or  Schcbeth  50)  is.  Adar  in  the 
cmbolifmic  year,  but  tJty  in  the  common  year. — Note, 
in  the  defective  Year,  Cifleu  wa'ioi  ly  2ij  d*yaj  'and  |b 
the  redundant  Year.  M.irchefvuni  iv.-i.-,  50. 

lie  MoJtrn  'fc  -.K'j'l  \  i»  likowife  lunar,  coQ|t||a 
in^  of  12  moatiis  in  cuminon  Ve.xrs,  h«it  of  13  in  cnir 
bolifmic  Years  ;  winch,  in  ac\olc  of  19  Ye:lr^,  aivthc 
3d,  bih,  Sth,  nth,  i4tb,  17th,  and  i^tb.  Its  be*'' 
ginning  is  fixed  to  the  new  moor,  next  after  the  antum- 
nal  equinox.  The  names  and  oider  of  the  months, 
with  the  number  of  the  d:sys,  are  a<  follow  :  i.  Tilri 

30  days;  2.  Marchefvan  29;  3.  CiL'eu  3D;  4.Tr. 
btth  29;  5.  Schcbclh  jo  ;  (:  Adar  2);  -.  Vcadar, 
in  the  tmbolifmic  year,  30  ;  6.  Nifan  3c  ;  9.  Itar  29  ^ 
lo.Sivan  30;  1  i.Tharaiiz  29;  i:..A.b30;  13.EIUI  j.y. 

7l<f  Syrliin  YiiAR,  is  a  folar  one,  haviii^  its  begin- 
ning fixed  to  the  beginning  of  O&ober  in  the  Jiwan 
Year  $  from  which  It  only  difiias  in  the  names  of  the 

month';,  the  qnatulties  being  the  fmic;  ;ih  f'dllow  ; 
1,  Tiflirin,  aiifweriiig  to  our  Oclober,  asid  cnii;uiu::;jj 

31  days;  2.  Eattcr  Tiihrin,  containing,  like  Nuvci.i- 
i»er,  30  days:  3.  Canun  3I  ;  4.  Latter  Canun  31  j 
5.  Shab.it  1?,  or  29  in  a  leap-year }  6.  Adar  3I  { 
7.  Nil'an  50  ;  jt.  Aiyar  3 1  ;  9.  I  laziram  30  }  lO.  TImp 
mu/.  31;  II.  Ab  31  ;  12.  Elul  30. 

Tbt  Ptt^MiYsAUt  is  a  folar  one,  of  365  days,  con- 
filling  of  1 2  months  of  30  days  each,  w  ith  9  interca- 
Uity  <!jy*  ai:;':i!  iIk  ti.J.  !'.'<:  irnr.t.is  are  m  folhiw  ; 
1.  Ai'riidia  iv.th  ;  i.  A:,;::i„f  ht  tritl:;  3.  C,i;di 
meh  ;  '^.Th-r  mih  ;  5.  Mr  v'i.l  11  ;  (v  Schabarir 
mel>  ;  7.  Mehar  inth  ;  8.  Aiitn  nieh  ;  9.  Adar  ir.fh  j 
10.  r>?  mch  ;  I  t.  IJehen  mth  ;  12.  AlFlrcr  meh,  Ttiis 
Year  is  the  fame  as  the  Egyptian  NabonaTarcan,  and  it 
called  rife  ycKiU^erdic  Tear,  to  diliinguifll  it  from  the 
fixed  fi'!  .r  Yfar,  called  the  Gelakan  Y'car,  which  ihc 
Psr&ttii:>  uegita  to  ulc  IB  tfac  Year  to^9,  and  which  was 

ibnncd 
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fornici]  by  nn  intcrca1atloQ»  made  fix  or  fevm  timet  i* 
four  Y«aT«,  andthtn  once  CTcry  <tU  Yean, 

The  AraUct  Mahonutaa,  and  TurM/b  Y«««,  called 

alfo  thf  Vfar  of  the  Hrnrm^  ua  lotMr  Year,  fqwa!  to 
354''  8"  48",  and  conJiflt  of  tJ  months,  tontuining 
alternately  30  and  29  days.  Though  fomctimcs  it  rou- 
taln*  13  motiihs ;  the  names  &c  bciug-.  as  full<jw  : 
I.  Miiharrarn  of  3<-dara  5  Z.Saphariy;  J.  Raim  -(o  ; 

1.  Laitcr  Rabia  if);  5.  Jomnda  30 ;  &•  Latter  Joma- 
a  29  ;  7.  Rsjub  50  ;  6.  Sha:tban  ;  9.  Ramadan  30  ; 
la  Shawal29;  tl.  DulknnJah  jof  II.  Dulheggia  29, 
but  ia  the  anbolifmic  year  30.  An  intaialary  day  >i> 
added  mr]r  2d,  {tb/  ;tb,  loth*  I5tb,  if^  i8tb,  aift. 


S4tb»-tSdit  19th,  ia  a  cycle  of  19  Years.  The  montha 
commeace  with  the  ftrll  appearance  of  the  new  mouns 
after  the  conjundiona. 

StlAaptc  Yeak,  is  a  foUr  Year  perfeAlr  agreeing 
with  the  A^liac,  except  iiv  the  nanwa  of  the  montha, 
which  air;  I.  Maiciram  ;  2.  Tykympt ;  5.  Hy- 
dar;  4.  Tylliasi  'I'yr  ;  6.  Jscatil ;  7.  A).i,:ab!t; 
8.  Mijazra ;  9.  Gintut ;  10.  S^  ik' ;  11.  Hamel ; 
iz.  Hahafc.  latercalarjr  days  It  coromcocca 
with  the  Egyptiaa  Year,  oa  the  a9tb  «f  A»giiftof 
the- Julian  Year. 

YB8DEGERDIC  Yaaa.  See  iV^  Ysat. 


ZEN  / 

ZKNITH,  in  Aflrii'ony,  the  Tcrtical  point,  or 
point  in  the  heave:  j  dn  o  j)  overhead.  Or,  tin 
Zenith  it  a  point  in  the  fiirfacc  of  the  fphere,  from 
which  a  right  line  dra»vii  through  the  place  ofanj  fpcc- 
lator,.panea  throu^li  the  centre  nfihe  earth. 

The  Zentth  of  any  place,  is  alfo  the  po!e  of  the  ho« 
'■/r  n,  \::':.-r^  ilL^rri  fs  t'-idaiit  from  cvtry  puiiit  of  it. 
And  ihvoiijji'i  liic  Zvr.Itli  jkiIr  all  the  :i.-i:ii.u!i:i,  ur  ver- 
tical circles. 

The  point  diametrically  oppofito  to  the  Zeoith,  is 
Vailed  the  mi£r»  bein|;  the  point  in  the  fpherc  diredljr 
tinder  our  feet  s  and  it  iatbc  Zenith  to  our  astipodei, 
at  ear  Zenith  n  their  nadir* 

ZENiTH-Dj'f/rnfr,  is  the  diftancc  of  the  fiin  or  flar 
■from  our  Zenith ;  and  is  the  complement  of  the  alti- 
tude, or  wh.it  it  wants  ijf  f;o  <Ii-f;ri.-cs. 

ZENO,  Ei.EATEs,  or  <rf  El^j,  uiii  of  tliegrcateft 
philofophcrs  ;inii)ng  tlit  .\ncirn;s,  tl<n:nl];ed  about 
JOO  years  befoiL  tliu  Lhrillian -xra,  lie  was  the  dif* 
e^e  of  Pa'.  :.K';ilc'j<  <i,  and  even,  according  to  (iime 
imten^  his  adopted  fon..  Ariftotk  a^icTt^that  he  waa 
the  inventor  of  logic :  but  his  logte  teems  <o  have  been 
Calenhlted  and  employed  to  perplex  all  things,  and  nut 
to  clear  t»p  .my  thing.  For  Zeno  employed  it  only  to 
dlfputc  n^-  iiiirt  ali  co-i  ri  r ,  nnc!  Hi  iilfocc  his  opponents, 
vlictiicr  they  .irgiacd  iirl.t  <At  wrong.  Among  many 
Other  fubiletics  and  enilurj jITing  arguments,  lie  pro- 
pofcd  fomc  with  regard  to  motion,  denyini;  that  tlicr 
wasany  fuch  thing  in  niturej  and  Ariiloilc,  iu  tiie  61I1 
book  of  hi«  pbyfics,  has  ;.>rcfijrvcd  fomv  of  tliem,  which 
arc  extremely  fubttle,  <  :p-;ciall)  the  fiiiBouB  ar|^ment 
named  Achilles  ;  whu  li  ivk^  to  prove  thij  propi->fltion, 
that  th;  fwiftefl  animal  rtxil  l  never  ovittakt  the  llowcd, 
as  a  greyhound  alort<>;l",  if  the  litfiT  fet  out  a  little 
fore  the  former:  for  t'lippofe  the  tortoifr  to  he  100 
yards  before  the  dog,  rrnil  that  this  runs  ic?  times  ej 
£ift  at  the  oihcr  (  then  while  the  dog  runs  the  iirtl 
100  yards,  tjbe  tortoife  runs  t«  and  is  tbetefofe  1  yard 
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before  the  dog  ;  a^ain,  while  the  dog  mn«  over  this 
yard,  the  tortoife  wdl  rua  the  tooth  part  of  a  yard,  and 
will  be  fo  much  before  the  dog  ;  an^  again,  while  the 
doff  runs  over  this  looth  part  of  a  jm,  the  tortoilif 
wiQ  bate  got  the  lootb  pant  of  that  looth  pare  be* 
frm:  him  ;    and  fo  oh  continually,    fays  he,  the 
dop  will  al.vays  he  fume  fmall  part  behind  tlie  tor-  > 
toiic.     But  the  fallacy  will  foon  be  detected,  \vf 
confidcring  where  the  tortoife  «     be  w  lien  the  dog 
has  run  over  200  yards;  for  as  the  tuimercan  h;i\B 
TOO  only  two  yards  in  the  fame  time,  and  therefore 
mutt  then  be  98  jards  behind  the  dog,  he  confcM 
qtientlf  mnll  hare  overtaken  and  pafled  the  tortoife.  It 
has  been  faid  that,  t»  prove  to  him,  or  fomedilciple  of 
his,  that  there  is  ftich  a thii\ff  as  motion,  Diogenes  the 
Cyric    rofe   up  .inl  walked  over  the  floor. — Zrna 
(hew  tl!  };rLiit  eourdge  in  fiiffering  pain ;  for  having 
join;  tJ  u  aii  «;h;  rs  to  endeavour  to  reftoie  libeity  lo  hia 
country,  which  gunned  under  the  oppredioa  of  a  ty* 
rant,  and  the  cntcrpri^^c  being  difcovved,  he  fuppottcd 
with  extraordinary  firmne&tne  diarpeft  tottuics.  .  It  is 
crea  laid  tint  he  had  the  courage  to  bite  off  hi's  tr>ngue, 
aiid  fpit  it  in  the  tyrant's  face,  for  fear  of  being  forced, 
by  the  violence  of  his  torments,  to  difcover  liisaccom- 
ph'ces.  Some  fay  that  he  was  poundc«l  to  death  in  amortar. 

Zi'NO,  a  celebrated  Greek  philofophcr,  was  botn 
at  Citium,  in  ihc  I  Ic  Cyprus,  and  was  the  found- 
cr  of  the  Stf-ics ;  a  fcfi  which  had  Its  name  from  • 
that  of  a  portico  at  .'Athens,  where  this  philofophcr 
chole  to  hold  hi;  difcomfei.  He  was  caft  upon  that  . 
eoaH  by  (hipwrcck  }  and  he  ever  after  regarded  this  aa 
a  great  happiiiefi,  praifiu;;  the  winds  for  linv';i;;  fo 
happily  driven  him  into  the  port  of  Pirtcutn. — Zwjuj 
was  the  uifi  I'plc  of  Craii.?,  ;ii  1  had  a  great  number  of 
foHowerH.  He  made  the  luvcrcign  good  to  coiiiill  in 
dying  in  conformity  to  nature,  guided  by  the  dictates 
of  rtglit  reaibn.  ^e  acknowledged  but  oqc  God  ;  and 
admitted  an  inevitable  deftiny  gvcr  aU  events.  Hia 
.  6  fervant 
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ft  rvrit  taking  advantag-c  of  thi*  laft  opinion,  cried, 
he  wa*  beating  liim  for  difhoncrty,  "  I  ws»  de- 
fined to  Qtal  ;"  to  wliicii  Zmo  replied,  *•  Yes,  nnd  to 
bt  beaten  tot)."  Tl.ia  philoloplicr  ufcd  to  lay,  "  'I't.,-: 
-if  a  wife  n'.an  oiij;lit  not  to  be  in  love,  as  foiiif  pre- 
tended, Dooc  would  be  more  miierablc  tbiiii  beautiful 
■«iul  virtnoui  women,  fince  they  would  have  nooe  for 
their  admtrcri  but  fools."   He  alfo  faid,  "  That  a 
part  of  ItnowWjjo  t  onftlls  in  beiufj  ignoratit  of  ftich 
j(.i:^p,  s«  <r.ii;ht  nut  to  (k  known  :  ibul  a  friend  isniio- 
thir  )<li  :  tli.ll  H  lij'li  nit'Ur  ^'wn  ]icift<i;iotl  to  a 
v.ojk,  thr.i;-!!  pjrl'kloi-  is  not  .1  little  m.iU^T."  Ho 
cnirji.i-t li  tl.iife  whi)  fjn  1.0  veil  and  livtd»ill,  to  the 
ir.i'ti<.\  <if  Ali'xaniiri:!,  \\lin.b  wns  be.iiitifid,  hut  Coin- 

£>icd  wi  bad  metal.— It  is  f  id  that  being  hurt  bv  a 
It,  he  took  that  ac  a  Tt^H  Ik  v.m  then  to  quit  tlj* 
lift*  and  laid  violent  handa  on  himfclf,  about  364  ytan 
before  Chtilh 

CKarithes,  Ct_\fii'piis,  and  the  other  frirrcfTors  of 
Zeito  tr>aintaiued,  th.'t  with  \utiie  «ctnij.litbt  hsppy 
intbc  tiiidd  oven  uS  diij;r:;ci-  .lud  the  iroU  driadlu!  K.i- 
mtntt.  'Vlivy  admitted  tbe  extiU-ucc  of  only  one  Gud, 
the  foul  of  the  worUf  Wliicji  the/  conftdcrrJ  at  hit  bo- 
liy,  and  both  toncther-fenning  a  per&d  Ix-ing.  It  i« 
remarked  thar,  <«f  all  the  led*  of  the  ancieni  pbilofo- 
phcrs,  till*  waaoncof  thofc  which  produced  the  gjKMl- 
eA  (nen.  ^ 

We  ongbt  not  to  coofeund  the  two  Zenoa  above 
iMOitoned,  with 

Zeno,  a  celebrated  EpiciKeat)  philofophcr,  born  at 

SIdon,  viKj  h.  1  C^■ '.I'll  uiul  Po  iij  jiiiMs  Attn-usfor  hi) 
difcipu  ^,  iii.il  \k  ho  vvrutc  i  bauL  .i^iiill  itit  tnathrma- 
iiLS,  ufiiLh,  .1;:  wiltastliat  of  Poitidoniuit's  rcfittatiun 
of  it,  is  luti ;  nor  with  ftscial  other  Zeuo»  mciitiuiicd 
in  biftory. 

ZENSUS,  otZknzv*,  in  Arithmetio  and  Al^rbm, 
a  name  nfcd  by  (ome  of  the  oTder  autbore^,  i  fpccially  in 
G  i  inir  V,  fiir  ;i  fi  j;  jrc  number,  or  the  ^d  powiT  : 
being  a  corruptiim  tiom  the  Italic  (fi^'p  of  i'aciuh, 
Tartalea,  &c,  or  the  Latip  tnt/kt,  which  Ggoified  the 
fame  thing. 

ZETET:CJ",  or  ZtTErir  MeiknJ,  in  Mathenia- 
ti£i,  waa  tlie  method  made  ufe  of  to  invcAigate*  or 
find  out  the  folntton  of  a  imblem ;  and  was  mocb  the 

&mr  thing  a*  analytics,  or  ihcatiilytic  met  hod. 

Victa  has  nn  in;M  nioiis  work  o>  this  kind  in  5  books  ; 
Ztlflicirum  li!>it  'jUinquc. 

ZOCCO,  Znci'oLo,  Zoci.F,  ox  Socle,  in  Archi- 
tecture, a  fqnare  body,  lei*  in  hci;  Jit  lliaii  breadth, 
^ycd  under  thebafeeof  pedeAati*  iftatuea»  vafcti  &c, 
See  SociB  and  PLitmt.  " 

ZODIAC,  if.  Ailronomy,  an  imaginary  rinp  or 
broad  circle,  in  the  heavcos,  in  form  of  a  belt  or  };irdle, 
within  w  hicb  the  planets  nil  make  their  excurfioin.  In 
the  very  middle  of  it  runs  the  ecliptic,  or  path  of  the 
full  in  his  .intninl  courfc  ;  and  its  brcadlh,  comprehend- 
ing the  dcviatious  or  latitude!  of  the  planets,  ia  bjr 
Ibroe  author!  acconoted  ibme  iS*  andothcra  lo 
dcgreef. 

The  Zodhc,  rutting  the  equator  obliqtirly,  make* 

wl'.h  it  thefamf  it\;Ic  n^the  rcaptic,  whic'i  i-.  its  miii- 
)!lcliiie,  which  angk',  continually  varying,  is  now  neatly 


Zodific  orceliptict  and  it  ilTa  tbefiia^giyttcHMI* 

nation. 

'l"?ic  Zodiac  i";  diviihd  ir.to  12  equal  pait«,  of  jO 
degrci  i  each,  calLd  tlic  ii^nt  of  the  Zodiac,  being  fo 
nanu-d  from  the  ct.nlU  llationa  which  ancieotlj  paJTcd 
them.  But,  the  ilar^  having  a  motion  from  well  to 
eaR,  thofe  conRtlbtions  do  not  nowcomfpund  to  their 
proper  ligr.j ;  fi  oin  whcncc  arifca  what  ia  called  (be 
pn^ejfu.ti  oj tic  :qii\in>xit.    Attd  therefore  when  a  (lie 

'  ■    ■ ■  to 
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is  (aid  to  he  in  )i;>!i  a  i^'^n  of  iIk:  Zodiac,  'l 
be  iindt'i ilood  ot  thai  tu;n'ci;,illoii,  but 
di/dccatcniory  or  I2tli  part  ot  it. 

C.niaiha»aho  i;h;crvcd  .1  ti;**-^  imlif  heavers,  »itH« 
ill  whole  bounds  nuill  of  the  mtittf,  thcii[;h  not  dt 
.of  them,  are  ubteived  to  keep,  and  which  be  ihcfefow 
call)  the  Ztuliat  of  the  nmftt.  Thii  hr  make*  at  bread 
atthe  orhcr  Zodinc,  and  tnarkii  it  with  lit;n»  or  cja« 
flellations,  HUl'  tliat ;  an  An:iiK>>i?,  i'c^jaf-is,  Aadra* 
meda,  Tiiitns,  Orii>ii,  the  Ltfl-.r  Dog,  Hydrat  the 
CcntaurJ  Scorpion,  and  Sagittal  v. 

ZODIACAL  /.;?/•/,  a  bri-htrrfs  fomctimej  ob- 
ft  Tvcd  in  tlic  /cdi.TC,  refcitibliiijr  th»t  of  the  galaxy 
irrlky  way.  Itapptars  at  eertair  feafons,  rii,  towardl 
tlic  end  of  winter  and  in  fpn'rg,  after  fimfet,  or  before 
his  fifing,  in  autumn  and  bc<;innin^  of  winter,  tt- 
fcn.b'ing  the  form  of  a  pyrainid,  Ijriag  leiigthwap 
witlt  axt£  alon^  the  zodiac,  itt  hue  bcin;;  placed 
obliquely  with  iclpcti  ii>  the  horizon.  This  pbeno- 
mctitm  was  firfl  dcfcribed  and  named  by  the  elder  Cat- 
fiiil,  in  i6Hj.  It  \v:n  afterward*  obfer^'<fd  by  Fatii', 
in  iT'Sc,  nnd  i6b6;  alfo  by  Kirch  and  £,iffimart» 

in  1688,  i6(;i,  1695.  a>'d  1694.  SeeMaiMn* 

Suite  dct  Mem.  de  TAcad.  Aoyale  dct  Scieaeca  173U 

The  Zodiacal  light,  eccordinp  to  Mairan,  is  the 
fol.ir  atnuifphere,  a  raie  and  (ubiile  fiuid,  either  ht- 
minous  by  iifell,  or  made  fo  by  the  ray"  of  the  furi 
furrouudiag  it«  globe  {  but  in  a  greater  quantity,  and 
more  cxtemlTelj,  about  bi«  equator,  than  any  other 
part. 

Mairan  fays.  It  may  be  proved  f:;  ni  many  obferva^ 
tiom,  that  the  funV  atmolpheiv  foinct<nie$  reachctat 
far  at  the  eaith'e  orbit,  •m  there  meeting  with  our 
nrmofphere,  produce*  the  appearance  o£  an  Auroi«. 

bortalrs. 

Tlic  length  orilii  I'i.i'.  il  K^lii  varies  fometiuits  in 
rctlity,  and  fomctimcb  in  appearunce  only,  from  vaitoti* 
caufes. 

Cadini  oftrn  mentions  the  great  rcfemblaoce  between, 
the  Zodiacal  light  add  the  taQi  of  cnmeti.  The  (ame. 
obfervation  has  been  made  by  Fatio:  and  r  en- 
deavourrd  to  prove  that  they  were  owinj;  to  i  .ir.Ii.r 
c  iifi  '.  Sec  Drccnveitc  di."  la  Lumicrc  Cckite  qiU'  pJ- 
ruit  dans  Ic  Zodiaqiie,  art.  41.    i^itre  a  M.  OidVmi* 

frinted  at  Ainflcrdam  in  1686.    Suler,  in  MefB«dc 
Acad,  de  Drilin,  torn,  z, 
I'hi*  light  fecir.s  to  lave  no  other  m<itioti  tUati  liu'. 
of  (he  fun  iifcif;  and  it»  extent  from  the  fun  to  itt 
point,  it  feldom  lefa  than  50  or  60  degrees  in  Icit^th, 

and  more  thnn  ;o  decrees  in  brcidch  ;  l  i  t  ■ 
been  known  to  exttnd  to  100  or  103°,  auJ  ti  uiu  j  w 

9°  broa  1. 

It  is  now  geneiallv  acknowledged,  that  the  cUcirtc 
:j  i»  .L._  .  r.  _f  .1.^  r  i  t!. 


equal  to  2i*  iW    which  it  cailcd-lbe  vbliqittty  of  the   fluid  ia  the  uiitfc  of  the  aunua  faai«i%  afcribcd  by 
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MainM  ta  the  foUr  ctiaorplteMi  wUeb  noducii  Uw 

Zodiaical  li^lit,  and  which  U  thnwn  o(F  diwfljr  «nd 

to  the  greateft  diftancc  from  tlic  cquaf  orial  parts  <)f  the 
fun,  by  inrans  of  the  rotatiiin  on  axia,  and  cx> 
tending  vitibly  at  far  m  the  orbit  (if  tin  ^  .n!i,  where 
k  feUi  into  the  upper  rrjjions  i>f  ou*  iUnofphcrc, 
and  ii  culi'.fted  chiefly  (.m  il  1.  t!iL  polar  partJ  of  tliu 
earth,  in  confequencc  of  the  diurnal  revolution,  wbcrc 
it  fortnt  the  aurunt  borealii.  And  hence  it  tiM  htn 
fug(;elled,  ai  «  probable  conje<flitftt  thtt  the  fun  tnty 
be  the  fi>uniain  of  the  elcdtical  fluMf  and  thjt  ibv 
Zo^tui  light,  and  ihe  tails  of  ooHMtJL  W  W«U  U  thtt 
itiron  boredUi,  the  li^jhtninj^.  and  ntinelal  eleArfctty, 
n'  ■  :■  ;  .'im'oii*  and  not  very  liiiriiiii'tjr  rnuJilK  Utioni, 

/,ON'U,  in  Gcograpliy  ftutl  Ailroaynvy,  J  t;I..'.]on 
of  tlie  eartli'i  furface,  by  menni  of  parali^I  t  iirlci, 
chiefly  wu't.  rcipcct  fothedesjrceof  beisit  Ir.  the  ii;tfLicnt 
p«rt«  of  th.it  lurfaijv'. 

I'hc  anL'ictit  aitrononim  ufcd  the  term  ZooCi  to 
expUIi;  ihc  diflerent  appearancet  of  the  fun  and  other 
bMvcnIy  bodies,  with  the  length  of  the  days  and  nightf| 
md  the.  geographers,  as  they  ufcd  the  climate*,  to 
Mrk  At  fitaMMn  of  pfaKcti  ufing  the  t«iiii  oUmitf 
when  they  wm  aUt  to  be  more  w6tt  vtd  the  term 
7,  :  L  vi  litn  lefi  fo. 

i  he  Zonet  were  cnmraoaJy  accounted  five  in  nam- 
ber  I  OIK  a  LtoaJ  Ink  round  the  middle  of  the  earth, 
having  the  cqimtor  in  thf  vfry  TBi'ddlc  of  it,  and 
bounded,  townrdj  the  north  ard  fouth,  by  parallel 
circlet  pafling  through  tlic  troptc*  of  Cancer  and  Capri« 
com,  Thia  they  called  At  WriJ  Zont,  which  they 
topofed  not  liabitable,  oo  wematof  iu  ntmne  heat. 
Tiiough  fomctimei  they  difidcd  tbw  into  two  o<)uiil 
twiid  SBoBttf  by  the  (quttor,  on*  i«  th«  north, 
tin  othat  bath  t  and  the«th<  whole  number  of  Zonci 
WW  accounted  6, 

Next,  from  th?  tropu  t  of  Cancer  anii  Capriioiji,  to 
the  two  ))oliir  cucKh,  wcri'  t^u  o'.\i<;r  fpAtc*  called 
Itmperatt  Zohc/,  at  bciag  moderately  warm  |  and  tb«fe 
ihey  fuppolcd  to  bo  tM  onljr  biMMblf  pwti  of  Um 


LaStj,  the  (R-o  fpaect  berood  the  ifHipertfr  Zxir*. 
•boat  fithcr  poll-,  bounded  within  the  pour  cm  K .-,  «::<j 
having  tht  polei  in  the  middle  of  tiuin,  air  the  tun 
t^'iil  or  frcizfit  Z  xrj.  Hud  wliicb  ihry  fiij>|)or«.'d  n^'t  la- 
b.'lablf,  on  account  of  the  extreme  t>)l<l  there. 

Hmcc,  the  breadth  of  tiie  tortid  Zuiie,  in  cqnil  tn 
tv»ii?.  [lie  grcatci^  declination  of  the  fan,  or  obiiijuity  (d 
the  ecliptic,  equal  to  46"  56',  or  twice  ti''  Jiai;h 
frigid  Zone  it  nlfo  of  the  fame  breadth,  the  dilUncc 
mm  tbe  pole  to  the  poUr  circle  being  equal  to  tbo 
i«in«  dhliouity  ti"  28'.  Add  the  bre:i(!th  of  eacii 
template  iCoae  ia  equal  to  4g*  <^',  the  complement  of 
twice  tbe  lame  ohllqiuty.  See  thele  Zones  'exhibited 
In  plate  ^Si  f'.T' 

The  difiVrti^vC  of  Zooet  ii  attended  wi;h  a  grtat 
diverfity  of  phenomena.  1.  In  the  torrid  Zone,  die 
fun  pafTca  through  thu  /enith  of  every  place  in  it  twice 
a  year  (  making  u  it  were  two  ftimmert  in  the  vear  1 
and  the  inhabitantt  of  thi»  Zone  are  C4ilcd  0t^'i/i:iaHj, 
bccaufc  they  have  their  noon<day  (hadowi  prujected 
difltrcnt  ways  ip  diievcpttiaica  of  the  ftM,  nonhwifd 
nt  one  feafon,  and  ibpthwwd  at  tbr  other* 

»•  In  tha  tenpnata  and  Indd  2oncif  tbe  fun  n'fea 
and  li!ti  fverf  natnnd  day  or  14  hourt.  Yet  e«erf 
where,  but  under  the  equator,  tbo  artificial  day.  an: 
of  uneqiual  length*,  and  tbe  inequality  it  the  greater, 
b:  ihc  pWe  i»  mtbi  r  fri,m  tl.t  L«ju*tor.  Tbo  inhabi« 
tun'.j  or  thi>  tftrspiratt  /.oiwt  b:v  called  Irttro/ciaaj , 
h<:ciu('-  Uicir  noon.diiy  ihatl  iA-  14  ta;l  the  fame  way 
ail  the  year  roundf  thofc  in  tbe  north  Zone  toward 
the  north  pole,  aM  iboGi  ia  (Im  fenib  Zone  tenrard 
the  fouth  pole, 

1.  Within  the  frigid  Zooei,  tha  Inhabftanli  bare 
tbrlr  artlfioial  dare  and  nights  ettcnded  out  to  a  great 
length  I  the  Am  iometlinct  fldrting  rotind  a  little  aborc 
tl.i- liun'/on  for  mmy  together  1  ».  d  at  another 
fe*fu.i  in  vcf  rijjog  abowthe  horimn  ai  b1!,  biu  irssking 
oonti.  uiil  iiighl  for  a  conridcr-i'  J.-  I'pacc  of  litvie.  Tlio 
luhatiitaiiti,  u1  thefe  Zonn  ar«  called  ffff/fknt.  bccutfo 
funutiiiHi  ihty  l.avc  ihctr  Aiadowf  HOisy  l)WttmiMl 

ti\m  in  tbe  ffwtie  of  14  \»am, 
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ADDENDA   ET  CORRIGENDA. 


A. 


A  C  H 


^CCELE RATED  p.  18, col.  1,  line  J 7 

fmall 

inflant,  rfitd  M  ever)-  mumcnt. — 1.  :  Hon  Iwttom,  /ar 


from  the  botlom,  ajfifr  fecond  infiant*  W</|  or 
rmall  part  of  ti'me^I.  6  from  the  bottom,  Ar  in  every 

■      "     iboi  " 


16,'^,  read  Ji^  — col.  2,  L  J  and  2,>r  52;,  48i.64lf 
naih^it  961,  i«B}. 

ACCEr.ERATIN'a  ^ww^pa.  si.coLs,  t.27«/«- 

mjiiircs,  read  acquire*. 

P«.  as,  ccd.  2,  L  16  fnm  the  botton,  for  f  s  m 

«  •  ■  * 

tnd  /  =  VI, — ^ncxt  line*  for  t  and  f*  fcad  i  lad  u  ' 

ACHROMATIC,  pn.  »f«  eoL  s,  L  i^^yirfifac- 

tions,  rrrt//  refradions. 

Pa-  i\  coL  I,  I.  \i,  f*rVtr\txK,  rraif  ^erltM, 
After  I.  r;,  /I///,  Sincf  t 111 n  article  \ra'i  pointed,  I  ob- 
farvc,  in  tlie  3d  Tolimie  of  the  EdinJiurg-i  Ptiilofophical 
Traiifattionn,  nn  account  of  a  curioin  let  of  cxperiiiu-uts, 
on  the  unequal  rtfrangibility  of  light,  with  obiVrva- 
tiiinit  on  Aciiromiiic  tclcfcopef,  by  Dr.  Robert  Blair. 
Thia  ingenioua  ^ntlcman  feta  out  with  obfenring,  "  If 
the  theory  of  the  Achromatic  tcUfcope  h  io  complete  aa 
it  has  been  reprefcnted,  may  it  not  reafonably  be  de- 
manded, whence  it  proceeds,  that  Hugeniu*  and  olhen 
could  ixcc!jtc  telcfcopcs  with  fin^jlc  object  glafits  8 
jiH-hcii  and  iipwartls  in  diameter,  wliilc  a  compound  ob- 
jrcl  fjlafs  of  half  thefc  dimenfions,  i»  hardly  to  be  met 
V  ith  ?  or  how  it  cm  ;>tTe  from  anv  defeA  in  the  execu- 
tion, that  rcflcfters  c  !>e  made  fo  mUCh  fturtcr  than 
Achromatic  refra&ora  of  eijoal  apertnitflt  when  it  ia 
well  known  that  the  latter  ate  much  leTiafeAed  hr  any 
impcrfef^it'n:!  '11  the  execution  of  the  leufes  compofiii^ 
the  object  than  refirdors  are  by  equal  defttria  in 

the  figure  of  the  grest  fpecuhiin  — Tlic  general  anfMir 
made  by  artiftn  to  enquiries  of  this  kind,  ii,  that  the 
fault  lie*  in  the  impcrfciUon  of  gbfs,  and  p.Trticut.nly 
in  that  kmd  of  glafs  of  which  the  concav;  Iriis  t»f  ilic 
compound  iibjrft  plafs  i«  formed,  called  fl  hi;  j;]  ifs — i- 
'Tt  4ina  ito  Dtder  tofatitfy  myfclf  cuneerningtiierealttT 
of  thi'a  iliffictdty,  and  to  at^emfit  to  remove  it,  that  I 
mpa.I^ed  ii;  ttu-  r.l'ov.-injT  courfe  of  CX';;  r;n-''iits." 
■  Dr.  Yihlv  iit  Unbcit  the  ap;»anitns  niui  manner  of 
making  the  rxpcrtmcnt!'.  He  employed  v.iiious  priltns 
of  different  ktuUs  of  gtaT*  ;  ailu  kuici  of  ^f«j  aud  of 
Vol.  II, 


ACH 

a  pr^it  varietur  of  fluid  mediums,  having  difTcrev  t  (V- 
grcti  ot  refnittion.  Having  detsilrt!  the  whole  at  con- 
Sdcrahle  length,  for  which  a  rcfcrcuc.  m  jll  be  madetv 
the  workitfelfi  and  it  ia  very  deferring  of  atteotive  pc* 
ro&t>  he  coodudet  with  the  fbnoving  recapituhtioB  of 
the  contents  and  fcupc  of  the  whole  difcourfe. 

The  unequal  rcfrangibfUty  of  light,  as  difcovcred 
and  f«Hy  rxv!  i  ud  by  Sii  Ifanc  Newton,  fo  far  Hand* 
it»  groimd  uncontrovtited,  that  when  the  refraftion  i» 
made  in  the  confine  of  any  medium  whattvcr,  uni  ,1  v.i- 
ciuim,  the  ray?  of  difTcicnt  colours  arc  unequally  re- 
fr.icUd,  tlic  i  td-raakin^  rays  being  the  leaft  rcfrangi-* 
Ue»  and  the  viokt-maLinf;  rayt  the  moll  reftancibU. 

*'  The  dilcofery  of  what  has  been  called  a  dSffiireae 
difperlive  power  in  different  rcfraflive  medium*,  prove* 
thofe  theorems  of  Sir  luac  Newton  not  tti  be  univer- 
fal,  in  which  he  concludea  that  the  differcni  t  1 1  refrac. 
tion  of  the  moil  and  Kafl  refrangible  rays,  always  in  a 
given  proportion  to  the  refraftion  of  the  mean  refran- 
gible ray.  There  can  be  no  doubt  that  this  pofition  ia 
true  with  rcfpcif\  lotbemedittmton  whieh  he  madehta 
ezperimenta  i  but  there  wrcwaaj  fzoeptions  to  tt« 

•*  For  the  experiment*  of  Mr.  Doliond  prove,  that 
tht:  (t'lTLTcncc  (if  rcri.'.flinii  bctwirn  the  red  and  violet 
ray:-.,  iti  prupcuiou  tu  the  rL'':uHuiii  of  the  whole  pencil, 
is  [;reater  in  feme  kii:d«  r>{  gl.ih  th:iu  in  wKtCr,  aod 
greater  in  flint-glafs  than  in  crown-giafs. 

*'  The  firll  fei  of  experimenU  above  recited,  prove, 
that  the  quality  of  difperting  the  rays  in  a  greater  degree 
than  crown-gLifi*  iantit  confined  to  a  few  mcd'imtSi  bat 
ia  pofleffcd  by  a  fircat  variety  of  fiuida,  and  br  iitme 
of  thefe  fn  a  mo8  extraordinary  degree.  6^1nti<in«  of 
nict;ds,  efTentlid  oils,  aud  minet.nl  aeids,  with  the  exci 
tion  of  the  vitriidic,  arc  moft  remark  thV'  in  thib  refpcrt. 

"  fiome  conf.  jiii'iiLt^  of  the  combiraticms  .of  me- 
diums of  diCTcrent  dilperfive  powif,  wliirh  have  not 
been  r-iitfiiicntly  attended  to,  are  then  ixi>!.itiK.i.  Al- 
though the  grrater  rcfrangibility  of  the  vioK-t  rays  th  n 
of  the  red  rays,  wlitn  tight  pafles  from  any  lucdium 
whatever  into  »  vactJum,  may  be  confidercd  M  a  law  of 
nature,  yet  in  the  palTa^e  of  l;:;ht  from  one  aioJtutn 
into  auotl.cr,  it  dc;.end:i  (:  •  :c';:  on  the  qualities  of 
the  incdinm!!,  which  uf  theic  rays  fliall  be  tlic  moll  ro 
f;  .iiyible,  or  v.hethcr  thxn  Hiall  be>iy.dif<»tiice  in 
their  rcfrancibilityt 
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*'  The  nppltcation  of  ihu  detnonilti;  lurii  ^.i  tl  i^c- 
»i'!Mc)  the  corrcttion  of  tlif  aberration  fro  ii  thi  Ipiun- 
cal  ftqurts  uf  lonlct,  wbc(bcr  Iblid  or  tiaid,  it  ihcn 
Uktl)  inKice  uf,  as  brui^  the  MSt  Acp  tVWflnll  ftX- 

Ce&tiw  the  theory  of  lelckope*. 

**  N«t  it  appears froai  tniU  made  «nth  objc^l-gbflV't 
•f  very  Isrge  jperturet,  tn  which  both  abemtiont  are 
correArd  a»  fmr  as  the  princtplea  will  admit,  that  tlie 

Currvfl'o'  cjluiir  wh-cli  is  obi  liiici]  hv  ttic  rcimincm 
co;ul,inatioii  of  t«  u  iTuiliums  which  diSer  in  dilpeidve 
jiowgr,  is  not  c  >n\plrtc.  The  iKMnngciicul  green  rayi 
emei'gi.-  nioft  rt  trai'lrd,  nest  to  lliete  the  iinitrd  blue 
aad  yellow,  tlRn  the  indigu  nnd  orange  united,  and 
hitiy  the  united  vidct  Hud  i*d,  wbkb  we  leaA  refnidcd. 

•*  If  this  prodnfiioh  ofcoloar  wcr*  eonflant,  «nd  the 
length  of  the  {ecoodaty  fpcdniB  weic  the  fame  in  all 
conibinationa  of  mediumt  vrlm  the  whole  refrafitoa  of 
the  pencil  is  equal,  tlu-  p;-rfi.-A  corrtf^ion  of  the  aberra- 
tion finm  diticri:iiL;t  ot  rcti ai  j;ibility  wuiild  be  UDpoiG- 
bit',  and  ivuuU!  rcm^tu  an  iiifurniouiitabic  obUnB  to 
the  impi'ovcn^cnt  of  dioptrical  iniirumcnta. 

"  The  object  of  the  next  ezpcrimeat  is,  thrrcforr*  to 
{iearcli,n'hc  titer  nature  affords  mediums  whichdiiTerio  the 
d^(i«e  in  wkiditliey  difpcrfcthe  raytcoropafingthc  prif* 
natic  fpcdroaa,  nd  at  tkc  fimc  time  fep^rate  the  le- 
•  vml  orders  of  rays  in  the  fame  proportion.   For  if 
fiich  could  be  Fuuck],  the  above -mcittuincd  fecondarjr 
fpt'ttruot  wuuki  vjiiifh,  and  the  aberration  from  differ- 
ence of  refrao^ihilily  mijjlit  be  removed.    The  rcfult  <»f 
.this  inveliif^tKXi  was  onfuccefsful  with  rdpc^t  tn  its 
|iHncipalabje^.    In  every  combination  tliat  was  tried, 
■tkt  MW  kMd  of  UACorrc^^ed  oolqMr  WMubfertcd,  md 
it  «ii  thence  oooduded,  that  there  via  do  dnffk  aw- 
ihod  of  remowiog  the  ahcrratiun. 

"  Uut  it  aapcarcd  to  the  couKc  of  the  experinenti, 
that  the  bifaatn  of  the  fecondary  l[>c<'lrurn  was  Icfb  in 
tome  uMiiL>ii)3ttuns  than  in  othcti.,  iiud  thence  an  iiidi- 
icA  way  opened,  Iradin;;  to  tlic  currei^iioii  fuu<^ht  at- 
.Icr  I  namely  by  forming  a  coojpouiid  concave  ki»  of  the 
Itutcrials  which  produce  nuiii  colour,  and  4Xia)biaitH|; 
it  with  a  oooipotMd  coovcx  km  fortncd  of  the  WMurim 
tfAich  produce  Irail  cokm  1  and  it  waa  Menti  ia 
what  manner  ihia  might  be  rffcdcd  by  meauit  of  three 
jnediums,  though  appmnily  four  arc  ret^uiu-d. 

*•  III  fearchin^  lor  medium,  U  il  aiiaptcd  for  the 
above  piirpofe,  a  wry  {inguUr  wil  impocUu;  quality 
WAS  dctedcd  in  the  muriatic  acid.  In  all  the  dii^rfive 
uicdiumt  liitheito  examined,  thegrceii  lays,  %vhich  are 
the  mean  reitaivible  in  crown-glifk,  were  fuoad  among 
the  teftfcfraupUe,  and  thence  occafioo  tkeiMOorrcftra 
calour  vhkhCn  been  defcribcd.  In  t)ic  iMiiHticwid»  on 
jhe  contrary,  tbefe  lame  rays  make  a  part  of  the  more 
lefnn^iblci  aivd  in  conlequencc  of  tltis,  the  order  of 
the  (Liluurs  in  the  iMOOaarj  fpcflrum,  formed  by  a 
iombinution  uf  crown  glalt  with  this  fluid,  ib  iiivcncd» 
the  borr.ogcrical  j^'rccn  beinfj  now  tlic  lead  nliaogiblct 
and  the  united  red  and  violet  the  moil  refrangible. 

"  Tliis  remarkable  quality  found  in  the  marine  acid 
kd  to  GoatpleM  (ncocla  u  reswvuig  the  gittt  dc&6  of 
•ptkid  ioftniaKBla,  that  diflipatien  or  ihcmtion  of  the 
rays,  ■rifng  from  their  unetfual  refruigibility,  which 
hsis  rendered  !t  iinpoimjie  hitherto  to  conTcrge  all  of 
tberaiit  nt  pr  3  t  i  t her  by  lingle or oppofite  refractions, 
A  llaid  m  wbtci;  lUc  panidu  of  uuuioc  acjd  and  neut 
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11:  0  p.irticU's  hold  a  due  proportion,  at  the  fame  time  tliat 
it  ii]>;ir,iUa  the  i:,ireme  ray.",  of  the  fpecUum  niucJi 
more  than  crou  n-glaf<,  rcfra^ls  all  the  tnders  of  rtyt 
tjca£tly  in  tlie  fame  ]>roportion  as  the  glab  docsi  and 
hence  rays  of  ail  colours,  made  to  diverge  by  tlie  refac- 
tion of  the  glals,  any  either  be  rtndcred  parallel  by  a 
fitbCcmieni  refraction  made  in  the  coofiae  of  the  gjw 
and  this  fluid,  or  by  weakening  (he  refra&Ive  dn^ty  of 
the  fluid,  rhr  ri  ti .iftiiHi  which  talus  j  l.i:!  in  the  uiii- 
fine  ul  il  and  ;.;l  ii>,  iti;iy  be  itnden  i  aa  ii  jjiilaraA  re- 
flexion, wfiilc  thi'  (.n  orii  arifnig  trim  uii^vuidabk  im> 
pcrfcdiot).*  of  worknianthip,  arc  far  Icfs  hurtful  thaa  ia 
reflexioQ,  and  the  quantity  of  light  traaiiautt^  bjr  Cfol 
aperture*  of  the  tckfcupcs  much  grvater. 

'*  Soch  are  the  advautagcs  which  the  theory  pre  ten  ti, 
la  redneii^  this  theory  to  pradice,  diflkulties  mnfl  be 
expired  m  the  firft  attempt|k  Many  uf  tbefe  it  vrai 
nrtfiTary  to  riirn.oiinl  before  the  experiments  could  b: 
completed.  I'oi  the  delicacy  of  the  obfeTralions  i< 
fuch  Ai  toK  tjUiiea  confidcralile  df  g^rce  of  pcrfeflioo  la 
the  c  xccution  of  the  objcd-glsffet,  in  order  to  admit  of 
the  phenomena  being  readcitd  more  apparent  by  mesas 
of  high  magnifying  powert^  Great  puns  feera  to  have 
been  taken  by  machcmatioan*  to  Httle  jpurpofe,  in  cal* 
dilating  the  i«di>  of  the  fpheres  reqnifite  for  Achn^ 
matic  tcteftopes,  from  their  not  conliderin^  that  the 
objed  {^lafs  itfclf  h  a  much  nicer  teft  of  the  optical 
prupettic»  of  rtfrai^^ing  mediumt  than  tiie  grofs  experi- 
ments made  by  prifnij,  and  that  the  rcfulis  of  tiitir  lie- 
mouAraliuns  cannot  exceed  the  accuracy  of  the  data* 
however  much  they  may  MfiMirlof  it. 
-  I  fluU  cwt>cfaidctbiaiMpcr»  which  liaatioir  greatly 
oxoeedcd  itaiotcadcd  boaaoa,  bj  eawsentingtbe-fct^ 
nl  cafes  of  Uac^aal  rcfra^gibOity  of  light.  dH^thdr 
varietiet  may  at  once  be  darly  apprehended. 

"  In  the  ieriat\ion  \vliii,S  takes  place  in  the  corfidf 
of  oci  V  kiKivvil  iin-diuni  and  ;i  vacuum,  rnyb  of  differesil 
colours  are  ui.evji>;.lly  n  lian^'ibic,  and  tlie  red-niakirig 
rays  are  Icaii  rctiaugibic,  aud  the  viokt-utaJr  ing  rajs 
are  mod  rcfran^jibk. 

■  Tbia difference  of  refrai^gibiUtf  of  the  red  aad  no- 
let  rays  w  not  the  lame  la  all  mediuaia.  Thole  naediumi 

in  which  the  dlffcivncc  is  grcatell,  and  which,  by  000> 
Icquencc,  feparale  or  difitcrfc  the  rays  of  diflvtent  co- 
lours nioti,  have  bciii  ditliii^iiillud  by  the  term  difj'tr- 
five,  and  thole  mediums  ^vhich  ftpatate  the  rayi  lull 
have  Intn  called  aidiipvrlive,  Dii,  erfivc  ^lcdlum^  d.l- 
ftr  from  indifpctiive,  and  Hill  more  fiom  each  Mha,  ia 
auotlier  very  eflcntial  circtmtance. 

**  Itappotra  from  the  operineali  which  hne  beta 
-laade  ««  iDdi(j>erfi«e  anedhioia*  ihit  the  aau  ichaa- 

E'ble  Ijght  ia  the  IkOMt  *wl  of  a  fftat 

MX, 

"  Now,  ill  by  far  the  large  (1  clafs  of  difpcdive  me- 
diumij,  including  tlint  gkffc,  metallic  folutiooi,  effca- 
lial  oils,  the  green  light  is  not  the  mean  i  el  rang  ibic  or- 
der, but  fornw  one  of  the  ktis  rctiai^ibk  ordeis  of 
light,  being  found  io  the  prifmatic  fpMktm  oemer  M 
tm  deep  red  tbao  tbecxtiene  vkkt* 

**  la  aaolbcr  daft  of  difpcrfire  jncAnua,  whidi  ia^ 
eludes  the  muriatic  and  nitrous  acids,  this  lame  greea 
light  become*  one  of  the  more  itfrangibk  oxdcr*,  being 
now  found  WKcr  lb  the  cttnaie  vioki  thiu  the 
deep  red. 
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•'Tbefe  we  the  nrietic*  in  the  refraBgibility  of 
ligktt  vrbea  the  reftiAiM takes  pisre  in  the  confine  oF 
■«  nennm ;  ud  the  pheaomen  wiJl  fcuce  diiiet  fenfi- 
Ujrhi  KfraAkmtmdeiB  theoonfine  of  drnre  medituat 
awi  air. 

*'  But  wlien  iicht  palTet  from  one  denfe  medium  into 
anotlier,  the  cam  of  oocqual  icfinagibtUtj  tre  aiaec 
complicated. 

*»  In.reKt^nt  inade  ia  the  codine  of  mediums 
«hieh differ  only  iaftrei^h,  not  in  quality,  a«  in  the 
confine  of  water  and  crown-glafs,  or  in  rhe  confine  of 

'  llic  difR-rtnt  kinds  of  difperfivc  flwidi  more  or  Icfs  di- 
luted, tlic  diffcirnceof  rcfran-jihiliiy  wiinie  the  fame  at 
alwve  Hated  in  tlic  conliiH-  oi  i]cn!c  mcdimtt  tad  RH> 
only  the  whuk  rerta&iun  will  h>:  ki^ 

,**  1»  the  confine  of  an  indirpcrilvc  medium,  and  a 
larer  BMdiuni  tdongiog  to  cahcrckiaof  thedifpcr- 
five,  tlie  red  and  violet  tays  maj  be  nadcrcd  equally 
r<  f  .jr  t;iMt  .  If  the  difperfivc  jx  wcr  of  tlx  rate  medium 
b'.-  il<..ii  Iiicreafed,  llic  violet  ray*  will  become  the  Iraft 
icfrdii^  Lk-,  aud  the  rcti  rr^ys  ilic  moll  rcfiaugiblc.  If 
Uic  mean  rcfrad\ivc  denfity  of  the  two  medium*  be  ren- 
dered equal,  tlic  nd  and  vitiUt  rays  will  be  itlraCtid  in 
oppobu*  diie^kuut  the  onei»waTdi,ihe  ulbci:  frwoi  the 
pcrpjcndicubr. 

"  TIaijit  I  nppcn*  to  the  red  and  viulct  rays,  which- 
•  foevcr  tlalb  •.>''  <1: (j)trfiye  mediuwH  be  employed.  But 

the  icfiaii^^ili;li:y  ol  iht-  inrcrincdi.uo  oidcrs  ut  rays,  and 
-cfpecially  oi'  ilie  giecii  raya.  wiU  be  dtOcicnt  wbco  the 
claftof  difpeiTivc  mediums  i»  changed. 

"  Thw«t  in  the  fiift  cafe,  where  the  red  mnd  violet 
ra^i  wv  rendered  equally  refnmgtble,  the  green  raya 
will  emerge  moft  refrangiUe  if  the  liiifl  dafs  of  difpcr- 
five  mediumii  it  ufed,  and  Icaft  refrangible  if  the  fecond 
'  clafa  i*  ufed.  And  in  tlic  otlier  two  tnfcs,  where  the 
violet  becomes  leaft  refrangible,  and  the  red  moll  re- 
frangible, and  where  tlufL  tuo  kmil;  of  rays  arc  ic- 
fraded  in  oppofitc  dire^iont,  the  green  raya  will  join 
the  red  if  the  firll  ctafs  of  difperfivc  medium*  be  em> 
pbfed*  and  will  ananae  thenl'ei*e»  with  the  violet  if 
the  feeood  clifc  be  made  tife  of. 

••Ol  1y  oticcifcmuic  ofuiKq!!;!!  itTrflnj^iSn'tv  remains 
to  be  lUtcd  ;  and  that  in,  whtii  light  is  ulractcd  in  the 
confine  of  medium*  belongiiijj  to  tlic  two  cJil1:rtr.t 
clalfcsof  differfife  fluidd.  In  its  tr-infition,  for  exam- 
ple, from  an  eflentinl  nil,  or  a  metallic  folution,  into 
the  muriatic  aeid,  the  refiadivc  denlity  of  ihefc  fluid* 
may  be  fo  adjullcd»  that  the  red  and  violet  rayt  (hall 
fuffer  no  reftaAion  in  paSng  from  the  one  into  the 
other,  how  oblique  foever  tnetr  incidence  be.  But 
the  green  r.iy*  will  ihcnfufFlr  a  confidcmble  reflation, 
"  and  ihi*  refraflion  will  l)c  from  ;hc  jierpciulicHlar,  *heu 
light  pafli  -  ti  l  m  tlu-  inuriitio  .icid  )n'o  the  <'fr!-ii'i;il 
and  towards  the  perpendicular,  when  it  pafFes  from  the 
clRM^al  oil  into  the  ronriatic  acid.  The  other  ordtri 
of  taya  will  fufiinr  fimiW  refradian*,  which  will  be 
greatett  in  thole  adjoining  the  greeny  and  will  dimi« 
ni(h  a«  they  approach  the  deep  red  on  the  ooe  hand, 
and  the  extreme  violet  on  the  other,  where  the  refrac 
lion  ceafctcotiriJy. 

•*  The  manner  of  the  pmdud^ion  t>f  thcfc  efi"c<^!>,  by 
the attra^ion  of  tlie  fcvcnd  medium*,  may  be  thu';  rx- 

|lMiMd«  W<  flull  Ivgfok  the  atttaAive  force*,  which 


produce  the  rtfradiokit  of  the  red,  green  and  vio> 
let  light,  to  be  reprefcnted  by  tite  «ttmb«t(,  8,  tx* 
and  16,  in  ghd«  »  6,  14*  ia  the  metallic  folution  i 
6,  II,  14,  intbeflaiuiiatie  acid  (  and  6,  10,  14,  ia  4 

mixture  of  thcfc  two  Auidt.  The  esccf*  of  attra^'on 
of  glafs  for  the  red  and  violet  light  it  equal  to  z,  which- 
fot-vtr  nf  tlic  three  fluids  be  employed.  The  Tcfrattinn 
of  tlu-fc  tn-o  i^rdcis  of  rays  \vflf  therefore  be  the  fame  in 
all  tlic  tlirc-c  cjfc*.  But  the  cxcef*  of  attra£li<m  for  iU« 
green  light  it  equal  to  3,  when  the  metaIKe  folution  it 
ufed,  and  therefore  the  greni  light  will  be  more  re- 
fueled tbaa  the  tedaad  tiohrtp  in  thia  cafe.  When  the 
muriatic  acid  ti  yiCcA,  the  vxctli  of  aitraAion  of  gUfa 
for  the  green  light  i>»  ojilv  r,  and  fhrrcfore  the 
green  light  will  now  be  IcG  rttiudid  than  the  red  and 
violet. 

"  ^Vr  (liall  ncKt  fuppofc  tlie  meuUic  folution  and  the 
ncid  to  adjoin  each  other.  The  attracliont  of  both 
thcle  medium*,  for  the  red  light  being  6,  and  for  the 
viokt  light  14,  thefe  two  order*  of  ray*  will  fuffer  no 
reira^ivn  in  the  confine  of  the  two  flitiiia»  the  diibivaoe 
of  their  attradfont  being  equal  (oiiMhio|;. 

"  But  the  attntdive  force  of  the  metallic  folution 
fur  the  green  ray  being  oidy  9,  and  that  of  ilic  muriatic 
acid  for  the  fame  ray  being  1 1,  the  grctn  light  will  Lr 
attraflcd  towards  the  muriatic  acid  with  the  force  2  i 
and  therefore  t!ic  iIiIIvTcticc  between  the  refrafliuo  of 
the  grien  light  sivd  the  uorefraded  icd  and  violet 
lijiht,  which  take*  phu:e  f»  the  coalioe  of  thcic  fluidt, 
will  grcaOy  exce<*d  the  difticnoe  «f  xvfiafiioii  of  the 
grren  iighr,  and  equally  nfiad«i  red  and  violet  lightr 

which  i*  produced  in  the  confiflie  of  ^afi  au4  other 

of  the  fiuidj. 

l.alll^,  in  a  mixture  of  the  tvro  hinds  of  fluids, 
the  attra<:\ioo  for  the  red,  green  and  violet  ray*,  being 
6,  toand  n,  andtbat  of  the  glaft,  8,  iiaodli^thc 
exceftof  the  attradion  of  the  glaft  for  the  green  rayi^ 
is  the  fame  which  it  it  for  the  red  and  violet  rayt.  Thefe 
three  orders  of  raya  will  tfaeNfiire  fufier  aa  equal  refrac- 
tion, bviitg  each  of  ihem  attiathid  towards  the  glnft 
with  the  force  i  ;  and  when  this  u  the  cafr-,  !t  ,i;v  rars, 
from  the  obfcTvationii,  thai  the  indefinite  vaiatj  ut  ra;  » 
of  interiiicdijie  colour*  and  (hadea  of  colours,,  which 
alt(>];ethcr  couipole  folar  light,  will  alfo  be  rt^uUrly 
bint  from  their  redilincar  couric,  conftitmio^  what  haa 
been  termed  a  planatic  rcfradion." 

In  Ihort,  Dr.  Blair  fay«,  diat  Im  *  ufci  more  tnmf- 
parent  mcdiami  than  the  cqtaiBoa  onci  1  a<oi^  or 
greatly  dimioiAwa  the  nit Aiona  at  the  ftirfiiee*  of  the 
mediums;  a^iplif!  fluid  mcc'iunis  lur-c  1.  rogetieout 
than  thick  fii;it  or  crown  ;^Ijr<,  v^liich  at  tlic  lame  time 
difpcrfe  tilt  diffcTtnt  coloured  rjys  of  light  in  the  fame 
proportion,  hy  wliicli  mtaiis  an  iusage  it  produced  pcr> 
fccllt'  ALliioniatic,  whidi  ii  hul  impeffcdtly  fo  in  0ob 
\fmi  »  ubje^  glaflct  nude  of  fliat  and  ciowd  ^afi^con. 
biand* 

ACOUSTICS*  it  the  cad,  a//</.  Dot  thiaftatute  waa  . 
Npealcdbjthe  tsthofCeOkthc  jid,eapi,|», 

AEROSTATION,  pa.  45,  col.  2,  I.  40,  /or  800, 
read  680. — 1. 46,/0r  28|  rtad  26. — L  48, /«r  baliooa 
renfl  paifecltutc. — I.  {I  and  52, /»r  28|-  rniJt6,UAj^ 
It  ntu/ i 2.~-U  cc,  nad  zktXi  incfoci. 

4^1  Pa.46, 
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IH.  46,  rol.  t,  St  tlic  end  of  ihe  anicle  on  Arra- 
fiu'ian,  aJ.I,  S<t  an  ingcaioul  and  learned  triMiit\.  on 
llie  in:itlu'iiintical  aod  pKyficaJ  pinciplci  of  A<r« 
bi«IIo.>ii*,  b]f  the  Ute  l)r.  Dames.  {Mufcflbr  of  phi^ 
lofiiplijf  aod  matlicmatiri  in  the  Uviveitity  oi  Litf» 
den,'  entitled,  Pii>'i'K'.-tl  and  M^thciutkdf  Cuoseoi* 
ulMiotM  uii  AcroAatic  fiiiUoon«»  &c{  m  Bwi,  at 
Utrecht,  1:84. 

P:i.  7c.  t  .'.  1 ,  I.  4*  ^Wlr  — V'j  —  I  =  B.>«1.  J,  St 

tlic  t-iid        —  v'j  —  I  =2. 

P'-  "'.  col.  1,  1.  9,  /»r  j(»  +  2/  —  7  W'fc/ 

AFFECTF.D  F<iu,it:ins,  al.I  (fnm  Franci*  Ma- 
fcirs,  Ei'q.) — "  Thi«  cxprtfli.m  of  /IJJe.'ltil  Ejua.'t.rt 
firm*     ti)    rcquii<:   fuiiii;    ftiiilicr   rx  ,j|.naiii)ii.  It 
w.;'}  ijitrmluccd  by  tlif  cili-bra^cd  Viitii,  ilie  grcil 
fidi'-r  an!   rnlorcr  of  AlrtSra.    He  hai  many  i-x- 
pitl1u>i>i  peculiar  to  lii.ii'tlf,   and  wliich  li.ive  not 
DCCO  adopted  by  fiibfcquctit  Al  (cHr.tills.  Amon^ll 
thcfe  are  ihe  followiug  ones.      He  calls  a  fct  of 
quantitiei  111  ctuitiaual  geometrical  propoitioo,  (l<K-h 
as  tiie  quaalttiei      «,      *»,  x*.  *»,     «%  5c  c,) 
*  tet  of  JctUtr  q^ttantuiea,  or  p^n-r.huJfh't  A,.!.,!.-.- 
>ii(f,  wlit-n  tliert  are  fevcnl  of  tlicfc  /.jW  qnam  i 
ftitiitiontJ  ti'^rthir,    (as  in  tlic  otnpound  qitanrity 
a*  +  <2.''— /'.t',)  lie  cAh  t)ic  hi>;li<:ll  (juantity,  or 
that    n-hu-h   is    l".irt!u(l  in    the  fcale   of  «juantitic* 
t»  v,  a',  4',  .»*,  i',  T*,  .\%  &.C.  {to  wit,  iliet[uan- 
liljx*  ito  the  faul  Ci)in{)Oii;i(]  quantity**  +  «»*  — i'.vJ,) 
titpeweroi  ihr  fun  Jri'^i  -  tal  quantity  4r,  or  of  the  fc- 
condlum  in  t:,    1 .;  i  k  Je  ;  and  he  calls  the  lower 
failarqouitiiiet  witich  are  ioTolvrd  in  the  fccond  and 
third  terms  of  the  fatd  COmpounJ  quantity  A^+ax* 
— iV,  to  wh,  t!>e  quantities  .v*  and  \>,  (or,  in  our 
prefent  I.in;',nag;e,  t!ie  inferior  powers  of  .1,)  fcalar 
qonatitic*  o!  u  taroJic  degree  to  x',  or  the  power  of 
the  fundamtntal  (jiuntity  v.    This  word  p,trnJic  I  take 
to  be  derived  (tlioujjii  Viela  does  not  tell  ii»  fo)  from 
the  Gretk  wuids  s'fl  and  i^'i,-,  wliirh  fignify  near  ;inj 
a  -way  or  r-,.i./,  beejufe  thefi:  inferior  fcaUr  quantities 
*J  and  **  lie  in  th:  <u>  !y  a»  j  on  p»f.  along  in  the  fcak 
of  tbetfoieliiid  qiiaiit.titii  1 ,  .v,  a*,  *J,  **,  a*,  jr', 
&v,  from  I  toj:*,  which  he  calls, the  power  of  <iiria 
the  ftid  oonqKMUkl  quantity  x»  •(•'Ar*'.J'j|<S.  l*befe 
in fcriour  fcalar  ^uavtttic^  .-.^  and     are  therefore  pjrr- 
Jtc,  or  fituattd  tm  tbt  rvay  in,  or  arc  Lii({xn  '  Is,  the 
hi^rln  r  l<;.il,it  quantity  a'.     II.  t  '.rj  [<i ..( r  i  ,l  ,'  t  i  define 
a  pure  f  vj.-i-  aiiJ  n.,  hJ,,;.  I  ,  .uni  till',      fhjt  <i 

[arc (ij-.Uir  is  a  fcalsr  qiuntity  llijt  i\.  net  .r'm  Uci  wilh 
jirfj-  pji  oi'.lc,  w  u.fcrkuf  fcalar  quiutity,  and  that  .jm  af- 
f:,irJ i>  ,-rfr  \s  a  fcalar  q»;*niiiy  that  in  conncfted  by  ad- 
tlitii;ii,  (*r  rubtraiiiijii  svlth  one,  or  mere,  infiri'Mir,  or 
parodic,  fcalar  quanuiies,  comljinrd  with  c<i-cfficienta 
that  ratfe  [hem  to  the  fame  liimcniion  at  the  power  it* 
felf,  or  make  \ix<mb9m9^tneoni  to  it.  and  eonfcqucntfy 
capabk  of  bcin|;  aJdrd  to  it,  or  fubtraacd  fv.i  ii  It. 
Thtti  a*  alone 

power;  a''J  -^^  ^^  aA*  — i' .J  M  an  aJ'.Hed  f>9V>rf  v, 
n-imcly,  itntifih  power  ojf.r.rd  h-:,  or  eoniuthd  '■.vi.'/j, 
tbr  li,vo/>.ir,5j;, ,  or  i/i/.  / :i..jr,  (c.il:ir  quantitici  anJ  i', 
mUuih  arc  louluplied  into  ^  mfd  *i,  io  order  10  makf 


ihens  iJ:-mt-,*rco«./  {  1,  prof  ih-  ;  i/'ir  i-ftma^a  vi'h,  r* 
itiL'f,  ail  i  LMji.ili'e  (<t  bk .idC':  J  to  it  or  fubtrattcd 
from  it.  Sec  Scbtfuteu'a  t^diiioQ  of  Victa's  works,  pi»b* 

lithed  at  Lejrdc*  in  HoOtnd  i«  the  fttr  tt^b,  fagm 

J  and  4.  • 
**Thitb  tli«n,  be!nff_tbe  mmuagtf  tbe  exprefDoo,  « 
fmv  paver  and  an  M8id  ^v;er,  the  mcMiiiig  of  tite 
corrcTponding  exprcniona  of  a  pure  e^tuttha  and  an  «/*> 

f;Jed  eqjMi:'a  follow;,  from  it  of  couiK  :  a  pure  eqtuu'm 
fi;;nii)ing  an  equatijn  in  which  a  pure  power  of  an  un- 
k.^.i'A  ii  ijiiantity  is  drvlmcd  t-^  h-^  i-.:a.il  to  lumc  kT.ivn 
q:a,t4lity  ;  fiuh  as  the  cquaiicij  .i^  =  79  ;  aud  af- 
fuied  eqwUion  fifjntfying  au  cquatioa  in  which  a  power 
of  an  ui<kiji>'.vi»  quantity  affcC^td  by,  or  oonrcclid, 
cttherbj  addition  or  fubtraction,  with,  fume  infrtloor 
power>  of  llie  l.uuc:  11  <knti  A  i  qit  uility,  (rr.nltipltcd  into 
projji-r  cii  c.Tii  i-.MS  inori'  ji  tu  nake  then)  MWl^MMf 
Io  tttefaid  hi^helt  power  of  the  fstid  unknowD  ^\■^■\■a, 
tity,)  il  declared  tobetqtlalto  foitt^ ktiow.i  i^  v  iti  y; 
Au  b  at  the  equation  »»  +  —  ^*.v'  =7'?.  Thii  I 
take  to  be  the  original  neania^oftbe  cxprefljon  en  af- 
fiHid  tqu.it'i'  iu  Djt,  as  the  !a.i^  i,r:ji.' of  /'//.'j  has  not 
hi'cn  adujite  l  by  fiibUq^lc  it  writer*  of  Algebra,  I 
flioiild  thi.ik  It  u  )ui;!be  inoic  cu-.vctiiiut  to  call  thetn- 
bv  I'ljine  oilier  lu  nt-.  And,  perS.ipi  thofe  of  litiomia!, 
t'.:.ml-,!,  '^ua'.'i  q^iiiiqvin'jnuul,  and,  in  geitctaU 

ili.st  of  mujimmiol  equations,  would  be  as  conreitieni 
as  any.    Thus,  xx  +  "v  =  rr,  and  A*  +        =  r% 
and  A»  +  a"*  —  r*,  aud  .**  +  a*x  =  r*t  aildjf*+*A*'. 
=:  r*t  might  all  be  called  HSmmiat  coustioM,  bccaufe. 
they  would  be  emi.itiuiu  in  which  a  raioatrtf/ qtiantit JV 
or  quantity  conriltin;j  of  two  termj  that  infolved  the 
niiknowti  quaniity  .v,  is  J^il  1  \ij  to  be  i:y^\\A  to  a  known- 
quantity;   and,   for  a   liki-    n  i;'on,    the  cquatioiiS 
.»>  +  ax*  +  b*x  =  r»,  and        -     v»  +  iVr»  —  f*, 
and  A-*  —  <j.v5  -f-  l*A-     I*,  and     +  a.v*  +  /viJ  =  r\ 
and  .v»  +  01*  -         =  r»,  and  **  +  4»a'  + 
—  r*,  triijfht  be  called  /raomW  equations.     And  thc- 
like  namrs  inij^ht  be  j;ivcn  to  equations  of  a  greater 
ntinrtber  of  terms.    Dr.  Hiittou,  t  obfcrvrv  in  nis  ex- 
cellent new  Mathematical  and  PltihifopMcal  DiAionary, 
jull  now  p!ibli(hed»(Febfc  a.  17951)  calls  them  <cmptitnk 
equations;  which  JS  h'kewife  a  Tcry  proper  name  for 
ihcm,  cnJ  lefs  t)bfcurc  than  that  of  aJT.-^cd  equarions." 
Pa.  76,  col.  I,  1.  »5,  /«•  V'3  +  '  — V?3— »»  *M 

1.1.  94»  coLx,  L  14, /air-  ^/uSM^mrmi  Fntn-  , 

^i;c(e. 

Pa.  q^,  col.  J,  after  I.  11,  orthc  end  of  the  para-, 
frraph  relating  10  Dr.  Barrow,  add.in  folli-H->  :— Of  ihefe- 
Wturc»,  the  13th  deferves  the  moll  fpeci;d  notice,  being 
entirely  en>pU:)  ed  upon  Equations,  delimcdin  a  very 
curious  way.    }|e  there  trents  of  the  MtUrendd  nnm. 
berof  tbcir  roota,  and  tie  liaita  of  their  magnitude*, 
frocB  tfao  ddcviptjofl  of  lines  accoomodated  to  each, 
««,  treating  tbe  fubjed  as  a  bnnch  of  tlic  tlodiinc  of 
maxima  and  minima,  which,  in  the  opinion  of  fonie 
lu-:Toiis  u  tlic  ri;,'ht  way  of  oiiiMil.-iinir  ih^o,  nn  ltir- 
prrstiMiJi  lu  the  fo  much  boaftf d  invention  of  the  ge- 
neration of  l£>j(i3tionf  froiB  each  other  drfoovmd  bf 
Harriot  and  LJeU-artcs.  ,. 

Pa.  ()7.  c  ol.  J,  after  I.  j,  oriV— Dr.  .Warin;^  aod  thie 
Rev.  M..  Voice,  ul  Cambridge,  have  both  gi^ep  maojr 
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fmprovwietitt  anil  difcovcn'cs  in  fcncs  and  In  othfr 
brawlic*  of  analylis.  Thcfe  of  Mr.  \'ince  are  chiefly 
cuntaincdiii  the  latter  vohirocs  of  tlicPhilofophicalTranf- 
a£liun«  ;  where  alfo arc  icvcral  of  Dr.  Waring'*;  but 
the  bulk  of  thu  gentk-maa's  improvements  urc  contaia- 
,cd  ia  hii  fepantc  poblicadoos,  particulailf  the  AUdi- 
mktui  Jl^thnata,  publifhcd  in  1770 1  the  Pnt^riiUlt* 
jilgthraietirtim  Curvarum,  1773  ;  and  the  Memtationei 
^fMfytie^,  17 ',6.;  an  acvount  of  the  chief  contents  of 
wfaidtf  4  frieid.  haa  financd  ne  withf  1 


Of  Dr.  JViirtHg't  MedUatiotUi  ^l^ehra'u^. 

The  firft  chapter  tmta  of  tins  tnaafbrantioo  of  d* 
ffcbtarcal  cqtiationa  into  othcrtf  «f  iriiidi  tke  raota 
hjye  ^iven  aJjgebttieal  rdatioit  to  the  rooti  of  die  given 

cijuations. 

Til!  gcncrjl  rcfulutHi:]  of  this  proLk-m  nquircs  tliC 
fintiint;  the  ajrgiegatcs  of  cachet  the  values  of  a!gc» 
bmical  fintfiioni  of  the  roota  of  tbe  given  cquatiua : 
fcr  thia  purpoie  th«  ^iitJior  bmna  tarith  findiag  the  fuvi 
of  tbe ai>^ power  of  t^A  of  uie-rooiaof  dw  cmadoa 
*•— /a^"*  +  oaf*  —  &c  =  o  Ity  a  fiaica  proceedjog^e* 
cording  to  the  diaicnGun))  of  /  the  fumof  the  roolc 
this  ftricii  (uhtu  LoniiiiUtd  in  iiU'fiifum  ir.J  converges) 
linds  alfij  funi  -A  roc'  nf  1!.^  aLovc-mentioticd 
qtiii>tilii5.  P'loin  t!i!s  )■  r'r; Jf  lticed  the  lasv  of  the 
rtvcilion  of  the  fcrics  _y  =  a.-c  +  kt*  -f  *jr'  +  Six, 
wln'd»fiada»ia  ternuofjr;  auJ  alfo  the  law  of  a  foici, 
lahjebexprefleatUe  grcBtcllorlcaftrooti,  andthcjcpow* 
en. Or  roota  of  a  given  algebraical  equatioo.  and  wblcii 
jn«7  beiqifdied  wtabibcr  that  root  i*  polHblc  or  iapt^- 
Cble,  ff  the  root  be  much  greater  or  lcf»  than  each  of 
the  ii'malriiiij;  niKS.  All  the  powers  and  roots  of 
this  ftrics,  whea  cui.hiijlxI  iii  iiiliiiituni,  oblcrvc  ihc 
iame  tan-. 

Ou  this  Uibjedl  are  further  added  fume  elegaiit  thco- 
mat;  of  wliich,  one  tinds  the  lum  of  all  quantities  of 
tbia  kiad  ifShfS  &c  {  where  a,  tut,  doMte  the 
aoolB  of  tbe  given  equatMa.  Tbi*  htt  been  fiaoe  ptiUiA* 
«d  by  the  cclcbr,)ted  mathfUnatidm  Mr>le  Grange  in 
the  Academy  of  Sciences  at  Pari*.  'i 

There  is  Jfu  .idtii.d  a  mctlux!  of  confidfralhc  utility 
in  thcfe  matters;  viz,  the  aTujiiiig  equ.itii>r;*  uhule 
ronfi  are  kiunvii,  and  thence  deductag  the  c<aflicHuU 
.of  the  cquaaooi  Huughti  aoJ  aUu  from  the  tef*aa 
of  an  inferior  equatioa  dedacing  the  tccaia  of  a  ii^t« 
lior. 

The  Cicoad  chapter  urineipalhr  trttta  of  the  lifluta- 
aad  BUmber  of  iinpoflibilc  and  affiraiatMW.  UtAt  iKptMe 
roota  of  algebraical  ec{i:ation». 

Suiui.  new  prup^riicb  arc  oii.i.:!,  of  the  limiting  cqtta> 

.tiojis  tcfultiiij;  ham  multiplying  tiic  iuttcJIlve  icrmaof 
tlic  given  (.(liutiiin  ii;i.>  an  iirithnr.eticiii  feriet  ;  and  a 

.oiclhod  of  budtp^  lia.iti  uttwecn  each  of  the  roota  of 

.anvea  equatjai^.JJncc  publif!;cd  in  . the  Bf-rlin  Ada, 
aad  aUi»lbii|e  pcw.vctheda.uf  Stfuimt  cqtuuona  wbofe 

.radtcare  lya|tt„;t4twai  ^  lOpta^f  ^natipw. 

,1^  iheor.  4  and  5  arc  contained  quantities  which  are  al- 
wrayt  greater  tlun  certain  oilier*,  when  the/  «re  all  pof- 
ijble  ;  fruni  whciioc  uiay  be  uiduLttl  Nvf  A'^  ire  and  f(- 

4veral  other  rtilis  for  Ihuhii);;  il.c  number  of  impolTiule 
feiau  :  ii.>;e  rule*  nu.y  \)v  undercd  i'omrvvliat  more  ffe- 
li^ral  j]}  ipp^MpWinr  the  given  -  equati^fit.  ii^o  Otlufty, 

yA/ac  root*  ai«  air£olIiU«i''ana  finding  whether  im- 


jiofliWe  roots  mny  be  deduced  by  the  rule  in  the  rtTnif 
ing  e*quation,  which  cannot  from  it  be  difcovered  in 
the  given  one.  A  rul*  is  given,  deduced  from  each 
fucccfUve  four  tcrma  of  the  given  equation,  and  confe> 
qurntly  much  more  gmcial  than  rules  deduced  froia 
each  fucccffive  three  temi. '  The  fbrmer  always  difco* 
vera  the  troe  ntunber  of  imiMfible  itjote  ooatalned  in 
quadratic  and  cubic  equations,  the  latter  in  quadratic 
only.  TTiere  is  alfo  a  rule  given  for  finding  the  number 
ofimpofTible  roots  from  an  equation,  of  which  :hc  roota 
are  the  fquares,  See,  of  the  roots  of  a  given  equation ; 
and  a  fccondfrora  an  equation  of  which  the  roots arcthe 
f^uares  of  the  differences  of  the  roots  of  agivea  eqna> 
tton ;  and  athkd  rde  fcr  finding  an  cquat«>a»  of  whidi 

the  not  IB  s  rs  /).»»-■  -  n-i  pA"-*  4>'ftc!  if 

sr»— 7«*~»  —  &c  =  o  he  the  piven  equation, 
5;c,  t'lcfo  l.U?<_T  rernlutioiis  ahv;iys  di!cover  the  true 
number  of  itTipoflible  roots  contained  in  cubic,  biqua- 
dratic and  furlolid  equatioot}  and  dfo  whether  Or  not 
any  impodiblc  roots  are  contained  in  aaj  {({vea  equa> 
tioo  ;  and  alfo  from  the  laft  term  whether  the  nnmber 
ofinpolBble  nxxs  cnnt.iined  he  2,  6,  10,  s  c-,  or  o,  4,  8, 
fte.  The  principle  of  a  4th  rtilc  is  given  by  finding; 
when  two  roots  once,  (u  ice,  thrice,  ice,  or  four,  &c, 
Toot^  became  eq  ul.  From  a  method  givr-i  <jf  finding 
the  tia-n!v-r  of  inijiuflihle  »  contained  in  an  equa- 
tion inrulvuig  ot:ly  one  u^ii<  !o>vn  quantity,  ia  deduced 
a  method  of  difco  a-riojj  limits  between  wiiich  are  con* 
tained  any  number  of  impoTible  roots  ia  as  eqaatim 
Iftvolviog  two  or  more  unknown  i^matttielb  'Froai' 
the  ttinnber  of  ilnpoflibic,  afiimrativc-  and  negative 
roots  contained  tn  a  given  equation,  is  delivered  a  mc- 

tho^rl  i)f   F.n  vr  uumWr  of  impoiltblc,  &C  roots 

con;  lined  in  an  equation  of  which  the  routs  have 
a  gi  .-en  algebnucal  Kfattioa  to  the  nwtt  of  the  givea 

equation. 

The  principles  arc  fubjoiacd  of  finding  tbe  number 
of  affiroMitive  and  negative  nota  contained  ia  an  a^ge- . 
brttcal  aquation :  but  thia  aecciTariiy  ftippofei  a  tnethod ' 
of  fiading  the  aandxr  of  its-impoiSlMe  roots  known. 
It  is  demunftrated,  that  if  the  equation  ^.r""'  -h 
fA-"-*  —  &>;  =  o  be  multiplied  by  x—a,  then  every 
change  of  G  rns  in  the  K'^'t'">  ""i"  have  one,  or  tfiree, 
or  five,  Jxc  in  tlic  tcfiilting  cqu.ition  ;  and  if  it  be 
naukipiicd  by  ar+a,  then  ev«ry  continual  ion  froot 
to  +  or  —  to  — ,  will  produce  one,  or  threes  or  fivei- 
&c  fuck  cooiiniHtioBs  in  the  refukiog,  wbeoee  everv 
cirnlMaV-/ai"*^  die  ss  o  wiO  oonlaia  M  haft  fo 
jnany  changes  of  figns  in  its  fuccelSve  tcmu  as  there 
are  affirmative  roots,  and  fo  many  continued  prr^grcITes 
from  +  to  -f  and  —  to  — ,  as  there  are  negative  In 
a  biquadniiic  +  px^  +  +  rjr  +  /  —  o,  of 
which  tvvn  routs  arc  impoflible,  and  j  an  affirttiative 
quantity,  then  it  ia  demotiilrated  that  the  two  polEble 
ones  wiH  be  hoth  ne^ativt  »r  both  aflinnative,  accord* 
ing  as^>  —  ^  ■\r  8r  taan  affrmative  or  negative  quaa*- 
.tity,^it  tbe  Ugoa  of  the  coefikients,  /,  r,  «  ate  nei* 
llicr  all  af^rnulive,  nor  altrrnately  —  and  -f*'  The 
number  of  impoflible  and  ailirniative  and  negative.r^^o^s 
contained  in  the  equation  a"  +  A  i "  +  P>  iz:  C' is 
likewile  given.  Sec.  If  I  x"—  />.x'"  '  +  y  ;-""'—  Sec. 
=:  o  apd  Aa-''  —  .va'  "'  +  ix"  '*  —  See  =  t',  and 
/artlicr  ix*  -r  *».'"• '  +  &c  =  o  and  L"rr 

/t""*  +.  &c  ss  etf^.tbea  thcjcontent  of  all  the  valoea 
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of  the  quantity  <v  will  be  totlic  cortfr.t  of  jII  t'lf  Ih^m 
of  tlic  quantity  r  :  :  d:  /*  :  l-'" ,  tri  in  wlici  '  .- 
<l?^Jiicrd  fouic  prupcrtie*  t  f  nar.iHolit  c'.rves.  A  ;  ,  ^r. 
Let  the  cqiution  cxprr(rmg  th;  n-Iaiiun  between  the-  ai  - 
^eXutmAvrixtmic  jht  y  =  ax"  +  tj^-*  +  »  +  &r. 
'Ilten  w3t  tbe  content  lii.der  the  (n  -  I )  greateft  ordi' 
tiitai  be  to  the  (ipurc  of  the  coDtcot  of  nl  the  diilk»> 
€<•  betweai  Wf  cm  painU  ra  wbieb  tbe  abfeifi  ent* 
the  curve  :;</■"•»  ».  -The  <|uotwiit  of  the  con- 
tent of  all  the  finii  Jiiiiird  by  the  content  of  aF!  tV 
cofincs  to  the  points  111  u  fiich  theabfciftcuti  the  ciiivr, 
« ill  be  lo  t  lie  ci; ni( CI  It  uf  all  the  abovementioned  ffreatelt 
ordioatei  t.    Similar  pra]>ofitioni  arc  aedoccd 

coaeenMRg  tbe  ondunMl  'to  uc  poiat*  of  «DBtnqr 
llextire,  ftc^ 

Tlwdiid_cbi|iter  i»  vofiint,  concen>uig«  ift  tm&oa 
lion*  or  tmiieaal  qBiatitieH  wHidi 


ttte  root*  of  tiv^l 

luve  given  rebtioat  to  each  other  t  thu  i*  performed 

by  fiib.litution  or  divifion  aiiJ  fmJinjj  the  caromon 
tiivtfufi  uf  tlu:  ({lautilici  reiuUtug  i  Aivl  aA  coDccrniog 
more  ^a^vcquatiootconiaiaiug  a  kit  ntunlK-r  (m)  uf 
fuppofcd  unknown  qtiMtitici,  which  confcqocntly  re- 
quire a-ot  euuationt,  liuce  named  equations  of  condition ; 
tbefe  aie  likcwi/c  dcdtiocd  finom  ibe  method  of  findiitf 
eommoB  dirifon.  ^ikft  Coocermi^g  the  wefclutioit  m 
eiqiatiootl  in  this  csife  is  giveot  The  icdHftioB  oir 
reMlution  of  fome  recurring  eqtatiom.  X.  Some  pro- 
pert  ii?  of  ihe  n;iil  ,  I  F  l!.^  equation  .t"  rfc  I  ~  o. 
}.  Rctolution  uf  a  biquud.-iiiv;  x*  +  px*  "f  7'"  + 
g/t  t  Of  by  rcduciiig  il  to  an  e[|uaiiuti  2.*  -\- 
«»'•  +  4  =  0.  4.  A  rciolutioa  of  the  biquadratic 
X'*  +  a/a»  =  y.e*  +  r*-  +  /  by  adding  (^»  +  i») 
j>*  4'  ifHM  ^  t».  Wth  fidin  of  lh«  «^iittioa,  fo  u 
4*  oonvku  the  fqwwrj  nd  .the  deducing  tint  tjbe 

Silaet «•  are  «    '  '  — — t ihew. 

•  z  a  a 

lues  of  ^(f  +  arc 


-  +  > - 


«fv'(< 


root!  of  the  given  equation.    5.  A  rtfr.l 

ution  of  equ^ 

tiona  as  general  a*  any  yet  difcovered,  vix,  the  aAmung 
X  =  a^'J^  iy'/*  +  <  V/*  +  atid  ezterminating 
the  imaiMHlfiiMititittt  vii.  liwiafliimiaf  aesa^^-f 

are  deduced  different  refolutions  of  ctibic  {  froon 

«  ar  ^y/''  +  ''v'/*  difTcrtnt  refulutlun*  of 

bifuadric  (  Irois  the  cquatiun*  x  =      p  -f  b\/p*^, 

X  aaoVj  +  ^Vf'*t*  =  «v'7+  *  =  "  V<^+ 

'iK  iJifil  Tji'  Moifrc'*  equation,  and 
fcveral  otliera  of  new  formula  itot  before  delivered. 

6.  The  refdution  *  =  ^«  +  X/'B  +  y'y*  +  <:c, 
firft  given  by  EuU  r,  (hewn  to  be  a  very  prticular  } 
but  tnii  i«  rendered  here  much  morr  (TmcTal  hy  affmning 
a  more  getienl  refolulion.  7.  Thi  rf  folution  and  re- 
dudioa  of  cqmtiont  from  extermitntin^  trtaitonal 
flOUtitks*  t.  Redudioa  of  fome  c^iiationsj  when 
wcj  we  ^dooed  from  othcrt  bj  leducing  them  to  the 

5 


O'l'si  ia^  ffl'iat^or.s.  9.  The  finding  a  quantity.'wlilcf* 
tuuitiplied  miu  a  given  irraCuinal  will  ptuducc  a  rxtional 
quantity,  and  th<  tree  licducin^  from  a  given  eqiiatioa 
involving  irrMioiul  qu.ititaiei  the  dtnieiuions  to  which 
the  equaiion  htcd  fium  them  will  afccnd.  lo.  Let 
P  a:  a  frrica  cither  afccndiog  or  deibeadiiig  ^ccwdi^g 
to  the  djinciifien  of  X|  liroa  thence  w  dcdaeedthe  (m 
of  a  ferict  oonfiRjAg  of  its  alternate  terms,  or  tenM 
at  fn)  diftanee  frtm  each  other.  1 1.  Ic  is  proird, 
that  Cardan's  riToluuon  of  a  cubic,  i*  a  refolution  of 
an  equation  ot  9  dimenGons  or  three  di!Tcrrcnt  cubit  ,  r 
fiinilar  principles  arc  applial  to  foir.c  other  equilion*. 
13*  Gcneialpriaciplcs  are  given  fior  the  deducing  the 
fiindioB  of  die  raota  of  the  g(vcq..jW]iidioooftitiiu  the 
CBefficiciiM  or  roots  of  the  tnmforped  cqattioB.  &  g. 
Let  a  cubic  equatioa  Jt*  +     n  r     e  and  »  — 

ts=  jf^  thence  ia  ihewa  the  (onfiibR  of  (he  roota  of 

.r,  which  conftitute  x,  and  further'  the  cafe*  of  the 
cubic,  which  ut  fcfijlfable  by  the  transformed  cqux- 
tioo,  wfaofe  toot  it  %t  the  (ame  pnndpirs  ai-e  applied 
to  biquadratics.  13.  The  corrtfpondiiii  impofTtblc 
roots  of  a  given  imiional  quantity  aie  deduced  ;  .tnd 
rffb die diftitntitMU of « gifeii vefbhitm.    ij.  The 

biquadratic  of  the  (brraula  t  (a  +  1 

—  rf^—  l=s!0  is  dillingoiflied  into  two  qua- 
dratic CtpMbOns  invulving  only  poHible  qaantities,  and 
thenoe  every  algcbnuc  c^mtMo  ii  proved  to  coniift  of 
fimple  and  quaontie  dhrifora  Involving  only  ptrfMc 
quantitir».  ij.  A  method  is  dctivc^rc-d  of  traostanaing 
irrational  quantities  into  othrri; ;  but  it  is  cautiuncd, 
that  in  rc-dudion  nud  transformation correfpondent  roots 
Ihould  be  ufed,  otlirrwil'e  it  is  probable  that  we  (hall 
fail  into  errorSi  of  which  examples  are  given.  16.  Tlie 
couvelrgenc][  of  a  root  fonnd  by  the  common  method 
of  appMlchnations  is  given  ;  and  it  is  difcovered  thaC 

the  enwxiyncy  prittcipaUy  defNadt  on  the  qntntity 
nfliiaMd  fce  the  toot  hctog  mnch  move  near  tA  ette  toot 

than  to  any  other  \  and  indcpcadCDt  «f  It*  KOt  M  HbV 

near  it  is  to  a  rout. 

nie  fourth  clinptcr  {»  principally  cooverfant  con» 
centiog  more  algebraical  equations  and  their  redu^ions 
to  oise.  I.  It  cives  the  bw  of  the  refolutioo  of  any 
number  of  fimple  cquMiona  {  aad  the  redw&ioo  of 
6mpleeqiMtiont  to  a  —  1  by  mctiMofotbeta.  s.  The 
meuod  of  redoetng  mere  («)  equations  into  one  fo  at 
to  exterminate  n  —  1  unknown  quantities  by  the  n-,c- 
tbod  uf  oomnton  divifors,  and  further  deli  vera  the  prin- 
ciples of  invt  liigjting  the  roots  or  values  of  the  unkuuH  n 
quantities,  whicK  ir  l  ilt  from  this,  or,  which  is  tnudl 
the  fame,  from  the  common  method  of  Erafmus  Dar* 
tholinus,  and  which  are  not  contained  in  the  given 
eqnttioM.  j.  If  two  algebraical  ci|u«tiana  of  nandw 
-dNMnfiau  of  the  unknown  quantUin*  and /  are  ie« 
duecdto  one  feaa  toestemiioate  one  of  the  unknqwn 
quantltiet,  the  principlca  are  gmn  of  finding  the  dt> 
menfions  to  which  the  other  will  afccod  :  if  it  afceada 
to  n  X  m  dmicnrtuns  ;  then  the  fum  of  tht  roots 
pciid*  on  ti  n  t;-rrn=.  of  »  and  «  —  I  dimeni'ions  in  the 
oar,  and  m  and  m  —  t  ta  the  other,  and  bmikrl^  of 
the  products  of  every  two;  ftc.  From  this  priocipie 
ale  deduced  fcveral  prepettica  of  a^gebBaicat  cvrveu. 
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The  bme  prisaplea  arc  tfpliei  to 
iniulviag  more  unkiioim  qaantitin.  4.  8«ae  t«» 
vqBttMBt  of  ^Wrn  kmuAx  uc  itdawJ  to  oaa  lb  M  to 

merailnateoneMrtlctiowntnianttty.  j.  Two  equation* 
are  likewiff  rc<hicc<l  to  one  f<>  at  to  ext«rmi:tate  unknown 
tjUiintitie*  hr  nHiiti'  i:ifiiutc  ft-ii  ^  h,  A  nictliod 
of  finding  wliLii  cr  1  Jir.i-  equaliuM  coiitaiu  the  fame 
ri>ots  of  thi;  tiiikiu:  >v  r^uHrrtiti^s  as  othcrt.  7.  From 
the  corte^ondcriit  rooci  ot  the  unknotvii  quajititict  in 
j^'ven  cqaatiuDs  arc  faund  the  couHitiitkm  of  their  co- 
cfiicienia  i  and  from  tlMncc  Ac  nginTgaftA  of  the  i\ioc- 
tkiM  «f  the  roots 4^t«M  OT  nM<T«qiMUun^  H.  Some 
-thing*  an;  jpttm  «nBMaur  the  tnmlbnntMM  «f 
more  equatMna  tlMB«a^  wlklr  Smpaff  bk  roota*  «f 
their  niets  «4idl  ta*  a  given  idatioo  to  each  btlirr. 
Book  fcdsOtoMaad  refohiiiniit  of  more  equattom 

liivolviai;  r.Kuc  imkaov^  11  CJ.iiMl  iiiis.  10.  Iftworqua- 
tiont  fioiiltrl)-  lavoKc  t»i>  'jukiKDMn  i^uautiiics  xand^; 
then  the  equation  uf  whi .  Ii  the  loot  it  r  or  7  is  demoo- 
iviated  to  have  twice  the  dimeafMn*  of  the  equation 
V  hofe  root  it  a«f  radonal  ItuAioa  of  4r  -f  j*  or  -f  jr* 
or  any  rational  raeurring  fiio^iioa  of  x  and^ ;  and  if 
Sor  J  be  fubftitnted  <-  jp  i  then  tn  the  equauuii  whgft 
vast  i«  the  refukii^  fuuitity  tbe  diomGom  willbe  iIk 
|mc  aa  t«  the  tqmuom  mme  foac  «a  ar  •«  twt  k* 
fciMuh  win  be  of  half  the  auadicf  af  mtaAam, 
The  fame  pnnciplet  are  app&d  to  oioie  cqoaftoM  SmU 
larly  invtiJ .  iu  ^- uioro  ui  JcDowti  <juaQtiiIt5.  11.  Ifllicre 
tire  two  c<]Mi'  ijKii  involving  tu'o  uuknou-ii  quaatiliet, 
<me  deduced  frutu  the  other,  by  fume  ij';  '  nutions  iq- 
veftigatcd  iruni  equntiona  GiniUrly  itivuiviog  two  (tn* 
itoown  qtiantitics;  theo  the  equation  wliofc  root  i«  00c 
«r  tlie  unknown  qitaotitin  wiMbe  recurring.  12.  Let 
A  and  fi  be  fuoaiona  of  x  and  a  method  i«  gives 
alBaHmg,  whether  A  ia  a  fiiBaioa  of  fi.  13.  Mc- 
thadantapproximatioMtD  llie  iDdti  of  cquationa  when 
they  are  uoequal*  or  Mv  «r  mw  oaai^  aqaa|^  fafiUe 
ur  impoffihle  ;  and  aUb  fiNneranBrkt  an  the  incrnacntt 


1 11)11  to  utiicrt  ul  lite  ijMtc  iju;uL>«i  oi 
gireu. 

The  fifth di^tcrticataof  ratioiial  tad  ii 


'OiTi  one  cqua- 
ciiraciitiuiis  are 


t.  h  find*  the  ratiaMlaarita«(|!i«lfiniflr»qMidrai>c, 

Ac  dnrifors  (by  a  metlloil  diiictvitt  to  Waeflanet'a) 
•f  a  j^ivcn  cijiiatiiin,  wliioh  involves  oik  or  more  uii- 
Jcrtowii  qi;autitic&.  2.  It  two  ctjiiationt  involve  two 
t  I-:  (  ..r,  quantttie*  .rand  y  ;  tiic  fame  irr.icionalitv, 
winch  is  contained  in  x  will  likcwife  be  contained  in 

.it*  correfpondcnt  value  off,  uolcfs  two  or  more  iraluet 
of  theqiaatity  (^or  y)  ate ofoaU Ike.  3.  A  nftcthod 
is  ffmm  eP  fading  integral  ogndpowleBt  nhies  of  the 

'onkotrtrn  4jwMtkict  of  Mas  or  Boic  aqoMMM  w«ol«iRg 
as  viariy  nakaom  ^jNaackiea.  ^  4.  -A  ithoj  ii  dlo 
dciiTCred  of  dcdodne  when  a  pivm  «q<iation  can  be  re* 
Mm)  \if  mcBMof  S^re,  cvAic,  9lc  rood  ;  mA  whea 
ky  fimilnr  outfioda  it  Cln  be  roJuced  locquotinriB  uf  |, 
i,       it^  diinenfiont.    5.  A  meiho<i  is  j^ivr^.  uf  flniitnjf 

•  a  quantity  or  r.umber,  in  '.'.  lii.  ij  :ir^'  t  .nuni  iirtl  rdi  iHc 
divifers  of  nry  pivcn  r*tiontii  or  iotrgral  qoantitiei. 
Ii.  A  meth(.d  difttrrent  from  Schootni's,  Ncwton'i,  and 
tulcT*!,  of  extractirff  thr  rnr-t  of  a  binomial  furd 

d  n  gtreni  ind  the  piiMlpk  deioonAmed  o« 


which  aO  the  nlca  are  fouadcd  grvni  hy  Sdianten,  vis, 

tbc  muhiplrir^  \ht  hin-tn  '-A  fv.rd  (n  that  '.i  t       roo!  of 

A*  —  B  can  be  extruded,  where  A  +         is  the  i«. 
fulting  furd  ;  and  it  ii  further  proved  that  multiplying 
th«  oiani  furd  m  +       iato  a*  wIH  render  Kiwton'a 
ra&hitibB  a«  geneni  a*  the  otben ;  and  Lilly  the  ex. 
tra<^onofthe  (i»i'*)_rrot  of tbe  quantity  A  ^'y'^f-h 
C;/?  +  .  +         •  it  given.   7.  I'he  hi«r  of  Dr. 
'Wallit'*  approximatiom  in  tmnt  Or  the  fncoeflSve  qtiiv 
tieata*  ■•alb of  cootinml  ftaatoDsic  deduced.   8.  A 
anelhod^  of  ikdoang  the  fntegra!  raluet  of  each  of  the 
unkiiown  qiiantlties  x,y,T.,^,  ir,  ruiitarntd  in  the 
eqiution  a.r  +      4-      +       ±  *.c  +  f  —  o  in 
tenrik  of  qtranttties  for  which  may  lie  aft'imcd  any 
wltoU  Dunibrrs.    Q.  Two  or  m«>rc  (.quations  art  re- 
duced to  ori<-,  fo  a;  tnrsterminate  unknown  qutotitirtf 
and  if  the  unknown  quantities  of  the  refulting  rq>iationt 
be  integrd  or  fradioiMt,  then  tbc  onkanwn  quantities 
of  tlir  j^ivc  n  cqoatioaa  liil  aMb  he  iatcgnl  or  fradiooaL 
10.  Principles  tfe  ddlaeiid  «f  dadactaff  equaiieaaof 
which  the  aakaaira  qaautlUca  atait  oteondiKMideat 
and  kaown  tatrgral  or  nt«ond  saliiea.    tt.  Ginrv* 
fpondent  intcgn!.  r  -stlivia!  values  of  the  unkr.o.vn 
-quantitici  in  Icvt.ai  cijjitjosis  are  given,  and  from  (<>mc 
values  of  the  abovtmtntiooed  kind  pivcu,  an:  drdn- 
crd  others.    12.  A  method  of  denotinj^  any  numbers 
cither  bv  fours,  fives,  iixck,  fee,  and  their  powrrt  { 
and  liokiur  properties  deduced  as  in  decimal  arithmetic. 
I).  It  it  deaoDfttatcd^t  the  fom  of  the  dirifors  of 
the  number  1. 2.  3  . . .  »  =  N  das  to  N  agriaMr rttia 
than  the  fum  of  the  dividxs  of  any  nuaAerL left  tims 
Nhastol.}  tmdibawallwrfimilar  properties.    14.  lo 
tlte FhtloferaicalTianfirfkioiis  are ^'ircii  properties liini- 
lar  to  Mr.  Eulcr*j  of  the  fum  of  dinlors  of  the  natutu! 
numbers,  and  fome  other*.    1 5.  Let  N  =: ./»  +  rL\ 
where  a,  b,  r,  p  and  y  ;;m:    .hole  numbers,  ti.tn 
N»"  +  '  and  N^"  +  »  can  be  compounded  by  fw  ■+• 
different  ways  of  the  quantities  ^*  +  rw*  ;  the  dificrenC 
ways  were  Mi  given  in  the  Medk.    16.  Every  ounher 
confiftt  of  I,  2,  }  or  4  (iquares,  and  of     a,  3,  4* "9' 
cuheii  aad  thcRfotc  if  a  number  N  is  eoual  to  }  fqima 
ar  %  eriMb  the  problem  may  not  be  pcUtble.    1 7.  Let 
jraoda  be  aay  wbide  nuinbert,  aaMl«aadi  numbem 
prime  ta  ateh -other,  then  «r  4-     oan  coaflitute  aay 
number,  trbich  caccrd«  a  x  I  ~-  a  —  h.    iS.  Let  r 
the  grcalefl  common  divifor  of  m  and  n  —  1,  where  u 
i'.  ;l  pi  li^K  iitmiber;  the  niunbcr  of  remainders  fi-om  the 
divitioii  of  the  number  1",  a",  3",  jcr,  in  inlinttum  by 

n  win  be  +  I ;  from  which  are  deduced  fcveral 

propofitwna.  19.  Sir  John  WiHba't  property  ddiwred 
and  deononfttated,  viz,  I.  3.  3... a  —  t  +  1  ml]  be 
divifible  by  n,  if  *  be  a  prime  number.  20.  The  fum 
of  the  powers  I'  +  +  3'  +  •••  """f  f'^nd  divifible 
by  if.  X  4-  I,  if  r  be  a  whole  number ;  from  whence 
is  deduced  an  elegant  property  of  all  parabolas  cone, 
fpondent  to  the  pmpectjp  otAtchimedca  of  the  infcrlbed 
triangles  ioa  conical  panbflh.  zt.  Soow  propettiea. 
of  exponential  equations ;  feveral  other  new  properties 
of  algebraical  quantities  and  equationt  are  friven  in  thefe 
Meditationt,  Tlier  were  fent  to  the  Royal  Society  ia 
I ; and fincc pubiiikcd io the  jcan \ ;6oj 62 .and 6a. 
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Tlie  equation  exprelTmg  tbc  Kbtioa  between  the 

ibfi-i:':  uud  its  currcfponoent  ordinate!  of  a  cum-  i» 
traRjft»rmc(l  into  -ini-tlier  wliicli  cupnelTL-s  tlit  ritatiuii 
■  between  dilfcrcnt  ablcilTV  arnl  their  oTtii  i  i'- -,  troin 
which  is  deduced,  ii>at  tlicrc  !niy  be  n  uiij  )t«t  roots: 
diflerent  diameters  in  a  curtt  of  c  —  i  <irdcr,  which 
CUU  its  ordinates  in  a  pivcii  nn^Ii- ;  und  likrwlfe  tl«^t  a 
diaiiictcr  cjti  li.lve  tio  more  than  n  —  I  di-IVlcnt  incli- 
nacioM  of  iu  ordiiuteif  unkb  the  durocur  gcitcixl 
one.  a.  TIte  (brmnla  of  the  cqiutioos  toicarftt,  ail 
-wbofc  diameters  arc  prmi!]  !,  or  cut  each  pther  in  a 
given  poiDti  or  which  have  a  general  diameter  lu  which 
the  line*  wj  how  ipcUned  aic  oidinatcs.  ^  it  it 

proved  thnt  thoc  camiot  be  more  tlian  ~  <!fi{fcrcnt  in-' 

'cKnttMWt  of  paraUel  «ntiiMlic*(  irbicfa  'Cnt  the  corre  in 
a  —  M  pointa  ooly,  poffibk  4Tr  tmpoflible.    4.  Some*  • 

thin/ i^  ndded  coiiLi-rtting  diaitieitns  wLicIi  ciit  tlicir 
ordinate!  on  both  hdcn  into  eqii:jl  paits.  It  is  de- 
roonltratrd  that  there  arc  iii-tcs  of  hiiv  numbtr  ul  i^ii 
■orders,  tiiatcut  a  n'ght  hue  ia  z,  4,  6,  tvc,  (lotnli  wt!)- ; 
and  of  any  number  of  even  orders  tliat  cm  a  ngitt  line 
in  3,  {,  It  Bee  poinu ;  «nd  coofrnKntljr  that  the  order 
of  tbe  curve  caimot  be  denoaneed  from  the  ounber  of 
point*.  ID  which  it  ctitt  n  ri^ht  line.  6.  The  prineiplea 
are  driivrred  of  finding  the  afrmptotcat  p<iraboItciit 
leg*,  tn;jls,  poiiitf,  &c,  uf  :i  (.  11:  vf,  iirwhii-h  the  equa- 
tion m.il  kiiig  the  fil.:' mil  fitlv-  rijii  the  abltliii  and  il» 
ordinate'  is  glvr-n  -,  [-nd  ulfo  i^'imi:  ;1  r  number  of  .i'.\irp- 
totcs,  parabuliciJ  l<rg»  ot  dillVrtia  kind»,  oTala,  poititi 
of  different  kind*,  the  kaft  ordcrof  a  ctirrc,  which  re- 
cehd  them*  ia  deduced.  7.  As  equation  etpreffing  - 
the  ttbdoa  between  an  nbfeila  and  itt  oidtaate^  ia,' 
tianiformed  tnt*  an  cduation  rxprediDg  the  rr^ation 
between  the  diftancef  from  i»o  or  vnon  p<iiiii  =  ,  the 
latter  mav  he  varied  an  infinite  nurt^lx  r  of  wu  .  s  ;  attd 
thence  are  deduced  fomc  properiie «.  Many  rciolution* 
of  thia  kind  ^.tc  only  rtfohitic  ii!<  of  »  j  ariimlar  cafe 
eontaiacd  in  it  >  nndc-onfeiinently  cm  never  be  deduced  • 
faon  any  general  rcafoniog  ;  they  arc  o&ea  4i«diioed 
from  Ctpie  particular  ca£eiy  mbkh  are  JtDoan  to  nafwer 
favnfel  ooMtteaa'of  «hc -fnUenh  TiaaafiotniaUom 
of  a  gtvrn  curve  into  others  by  fubftitotiona,  and  proper* 
ti«>  of  the  h>ci  of  loinc  points  are  deduced,  frum  which 
Mr,  Coif  s'«  property  ot  algebniK;ii  curvis,  ?.ni\  titinis 
of  a  fioiilar  aiul  lotnrwhat  different  liatttic  arc  dtitvcJ. 
8.  L>et  acnrTe  of  a  dinimfiona  have  m  af^rmptotes,  tlien  < 
the  content  of  tlic  a  abfiriflx  wilt  be  to  the  coaKol  of 
the  M  ordinaten,  in  the  fame  nrio  in  the  ciine  and'^ 
afymptotctb  tbchm  af  their  fsboQrtnala  to  oidhiatca . 
perpendicular  to  their  abfciflk  will  be  equal  to  the 
cur»e  and  the  afymptote*;  and  they  will  have  the 
{j^M  central  and  diamctrial  tiirves.  0.  Some  propo- 
litiontarc  added  concerning  the  conftiuinuii  of  cijoa- 
tiont,  and  fotne  equations  arc  cDnftriicled  fr4)m  the 
principlet  of  Slufitis — Iftwo  curves  of  n  and  m  dimcn- 
fions  havK  a  common  afytrptote  )  or  tbc'tcnun  of  the 
e^iiatioBi  to  the  curecs  of  ti  e  greateftdiifatnfion?  have 
•  eDmaaon^  diviior,  then  the  .curve*  cannot  intcrfe^l 
each  other  in  n  x  m  point*,  poflibJe  or  impoflible.  If 
the  two  curves  have  a  common  ,;itn.i,il  i\  nti'r,  nnn  'n- 
teriie^  each  other  in  n  x  n  pvinta,  then  the  fum  ot  the 


4to  'tethofe  pabta  will  be  equal 

the  fuiB  of  I'le  ncr^Htlve  ;  snd  ihi.-  fiun  of  tbe  n  fiib nor- 
mals to  a  cuivc  wlikh  has  a  g;ni(.i-jl  ceotre  wiU  be 
poriional  to  the  dill  inte  frt.m  that  cor.f  e.  ro.  Sotte- 
thin^  i*  added  on  the  deiciiption  of  curves,  it.  No 
curve  which  has  an  hyperbuL'cal  leg  of  the  conical  kind 
c:iii  in  ;reneral  be  fquarcd..  1 .:.  It  is  demonftratcd  that 
1:0  oval  figure,  which  doe*  not  ipitcrfccl  itfelf  in  a  given 
poiatt  uaa  ia-^aaanl  be  expreiicd  in  finite  aircbnical 
letnt.  1 <«i«eo an algcbraicalequation, andfinularly 
iqn.iti.ins  tV[>rcllinj;  a  u-latiou  bet'.vcLn  .r  and  Vi  ; 
;i!kI  idi'j  :i  tljxiolldi  tjuaotcy  tt'bich  is  an  altjLiinilcjl 

fiipc'tiiin  /'zj  ot^rand  j  and  their  iiiMoiis ;  a  njctiiuJ 
is  given  ot  deducing^  an  equatiua  wiiote  root  i«  s  ;  and 
thence  fomc  propertiea  of  x'iirw»  14,  PropinriM 
fimilar  to  the  fiibfcqtiiCBtofoonicfc^on*,  are  extended 
to  ctfr%'es  of  fupcrioF ovdcra*  Miy-<i  if^Jntn  be  drau^  front 
eiita  poiata  ia  tkROHW  flbctt  caglabM  iburbacain- 
feHhed  in  the  conJc  fe&m»,  the»  srti  .the  reAati^ 
iind'.r  two  of  tlitifi:  liiv.-fi  he  tu  tbe  rc^nglc  iin;1-r 
of^'.i  T  two  in  n  givin  r^lio.  Sr»«Ril  f>ropcitirs  a  c 
aJikil,  vvh;i.!i  fuliow  frotn  the  application  of  ;drtliriioI 

f)nipeuiiuu*  iitvcntcd  in  tbe  Mcdit.  Algcbr.  to  curve - 
Ine». 

The  (eaond  chapter  ^ncMa  of  caiv«idi«aad  ^icarwidt»> 
or  curve*  generated  by  the  MCatibn  of  giveacnnnaaa- 

right  linti  or  crrve*.  and  gtvirt  a  method  afredifyiae 

and  fqu.H  11^'  thrm  t  and  fi^iw ihiMndif  of  cwittntew- 
tlic  L'tni.-t  :iti;i/  curse*  htint;  ;riven,  it  dcduco  the  Icn.ytli 
iind  r.i'Ji'.'R  ijf  curvaluit  i»f  the  curve  ^iicr.ited  iit  ihf 
lorrt  liiniulciit  pOint  ]  it  alfo  affcrtH  tliat  fmm  t]iai\ 
nt.iy  t>e  deduced  the  conHractiou  of  the  (Uutiouai  equa- 
tion' of  tilt  different  ordert. 

■Tiic  third  chapter  tnata  of  aljebialaai  fohda.  1.  It 
Mdcea  the  eqnation  to  every  fediMi  «f  a  (olid  geae* 
rated  by  the  rotation  of  a  curve  round  its  axis;  and 
from  thence  the  diin-rent  fedtioni  generated  by  iht 

rotut:!ia  of  r  rjic  feC\ioil»  n.iiiKl  thtir  axis.  i.  i  t.: 
eq»irttK»,)to  Solids  contains  the  reliitijii  between  itu  t»  1 
abfcilTz  ai>d  their  ordinates,  and  the  order  of  liic  OiW 
may  be  dillinguifhed  according  to  the  dimenfiunsof  the, 
cqaatiod  t.  $>r  the  tulid  niny  be  dcfiued  by  two  equauaaa 
eaprefliiig  the  reiatioa  between  the  thice  abovcaacn't 
ttoaed  qHaut  iticfy  and  a  ibuTth  -wliidi  nay  be  the  aiiaof 
the  fection  :  there  is  further  ^iveu  a  mttliod  of  d<- 
ducii))r  the  et|uaii<>n  to  any  fc^tfon  of  ihclc  folidi,  and 
from  It  till-  equation  to  the  curve  projected  on  a  plane 
by  a  given  curve.  3.  A  mctliod  of  deducing;  the  pro- 
jedtion  of  a  curve  or  h-lid  on  each  uchrr.  4.  If  tlkC 
e^liatioB  be  ar  —  w  =:  o,^(.v  being  liit  di (Lance  from  a, 
^rren  point) then  il  may  <feuuU  toe  ji'criphcry  of  a  ctick 
if  OM  plane»  or  the  furfacc  at  a  |^ofoc  if  it  refer*  lea 
fotid.  Let  jr  and  y  denote  the  difiaoeea  from  two 
rcfpedVivc  points,  'J;  n  an  eqiiation  expicHlni;  t!ic  rcU- 
tion  between .V  diid  j'  deli^fmi  the  periphery  of  a  curve, if , 
c  jiitair.ed  in  the  lame  plane,  or  the  furfacc  of  a  fot'd 
gcacr«ted  by  the  routioa  uf  a  curve  round  iti  axii, 
pafliDg  through  the  t»x>  given  pcipts,  if  a  foh'd.  6.  An 
equation  cxpreiTing  the  rdatiwn . bctwveo  liucs  diawn 
fipm  three  or  titute  paiota  may  denote  an  cquati'<n  to  a 
folid.  7*  If  «i  ;c  andy  denote  the  two  abfciA:*  and 
edrrefpondeiM  ordiriatcs  to  a  folid,  and  the  terms  of  « 
n^  'i  r,  or  .r  ,v:J  •;,  or  v  aiid  z;  or  1,  -  ;;iid  v  be  iiirii- 
hill}-  ioTuivcdi  then  may  the  foltd  be  divided  tiitw  two 
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orfix  flm'lar  an<!  ccfiil  pam';  snil  if  i»o  uncqnal  powrr 
of  .r  or  f  or  s  ;  or  «  aud  jr,  &c  ;  or  ,v,  »  and  z  be  con- 
tained in  the  equation,  then  tlic  curve  t;ny  f-.irlfitr  be 
ttnridcd  til  general  into  twice,  four  or  tix  times  ttic  pic- 
oedinjr '  mimlKr  of  equal  parts.  7.  Cutv»  of  doable 
tmwoir  are  defigned  bj  two  eq-rotions  cxprtfiii>g  the 
nktion  hetuecn  two  abfcifTe  .wd  orrcfpotuknt  Ordi- 
vmtesi  or  between  liaes  drawa  from  three  «t  more 
potnti ;  fimihir  properties  nay  bededoced  Amntbde  M 
jrom  the  eqiistiniii  tn  cu-vrr- 

Chaptenhe  4LI1  Ireafi  cf  the  ma.rlnis.nd  minima  of 
polv  jnns  iiifcribed  and  circiimfcnbed  about  ciirv-f»,  and 
thrnce  deduces  certain  quantities  equal  to  each  other, 
when  maxims  and  minims  are  contained  at  every  point 
nf  the  ctirve  :  it  furtbef  contains  fereral  properties  of 
conic  feftions.  i.  If  eny  redilincar  fipwre  circum- 
icribea  in  eBiple»  tke  OMiMnt  under  thier  «tennte  ftg- 
meatt  of  the  ttne  made  by  the  poSntaMi  which  the  line 
touchcj  t!ic  (.Tlipfr  will  be  efj'wal.  i.  Ifa  right  line  cuts 
a  conic  kctluu,  ar.d  the  parts  of  the  line  without  the  co' 
nic  fcAion  on  boili  !r!^  i  arc  tqria!  ;  and  any  red^lin'ear 
lig'.ire,  which  bc;jins  and  ends  at  the  bounds  of  the 
abovementioned  Hue,  be  delcribcd  round  the  conic  fee- 
lion,  then  the  contents  under  the  alternate  fcgmcnts  of 
the  clrciimrcribing  lines  as  divided  in  the  points  of  con- 
taA  win  be  cquaL  3.  If  two'poijgon*  b«  circumfcribed 
about  an  enipfer  and  the  fide*  are  cot  by  the  points  of 
cotita£Vs  iu  the  fame  ratios  in  the  one  as  in  the  other  ; 
then  will  the  areas  of  the  two  polygons  be  equal.  4.  If 
two  lin<^  c'lt  .1  ci  nlc  lotion  proportional!)-,  i.  c.  tficy 
are  divided  by  the  co-iic  Irition  in  the  farac  ratio  iu  the 
one  as  in  the  other,  ami  if  puly^^'ons  be  defcribed  round 
the  conic  fcftion,  terminated  at  the  ends  of  thofc  b'ncs, 
«f  wiiich  the  fides  arc  divided  by  the  points  of  conta£t 
in  tlie  fame  rat  io  in  the  one  a&  in  the  other,  then  will  the 
am  ofthe  two  polygons  be  equal)  at  tUMwilc  the  curvU 
linear  nrea.  5.  Ifall  titc  fides  of  two  polTgOfil  !n(cribed 
in  .in  cllipfc  make  the  two  angles  at  tne  fame  jpoint 
cqi.:,il,  anil  two  polygons  of  this  kiik!  be  infcriheil  m  tlie 
curve,  then  will  the  fiim  of  the  fides  of  i!ic  one  polygon 
be  cqunl  to  the  fum  of  the  fides  of  the  other.  Several 
tMlier  iimilar  properties  are  addad,  as  ah'o  oroperties  of 


the  Aim  of  all  thtf'tduea'af  waf  d|cbni&al  ftn6Uon  oC 

tbofe  lines. 

M:>ii  of  the  pr0pertttscrciril.-s;.ivcn  !:y  Arc-hir^C'jfS 

are  extended  to  conic  fcitioiis,;ii!i  foir.c  of  the  algebraical 
and  geometrical  properties  of  1' ippii:;  arc  rendered  more 
general ;  and  tlie  principlea  invented  applied  to  many 
other  cafes.  In  the  firll  edition  of  this  book  pabliflied 
in  1762  were  nearijr  entimem^  the  lines  of  the  fourth 
order  on  the  fame  princSpIenat  Newton's  enumeration 
of  lines  of  the  third  01  Jcr;  but  tin's  has  fmrc  btcii  rc- 
je&ed  by  the  author  as  r.ol  fufficiciitly  diltiaguiihing 
the  cutTCi  lid  at  bdag  of  no  gmt  ntdinr. 

The  firft  chapter  treats  of  finding  the  fluxion  of  % 
fluent,  when  the  quantity  or  fluent  is  conGdered  as  ge- 


nerated by  motion 


tlic  parti  truin  t'lt 


when 


the  whole  or  quauiity  is  couiiJcrt  J  a*  tunllfling  of  iii- 
nuniLTablc-  parts.  It  furthir  ^'ivjs  the  Ijw  of  a  ferics, 
which  dtprcflVs  the  fluxion  of  an  exponential  of  any 
order. 

Ch^erz,  is  rerfaiit  about  the  fluent*  of  Auxiona.' 
I.  It  nnda  the  general  fluent  of  1  flunon  V^t  when  P 
is  any  algebraical  fundion  of  jr  however  irrational  but 
not  exponential ;  for  whSch  intent  it  inyefiigatci.  the 

comiriiii  divlfurs  oF  any  two  quantiticscui.i.ii'u-d  u-Jcr 
the  dit'.rci.i  viin  iil.i;  and  theiii-e  the  common  diviiars 
of  the  rchih  iij.,'  J:  .  Ifors,  and  fo  on  ;  .i;.d  likewife  all  the 
ctjual  divifurs  contained  in  any  of  the  abovementioned 
quantiticai  whence  it  fo  reduces  the  quantity  P,  that  no 
equal  nor  common  divtfon  may  be  contained  iia  any  of 
tlic  lefoking  qnantfiice  tinder  the  different  vinenia  1  and 
Imm  the  comnwo  oetlud  dedueei  the  tenna  of  a  fencs 
to  the  nomber,  which  the  feries  U  (hewn  to  cunfill  o*", 
when  it  docs  ;.;)t  pr^K-c*n5  in  infirjliiKju  h  dvmou* 
ftratrs,  that  if  the  dimcnhon;.  ot  *  in  the  denominator 
of  P  cjfcecd  its  diniciifions  ,11  the  numerator  by  I,  thtu 
the  fluent  cannot  he  cxjirt  iTtJ  in  finite  tcrma ;  ant!  alfo 

il  one  fsflorof  P  be  ±  (A*  +  t)''')^,  where  a  \t 
an  invarial'.Ie  quantity,  and  in  Ionic  otliir  cafes  the  fub« 
llituiion  required  mull  be  Ibmewhat  ditferent.  3.  The 


Ibbda  generated  by  the  rotation  of  a  conic  fea  ion  round     fluents  of  fome  fluential  and  exponential  fluslonii  OV 


itaMtie  %  to  which  I  (hall  meation  the  three  or  four  fol 
■lowing*  t.  The  diagonals  of «  pvaQekgram  etrcum> 
fcribing  an  ellipfc  or  liyperbofat  Will  He  conjugate  di- 
ajncttis.  2.  The  fcAion*  of  a  foHd  generated  by 
the  rotation  of  a  cunic  feAion  round  its  axij,  wliich 
pafsthroujWi  its  focus,  will  have  that  point  tor  the  fo- 
cus of  all  llic  fcc'tions.  3.  If  4  pcrpcndicul.iis  be  drawn 
from  any  point  in  an  hyperbola  to  its  peripliery  j  and 
two  lines  from  the  fane  point  to  tbeafynptotea  and  the 
ordinates  from  the  4  pomtaof  the  curve  aad  the  a  of 
the  afVmptotei  be  drawa  to  the  ablaib  t  then  w31  the 
fum  of^  the  rcfultin^  abfciffz  to  the  former  be  doohle  to 
the  fum  of  the  abfciffsa  to  the  latter.  4.  If  an  arc  of  the 
periphery  of  a  circle  be  dividtvl  iuto  n  equal  parts, 
2a,  3rt,  &f,  ;i;.tl  p  —  chord  of  the  arc  180  —  na, 
and««ndiS  bv  tlit  roots  of  the  quadratic — /n+  1  =  0 
aiidradius  1 :  t  htr^i  .  ill  «■  =:  chord  ot  the  arc  180— no, 
from  whence  nviy  be  deduced  the  divifors  of  the  quao- 
titj  —  Wx'  I }  and  alio  the  eqaatios  wbofe 
-nwtaare  the  dilfamMa  afm  point  in  the  circle  Arom  tbde 
Aoinu  of  ennitl  dMEMH  iM  fiunkct  wmw  be4edBced 
Vol.  II.  ' 


fluxions  invoUiBg  fluent*  and  exponential  c;ua:ntt!es,i 
eiven.  4.  A  gtaeral  method  of  difoovei.ng  Mliether 
Uke  fluent  of  nay  Auxiou  of  any  order  iuvoivinyr  our, 
tsiroor  more  variable  qaantities,  andtheir  fluxionF,  c^ 
beexprcCed  In  terms  of  the  v.iriuble  quantities  and  their 
fluxions.  5.  The  corredtion  of  ilucnts  of  ail  orders, 
and  thence  tiic  fluent  coi:t.iiiuil  b<-t'.vciu  any  values  of 
the  variable  quantities  and  their  fluxions,  is  given  $  -in 
thefe  corredions  the  fame  toeta  of  the  irrational  qont^ 
ties  are  to  be  ulied  io  the  COmQioB  M  in  the  fluent. 
6.  From  the  tnuitfonMlMQ  of  equuioaa  aad  the  prin- 
dplca  bdnre  deiimcdj  arc  deduced  fluents  equal  to  each 
other.  7;  Some  exponential  quantities  given  which 
continually  change  (torn  pi  T'  .li'y  to  iii;pufribi!itv, 
and  fiom  irpipoffibility  to  pijiliauity .  S.  I&  a  t):ttiu»d 
of  finding  v.heLber  the  fluent  of  any  fluxicri  coii- 
tiiincd  between  any  iimi^  arc  tinite  or  not.  9,  The 
fum  of  tbc  flucDts  of  a  fluxion  wliich  ia  an  algebraical 
fuu^oo  of  the  letter  .r  multiplied  into  4icaii  uways  be 
expieflcd  by  finite  terms,  circutarnrcawdkgaritbmif 
the  cxtimmNioC  the  raoUof  c^tnUom  being  granted. 
4Z  10.  Sbibo 
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"lo.  Some  fluxions  invo!vin<j  irrations!  q  .;amit?M  arc  rt' 
duced  to (Mhert,  in  wliich  no  irrationality  i»containe  !. 
It.  The  general  priocipk*  of  deducing  ivlicther  the 
liwnt  of  a  piveo  fluxioti  can  generally  M  CKpfdM  bf 
f  ti'-c  nl^il  riiical  lerms,  ilieir  circular  HCt  «Ih1  »(!■• 
riili;ns.  1 2  Some  equal corrtfpondent  Unent*  trc  fcopo 
hv  liib  liiiitu  11^  (kdiiccd  from  equatl  n,  in  which  two 
Tariablc  quantities  arc  fimihrly  involved.  I,?.  SauM 
ncctlfary  <  ortcftions  arc  given  of  finding  th*  •OCOM  cf 
all  the  fluxions  of  the  formula 

/'*'™-»ixR'"^\s''-"xT"*'x  act, 
(where  wt  »,  ih  »t  ,&«  iauAt  mj  whok  numbon, 

T=  7  +  rx*  +  «*■  +  ..«'*.  fcc) 

fi-om  •  +  (8  +  r  +  inJepend^nt  fluents ;  h  it  per- 
haps not  from  »  +  $  +  y  +  ii-'-  fluenn,  which  lu»c 
different  nlucs  of  the  quantitic*,  <r,  x,  ^,  »,  &c. 
14.  The  number  of  iudepcndtnt  fluents  of  the  formu- 

M  X  {a  +        +  ! 

where  0  mi  w  denote  whole  MFum:  .live  mimlHi«, 
fvc  ;  ar.d  the  nwmhcr  of  independent  ik;ittis  i!ic 
fonaulae  X^Ya,  where  X  !»  a  fluxion  uf  which  die 
fluent  can  be  Immd,  from  v.  l.irh  can  be  deduced  all  of 
the  biRC  formula,  i>  imroedutcly  known  from  the 
amnhcr  of  independent  fluents  of  the  formula  V.t  ai.d 
Xii  which  determine  all  of  thofc  formula.    15.  Let 

a  +  /a"  +  fx*"  +  -  ■  •         =  h  ^'""^  ^'"""^ 

fluents  of  the  fluxions  of  the  formula  /  X 
wbcfe  |s  tt  n  whole  sffirntative  number,  arc  d 
the  (eamntnr  one*  of  the  fame  formula, 
thmg  is  addd  ooneermng  finding  the  enhie  of  a  frac- 
tion, when  both  the  luineHtor  mo  denomtnntor  mniOi } 
Mvi  Uftly  from  the  fluents  offomeflojilon*  being  gi*tn, 
the  method  of  deducing  the  fluents  of  others. 

Cbafter  3,    principally  treats  of  alcehraicsl  and 
lliixional  eqtiaticn«.    i.  It  pivt-;  i^l-  m.r'.  irio 
fbrmirg  two  or  tn  trc  ft«uii>n.il  equ-uiuni  im  > 
to  exterminate  one  or  more  ^ar-iiblccu.intiiics  :i 


and  It  B  e  4-  A 


fin 

V  i, 

ermiUtrJ 

I&.  Some- 


fluxtoiu.  and  find*  the  order  of  the  rtfaking  equation, 
i.  It  reduces  feme  flnxional  equations  into  mot  -.  3.  A 
method  of  reducing  flauonal  equations  invalving  fluen-s 
k)  Si  to  extent»inate  the  fluents.   3,  Some  odes  are 

(riven,  in  u^hich  the  two  variable  quantities  cmttnined 

in  a  ?;iven  rtpiation  are  expreflcd  in  terms  of  a  third. 
4.  (jivtn  ;;n  -ir:  ■<  al  equation  exprefling-  the  relation 
between  x  atid  j  ;  method  is  piven  of  fiudintf  the  fln- 
*ntofr*"  or  other  fluxions  in  finite  tt  i  rr,B  <  f  .\  nid  v,  if 
they  can  be  exprcffed  by  fuch  }  or  clic  by  iniiniic  le- 
ftet}  this  waaWfttauL'ht  in  the  I'hilofophical  Tranfac- 
ttoas  in  the  yc»r  1764.  5.  SoBKtbing  is  added  con- 
cerning the  correaioo  of  fluxronal  equations.  (>.  A 
method  of  invcfligating,  whether  a  given  cquatioO  it 
Vhc  '^enc-^l  ikunt  of  a  j/ivenjluxional  tqiiation,  7.  The 
mtthod  of  deducing,  whether  a  given  ^juatio  i  :^  i:  [  :ir- 
ticiilar  or  gtncrat  fluent  iii  a  ^rivcn  fiuxional  <(ui;i;ioa. 
Jr.  bcth  by  fubllitutinj:  for  the  fluxions  their  values  de- 
duced irom  the  flueiatdl  cqu«ii(»  liieir  values,  jcc  ia  tlie 


ftiixtonal,  the  flnxional  mufl  refnlt  =  ©  5  «ni' 
till  f;fncral  fluent  there  mull  be  contained  lo  many 
variable  quantities  to  !;c  aTunied  at  will  independently 
as  is  the  order  of  the  fluent  ;  and  in  both  all  the  varia- 
ble quantities  muft^neccflarily  be  variable,  aiuinofunc> 
tion  of  them  vanifti  out  of  tVn:  (luxional  eqiution  from 
the  fubAitotioa ;  for  then  all  the  conditions  of  the 
lloxiond  eqmtwa  «rc  aafwmd  bf  the  fluential.  8.  An 
>n\-eni|taiiont  wfacn  flusiooal  cfiMtioot  aw  inM|jnbk. 
9.  From  fome  fluents  are  dediKcd  others,  e.g.  if  the- 
nrtra  betw  een  any  two  ordinates  to  one  abfcilTa  can  in  ge- 
neral be  found,  tiieii  the  area  between  any  two  ordinates- 
of  any  other  abi'i  iiTa  can  be  found  v'vc.    10.  From  given 
fluxional  equations  and  the  flueuttof  fume  fluxions  arc 
deduced  the  fluents  of  many  others.    11.  The  fluent 
of  the  firft  order  of  a  fluxional  equation  of  the  irth  or- 
der wiU  how  (a)  diiacit  «nhm  and  a  diffirat  miiti*- 

plien ;  aniltke  flumtof  thie  fecQodoidcro.^^-Y''*'^ 

ferent  values,  &c.  IJ.  Let  a  —  o,  B  —  o,  f  ^  O, 
ItC,  (a)geaenl  fluenu  of  the  fluxional  cqoation,  A  s  b«. 
then  iniranj  fbnfiion  of  the  fluents  mt&'tft  Ac  be  » 

fluent  of  the  fame  fluxional  equation  X  =  o.  13.  From 
alTuming  equations,  w  hich  contain  only  fimple  powers 

of  the  i;ivuii,ibk'  q  nritities  lo  Lx:  .iITjlliLij  at  Will,  ruaV 
eauly  be  deUiiccs]  f.uxioiial  eiiu.ii.oni,  ot   which  the 
general  refolutiotis  are  known  :    i.    I'rom  aflliming 
the  values  of  any  varir.hle  quantities  and  fubftituting 
then  their  fluxions  for  llie  variable  quantities,  &c.  in  any 
fundions      ^  &c  of  the  wiaulcs  aflumcd.  let  the 
quantities  refoltlDg  be  A»  B,  &c  $  then  generally  mil' 
X-  =       f  ^  B,  &c.  be  fluxional  cquatious,  of  wlilch. 
iliC  paiiitular  fluentials  are  known.    It  may  be  oh- 
ferved  in  this  place  as  Ix-fore,  that  from  no  general  rea- 
foning  cau  particular  fluents  he  ckduced.    14,  In  the 
refolution  of  fluxioruil  ci(u,%t;;iri5  it  is  obfcrvcd,  that 
from  the  logarithmic  and  exponential  quantities  con> 
tained  tn  the  fluxional,  may  be  deduced  hj  chapter  X 
the  expooeotial*  kc  contained  io  the  fiucntialt  i,  and' 
In  a  fimibr  ntraner  from  the  itiational  ojuntitiAaMl' 
denominators  contained  In  it,  the  coriefpondent  irrt* 
tional  quantities  and  denominators  contained  in  the  flu- 

eji^j.-.l:  3,  tt-e  t,rea'.e(l  dimcnfjons  of  V  r.iultiplied  i:it'> 
A  inuft  be  gre  ater  than  thofc  of  jr  iiuo  ,  bv  iinity  ;. 
V  hen  there  -^rt  two  of  this  kind  Sec,  eyi.  ■]  r- v  = 
[ii  -I-  »/)  the  refolution  is  given;  and  lo  of  muie. 
i  i.  in  the  given  equation,  if  the  fluxion  of  the  grrat- 
e(l  order  docs  not  alccnd  to  one  dimenfion  only  ;  then 
by  extradioa  &c  to  reduce  the  equation,  that  it  may 
alccnd  to  one  dimenfion  only  ;  and  thence  find  theflo* 
ent  of  any  fluxion  P"/  +  Q;,"  •>  +  Ice,  +  R"«  +  &C. 


is 


..1 


16.  Let  A  :li:xional  equation  be  given  i 
in  which  *  flovvi  uniformly,  a  method  is  ^ivi,;i  of  friii- 
ing  whether  it  admits  of  a  multiplier,  which  is  a  func- 
tion of  .r.*.  at;  J  fimilaily  of  multipliers  of  other  for- 
mulj:.  17.  The  method  of  deducing  the  multipliers  ■ 
fluxional  equations  by  infinite  fetics.  16.  Some> 
fluxional  etiuatioas  are  reduced  br  fubflitutions,  which' 
fubiUtutions  arc  commonly  eafiCjr  deducible  from  the 
fltixiondl  equation  giv.  n.  19.  Somewhat  COnemilBf  the 
ri  (l',i£l:ot,o|  L.-ne  !l  iaI  mm!  .  i.'i,;tionstohomogcnr.n;f.,aTiJ- 
tonctiuitig  hoiu(jj^ei:t>  ij?  e:^  i.Ttions of  diflcicot  ordtn; 
and  of  rcducinji;  :in  h  i-uo^.  ■  .ous  fluxional  equation  of 
«  order  to  a  fluxional  equation  «if  «  —  i  oidcr:  an«L 
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of  iMi— I  ordcn,  and  lb  of  all  others  to  ooc  ticync  k& 
than  the  order  genenllf  oocitrrinj^  if  they  hx!  not  been 

hocriogtncoui.  ;o.  I  he  fu!  il  t  m  ii  :  of  an  cxiwoentiat 
for  a  variable  qujiUKy  iti  equu'.u»ia  whith  contain  no 
exponential  quantity  ;  for  foinelinici  n  has  l>cfn  fiibiH- 
ttitcd  for  a  qiiaiitity  wlueh  flowt  uttilormly,  aadthcn^ 
fuppoiied  to  flow  Uniformly,  which  lead*  to  a  falTe  refo- 
kitMM*  si«  A  camion  it  p;ivcn  not  to  fubftitute  homo- 
ywOM  Ittnfiioa*  of  no  dimenfiont  for  variable  quinti. 
M«  I  «td  M  the  i^eMnil  rcMiMkm  to  oWnve,  th»t  there 
it  coimwiied^  m  iMMiiUe  «MaHty  to  be  altuncd  it 
wHl,  which  »  aot  comiuicd  to  the  iiiiirMMial  i 
as.  Someth!o(f  more  added  conoemtog  the  I 
/V  +  y  '*/  -  ■  >  '  +  Siii,  —  o,  where  *,  p  r, 
&c.  are  fun^ion>  ot  a,  and  fo  uf  fome  udicr  nuxiuiul 
equatioBtt  aj.  Fluxion^l  equatiuna  arc  ticduced,  of 
which  the  variable  quaiiiiiics  caunat  be  rxprelTeti  in 
term*  of  each  other,  but  lK)th  may  be  e  xprtffid  in  ternu 
of  a  third.  34.  Every  fluxion  or  fluent  which  ti  a 
funfilon  Xf  ^,  *,  and  Mi  j  tec.  is  exprelTcd  in  term* 
of  pnttal  diffcrencet.  2(.  The  refolutiun  of  fome 
cqiutieoi  cxpreOIng  the  retttioa  between  partial  differ- 
caeciflic  tagnw*  a4k  Sane  oblcrvatiow  on^ finding 
tbr  ioeirti  iff  iluxSoM,  vital  die  lariabk  qnrathia  be- 
come infinite. 

The  fccond  book  treats  of  increments  and  their  in- 
tegrals I.  Some  nt»v  laws  of  the  intncments  arc 
given.  2.  The  tliiston  of  the  incretncnt  of  I'  wiil  be 
equal  to  th;  increment  of  the  fluxion;  where  P  is  any 
fun3ion  of  if  only  the  fluxion^^of  the  increment 
of  X  be  eqtial  to  the  ircremtnt  of  the  fluxion. 
Incrcnentt  ux  reduced  to  others  of  given  fui-ma!x 

**g*  •  +  —  +    .    .    X  +.  8fc,  and  it  is  obferved 

that  if  0  be  nat  b  o»  tbca  the  tatcgral  oumot  be 
found  in  finite  terai*  of  the  mtaUe  titimtity,  file.  It 

may  be  ohfcrvx-f?,  thit  Taylor,  Monraor^,  9tt%  filil 
found  the  integral  of  the  two  increnicnts 

I  • 


[  7»3  1  ALO 

t  nn  be  addadf  wben  hatk  ere  join- 

Tlie  third  book  is  verfant  concerning  inV 


—  .  jr  — j»  ..  .x—n—  I  randx.jr— AT —  tar 
but  did  not  proceed  much  further  (correfpondent  to  the 
finding  the  fluxion  of  the -fluent  a*)  ;  the  increments 
of  fluents  have  beea  fince  deduced,  &c.  In  this  book 
are  difcovcred  propoAtilMW  conefpondent  to  moft  of  the 
imcotioM  ia  flmioiH^  t*$-  •  method  of  finding  the  inte> 
gnl  of  any  mcrenmit  npitfled  in  algebraical  or  expo* 
tientia]  terms  of  the  variable  quantity  or  ^utiiltties«  and 
when  the  fluent  cannot  be  exprerfcd :  it  \%  obfcnred 
that  they  cannot  be  txprertlJ  in  tlriitf  tci  nn  of  the  va- 
riable r,  &c,  if  the  d:nicnfi<jn»  ot  v,  &<■,  in  tht  dt'tu- 
minator  excted  its  dimc-i1iori3  in  \.\\<:  u'lnicr.^tor  by  i  ; 
or  il  any  factor  in  the  denomiiistor  of  the  fraction  re- 
duced to  its  lower  terms  have  not  another  contained 
likewife  in  the  denominator,  diftant  by  a  whole  nnm> 
bCff  multiplied  into  the  ineirment  of  a.  — The  incre- 
atenu  of  ume  integrali  are  deduced  from  the  intcgnb 
of  odwr  InciCTieKi  i  the  iategrak  of  fime  Inmaicatal 
cqnationa  from  dificrent  methods;  thp'r  general  tnte^nli, 
and  particular  corrections,  &c,  &ci  but  here  it  u  to 
be  oLfLT-  cd,  tlinT  the  g(  iici-al  problem  of  incrcmeata 
cannot  be  extended  beyond  the  p»rti«:uUr  of  fluxions, 


bttibaicwbak 

ed  together, 
finite  feries. 


It  gives  the  ratio  uf  the  apparent  and 

real  convcrpcncy.  i.  A  mcilud  of  fmJing  limits  be- 
tween which  the  iutn  uf  the  ItTici  cuuUils  ;  and  alfo 
wucthci  the  fum  of  th;  krie*  is  finite  or  noi  fi  oni  the 
terms  being  given  or  equation  between  the  temu. 
3.  The  convergency  of  the  whole  ferics  is  jud};ed  frotn 
the  ratio  of  convergen  -y  of  the  terms  at  an  inriuite  dif« 
tance.    4,         lerit?  Lorn  llie  fluent  converge  if  tbc 

feria  fron  the  fianion  doo^  there  are  lcva«l  propo> 
fittoaa  on  toGmtc  fcriet  dedoeibk  ftom  the  conmoii 
algebn.   >{.  Let  an  eqnalioa  o  s  «  —  /'x  -f-  — 


+  fte ;  and  ^  ouicb  gicmer  tban  j>  tbu 
;  l(c.liMO  willaBtbeivaUbepoCble,  aad<^ 


appr.>xtmation  to  the  Icaft  root,  — 
if  an 


the  next,  &c 


equation/'  +  <:;"■+...  -|-^"*--« 
=:  o,  and  if  one  root  be  modi  kfftthaa  anf*  raotf 
bat  mucli  greater  than  the  remaining ;  or  if  the  equa* 

tion  be  4»  -/y-  •  -f  qnT^  ...  ±  f  «»"•+•  zf.  b^± 

iiT^  4B  ±tte.»Ot  tlininBtbeapfMitt. 

mtton  to  tbe  above  rootbe  y  —(4-  — ^)  +  tee,  ^ 

6.  Somewhat  on  the  appnKiiMtiM»«bn  tbe  approa. 
nattgn  gifen  k  aaach  mme  men  I*  ott,  at  aMop 
roota  than  to  anr  otber,  and  on  tlie  defrrae  of  eonvier* 

gency  of  tlic  fjbrcqnent  approximations  dtducei! ; 
aud  tlicir  uitiii'.ati'  approxitna! ion«,  (Jivrn  approxi- 
mation! to  r»  roothof  a  given  equation  arc  deduced  more 
near  approxioMUans  to  them.  8,  The  incremental 
t'cj'aation  given  andapphcd  to  approximations.  9.  Froia 
^iven  appraatiniations  to  two  or  mote  uoknown  quanti* 
tics  oontaand  in  two  or  more  equations  aic  deduceft 
move  near  nppmimatMH  to  them,  either  wiien  tbe 
me  aMMC  near  to  one*  or  lo  tiNb 
nr  mm  of  the  onkaom  funati* 
lo  a«f  ol)MR«b  tad  lb  of  infinite  equatjoa*. 
loi.  New  fiaiea  are  |i«ea  Inr  the  fiaenM  of  dileicat 

ttCmt  the  anmber  wiMfe  lof.ii  v±t  (if  N  '  :  ^  of 
«)  =  W  ±  N»  A  ^±kei  tbe  Un^  ^Itltl' " 


log 


-  +  — 


>Sec.  ThelbeeftheafeA:fefai 


Cf- i  8f*»4tiv«idoQfineef  dKfiime  ares:  C± 


■  *-3  -. 
of  A,  tbe'fiiient  of  the  flnsion  of 


S  and  C  bctnf  the  fine  aid  coCae 
,  ml  are 

^^'"'"^y  wbicb  diba  ihtle  Ibi^  lie  are  af  fe 

drcie  when  «  i*  a  ttTJ  fmall  quantity  =  A  — 


— X 
3 


a 

Z  a 


•^teswkafcA=/-p  >  B  s 
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arc  of  a  cirdc  of  wLkh  the  fine  i»  x. 

A  fitnilar  fcrics  may  b«  upptitd  fiwn  the  arc  of  an 
hyperbola  or  cHtj)fc,  to  find  a  correfpondenl  arc  of  an 
liyperfwla  or  cll:pfc  not  ;r.iich  difFcitnl  from  the  pre- 

enfing*  Id  tliit  method  the  terie*  proceeds  aecofdiMr 
to  tlie  dtiwnfiom  «f  fmc  fnM  qontitin.  and  the  firft 

Ifrm  oLt'ir'  fencK  is  peiierally  a  near  valoe  of  tfc«  quan- 
lity  f  .^ht.  Thefc  fcrk-»  piopcrly  inllitnted  Vill  gc- 
rirrallv  converge  thr  fwtfttft.     It.  Soraclhinz  ne-w  ii 


MiAciMfrpdMfaM  amAirh 

finding  8wi»t«coB«og^.  finW'  pwBcyiwiayfcc  ap* 

plied  to  iftCTtwental  and  AvxioMil  eqaadona.    19.  It  i» 

obffrn>1,  that  in  tiiidinji  ll>c  value  of  arj  vuiM/t 
cuaiility  111  a  feric?  proccolincj  according  totke  diaiea* 
iiOM  iniithcr,  tiu'Tv  will  occmi  in  a  riuxionjil  or  io> 
cremeotal  equation  o(  i>X  order  in  thr  ler\e*  s  iacaii- 
•blc  quaatiriei  tii  Sc  afiutned  at  wiii ;  and  aUo  th« 
fiuxional  eqiiaMOM,  ice.  from  whrnce  they  will  ariiir. 

30.  The  flaJiag  the  iote^^of — ,  &c»     21.  Froor. 


aJdc  l  conccining  the  fluent  of  the  flus i«. iial  equation    the  cnrrefpondcnt  relation  between  the  rttmi  of  two  fe> 


r  =  vir  —  J  :=  E  X  fn,.  f^'":  '  :)  -^  I  +  cof. 
(»r.  (z)  ;  Eand  t'  being  any  quatiiiti*,*  to  be  aiiumd 
at  will ;  >nd  of  corrcfpondcnt  equations  to  logarithm 5, 
and  finding  their  values  wbe,R  t,  is  increaled  br  r. 

A  ferics  f»*r  the  iacreafe  of  the  arc  from  a  fmall  in. 
creafe  of  the  Uijgeot,  fine,  &c.  1 2.  When  the  term** 
«id  jt  of  the  bnoaial  a^a  arc  equal,  the  cafn  are 
gifco  ia  which  the  fcriea  a"  ±  hki™-*  m  +  &c,  ss 

or  the  ftfk*  «•»  it  -  «"  •  jt  +  &c,  ic.  will 
'  *^  2 

ridnatcly  converge.  13.  If  any  algcbnical  quantity 
V  «  fuU^Upn  of  X  be  rc'titiccd  into  »  ftriei  proceedu>j{ 
•eewdingto  the  dimenfioiia  of  x,  a  fcaeialnethad  Qf 
f  bdiftg  what  are  the  Bmitt  between  which  it  eoover«i  t 
or  the  ftrie*  frona  /  V-v,  &c  ;  and  tlic  irjctlnid  of  iu- 
terpuUtiuDS  fo  u  to  tender  iliem  converging*  >4'  "^''^ 
•OBfcigencj  «f  diiemt  bfiea  aic  eoopand  together* 

a.  f,  it  giae*  ^  *  —  J'  +  *c 


+  •«■- 


t 


ar 


2<'  +  *)*"  JO+'P 

—    +  ire  .  there  i»  an  erratum  con- 

taincii  in  this  txajiiplt,  !ur  a  —  is  fometiaiet  printed 
iiiQeadof  a  +  :  ihij  fccies  iseafily  deduced  tiom  Hcr- 
aouiUiS  method  of  deduciug  iniiiiite  lertes,  and  has 
been  fince  printed  iu  the  Philuibphical  Ttanfiction>> 
If.  Givea  algebraical  oi  fluxioaal  eqimtionv  and  a 
luxior.al  quantity,  a  method  i«  given  oi  imuiug  a  fe- 
li4a»  whicu  citMcfict  the  iutat  of  the  Huxional  quaoti* 

S,  from  whi«  principiei  axt  deduced  new  ferie*  for 
e  area  of  a  tfgnent  of  ft  cude,  the  perifhcrf  ofthf 
eQipfe,  hyperbob,  &c.  i6>  It  it  (hewn,  that  fcriefea 
p-.ocecding  according  to  the  dimenfioni  of  a  quantity  m 
always  diverge,  when  fcriefes  for  the  fame  purpofe 
proceeding  according  to  the  rciciprocal  of  its  dtmeit* 
fioTM  converge  ;  utiTefs  fomcliinti  to  the  cafe  when 
t1iey  U;!  !!  liLconic  llie  faitiL-.  17.  Ai:  l^riCS  pruccediag 
in  inhsitum  accurdtag  to  the  dirncnt'ions  ot  the  quan- 
tity X  were  firft  iBveated  or  ukd  for  the  finding  the 
iueott  of  fluxions,  it  being  reduced  into  terms,  whufe 
Inciittf'wne  known  :  fo  iti  finding  integrals  of  incre. 
■cDtf  It  wn  ^  ueetSuf  to  reduce  tlic  quantity  ii;^ 
aa  infiniM  Icin*  of  ttma,  tvhole  integrals  are  knowa, 
and  virhtchoonfci;ges.  Examples  of  fbraitdx  of  ferielea 
of  this  kind  aie  given.  18.  \fcthods  arc  ^ivei!  of 
findjiig  the  valuf  <)t  oiic  unltnowu  tjuantity  cuiilaiii- 
cd    in  one   or  more  equations  involving  marc  un» 

aid  the  bar  «f  their 


ries  reftJling,  which  are  funflions  of  a  v^iriable  quan- 
tity  V,  vr\m  the  rr'ation  hf'wr^ii  v  and  c  t  .v  ;  value* of 
7  »re  [^I'.cr,  is  gucii  a  m'tlu-J  Li  (indmg^  tlie  coeffi- 
ctent  •  trr  fi  itci.  It;  The  rule  gcneraily  caHed  the 
rcdniniT  7.  '.  .  'ifnrdnm  extended  to  more  fabfKttrtioRi. 

The  foiii-h  l  ook  treats  of  the  fommatiun  of  fcn'e^ 
a  method  ct'  cu:  reijpondrnt  values  and  feveral  other  pnv- 
Uena.  1.  Of  £adtoe  the  fiim  of  •  Ceriet  exjneStd  b^ 
a  miofial  fvndwin  «f  wwto  ^  whefe  m  ^deaotea  (ao- 
ceflivcly  the  numhers  i,  2,  3,  0CC,  in  iafttiDan. 
1.  Given  an  equation  esprefSbg  the  lefatnm  between^ 
the  fucccllvc  futps,  the  relation  !)et\reen  the  rucccflive 
term*  is  knoi*-n,  and  the  wV^  ivr/T:,  fci.  3.  Ic  is  fojud 
from  an  eouation  exprefTing  the  rdatiun  betwcfn  the 
fucccffive  fums,  terma  and  •s  thediftancc  from  the  iirft 
term  of  the  fciies,  whether  the  funt  of  the  ferics  is 
finite  or  not.  4.  The  difference  between  and 

»+ where  a  denotes  the  dfftance  from  the  firft  term 

of  the  fericj,  will  Lc  —  a  x     "     whicli  ii  greater  thao 
the  fimplc  ratio  let  o  be  a,  ^avjll  a^  poiubjc,  and  confc- 
quently  the  fum  of  the  f;;rici  li.i.te.         If  a  Tciics 
■<j  +  ijr  +  rx*  -i-  x',  of  wiiicii  at  an  infmite  diiiaace 
the  precciii.i  :^  CKcifiLiTntsliavr  tothe  fiihfcfjucnt  therstio 
uf  r  :  I,  be  muhiplied  into  a  fuoeiMMi       o,  whea- 
X  z=  ),  then  if  «be  greater  than  r  the  ferie;;  will  diverge  |« 
if  IcDhti^nvcrge.  6.  Fsora  addijsg  fereial  terms  of  owe 
or  more  feiics  together  may  he  farmed  a  ferica*  of 
which  the  fum  from  the  fums  of  theoiecediag  frricaia- 
ape  fermeiif'of  vnnch  the  fbsMare 
knovrufrom  varying  the  divifors,  &c    7,  From  given 
feries  arc  deduced  others,  of  which  the  fums^re  known,, 
and  the  fum  of  m»ny  fL-ne<  are  deduced  from  ilji  iiii^ 
the  fltixffins  of  tlucnts  and  tlucr.lt  of  iiuiiaas.    ii.  Fiam 
the  rciation  liL  twccn  tlic  dillL-rtrit  terms  given  isdcduci,  1 
the  corrcfpondcnt  fluxiooal  equation.    9.  Tiie  f^idin^ 
the  terms  of  aav  (cries,  whidi  cao  be  deduced  fioia 
giwn  ferici ;  ano  thence  deducing  many  feries«f  which- 
the  fums  can  be  found  from  the  fum  of  the  given  Ctk- 
mat   10.  Scriea  are  giaca  of,  which  the  fums  can  be 
ioiind  from  fiaite  lermik  drcohr  aru,  Ii^arithms,  e)lip> 
t  ical  and  hyperboKcal  arcs.    1 1 .  From  a  fcencral  expref. 
fion,  when  iugehnical,  fluaional,  incremental,  &c,  for 
the  fum  uf  a  ferict  can  be  deduced  a  funilar  exprefljon  for 
the  fum  of  every,  fecond,  third,  &c,  terms.    12.  An  in> 
finite  feries  may  be  a  particular  rcCuhition  uf  iijhnire 
^iixioaal  cquauoofc    tj.  The  terms  uf  fume  fcria 
may  b«  jalimtc  and  d|«ir  faaiahaom.  14^  The  gate- 

r>il  fluent  of  y*  is  jrx*  i*  (river,  hy  a  fcrli.  )  of  the  Uaie 
kind,  and  the  fimc  of  iome  other  Ouxional  e<}uatioaa. 
tj*  A  fpvati^  il  fiMmd  iHiidi  nuli^cd  iato  a  ferica 
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ifi.1V 

icft  difltraMMtof  tit  icreu  of  iome  £erie«  are  girru  { 
if  tlic  terms  Are  in  geometrical  ratio  to  each  otiKr  the 

obovtmer : .  >iK  I  i!  liUrciict*  will  alio  be  in  g^eometrical 
imUkj  to  <4ch  other;  wti«ncc  it  appc.ir*,  iLit  liir  fcric» 
fiom  ihit method  of  difference}  will  oonvcr^  '  1:^1  w :icn 
the  given  (triei  converts  fwittrtl,  tsc,  but  not  alwajri 
tlte  ooMnuy<  S<!veral  uthcr  propolkioiit  arc  added  com* 
ccrninf^  the-  oKtbod  ol  diocKocet  applied  to  fcrie»t 
Ij.  A  j>jn-aboiico>hjnnilwKcal  curve  it  drawm  throogh 
■»y  BWibcr  of  points,  M  aK»  m  al^gctmiod  Md  — . 
iB*  SonetiiiBg  i«  givta  «oiicenitiur  the  cwfgyncy 
Ac.  of  Cenei  oeducni  iinMi  the  diaerences  of  the  nu- 
awrator*  of  a  gi»cn  ferie*,  of  which  the  dcnominatata 
conllitLite  a  j;ctiiiutriL<l  progrcflion.  nj.  A  rule  it 
given  fur  rtuJtt  III <j  fane*  coo»icrgii»^,  in  whicli  it  is 
obfervcii  that  the  fura  of  fo  many  :crm»  llmuld  be  found 
that  »  the  diSlancc  from  the  firll  term  of  the  ftric*  majr 
exceed  the  prea! I'll  root  ot  ih<  cquitlon  iciulting  from 
the  quantity  which  cxpreiTet  the  term  made  —  o. 
zo.  An  eqtittim  exprefling  the  rclatioo  between  the 
fnaia  and  term*  m  reduced  to  an  infioite  fluxiom]  eqiHK 
tUD  cxpRffag  tbe  relation  between  iIk  Am  or  tttm, 
k»  tMwah  M  »tiiie  diflanee  bma  die  Mk  term  of 
the  fenes.  s  r.  From  n  unethiid  Mag  known  of  find- 
ir  ;  t'li;  fuin  of  a  fetiea,  which  in»olvc»  one  vanahle 
sniv,  IS  ^'I'iSn  a  method  of  Hndifig  the  fum  of  tcrie* 
which  involve  more  Tariuhic  ni:;ii,t  it  ics  :  jiid  from  af- 
filming  fuma  of  iVricfcs  of  tlua  kind  arc  Jcd«»c«d  their 
tt  rms.  22.  The  fums  of  ferie*  are  found  coiifii'ting  of 
irrational  lermi.  2}.  Tlie  principle  of  the  convergcn- 
«f  of  thccppnuimatioiiafoand  in  drawing  paraboRonl 
eoiTCt  tbnMM  dvao  paiaa,  44.  Sonctnog 
gma  coowipwff  <ke  iMnqwlMjoa*  of 


tec 


»  1.2  ..a  l.a»M 

if  %  A  9k  te»  we  tl>«  wu  af.4*  »  a  a  a^. 
it.  Soawung  I*  added  ceaoeiaiaf  icriee  tnm 

Huidem't  Pro. 


bhrmsare  fomcwhat  extended.  tS.  Something  i«  added 
on  changing  cuotinual  ft.nftiuris  into  others,  aq.  A 
method  of  trantforro ill fj  ftrics  i/ito  continual  fador*. 

30.  A  rule  for  finding  the  Cue  and  cufiiu;  of  —  the 

arc  ;  arid  Li.tiisfi.  rming  an  algebraical  equation  into  an 
equation  (xjucffcd  in  icnn»  of  Ihics  and  cufines,  aad 
thence  from  an  appraunulion  to  the  fine  ia  found  one 
fltorv  Bear  1  die  Jaoie  a^ght  have  bcea  performed  by 
tanfeoN,  cotangent*,  fecaiite,  coiiDenilc»  ftc.  3 1.  Fiwn 
loaw  fluentB  given  have  bcea  fbtiad  otiicn^  ud  eoaJGe* 

2 uentlj  by  reducing  the  flaeati  to  iafiaite  Ibin  feont 
>me  in&nhe  ieiki  gtrca 

aMjothcMke  dedoeed.  3a.  The  ftieat  of 

S»  {bood  bjr  appmataiatloa,  wbot » n  an  irratkmal 

quantity,  which  method  of  finding  approximations 
to  the  indices  may  be  applied  to  other  ciifet.  jj. 
The  fnm  ot  tiic  fraftions  arc  found  when  the  deno- 
minator* —  Q,  and  coalc^uwtly  each  particular  ia- 

7 


34.  It  u  afferted,  that  the  fum  «t  certain  frae> 
tioDs  given  become  -  !  tn  the  tcniii  art  cx((rt  lied 

by  a  fradion  of  witich   the   (icnomuuior  ia  a  ra* 
of  the  diiUncc  iiom  tlx  lirft  laiaa 


of  the  boKt,  35, 

P,  where  P-=  Ar« 
C*"+«-+  !>»•+»■+.  a«.  wiJlbe  loj/  ' 


'  X  P:  :*»;  *P  if  tlie. 

(luenU  areoootaiocd  between  the  fame  faloct  of  «w 
36.  Are  gneo  fiMne  feriea  confi'ling  of  two.  of  wkidt- 
the  one  cooverges,  when  the  other  diverge*,  and  co»» 
fequently  the  fum  of  bolli  diverges;  ice.  37.  From  the 
kwof  wfmet  being  givakthelawof  the  feri(»  which 
exprcAi  tie  f(}uare,  or  Mne  fua^i^n  of  the  given 
feries,  is  found. 

I.  A  method  of  differences,  which  deduces  from  the 
fums given  any  fuectiftvc  fnms,  e.  p.  Let  6',  S',  S», 
be  the  lojrarifnms  ot  the  riitia»  r  :  r 


r  :  r  +  j/»  be  5  x  -  J>')  +  lo  (S*  -SJ>  acailv* 
then  rules  arc  given  ia  gtscnl,  aad  lilbearffc  tkctr  emwt 
from  the  true  valuct« 

X  A  method  of  corrrfpondent  toIucs  is  given,  e.  g. 
Let «,  if «»  d^tLC,  be  valnes  of   ;  aod  S*,  Sff^  fif*  A- 
te«  CORe^Madeot  valdee  of^  ;  then  may 

•  »  (^-^)  (^-^  fcc 

'  („       ate  ^  ^  + 

(*^«)  fcc  J«  + 

3,.  If  Ike  fiMmah  of  the  fcnVs  be  A  ■+  Bx  +  Ce*  ^1* 


+  4?. 


ratios  r  :  r  -t-  f,  f  :  r  +  if^, 
tJini  will  the  logarithm  irf 


«c  ssjTi  or/ Si-.  X 


*        (*  ^  1)  (x  —  f )  Stc 

T  ^  (*-a)  Uc         +  &CJ  if  the  for. 

mnlaof  the  ktiu  be  Ar  .f-  Bjh*  -f-  &c  =  jt,  which 
.mfwrera  to  Briggs's  or  Newton'a  method  of  iuierpola* 

tioni  5  or  the  leries  will  be  ' 


a" 
7 


fi^-^k)  (^^-t")  (^-J^)  &c 


ice 


{i^-o»)(V-r»)  (tk^^j  X 

&ct  if  the  formula  of  the  feiits  be  Ax"  +  B  v''  * "  + 
Cih*»k  +  ice,  =:  jtj  a  general  formula,  which  in* 
dudes  the  preceding. 

5.  The  ferie*  is  given  for  deducing  others  whea  the  ■ 
■amber  of  corre^ndent  values  given  are  either  evea< 
ar  odds  >*A  *hc  lainc*  of  #  ace  eqiridiftanc  from  each 
other*  dh  And  aUb  fimh  correfpoodent  vaJiies  of  :r 
aad/-tOB  aaadier  of  equidiflant  values  of;r  is  deduerd 
the  vah»e  of  j*  to  the  next  fucceffivc  or  any  fucceflive 
value  of  X.    7.  Some  nrithmetical  theorems  are  de> 
duced  from  the  preceding'  propolitioos.    8.  Another 
mc:hod  is  given  of  irfolviii^  t!ie  preceding  probIeau« 
9.  A  method  of  Goneding  the  CalutiooitoiBalalutioii' 
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l-iven  >»hidi  find»(ir)  v^luM  of  jr  to  («)  given  vilum 
rif  X  uvx,  tiiiJ  Ull<  ia(/»)  other  «lut«.  lO.  A 
Umikr  reiolutioo  is  aJJeil  from  corrcfpondent  value* 
«f*,  J",  St  &c  given;  and  muri  ^cneral  rcfclutinii«. 
It.  Given  the  reroliuion  of  tome  cafe»,  and  furuiula 
in  which  the  general  i«  contained,  a  method  is  piven 
in  rone  cafea  of  deducing  iu  it.  The  princiole*  of 
a  method  of  dcdaftHnit.«iid  rednaMMU  are  addfd. 

Jn  a 

quaiilj'.ic:.  ..fc  tranfaK-cl  i.nlo  probable  rclalUiii--,  muI 
fomc  tbccreoM  on  probabil  iits  tluiicc  deduced  ;  to 
whicb  BK  idjoiaed, 

1.  Tlje  theorem  a  +  i 


a±.n— ^xb.b±.}'b±.2l^Si.c%  thif becomcii 
th«  binomial  llieorem  when  /  =  o;  ;i  ;  i  it  will  jflurd 
unfwers  to  fimilar  cafes  when  the  whole  niuubir  uf 
chances  are  iiicreafed  or  diminifhcd  co;iftanlly  by  /,  aa 
the  binoRtiil  doce  when  thcf  ninaiD  the  bme,  a  finular 
mnltinomial  throrem  ti  given.  In  the  (kmc  pampUct 
itc  fiirtlitfr  ;it!Ji  J  fr.nic  new  propofitioiia  on  chances, 
on  tlie  values  of  lives,  furvivorftiips,  ficc.  In  thcfc 
books  .irc  alfo  contained  the  iiivtnciuns  of  others  on 
fimilar  fubje^s,  which  iu  the  prct.iccs  are  afcribcd  to 
their  refpedivc  authori. 

Jn  lie  Pbilofopbical  Trttufaaiotu  are  given  fume  pro- 

Eertics  of  numbers,  &Ci  of  wluch  fomc  haic  been  pttb- 
ihed in  the  booka  afaofe  neationedi  to  which  naif 
be  fuhjolned  fomethfog  in  iniaed  nutbenatlcs,  nt, 
a  paper  on  crntial  forces,  vrhich  extends  not  only  to 
central  foi  ciL.,  bm  alk*  to  forces  applied  in  any  other 
direftion,  at  in  tiic  dirct^lon  of  the  taogcnt,  aud  coufe- 

Suently  includes  rcfiliajiccs,  &cc.  It  givti,  a  riile  for 
ndingihc  forces  tending  to  two  or  tr.urc  ^-ivcn  poiijts 
when  the  cunrc  defcribcd  and  velocity  of  the  body  in 
every  point  of  it  is  j^iven,  t.t.  Let  the  curvc  be  an 
cUipfc,  and  the  vehmty  the  faanc  at  every  p(HDt»  and 
thetwocentmof  fintcbethefodoftheenipfe;  then 
wilt  the  forces  tending  to  the  two  foci  be  equal,  and 
vary  a«  the  fquare  of  the  fine  of  the  angle  contained 
bctwrrn  the  olllnncf  fiom  t};^  centre  of  force  to  the- 
pi  ini  HI  which  the  body  is  hiiuteJ,  aud  the  tangent 
to  the  cuive  at  that  point. 

The  method  of  deducing  the  flux-'onal  equations 
vhich  eapreftthe  cnm  dcfcribed  by  a  body  adcd  on 
bf  anjr  forces  tending  to  given  points,  or  applied  in 
•nj  <n«en  dircAiont :  Tone  other  propoiitibna  nic  con* 
taiDM  on  limilur  fubjedls.  2.  A  paper  on  the  fluxions 
of  the  attradtiuns  of  lines,  furfaces,  and  folids.  and 
f.oni  the  different  mcthodi  of  deducing  tbeni  ate  found 
different  fluciil»  equal  to  each  other  ;  a  third  paper 
gives  a  fohition  of  Kepler';-,  ptublcni  uf  cutting  the 
area  of  a  circk  dcfcribed  round  a  point  by  appmuma* 
tiomi  whicli>Uo  ia  applied  to  owcr  caieti.Uiiililcc- 

9 


wib  oontiiini  Cwot  odwr  ptnfclems.  Many  of  liMl- 
difcoverie*  tMve  finoe  been  poUiihed,  ibne  ia  the  Loo*  - 

don,  and  Other  Foreign  tranfrfiiona. 

Let  t-  =:  N,  then  will  /  (IcLiotc  tlic  log.  of  N  to  the 
modulus  (.  If  e  ilic  uioJuliis  —  i3,  then  will  the 
fyllcni  be  the  coftunotior  Bilj^gs's  fyftem  of  logarillims. 
i^igarithins,  and  the  fums  ut  fomc  utiter  krktcSt  of 
the  fomulz  axt>  -f  ix*'  + +  &c  may  be  deduced  ia  - 
a  naoBcr  finitar  to  that  which  snw  ofed  by  the  Aacieata 
for  finding  ^  fioct  of  the  aieaof  dtdee. 

To  ;  irticularife  t!ic  numerous  propofitlons  contained 
iu  theic  vvuiki,  would  exceed  tbc  limiu  of  our  defigiu 
Bcfidts  thofe  already  mentioBadjOihcia ate  iatcrfpcned* 

through  thcjwhok  works. 

ANEMOMETER,  p.  in,  col.  s,  U  i,  ajicr  ii 
ounces.  aJJ  or  i  of  a  pound.  Owing  to  an  ovcirij>ht 
in  the  fuccceding  tines,  of  confidering  this  iz  ounces 
as  13  pounds,  iu  the  calculations,  fcveral  errors  baw 
heoi  inclined,  and  the  jd  column  of  the  table  of  attin^ 
ben,  b  that  page,  or  tte  colamn  Ibr  the  vdocitf*  hai 
tlic  numbers  oulv  ^  of  what  they  ought  to  be,  or  tbef 
require  to  be  all  multiplied  by  4,  the  fquare-root  « 
16,  the  numbcrof  ounces  iu  apound.  Hence,  in  line 
6,  for         r.  1.  7  and  8,/ar  22f  r.  giij  1,  8^ 

p  r  15^  r.  62.  And  the  whole  faccceding  taUe  osr- 

rcdcd  will  be  as  follows  : 


BgwanFottt  ami  VSttitj  of  HTmdt 


Font  «a4 


H«i|bc  or 
Vaitr. 

force  of 
WtoJ. 

Velocity  of 
Wind  ftr  Hour 

?ou:-.ill. 

Miltt. 

oi 

I '3 

t8<o 

Ok 

a'6 

2J'6 

I 

S*« 

36-0 

a 

10*4 

50-8 

3 

l$-6 

62*0 

4 

20-8 

76*0 

260 

804 

1 

3I-2S 

88'0 

7 

95-' 

8 

I01-6 

9 

46*9 

io8-o 

10 

521 

ii3"6 

II 

57-3 

1 19*2 

la 

6a.j 

iJ4*o 

In 


\n\\.: 


Dr.  Liiid  found  tlut  t lie  force  of 
the  wind  was  fuch  su  to  be  equal  34V1)  pounds,  on  a 
fquare  foot ;  and  this  by  pn^KKtioD,  in  the  foregoing 
table,  will  be  fauud  to  aaJwer  to  a  velociqr  of  93iiuk* 
per  hour.. 

ARCH,  p.  137,  cd.  1,1  29, /or  fuch  cafes  at  they, 
r.-iiJ  r.ieh  e.Meij  tbev.  Lioe  30»  ^^c  haa^ct.  osfaL 


Sec  lis  IDG  r. 


ARCHIMEDES,  p.  139,  col.  1, 1.  j»  and  $3,  fcr 
preface,  a  commetuny,  imd  pfeCwe,  We  And  here 
alio  Eutocini's.  coaiBcalaij.  H.  co,  ^  colkwe, 
4db/,  who  had  tkc  role  cnctftliM  «&? 

.   .  Assy. 
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ASSURANCE  en  Liw,  Pa,  150,  col.  s,  is  the  chaitert  were  granted  to  them,  it  WM  enaSed,  thit  if 

jtl  paragraph,  for  want  of  fufficient  inrorcnation  con-  a  proprietor  of  the  flock  of  one  corpoTHtion  (hould  at 

ceming  the  I«oadoii  and  Royal  Exchanj^e  Afliirance  the  fame  time,  diredly  or  itidire£)ly,  be  a  proprietor 

Officciy  th«t  prngnpli  i^vtrs  an  iitipcrt'cA  and,  in  fome  of  flock  in  the  other  corporation,  the  refpeaive  flock 

refpeft,  cwomow  •onmai  of  them  t  it  nftn  10  their  fo  hcU  ia  to  he  forfeited*  oa«  taoknj  to  iht  kiog,  the 

Hate  30  yean  igOi  tat  the  Coaipniieitnw  fimk  tlw^  rtbcr  ts  the  infiMmcr.  TUa  «w  endetitly  lettled,  to 


altered  tneir  method  of  praceedinr.  Inflead  of  that 
{ranigntpli  theiefore,  take  the  fbUowing  account  of 

their  pi iTriit  conllitiitiori  ;  ti7, 

7/>f  J.cikii  AjsuSANCf,  in  a  corporation  cflabllrticd 
by  a  tlurter  of  king  Cieorj^c  the  ill,  viz,  in  17JO;  ini- 
dtr  pt  is  truf  winch,  Ai('i;ranccs  are  made  from  the  till; 
of  fta-vcjyajjes,  aiid  irom  tlie  danger  of  fire  to  houfcs 
and  govdi  ;  the  price*  of  which  are  regulated  by  the 
appueot  rifk  to  be  alfured.  They  alfo  make  Afluniioet 
ea  liTCtf  the  price*  of  which  are  formed  on  m 
cftiontioB  of  the  probable  daratioa  of  lift  It  diAicst 
age*.  Oft  the  oonGomtion  of  tbe  spftrcat  health  efthe 
petfou  to  be  aflbred,  and  of  the(r  Kroestioitt  tn  lift. 

This  corpotntioo,  and  the  Royal  F.xclianjjc  corpo- 
ration, gave  each  tlie  fum  of  150,000  pounds  lo  j;o- 
vernment,  for  /.r  /.v/n'  of  miiltinj^  Airurat.cc* 
ai  earpoTfjIr  b'}iiiei.  1  hey  me  knovvr.  to  pufTcU  a  large 
and  iiiiii'jniahlc  fund  toaufwiT  lodts.  And  the  prudent 
maiiagemi'tit  of  thiTe  c orpoialion*  has  enabled  tktni, 
of  late  years,  to  im  rejic  gradually  their  dividends  to 
the  proprietor*  of  their  (lock,  lliis  txcltftve  privilrgt 
to  nike  AffiUMMec*  M  eoqwrate  bodici,  i*  of  great 

idfminfe«adcoft«eti{eiK«  to  the  public;  and  a*  they 
lA  under  ■  conmoa  Cnl,  the  nflTiirMiitty  have  a  fpcedy 
mnd  eafy  mode  of  rrcovrring  lofTct,  and  cannot  be  fub- 
jcd  to  any  calU  or  dcdudiont  whatCTcr.  When  their 


pMient  thctr  intmi  htm  beoanuof  a  joint  one ;  fo 
that  they  (hoold  be  made  to  ad  th  competttioo  to  each 

ctlii-r,  for  the  greater  bentfi*  of  the  jJubUc. 

'fi.i:  Ro\,il  E*-ehttit^f  Ails u K a;««.  t.,  a  a.  cnrporalion 
tft.iblifiitd  hy  thirter,  a?  above,  under  the  power  of 
wliich,  AlFiiruiiccs  arc  atade  from  the  ri^k  of  fea- voyage*, 
find  fiuin  the  djii^tr  of  6re  to  !iu.-K5  and  goods  ;  the 


the  greater  or  lef*  rifli 
Ho  make  AfTuranrcS 


orices  of  which  are  regulated  by 
fb|ipofed  to  be  allured .    Tl . t y 
oa  lives,  the  prices  of  which  are  formed  on  cflimatioa 
of  the  probable  duration  of  Ufe  at  difTcrcnt  agOt  and 

mdcr  difieient  ctreumftaiMca.  Tbe  Mcfait  ntea  of 
AlSiraaoea  «•  Itm  are  aa  to  tbe  table  bdo«r>  And 

though  a  duty  on  thefe  Aflttrances  fhould  take  place  on 
'  the  plan  lately  propofed  to  tlie  Houfc  of  Common*, 
there  in  no  gfcM  probabiUtr  that  thcfe  pdeca  will  be 

increafed. 

This  corpor;itiuii  has  alfo,  like  the  fi  rmer,  been 
cnipuwtrttl  lo  gram  lite  annuities  by  an  n't  of  parlia-- 
ment,  which  require*  that  the  price*  of  the  aniiuitie* 
fliould  be  cxpeficd  in  table*,  hung  up  in  fucnc  cunfpi> 
caouaplact  m  their  office*,  for  pnhUc  infpe£tion  ;  and: 
no  agrec«ACDt-ii>r  any  pike  ia  rali^i  but  fueb  a*  ftuJl  be 
exprcflbd  itL  the  tiiMCi  Ml  mjcaod  piUiflied  by.  the: 
corpgfatioo* 
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Trm  fit  Ofa  tf  tkt  CoRrtt«'»ncnr  ^  thi  ROYAL  EXCHANGE  ASSURANCE,  m  At 

ROYAL  EXCHANGE,  LDnwir. 


RATES  OP 


ASSURANCBS  ON  CIVBft. 


Age. 


SINCLB  LIVES. 

Premiuoiper 
Premium pt I  a  jc:  «iin. 
cent  ftX'n-\  loiaaiiirur^ 
num.  for  in  locc  (er  the 
<ffu{«Mc(oi  whole  coo- 
le«cnfwn.i  tinvuncc  ot 
'  life. 


Pniliuinpcr 
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oacytif. 


JOIN 
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whom  the  Af- 
iunnce  ii  imdc. 


Nnmc,  age,  and 
defer  iption  oithc 
life  to  be  Af* 
fitted* 


Time  for 
the  AiTBtWM 
ntiide. 


which  I  CtnditiaiuH^  Affmranu  madt 
h  Ptrfiat  M  iint 
Lnn», 


;Tfce  AtTurancc  to  be  void  if 
'»he  p«rfon  whofe  life  if  Af- 
futcJ  fliiilt  JcjiJrl  beyond 
the  linvit.  of  Kiiroiu-,  (hall 
die  up<ni  tli<:  K:i>,  or  cL.ter 
into  Or  engage  ia  any  mili- 
tuj  or  nakwu  fertiee  wltat- 
erer,  without  tbe  previous 
jcunfcnt  of  th«  camp«ny  ;  or 
'fttall  come  by  deato  by  lui' 
cide,  duelling,  or  the  hanci 
of  Jullicc  ;  or  ihull  Dot  be, 
4t  ibe  time  ^lic  AITurancc  is 
audci  u  goad  baltb. 


SumaiTuftd. 


R«u/«rcent. 


By  wbom  the  Af- 
lunnoe  il  tnadc 


liame,  ^e  and 
ddctiptMinoftlie 
Bfa  tb  1i*  At 
fared. 


Time  for  wbidi 
the  Affonnce  ii 


ij  Firfimt  em  tbeLivct  ^ 


jTbf  AiFiirauco  to  be  void 
(if  tilt  ptiluii  wliofc  life  il 
AlTuied  ihali  depart  beyond 
the  limit!  of  Europe,  lhall 
Idic  upon  the  leas,  or  enter 
into  or  cafpcc  in  any  mili- 
tary or  wvar  tetviec  what- 
ievei,  without  the  pievwo* 
coufent  of  tbe  company  ;  or 
'  fliall  not  be  at  the  time  the 
i  Airuratiee  ia  oade  in  good 
i  health. 


Rate/frccnt, 
ferumm. 


Place  and  date  of  VMk, 
Ifhadtheianan^paK. 
'Aether  in  the  Rinny  or  navy. 

The  life  AfTiired  to  appear  at  tbe  office,  or  jaj 
tot.  p<r  cent,  on  Aflurar»cp»  for  one  year. 
15  J.  f'fr  eemi.  for  more  than  one  year,  "\ 

.111(1  not  exceeding  feveo  year*.      |  Tnthcfirfipay- 
^oy./.-rcvn/.  iffbrtnewfaokcontin.i-  i'  mentiHify. 
ance  of  life.  J 


Refbenoe  to  be  made  to  two  perfont  of  repute  to  nftei^ 
tain  hia  or  her  identity. 
Attendance  dafly  from  ten.  to  lulf  pall  t«« 
o'dock  and  from  five  to  Jevnif  Satiimy  in  die 
afternoon  excepted. 
The  lives  of  priTons  engaged  in  the  army  or  nary 
may  be  Afiuttd  bv  fpeciai  agreement. 
JV.  S,  THE  CORPORA!  ION  ALSO  GRANT 
ANNUITIES  ON  LIVES. 


VoImII. 
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AUTOMATON.   Tp  the  mS  of  itAt  mide,  in 

pji.  176,  fo!.  2,  niav  lie  ad(?ed  llir  followin|r  curioui 
p»rtiC'jUir',  (xfrnrttd  from  a  letter  of  nn  ingrniuUI 
gciitJem;-ii  (ir.cc  tliat  aititlc  \vn<  piiblifhfd,  vi/,  Th<>- 
jiu!f  Collinfon,  fcfq,  neplit'v  of  t'le  late  ingrniuui  Peter 
Ccllinfon,  Efq.  F.  R.  S.  *'  Tijrninff  over  the  le»»e«  of 


asd  Icience :  Imt  u  thu  liappni  to  be  upon  ibe  fub« 

JcStf  forglTC  rae  for  nJiling  one  vcr>'  admirablr  p»c« 
of  mechanifm  to  thofc  you  have  touched  upon.  When 
at  Geiicv.i,  J  LalkJ  cp  ju  Droz,  Ion  of  the  oii^iiiii 
jL>Tosuf  laCltaukde  Fund*  (where  I  »Uq  wut).  tie 
fhewcd  mc  an  oval  gc)ld  fauff  box,  about  (if  I  recullcd 


your  late  valuxble  publication  my  worthy  cortc-    right)  4  inchc»and  a  half  lone,  bj  5  tachc*  broad,  and 

fj  undent),  part  I.  of  the  Mathcrr.fitical  and  Philofopllt*    about  an  inch  and  a  half  thick.    It  wa*  d«ublc,  iiavtng 
ett  DiAioiNuy.  1  obliemd  under  the  aiticle  JhlamMi,   tn  borimotal  partitioa ;  Co  Uut  it  nay  be  coofidcfcda* 
^  ^       placM  va  another*  witb  a  Gd  c»f  eourfe  to 

each  box—One  contained  fDofl* — In  the  other,  him 
as  the  lid  was  opened,  there  rofe  up  a  very  fm.ill  hii  i, 
01  green  ciiamcUtrJ  goIJ>  fi'.ting  on  3  gold  llaiid.  liu- 
mcdmtcljr  thi»  minute  curiulhy  wn^^g^d  its  rail,  flitiok 
its  winet,  opened  iti  bill  or  white  <::iaiiu-llt.d  gold,  ai«d 
poured  forth,  minute  at  it  «ra«  (being  only  three  quar. 
tm  of  an  ineh  from  the  beak  tO  ^bt  extremity  of  tlie 
taS)  fach  a  clear  mdodiotM  fonA  aa  mould  luve  bJki 

a  imNB  of  JO  or  y>  6et  Ibuaie  arith  hi  hormuny  Dm 

Mreod  to  meet  ow  at  norence }  and  we  vifited  the 
AhM  Fontana  together.  He  afterward*  joined  me  at 
Rome,  and  exhibited  ki«  bird  to  the  pope  and  ihccanli< 
ualt  in  the  Vatican  palace,  tu  the  admiration,  I  may  fay 
to  the  aftoniihntent  of  all  who  (aw  and  heard  it.** 


the  followiDff     *  But  all  tbrfe  ftem  to  he  mlcrlor  to 

^t.  Kf  ir  ( <!t';  rJu-ff,  jil.ij  cr,  wt 'di  m.iy  li  ity  be  Con- 
liilcrtd  «s  tLi- gif ■ilcll  n.:.lli.i  f  iect  in  iiu-i-L  iriirt  that 
erer  appeared  in  the  «or!  i  ;'  (iijiotj  whitli  Mi.  Lt  Um- 
foo  nb(vrvei)  "  So  it.  certittiily  would  have  been,  iiad 
its  fcieriiificnioveinetita  depended  merely  on  mechanifm. 
Being  fli);litly  acquainted  with  M.  Keropcll  when  be 
exhiliitcd  his  chefs-playing  figure  in  London,  I  called 
on  biiB  about  five  years  fince  at  his  huufc  at  Vienna  t 
another  [jentknao  and  nnyrdr  being  then  «a  atovroa 
the  continent.  The  baron  (for  I  ihinic  he  ilfach) 
(hewed  bm  (bme  worlcing  models  which  be  had  lately 
made— among  llu  in,  .m  improTjnitr.t  on  Aikwrlglit's 
cotton-mill,  and  :>Ifo  one  ivliu  h  he  thou^-ht  an  improvt- 
metit  tn  Boulton  ind  Walt's  tdlt  llc-<ni-cn);iiie.  I  afk- 
td  him  after  a  piece  of  fpeaking  mechanihn,  which  he 
had  ftewil  nie  when  in  London.  It  fpoke  as  before, 
and  I  peethelamf  word  as  IgaTc  when  1  fifft  law 
it,  E.^fUkilh»t  which  it  dtflinaly  pronoftnecd  with 
the  French  accent.  But  I  particularly  noticed,  that 
not  a  woid  pafFed  about  the  chefs-fJayrr ;  and  of  eourfe 
I  did  not  afk  to  fee  it.  —  In  the  progrcfs  of  the  toar  I 
eamc  to  Drefden,  where  becoming  acquainted  with 
Mr.  Edtn,  our  ci.voy  tlicic,  by  means  of  a  letter 
eItco  mc  by  his  brother  lord  Auckland,  who  waa  atn- 
Infladar  when  I  was  at  Madrid,  he  obligingly  acoooi- 
yamtcdnera  feeing  lieveral  thinga  worthy  of  attention. 
Alul  he  hilroduced  my  companion  and  myfcif  to  a 
ffentlemanof  lank  and  t  iler. nsmed  Jofeph  Frtidrick 
Freyhere,  who  fccAi  comp!c^^triy  to  have  diltuiiiid  the 
FUaJiiy  and  foul  of  the  chefs-play  in^r  f;^r,,rc..  This  "entle- 
man  courteoafly  prefcnicd  me  with  tlie  tnn'.He  tu-  had 
pul'litlied,  dated  at  I):  ..V.vn,  Srpt.  3c,  1  ySg,  explaining 
It*  priiK:iples«  accompanied  with  curinti:!  plitis  uratly 
coloured.  Tliis  treatife  is  in  the  German  language  ; 
and  I  hope  focn  to  get  a  tranflatlon  of  it.  A  wcll- 
taiieht  boy,  very-  thin  and  fmall  of  hiji  .igc  (fiifficicntly 
fotbat  hcconid  be  concealed  in  a  drawer  aioioft  imme. 
dialely  ondcr  the  chela>board),  a^tated  the  whole. 
F.vcii  after  tlii«  abatemeni  of  its  being  tlritily  an  auto- 
maton, moch  ingtnuily  remains  to  the  contriver.— 
This  difcovcry  at  Dtefden  account*  foi  1  in  I'llcncc  about 
it  at  Vifnna  ;  for  I  iindrrlland,  by  Mr.  Eden,  that 
hir.  Fr-.  yhcre  had  fcnc  a  copy  to  baron  KempeU : 
thoii;,h  hi  feems  unwilling  to  acknowledge  that  Mr. 
F.  hot  cot.ipkjely  ana'.yfcd  the  whok-. 

•>  I  know  that  long  and  uainteKftisg  leltCft  are 
fomidable  thing*  (0  men  who  know  the  value  of  time 


Another  eitnft  from  a  fecoad  letter  upon  the  Cine 
fubjeO,  by  Mr.  Coninfon,  it  aii  fellowt :  **  Permit  mc 

to  fpeak  of  another  Aiito;iiaton  of  Dro/'s,  which  feve- 
ral  year*  fmce  he  exlublud  in  E:,g]aii.l  ;  and  \(hich, 
from  my  pcrfonal  acquaintance,  I  had  a  comiriodious 
opportunity  of  particularly  examining.  It  was  a  figure 
of  a  man,  I  think  the  fice  of  life.  It  held  in  its  lund 
n  metal  flylc  ;  a  card  of  Dutch  Tcilaai  being  kid  under 
it.  A  fpring  was  toochedf  which  rdeaf^  the  inter* 
nal  clockwork  from  Um  ft<i|k  when  the  figure  inmiedi. 
atcly  began  to  draw.  Mr.  Dm  happening  once  to  he 
fent  for  in  a  great  hurry  to  waft  upon  foir.c  conliJcr. 
able  pcrfouage  ai  the  vvtll  end  of  tliL-  town,  left  roe  ia 

fufle^ion  of  the  keys,  which  optncd  th?  i  tcefTes  of  sU 
is  machinery.  He  opened  the  drawing.maAer  hta* 
fclf ;  wound  it  up  ;  explained  its  leading  ptitai  aid 
taught  me  how  to  make  it  obey  my  requiring^,  »» it 
had  obeyed  his  own.  Mr.  Droz  then  went  away. 
After  the  firft  card  was  Bntflicd»  the  figure  rcfted.  I 
put  a  fecond  1  and  fo  on*  to  fire  fcparatc  carda,  lO 
different  fubjeets :  but  five  or  fix  was  the  cxttrt  of  i;i 
delineating  powers.  The  firft  card  contaiiuJ,  I  nuj 
truly  fay,  tUgant  portraiti  and  tikcinircs  of  th^  ting 
and  queen,  f.icing  each  other  :  and  it  was  curioui  to 
obfervc  vvitti  v\  I  t  p-e.  I'lon  the  figure  hfted  up  his  pen. 
cil,  in  the  traniition  of  it  from  one  point  of  the  dlift 
to  auotber»  without  making  the  leali  flur  whatefcrt 
for  indancct  tn  palCng  from  the  futfchcMl  to  the  ejet 
nofe,  aad  ehm }  «r  Awn  the  waving  coita  of  the  uir 
to  the  ear,  be.  I  have  the  carat  now  ht  ne* 
&c,  *c.'» 

Ik>  I77t  coL  i»      fif  AvgaA  ami  Septenher. 
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PAGE  K>7,  Co!.  I,  at  ihe  end  of  the  article  on 
Baiomtiric'.l  Mfafaremenu  of  Altitude*,  d.A/.  Hti; 
a  learned  piper  in  vol.  i.of  the  TranfaAions  of  tlic 
R.  Soc.  of  Ediulvirjth,  "  On  the  Caufei  which  aff-d 
the  AocuracT  of  Barometrical  Meafurements  $  by 
Jolm  Plsf r«ir,  A.M.  F.  R.S.  Edin.  ar.d  rrofcffor  of 
Mathematics  t»  tlw  Uoiverlity  of  £diafauixh."  Alib 
another  by  Dr.-  Daiflen,  Tate  Flrofeflbr  <»  Matbena* 
tic»  ami  I'hi'lornpliy  iu  t*i^  I':  i  -nity  of  Lcydea,  in» 
titled,  "  Diflcitatio  Piiylicd  ic  Mathetnatica  de  Mon- 
lliim  A'titiiJitie  Biiomrtro  Mctitnc!a:  Acccdit  Re- 
fraAionia  Ailionomicas  f  Ucoria  ;  in  Bvo,  at  the  Hague, 

'^1^.  20$t  coL  I,  after  th«  life  of  Daa.  BanioiiUi»«^i/ 
the  fflHowitig  lib  ttf  Jaoe*. 

BERNOULLI  {jAKV.t^,  another  mathematical 
branch  of  the  foretfoinf  cclsbratcd  family.  He  wat 
born  at  BjiiI  in  Oti<-.bcr  1759  ;  being  the  fon  of  JtAti 
BernouUii  aiid  grandton  ot  the  tirft  John  BcraouUi, 
before  mentioned,  and  the  nephewr  of  Daniel  Birnoulli 
kft  noticed  above.  Our  author's  elder  brother  John* 
wbolUBlHres  at  Berlin,  is  alfo  well  kuo«m  in  the  repuhlie 
of  fcience,  particufan^  for  hia  afttDoonicid  labowa. 

The  gtuttleman  to  whom  thia  artid«  tdttea^  was 
educated,  .IS  nioH  of  his  relations  had  been,  for  the 
profcffion  of  law  :  but  hia  genius  led  him  very  eaHy 
into  the  lludy  of  mathtmatics  ;  and  at  20  years  of  age 
be  read  public-  kdurc*  on  exjjerimcntal  philolbpliy  10 
<hc  univerfily  of  Bafil,  for  hi*  unck  Daniel  Bcrnoitlli, 
wbom  be  hoped  to  have  fucceedcd  as  profcfTur.  Beifjg 
dkappoilttcd  la  this  view,  he  refolvcd  to  kavc  his  nan  -  e 
placa,  aad  to  teek  hia  fiBrtene  cUiewhere  j  beocc  he  ac- 
cepted tbe  oflfee  of  fecretaty  to  Coiut  Breunert  the 
emperor's  envoy  to  the  republic  of  Venice ;  and  in 
this  city  he  remained  till  the  year  1785,  when,  on  the 
recommt>idat.ioii  ut  his  countryman,  M.  I'ufs,  lu'  was 
invited  to  Peterfljurgh  to  kuccctd  M.  Lcxell  111  li.c  dca« 
dciuj  there,  where  lie  continued  till  hio  dtatli,  VNlkich 
happened  tlic  id  of  July         at  not  quite  30  years  of 

2^,  and  wiicD  he  had  been  married  only  two  months,  to 
e  vouttgeft  daitghter  of  John  Albert  £uler«  the  Iba 
tff  incfocelebntcd  Leonard  Enler. 

Jtrf'pfilt  or  Jmaginary  BINOMIAL.  After  thia 
art.c.'.',  LI  pa.  io8(  the  middle  of  coL  i»  add  what 

hcic  ioUowK. 

In  the  rore^tii':^  articl:  art'  given  fevcral  rules  for 
the  roots  of  binomials.  Dr.  Maikelyne,  the  AHrono- 
■ler  Royal,  lias  alio  given  a  methoKil  of  finding  any 
power  of  an  ImpOl&ble  Bitiomialj  by  another  like  Bino- 
mhi.  Ilia  rm  h  {iven  in  bia  lntrodu£iion  prefixed 
to  Taylor's  Table*  of  Lagarhbni^  pa*  $6*  aodtc  as 

fo11<»'A-.«. 

'I'ilC  logajithms  of  .-i  am!  I  hcln^  ^:  ;ii,  1;  i:,  re- 
quired 10  llnd  the  power  of  tl»e  lmp<>lUbU  binomial 


B  I  N 


a  ±  t/'-'t^  whoTe  indcs  ia^  diat       to  find 

m 

(a  :t  ^  —       byanothtrUnpolTible  Binomial)  and 

m  m. 

thence  the  value  of         V  —  (a  —J—l^'^, 

which  isalwayapofliblet  whether  «  or  #  he  the  gieatcr 
of  the  two. 

jMSiCnn.  Pm  —  a  tMi|p.  %.  Then 
■It 


2cof."  «=  {^Xfec.^  X2cofin.%  =  (* Xcoftcs.)w 

Xzcofin.  -  «,  where  the  firil  or  fecond  of  tbefe  tw» 

laft  cxprefiions  is  to  be  ufcd,  according  as  »  is  an  cs- 

trcmc  or  mean  arc  \  or  rather,  becaufc  —  is  not  ooly 

a 

the  uugcnt  of  as,  but  alfo  of  a;  +  360',  %  +  720*, 
&c;  therefore  the  fildur  in  tbe  aafwcr  will  have  fevend 
values,  vir, 

2  cof.  — *i  2  col.—  («4-36e^ \  %  ceL  ~(a  +  72o«)i 

&c  {  de  muAtr  of  W  m  md  s  be  triiofe  niUB- 

ba%  wd  the  fiiSioa  ~beinittleaft  termi^  wiUbe 

equal  to  the  denominator  « j  othcrwtle  iafinite. 
i(f£9«nf/iHv.  Put  log;. 4-1- lo-^log* «  s  ing.  tati*s, 

'  as  m 

ThenliB.  {  {«  +  v'^) "  +  (*  -  v'^/'J  » 
s      (I.***- 10— L  cof. «)  -f  I.  a  4-1*  cof.*  10 


as  -  x(l<^i«-L&i.»)«Ma  4Loof.::c-i<,{ 

•  .  />      •  ' 

where  the  firft  or  leeond  eaprcflioa  is  to  be  ufed,  ae«. 

cording  as  s  is  an  t-xireme  or  mean  ate.    Moreover  bv 

taking  fucceflivcly,  1.  voL  -~>  sj  L  cof.  ~(*^|<Soi*^; 

L  cof.  -~  iK+^ufl)  I  dec,  there  will  arife  fimral  dif. 

tina  anfwera  to  tbe  qmftiofti  agrecaUy  to  the  re- 
mark above. 

BINOMIAI.   Thf.rrm.     Francis  Makre*,  Efq. 
(Curlitor  Baron  of  the  Exchequer)  iiai  cuiruuctiicated 
5  A  a  -Oe 
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ti(  r  ;  on  ti  e  Binomial  throrem, 

;  viz,  A!M.,,t  thr  yc.i;-  the 


the  foUi"^'.'.  ir.;?  (ibfrn 

and  it;.  lirm'.JiirT.i'.ic 

celebrated  J>ir  iiaac  Kewton  dikovcieii  that,  it  m  wire 
put  for  any  whole  number  whaifoevcr,  tlic  oefficictiti 
oftlwtcnMoftbeMtlipowcrof  i  +  *  would  be 


tin  wc 


to'  tbc  term 


be  the  lad  term.  B-Jt  how  In  jTcivti  c  J  ll.U  propo- 
U;iE>n,  he  ha»  !i»jt  tolil  us,  r.Ln  lins  hr  cvm  .itlcinpted  to 
<,-:.<■  (I. -.!.  jrJlr-l'iin  ot  :l.  Dr.  Joh:i  \\  a!lis,  of  Ox- 
imd,  intormsus  (iti  hit  Algebra,  chap.  Bi,pa.  ^19)  that 
he  had  endeavoured  ti)  find  1  hi*  manner  of  j;fnriatli)g 
tbcfc  coefTicienti  one  from  ar.other,  hut  without  fuiceft  ; 
tnd  lie  wasprtutlv  delighted  witli  tlicdifcovtty,  when  he 
fraad  th»t  Mr.  Newton  hail  ma4c  it.  But  hi  likewife 
ItM  wnittcd  to  givemdcmooftration  of  it,  as  wi.tl  as  Sir 
Iftac  Ncvtm  1  wd  prabab^  he  did  not  know  Jiow  to 
denonllrat«  ti. 

^ir  Ifaac  New.  jii,  arur  l.r  ],ad  difcovered  this  rule 
forgenfratinc  ihc  etufticitriti  nf  the  power*  of  I  +  * 
when  the  indexes  of  thofe  powrrs  w>  r.-  v. !tole  number*, 
coiijt£tured  tha;  it  might  pofTibly  he  true  likewfc 
when  they  vtrf.  frdMior?.  He  tli^i  r  furt  r^fi.jl'.  cd  to  try 
whether  it  was  or  not,  by  apply ing^  it  tofoch  indexes  in 
«  few  cafy  iiillancrs,  and  particularly  to  the  indexes 
J  »nd  it  fAach,  if  the  rnk  held  sood  in  the  cafe  of 
lia&!aml  Sndcxei,  wovld  cnahfe  biA  to  find  feitcfe* 


equal  to  the  valaes  of  1  +  .r;'  and  i  -♦-  jr  f 
the  f^uM«>root  and  the  cube-root  of  the  B>nonual 
quantity  j  +  »^  And,  when  he  had  in  this  BMiaer 

si 


qbtatntd  a  iavet  for  1  +  *r,  which  he  fiifpcQed  to 

he  equal  to  "i  +  J^,  or  the  fqaare  root  of  i  -f  % 

lie  ir.iiltijil'cd  the  fa^d  ftries  into  iifclf,  and  found  that 

luc  jirudiK  t  was  1  +  jr  J  and  when  he  had  ohtaiued  a 
1 

ferics  for  1  +~v}  he  multipUcil  ilie  faiJ  fcrics  tvi  iic 
intoitfelf,  and  found  thattliL-  j  TuJi,/fl  v.as  1  ^-  a  ;  ;ind 
thence  he  concluded  that  the  tormer  krieswis  ually 
equal  to  the  fquare-root  of  i  +  .r,  and  that  '  itti  r 
ferics  was  rcjil'  .  t  q-i.tl  to  its  cube-root.  And  from  ihefe 
and  a  few  more  !  u  li  uiak,  la  which  he  found  the  rule 
to  aniWer*  ite  concluded  imiverfally  that  the  rule  was 
alwajs  tiuct  whether  the  index  m  Aood  lor  a  whole 
■nmher  or  a  AaAlon  of  any  Und>     |t  |«  |«  |»  |»  ft 

or,  in  general  — . 

After  the  difcorery  of  thitnilc  by  Sir  Ifaac  NewtoHf 
•ud  the  puUicat'ia  of  it  hj  Dr.  Wa1E*T  In  Mi  Alpfhra, 

eh-p.  85.  in  the  year  tfiSy,  (which  I  belifve  wai  the 
firfl  time  it  was  pub'i(hfd  tr>  the  wotld  at  \'-r)^'  •  though 
it  was infii'cd  in  S  i  ffi-.-ic  Ntv. -um'-,  (p 'i  l:!tcr  t  t  Mr. 
Oldcnb'irgh.  ihtU.MMry  tvi  ilif  K  v.  1  S  net) ,  d.m d 
June  I  J,  i6-;6,  and  the  faidlrtit;  "a^  fhcwn  to  Mr. 
Leibnitz,  and  prubably  to  fume  other  of  the  learned 
mathcmAticians'jf  that  time''  it  remained  for  fntr-  s 
without  a  demooftratioBi  cither  in  the  cafe  of  inu^i  J 
fowen  or  «f  iwtb  At  fadl  bowcicr  it  «it 


j  BIN 

Anted  in  the  etfe  of  int.^l  j  ,  owert  by  meaaiof  the 

properties  of  the  fi  juraie  numbers,  by  that  learccL!,  fii  ■ 
gacinus,  and.  accurutc  mathematician  Mr.  James  litr- 
Houlli,  in  the  \\  chapter  of  the  :d  part  of  his  esccllcnt 
Ircatifc  I)e  Aitt  CrinjtQaniri,  or.  On  the  An  r.f fijrmm^ 
reafenahle  CtnjeHuTti  tcm-rninj  Eventt  ',-/ieuJ  «u» 

Cbmue  i  which  appears  to  me  to  be  by  much  the  bed 
wnttea  trratiil-  on  thcdoAiine  of  Chances  that  hat  yet 
been  pnblilhed,  though  Mr.  Dc'iij'vre's  book  on  the 
fiune  fubje*:^  may  have  lu  Ti^i!  tl.  •  rfg^rine  fomething 
fiirtbcr.  Tht*  trcatifc  of  Mr.  Jamct  BenionOi'a  was- 
not  publilhed  tifl  the  year  1 7i)»whidi  was  fijoie  yeu» 
after  bis  death,  which  Inppencd  in  Augull  170;;  but 
there  is  reafon  to  think  that  it  was  compoft d  in  the  Litter 
y -.T  .  of  the  prcrcdiiijj  tt  ntury,  about  tin;  year*  1696^ 
1607,  ii^yj,  aiiJ    1700,  a.nl  ctcii  that  f4tme 

pan-,  (  f  it,  01  fomu  <ii'  the  proporitorn  i.'.l^.rtcJ  in  !t> 
had  Ixcn  touiii!  v.:\\  by  the  act'irir  in  the  >cat$  1069, 
1693,  i6qi,  afi;!  mj,,j.  l-'or  ili-.-  f;;;)  part  of  his  very  cu- 
rious traft,  int  it  led,  Pc£timrt  Arithm^tizK  tU  S<ritius  Inf' 
aiVw  waspubiithedat  Bafil  or  Bafle  in  Switrerhnd  (which 
was  hia  ttativc  pbce>  and  in  which  lie  was  at  that  time 
proMlbrof  outhemattcs)  to  the  year  1689 1  and  the 
tecond  part  of  the  faid  f^U^  (in  the  19th  Bnlitiaa- 
of  which  thofe  properttea  of  the  figwate  munbersfrom 
which  the  Binomial  theorem  may  be  dcdurjt!,  au'  ftt 
down  )  was  publilhed  at  the  fame  place  in  ih(.  \  i'?.r  1  b<t !. 
But  the  ilrmcr.il'atio;,!  rjt  tlioic  properties  of  the  figu- 
rate  nurr.beri,  ..ml   of  the  Binomial  theorem,,  winch 
drpends  upon  them,  uere  never  as  I  believe  comm'jai- 
calcd  to  the  public  till  the  "year  t7lj,  when  the  au> 
thor^  pnfthttoious  treatil'e  De  Arte  Cu^eBtndi  made  it(< 
appcaianoe.    Thcfc  dcnuDftratioas  are  founded  oo* 
Clear  and  itnpfc  principlcai  asd  affiled  as  much  &tif< 
^lAioQ  as  can  well  beexpcScidaB  ihe  fubjed..  Bat 
thofbll  difplay  and  expUuHtionof  thefe  principles,  and 
the  dcdudion  of  the  bid  properties  of  the  figurate  num- 
beta,  and  idtimately  of  the  Binomial  theorem,  from 
them,  is  a  natter  of  ronfi.icr.-iblc  knjrih.    h  will  not 
therefore  be  amil's  to  f;ivc  .i  ll.oitcr  proof  of  the  truth 
of  tlii4  iniport.iut  tkti-orcni,  that  ihiill  t.ol  require  a 
previous  kiiawicdK«:  ot  tltc  properties  of  tlte  ti^araic 
numbers,  but  yet  Iball  be  equally  condufive  with  that 
which  is  derived  £roai  thole  properties  Now  thia  may 
be  done  iatheBaaaerfbllBwiag'. 

Let  us  fuppofe  that  the  coefficients  of  the  terat  of 
the  firft  fix  powers  of  the  Bioomial  quantity  i  +  4) 

iuve  been  tor.nd,  upon  tri^l,  to  )>c  fuCk  00 anwld  hC' 
produced  by  the  general  expreihous 


m    m    no  —  I 

J»   ~"»  » 


m  —  t  w  —  2 


by  fubftitntiog  in  thetn  firft  i»  then  7>  then  3»  the» 
4,  then  ^,  and  laftly  6y  inllead  of  nr.  That  may  «ap 

fily  be  tried  by  railing  the  faid  6rfi  fix  power*  of  1  ar 

b"  repented  mti'tiplications  by  I  +  -r  in  the  commote 
un.  am)  afterwards  fim"'.  the  tr  r:!i>  of  the  ti:\,t: 
po'Aeis  Iiy  means  of  the  f4iil  ^irnr;:!  cxprtlj  ah.ovc  ; 
wImcIi  will  be  fijiiud  to  produce  t!  -i  i  v  I '  li-i'irj  as 
arofc  from  the  multiplications.  After  tiictc  trial*  we 
fliall  be  hire  that  thole  general  exprcflionk  arc  the  true 
mlues  of  the  coefficients  of  the  pciwers  of  1  +  jr  at 
kdtmthe  AidMlix  powen.  Audit  wiU  tfacKbre  oii|y 
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P"*"^  ; W,  fiace  Ae nile  istmeiatlK  &e i  sod  the bcw tfaeovem  bei«aDudedto,it 
«id  irftox  powets,  itwiU  alio  DC  true  tftthenext  Fol*  i  i  t 

lowing,  or  thc7tl.  pr\rcr,  and  cuii''c(i'H-ntly  ni  tlic  3th,  '  '^f^—*'^**'*!'^^'^T~Z**^^T7Z  *^  9 

Sh  and  lOtb  powcis,  ami  in  ali  IiI^'.ilt  po'.^crs  what-  '  ** 

ever.  "  ^^'isre  J  =  *  -  Ifit  ^  I  .J  _  1^  ^.  i.s  jjc. 


Now,  if  the  Cmfficienisoftfs.- ilf,  2d,  5J,  41!],  a:id 


Oi  which  the  invcftig:a(ion  U  as  followi : 


uther  followinjf  tenns  of  I  ^.  aI  be  tlcToted  by  the  let-  i+Ji 
len  a,  b,  c,  J,         refpcdtivcl)-,  it  it  cvitient  fiom  the 
nature  of  multiplictuofl,  tUat  the  coefficients  of  the  _ 


N«ure  01  muuiMictuofl,  tuat  iiie  coemcients  ot  ttie  .     .  ,           ;...«»  M 

111,       34,  4tb,  and  other  followiiig  tenni  of  the  07+(««-3^+«)+fn-*-««»<««^)-^ 

•  .111  + 1 

ne«  hiriier  power  of  i  +  .r,  to  wit.  i  H*   I  ,  ,  ,       .  .      .       ,  .  ^ 

will  be  S«d          +     *  +  r,  r  +  ^  &c  .crpec  t  ^'         +  i>«'-50«*  +  »4«) 

tttelf ,  or  10  the  rnaw  of  twof  two  eontiffuous  cocfii.  •  « 

«ieati  of  the  teinw  of  the  pr«ocdi»g  feric*  whidi  +(iii'^i5«>'f  t5«Via5)i>+Z74j^sai) — ^ — r&c, 

•  Sul'li^ication.  whicris  2*fX  JiT"  llicn  by  ronneflinL'  the  fevcral  powers  of  ^  witfa  aO 

like  powers  uf      the  j  itter  ferica  will  become 


^  +  lix  -h  ejfi -\- d;fi  +  ik*  +  tic 
I  +  if 

«  +  ht  +  (A*  +  d\t  4.  rr*  +  ftc 
+  aa-  +  A*»  +  « J  4-       4.  &c 

 m 

T^IOvfore,  if  1  +^  is  equal  to  the  feries 
+      +  f *»  +        -I-  «jir«  f 

then  I  +  will  be  equil  to  tbe'feries 

«  +  a  +  6  .  .X      b  +  r  .,v»-f.  r  +  V..t»  +  S:e. 
Now  Irt  «  be  =  f«  +  I .    We  fliaJl  then  have  to 
prcv   th.it,  if  the  cocffidentt  a,  ^,  t,  ^«  &c,  bere> 
^e£tivel)-  equal  to 

*    1*1*    *'T"    2   '  3*** 

ibe  eoeScientc  «^  «  +  A  +  ^r,  will  be  refpecw 
titrel;  eqnd  to 

n       n    n—i      a    H—X    n—2  . 
I»   — .  — ,  —  .  .   ,  &C. 

*       >        -         '        -  ,1 

In  order  to  prove  til's,  tlicrt-  11,  nntinn;;  nirrc  to  cTo 
than  to  collect  togethtr  i  vci  v  tivd  tunis  lu'  il  l-  f..niur 
of  thcfc  two  feries,  and  Uicu  iublUtutc  into  ihcfc  fums, 
B  iiiltcid  of  n  -f  I,  when  there  will immediltdjf 
out  the  terras  of  tbelMterfcriu  as  above,  nit 

n—t 
z 


■ — \ — \n  n  n 

I  I 


BiMORtAi:  Thmrm,  Imtn/vmtnt  of.  Mr  Bonny- 
ciflkt  of  the  Royal  Mil.  Acad,  has  lately  difcovercd 
the  foUowini-  ir^;r-iioiis  irr.pmvinn. nt  of  thtl  thcOttflO* 
which  isr.ovv  publiflitJ  fur  tlie  full  tltnt-. 

Thi8celcbr;ittd  thcoicin  has  hc  tn  ;  ivcii  under  various 
forms,  fince  the  time  of  its  iirft  intention  ;  but  the  fol- 
lowing pioperty  of  it  is  conceived  to  be  new,  and  capa- 
ble of  an  application  of  which  the  original  ferica  ia  not 
fulctptiHe. 

^  The  Newtonian  theorem,  in  one  of  it»  auiil  coouno- 
dioQB  fonns,  Is 


«-3-4  2-3-4S 


Hp* 


4      2.3      2.3^.  2.3.4.5^2.3.4.5.6 


■  "4 


a.3    1.3.4  ^*3'4  S  *»3«*«5  < 


1.3.4  a.S«4.5  *-3-4-5  « 


+( 


2.3-4.5.6 


which  bj  abbrcTiatien,  &c,  become* 


•3*4 


4 


4-5 

10/' 


4.S.6 

J.6 


&c)»* 


In  which  laft  frrfci,  the  Vtent  pints  of  the  coeflcfent» 

of  the  3d,  4th,  5th,  >'o  t  i  ns,  are  the  fcjuarc,  cube, 
biquadrate,  &c,  of  ttic  cuctiicieat  of  the  ad  tenUt  M 
will  appear  either  from  the iAmI  imtlalia*  flf 

/-T  +  4--  — «  fcy  «QMMWM|  iU  fevoA 

*     3  4 

powers  with  the  multinomial  tbcavciB  of  DcBMsSvK* 
f ram  hcacc  it  foUom  Untt^ 

IT/* 
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■  where  in  diis  isiey      p  +  i —  +  —  +  £—  Sfc. 

'     S     3     4  fidmd  chbertt  a  whole  nwiiber.  » fisfimif  afanf,  m 

_.                      I          g             ,  gSfen  oraftuaknowB  quantit),  ai  tbcdrcamllaoce  may 

■        **3        2-3  4  >Qr  tlie  ^'cation  of  tbefethMicBa,  Ice  LoGA. 

fs  wat  to  be  fecwa.  «itn  it>,  and  ExrautMn^t.  Sjaathmt,        -  - 


CAN 

CANAL,  n  :;«ieral,  denote*  •  long,  itiimri,  liul- 
low  iiilirunicnii  through  which  a  Autd  roaucr  may 
be  convqrcd.  lu  which  fenCe,  it  amountt  to  the  fame 
whnt  it  ocbcrwife  called  a  pipe,  tube,  channel,  . 
Cf'hua  the  Caad  of  an  aquedtia,  is  ihe  piit  thn  igh 
which  tine  water  pafliw  {  whicfa,  in  ihc  ancient  work*  of 
iUm  kiad,  it  lined  with  •  coat  of  auAie  of  a  pecvBar 
fiampofitioB« 

Canal  move  particalaHf  denoln  a  kind  of  artifi- 
Qllri«i-r,  often  furnilhcd  with  )ock«  and  fluicc-i,  aid 
fnflaitn.1l  by  !>ank«  or  moundi.  They  are  contrived  for 
divers  purpofcK  ;  fome  for  fonning  a  coRimnincalion 
between  one  jilacc  and  another;  as  the  Canals  btlween 
Bruges  and  G^ltIlt,  or  between  Briiffcls  and  Antwerp  : 
Qtherifor  the  dccontion  of  a  j^ardcn,  or  houk  of  pica- 
fiirc :  at  the  Canab  of  Verfaitlct,  Fontainblcaoi  St> 
Jama's  Park,  ttc  i  Aad  otbcm  arc  made  for  diaiaiag 
wit  and  marfhy  bwdtt  whidi  lall  however  are  Bwre 
ptopctly  caOcd  water-i^gti  4ni»t,  ditcbei^  ftc. 

It  ia  ocedleb  to  cnunefate  the  many  advantages 
ariftng  fiom  Canala  and  artificial  mvi^tiont.  llicir 
VtiKty  It  now  fo  apparent,  that  mod  nation*  in  Europe 

fire  the  li';,'1ieR  eicoiiragement  to  uiu!crta'Kin;.;s  of  this 
ind  whercvtr  ihiy  arc  praft'cable.    Nwr  tlid  rlicir.ii'.- 
vanta^c  cfLdjK:  tlie  obfcrvatiLin  I't   llie  Anciei.t?,  Fioni 

the  tailicH  accounts  of  (ociciy  »t  rcjd  of  atte  mpts  to 
Cut  through  large  ifthmufti,to  p-.;i!tc  ci)ir;niunitations  by 
water,  either  between  one  fea  and  an  ;t>ier,  or  between 
diiTcriui  tuitionai  or  diftant  parts  c  ftlj^  fane  mtionf 
■where  land-carnage  was  long  and  expcnfiTe. 

Egypt  11  full  of  Canal*,  dug  to  receive  and  diflnbute 
■the  water*  of  the  Nile,  at  the  time  of  itt  inundation. 
They  are  dry  tbei«ll  <f  the  year,  except  tlie  Canid  of 
Jotcph,  and  four  or  life  olheta,  which  may  be  ranked 
as  confideraMc  rivers.  There  were  alfo  fubterraneoii* 
Canals,  o:  tjiiuls  1!  l^;by  an  .intitnt  king  uf  Egypt, 
by  which  thoicinkc*,  formed  by  the  inu»dation«  of  the 
m^,  were  flonfejcd  Mte  tke  McdiictiBiictii  fea. 


CAN 

Hetodotuj  relate*,  that  the  Cuidtans,  a  people  of 
C'jiia,  in  Afia  Minor,  tlcfigncd  to  cut  through  t^e 
irthmiis  which  joini  that  peninfula  to  the  contjoent ; 
h<it  wrrt  fii-vr!lit!<)'ts  enoM^  to  give  up  the  under- 
t.ikin^,  bccdufc  it  vrM  Mitettuood  by  an  oracle. 

Scvetvl  kina  of  Egypt  attempted  to  join  the  Red- 
Sea  to  the  HMiteraaetn  t  a  prujed  whidi  CkopatA 
wae  wy  food  of.  Thia  Canal  waa  begnot  aEC«dbfl» 
Heradotui,  by  NeciM&a  of  Plannneticus,  who  denncil 
fn  :n  the  atttiTipi  on  an  anfwer  from  the  oracle,  after 
liriiijjioll  1 10  ihouland  men  in  the  c;:itrur:fc.  Itwas 
rcfuLDcd  mid  eoinpk-ted  by  Dariu*  fon  of  Hyilafpes,  or, 
according  to  DiudortJi  and  Strabo,  by  Ptolomy  Phil- 
adtljihiii  ;  whu  relate  tlc.t  Darius  rt-linquiflied  the 
work  on  a  rcprefentation  made  to  bim  by  unfkilful  cn> 
gineers,  that  the  Rcd-Soa,  being  liigher  than  the  land 
of  Egypt,  would  ovciflow  anddmwn  the  whole  coaop 
try.  It  wa*  wide  enuugh  for  two  galley*  to  paft  abrealt* 
and  its  Icagth  wis  four  days  (Mung.  Diodonii  adds, 
that  it  wis  alfo  eiUed  PtDlony*s  river ;  that  thia  prince 
buik  a  city  at  its  mouth  on  the  Red-Sea,  which  he 
called  Arfinoe,  from  the  name  of  h?s  fjTonrite  fifter  j 
niid  that  the  Cannl  rnight  be  eltlur  opened  or  fhut,  at 
ocL  afjon  rcquiifd.  Diatl.  .Sic.  lib.  1  ;  Sttabo,-  Geog. 
lib.  I '  ;  Herod,  lib.  2.  Soliman  the  2d,  emperor  of 
the  Turks,  employed  50  thoufand  men  in  this  great 
woik  ;  which  was  completed  under  the  caliphate  of 
Onrar,  about  the  year  631c ;  but  was  afterward  allowed 
to  (an  into  negteft  and  «rrepair ;  fo  that  it  i*  now  dif- 
ficuli  to  difcover  any  traces  of  it.  HilL  Acad.  Scienc* 
ann.  1 70J,  pa.  1 10. 

Both  the  Greeks  and  Romans  intended  to  make  a 
Ginal  acrofs  the  Iflhmtts  of  Corinth,  whwh  joins  the 
Morca  and  Achaia,  for  a  narigablc  pafTagc  bv  ilie 
lonijn  fca  into  the  Archipelago.  Demetrui.s,  Juh.is 
Ci'  i.ir,  Caligula,  and  Nero,  nir.de  fc'cr^.l  imfccn  fiful 
efforts  to  open  thit  paflagc.  But  as  the  Anticnts  wire 
entirely  igBonatal  the  dc  of  watcrlodti^  their  uhole 

atlCQtioA 
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>  rr.ci  V,  1th  fu  man)'  obltaclci  ftom  dif- 
ihjt  he  WM  ubligcd  to  give  up  thv  «t- 


•ttenlion  WM  employed  in  making  level  cuts,  which  is 
pruhably  the  chief  reafou  why  they  fo  often  Ailed  in 
I  heir  attempts^.  Charlemagne  formed  a  dcliga  oTjoia- 
iag  the  Rhine  and  the  Dwiubct  to  make  a  comnunlca- 
tioa  betMTca  the  Ocean  and  the  Black*  Sea,  a  Canal 
from  the  river  Almutz  which  difchargca  itfcl!  iiitr-  the 
Danube,  to  the  Kcditz,  which  fulli  into  tlu  M,.i.je, 
which  l  ill  fiJIn  int^  thf  Rliiiif  m-ar  M.iyciicc  or  McillI ; 
tor  till?' jii'li.  ;k  4  iniilnycd  *  prodigious  number  of 
VOlkmca  ;  but 
fiercnt  ^uartcn, 

tempt. 

A  new  Canal  for  convcymjE  the  waters  of  the  Nile 
from  Ethiopia  into  the  Red-Sea  without  pafling  into 
Egypt,  wa*  projtfftcd  by  Albuquermie,  viceroy  of  In- 
dia for  the  Portuguefe,  to  render  Egypt  barren  and 

unpt •.ititahlc  to  the  Tuik-:.  —  A'.  CJ.iilderi'au  attribute* 
tlie  tiequency  oi  the  plague  in  E^ypt,  of  late  days,  to 
the  decay,  ot  Hopping  up  of  thclc  Caiials  \  wh'^h  hap- 
pened upon  the  Turks  becoming  maUets  oi  the  coun- 
try. 

In  China,  there  u  foiroe  «  town  or  vUlage  without 
the  adnniage  eiiber  of  ra  arm  of  the  fca,  ■  aaWgable 
river,  or  a  Canal,  by  which  oMani  nmigitMa  is  icn- 
dered  (b  common,  that  there  are  almoft  ai  manf  people 

on  the  water  as  tlie  I.inJ.  The  great  Canal  of  China, 
h  one  ot  the  wonders  of  art,  exteodiag  from  north  to 
foiith  quite  acrofs  the  empire,  from  Fekiii  to  Canton,  a 
diflance  of  825  miles,  and  was  made  upwards  of  Boo 

icar»  ago.  Its  breadth  and  depth  are  fuffictcot  to  cany 
arks  of  confiderablc  burden,  which  are  ananaged  by 
failb  and  mails,  as  wdl  aa  towed  by  hand.  On  this 
Canal  it  fccms  the  emperor  employs  near  ten  thoniknd 
(hips.  It  pafti  through,  or  by,  41  large  cttien;  there 
are  in  it  7J  vatl  locks  .ind  fluices,  ta  kttp  up  the  wa- 
ter, and  pafs  t)ic  ^tipi>\^  here  the  grausiid  will  not  admit 
of  fufficient  depth  of  channel,  befide  fcveral  thoufand 
draw  and  other  biiiigei.  Indeed,  F.  MagaillaiK  aHures 
us,  there  are  paflages  from  one  end  of  China  to  the 
flUier,  tbefpnce  of  600  French  lo^uea,  either  by  Ca- 
nals or  nrwt,  except  a  fipgk  daj's  jotimcy  bj  hod,  ne- 
ceffuy  to  cn^«  moiMtam. 

The  French  tt  preftnt  have  many  fine  Candb*  That 
of  Bricre,  otherwife  called  tlte  Canal  of  Burgundy,  was 
brgun  under  Henry  IV,  and  fiui(hed  under  the  di- 
rrdion  of  cardinal  Richelieu  ;n  the  reign  of  Louis 
Xlii.,  Ihis  Canal  makes  a  coromunicaiion  between 
the  Loire  Bi.d  the  Seine,  and  fotu  Paris.  It  extends  1 1 
French  great  leagues  fiom  Brivre  to  Mootargis,  and 
hat  4a  locks  upon  it. 

The  Canal  of  Oiicant  WM  bcgnn  in  1675,  fore£- 
taUifliing  a  coanniinication  alfo  between  the  Seiae  and 
the  lioire.  It  is  Gonridenbly  Ihorter  than  that  of 
Briire,  and  has  only  30  fluices. 

Cii  ^j  of  E  jii.bun  wan  but  kltly  iMidertaken  : 
its  ticligit  i'i  to  make  a  commiiniration  from  the  river 
©ife  to  Put  is. 

But  the  greateli  and  moil  ufiful  work  of  this  kind, 
is  the  juntiion  of  the  Ocean  with  the  Mediterranean  by 
the  Canal  of  Langucdoc,  called  alfo  the  Canal  of  the 
two.  ftaa.  It  was  propofed  in  the  reigns  of  Fran* 
cis  I  and  Henry  IV,  snd  was  begun  and  fintflted 
Muder  Louis  XIV  ;  having  been  punned  by  Fran- 
tia  &i%aet  in  the  year  1666,  gai.  finilbcd  hdore  hit 


death,  wUcfc  happened  in  1680.   It  begin  %hh  a 

hrge  refervoir  4COO  paces  ia  circnmfercnce,  and  34 
feet  deep,  which  receives  many  fprtngsfrom  the  moun< 
tain  Noire.  The  Canal  ia  about  SCO  mites  in  length, 
extending  from  Narbonne  to  Tholanfe,  being  fupplied 

by  a  n'.iiiiht  r  of  liviikls  in  the  way,  andfumilhed  v  rf. 
1 04  lock  J  01  fluitti,  of  about  8  feet  rife  each.  In  lome 
places  it  is  carried  over  bridges  and  nquedudis  of  vail 
height,  which  give  paifa^e  underneath  to  other  ri- 
vers ;  and  in  feme  placet  «t  »  Olt  through  folid  rodu 
for  a  mile  together. 

Tltc  new  Cinal  of  the  lake  Ladoga,  cut  from  V^ol- 
howa  to  the  Neva,  by  which  acoawMmicatioo  is  loade 
between  the  Baltic,  or  father  Occao,  and  the  Cafpuni 
fca,  wu  begun  by  the  exar  Peter  the  t(l  in  1719  :  by 
means  of  which  the  Englifli  and  Dutch  merchandize  is 
caiily  Conveyed  into  Fi.ili.>,  without  beifi^  <jhh;,'t.l  :cj 
double  the  Cape  of  Good  Hope. — Theic  was  a  tcrtr.f  r 
Canal  of  crrmmunicitinn  between  the  Lucio^^a  l^.!;c  .^\^d 
the  river  Wolga,  by  which  timber  and  other  goods  had 
been  brotight  from  Pe/fia  to  Pcterfbuig  $  but  the  mv!« 

£tioo  of  It  was  ib  dangerous,  that  a  new  oue  was  un< 
rtakcB. 

The  Spaniards  have  ferenl  titaea-had  in  liewthe 

digging  a  C.inal  through  the  Illhmua'of  Danen,  be« 

tween  North  and  S  /nh  America^  from  Panama  to 
Nombre  de  Dto;;,  to  make  a  ready  communtc&ttuu  be- 
tween the  Atlantic  and  the  Sotiih  Sea,  and  thus  i 


jt  ftralght  paSage  to  China  and  the  Eail  ladies. 

In  the  Dutch,  Auflrian,  and  French  Netherlands, 
there  is  a  great  number  of  Canals  :  that  from  Rrnges  to 
OAend  carries  veflels  of  200  tons.  But  it  v.  guld  be  an 
endleft  taflttodelcnbe  thenumheileri  Canals  in  Holland, 
Germany,  Ruffia,  tee.  We  may  therefore  only  take 
a  view  of  thofc  in  our  own  cotmtry. 

In  England,  tliat  ancieut  Canal  from  the  rivet  Nyre, 
a  little  below  Prterborough,  to  the  l  ivci  Witham,  three 
miles  beiovr  Lincoln  ;  called  by  the  modern  inhabitants 
Caerdike;  may  be  ranked  among  the  monument',  of 
the  Roman  grandeur,  thott;;h  it  is  now  moll  of  it  fill  .d 
np>  Morton  will  have  it  m^ade  under  the  emp^cur  Do- 
fltitlui.  •Vhm  and  medals  have  been  difcoveried  on  the 
banks  of  this  Caaat,  which  feero  to  oonSnA  that  opi* 
nion.  Y'.t  fume  authorti  take  it  to  be  a  Danilh  work. 
It  4c  mill  t  in  length;  and,  fo  far  as  appears  from 
the  tuins,  r.iuil  ha'.f  been  very  broad  aiul  deep  N.  t- 
witttilanding  lii^t  taily  beginning,  it  is  not  long  hncc 
Canals  have  bexn  revived  in  this  country.  They  ate  now 
however  become  very  numerous,  parttciilarlr  in  the 
coiiittiLSof  York,  Lincoln,  ;'.nd  Clielhirc.  .Mi,:t  ol  J^c 
counties  between  the  mooUt  of  the  Thames  and  the 
Briftol  ehatinel  arecooneOed  together  cither  by  uatnrat 
or  attificial  navigations;  thofe  upon  the  Thames  and 
Ifis  reaching  within  about  20  miles  of  thofe  upon  the 
Severn. 

The  Canal  fur  fMpntying  I^oiidon  vvsifi  vv.'ite:  t  y 
mci'.im  of  the  New  River,  \\  as  projtftcd  at;d  begun  by 
Mr.  Edward  Wright,  authoT  of  the  celebrated  trtatilc 
on  Navigation,  about  the  \eai  i'^jS  ;  but  fihilhed  by 
Mr.  (afterwards Sir  Hugh)  Middletoo,  tUc  years  after. 
This  Canal  commences  imr  Ware,  in  Hertfotdfliire, 
and  takrs  a  cuurfe  of  60  miles  before  it  reachnthe  cif> 
tern  at  lAin^ton,  ul^h  fupplies  the  Ccicid  water-pipes 
that  convey  a  to  ibe  thj  anio  pans  adjacent.   I  n  r  :7i  r 
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places  it  is  30  feet  deep,  aud  in  otliers  It  is  conreycd 
ovci  a  v.illty  uLtwctn  two  hills,  bv  mcin';  o*  a  tvonj^S 
fupportcd  ott  ^vacdfn  a'rhcs,  ar.d  above      feet  in 

The  Duke  of  Brtdew«tcr*«  Canal,  projeAed  and 
executed  bnder  the  dfa'calon  of  Mr.  Krindlcjr,  wm  be- 

Jyia  kbout  the  yctr  l'C9>  Ttmi  iirft  defigiicd  onlr 
or  conveying  coal*  to  Munctiefter,  from  t  mine  in  the 

(l  ik^'ii  t  l.iic  ;  t  fincc  been  applied  to  many  other 
ufcfjl  puipoki  •..t  iiiUiid  DJivigation.    This  Onal  bc- 

fina  at  a  place  called  Worflcy-tiiill,  about  7  mile*  from 
lanchefler,  where  a  bifon  is  made  capa!]le  of  hoJdinfj  aH 
the  boat*,  and  a  gJ^at  body  of  water  which  frrvcs  a  rc- 
fervoirorhead  to  the  nav  V';  :i.  ThcCanal  mm  through 
a  hill  by  a  fubterranet y  1 -i  i  i^r,  large  enough  lor  wU 
nutting  hrag  flat'bottomed  boat»»  trhich  are  towed  by 
•  nil  on  each  hand,  near  three  quarten  of  •  niile»  to 
the  coal-work n.  TScrc  the  pafTagc  divide*  Into  two 
channels,  one  ul  wiiich  goes  off  300  yards  to  the  right, 
and  the  other  as  many  to  the  left  t  and  both  may  be 
r(Vktinucd  at  pleafiin:.  The  paflage  is  in  fotne  place* 
cut  through  the  folid  rock,  aud  in  others  arched  o.  tr 
with  brick  ;  and  air  funnels,  fomc  of  which  arc  near  37 
yard«  perpendicular,  arc  cut, at  ci-rtain  diftanoe*,throiiga 
tlie  rock  to  the  tog  of  the  hitL  The  arch  at  itt  entrance 
la  about  6  iect  «ride»  and  about  ;  feet  high  from  the 
iiirfacc  of  the  water ;  but  widens  within,  fo  that  in 
fome  places  the  boats  may  pafs  one  another,  and  at  the 
nits  it  is  10  feet  wide.  \\  iicn  the  boau  tic  toadcrl  .it-.tl 
uioil^ht  out  of  thebafon,  five  oz  of  ihem  are  linkid 
together,  uikI  I'lrawn  along  the  Canal  by  a  finale  liorl'e, 
::nd  t!iii»  reaching  Mauchcfter  in  a  cwirfc  of  cine  miles. 
It  is  biuad  enough  for  two  barges  to  pafs  or  goabreall  ; 
and  on  one  fide  Mere  iaa  good  road  for  the  j^^age  of  the 
peoul^  and  the  horfta  or  raulei  employed  in  the  work. 
The  Canal  is  raifed  over  public  roadi  bf  meana  of 
arches ;  and  it  pafTes  over  the  navigabftr  ri*er  Trwell  near 
50  feet  above  it  ;  fo  that  lar^-e  vt  iitU  in  full  fiiil  p.ifs 
tinder  the  Canal,  while  the  daJvc's  barges  arc  at  the 
fame  titne  pafling  over  them.  This  Canal  joiiia  t!i  it 
wliich  paffca  from  the  river  Mcrfey  towards  the  i'rcnt, 
taking  in  the  whole  a  courfeof  34  miles. 

TbeLAncaiUr  Canal  begins  near  Kendal«  and  ternn. 
fwtes  near  Eodeftoa*  comprcbending  the  didanoe  of 
7^4  milca. 

The  Canal  from  Liverpool  to  Leedt     fo8l  niilnt 

that  from  I.t-fik  to  Selby,  i^J  miles;  frum  Cliichcf. 
ler  to  Mi'JiiUvvicb,  J^?  mile^  i  from  ihc  Trent  to  the 
MnVy,  83  miles;  from  the  'I'lrnt  to  the  Severn, 
m:lc3.  Tlie  Biriiiingiiam  Canal  joins  this  near  Wol- 
vei!iaiiipton,  and  is  24^  miles:  the  Drottwich  Caoal  IS 
miles :  the  Coventry  Canal,  commencing  near 
JLichGeld,  and  joining  that  of  the  Trent,  is  36^  miles: 
the  Qxfoid  Canal  hraka  off  firona  thiat  and  is  8a  qilea : 
the  Chcftcrluld  Cans!  joint  the  Trent  near  Gafnfbo- 
roiigh,  and  is  44  milt  ». 

A  communication  is  now  formed,  by  means  of  tin's 
inland  navipatifin,  between  Kctidiil  and  London,  by 
way  of  Oxford;  between  Livei pool  and  Hull,  by  the 
way  of  Leeds  ;  and  between  the  Brillol  cliannel  and  the 
Humber,  by  the  jundion  formed  between  the  Trent 
and  the  Severn.  Other  fchemeabave  becnprojedcd, 
which  the  (preCent  Ijpirit  of  improvement  will  pcobablj 
e  CHeenUoD,  of  opening  a  .  ^  - 


bet^retn  ti.i;  C  •in  nn  snr'.  Jrifh  fias,  fo  a?  to  red'.Jce  al  i" 
7ardoM  ,  ^n^■il;util-l^  of  rTi:irf  than  3oo  miles  by  f«,  into 
a  little  more  than  ijo  miles  by  Imd,  or  inUnd  navi^^i. 
tion  ;  and  alfo  of  joining  the  Hi*  with  the  Severn. 

In  Seotlaod,  a  navigable  Qua}  l>etwecn  the  Fo'th 
and  Clyde,  which  divide*  that  COtmtry  into  two  parts, 
was  thoiuiht  of  more  than  »  eentnif  Tince,  for  iranf- 
porta  ancTrnian  fliipt.of  war.  It  waa  again  pioir^led  ia 
the  year  I72i,  a;  a  fuiM  y  mai!e  ;  hat  nothing  mor* 
wa*  done  till  1-6),  wlicn  the  thi  n  lord  Nijikr,  at  hi» 
own  expenee,  had  a  furvcy,  plan,  a^iJ  eiimute  tr.adi.  on 
a  fmall  feale.  In  1 764,  the  truilees  lor  fi(Kcrie<s  ^fc, 
in  Scotland,  procured  another  fnrvey,  plan,  and  et)i« 
nwtc  of  a  Canal  5  feet  deep,  which  waa  to  coll  79,009 
|iound».  In  1 7(16.  n  fnblcription  waa  obtained  by  a 
nuntber  of  the  mdt  rcfpedable  merchanta  in  Gtafgow, 
for  making  a  Canal  4  feet  deep  and  24  feet  in  breadth  { 
bnt  when  the  bill  was  nearly  obtained  in  p^rlianient,  it 
was  given  up  on  acconnt  of  the  fmallnefs  of  tuc  fcale, 
and  a  new  fnbfcription  f^t  vn  toot  for  a  Canal  7 
feet  deep,  cfiimated  at  150,000  pounds.  This  obtained 
the  fan^iun  of  parliament  ;  and  the  work  wit  begun  in 
t-68,  by  Mr.  Smcnton  the  engineer.  The  extreme 
length  of  the  Canal  from  the  Forth  to  the  Clyde  is  j{ 
miles,  bennnins  at  the  vowth  of  the  Camn,  and  «od« 
ing  at  DiUBiure  Bnmibot  on  the  Clyde,  6  mtlea  hdott 
Gufgow,  riling  and  fislling  160  feet  by  means  of  39 
locks,  20  on  the  eaft  fide  of  the  fummit,  and  19  on 
tlie  V,  eff,  as  the  tide  does  not  ebb  fo  low  in  the  Clyde 
as  m  the  Forth  by  9  fret  5  and  it  wst  deepened  to  up« 
wards  of  H  feet.  I'hi-;  L'aiinl  wai  linil'hed  a  few  yean 
fincc,  alter  having  ttpL-.-if  need  fomc  interrnptiont  and 
delays,  forwantot  reuiurces,  and  is efteemtd  the  grcat> 
eft  work  of  (he  kind  in  tbia  ifland.  VeFeIn  drawing  t 
feet  water*  with  19  feet  in  the  beam  and  -j  feet  fai 
length,  pafa  with  cafe;  and  fhr  whole  cnterprife  dif- 
plays  the  art  of  man  in  a  bij^h  de;;icc.  To  fupply  the 
Csiial  with  water  was  of  ittelf  a  very  great  work. 
There  i*  one  refcrvoir  of  50  acres  ?4  feet  deep,  and 
aTiiftlicrof  70  aeres  zz  iiet  deep,  in  which  many  rivers 
and  fpriogs  terminate,  which  il  is  cxpctlcd  will  aSosd 
liiSaentfttpplj  of  waiter  at  aUtioMa. 

Tit  PraAior  of  CmoI  Bi^inj  aad  tmhu^  IM^gttkMt 

The  paiticular  operations  necefTary  for  making  arti- 
ficial navigation'.,  depend  upon  a  number  of  Circum- 
fiances,  'riie  fituntKni  of  the  gromifl ;  the  vicinity  or 
conne^lion  v  i:h  r:\eis  ;  the  eafe  or  dilfienlty  with 
a  proper  quantity  ot  water  can  be  obtained  :  thefe  and 
many  other  circuinllantts  ncccflarily  produce  great 
riety  in  the  Amdure  of  artificial  navigations,  and  aug- 
ment or  dininfflt  the  labour  and  expcncc  of  executiag 
them*  WhenthegKHudiamturally  level,  and  oacoa- 
nr&ti  with  rivers,  the  eseetJtion  is'eafy,  and  the  nari- 
j^atioii  ii,  not  liaWr  to  br  djiUirbed  Ly  tlouds  :  but  whiii 
the  grenutd  l  ilcii  and  fuJli,  and  cannot  he  redneLd  to  a 
level,  ni  tificial  r.R'tiiojH  of  railing  and  lowiTinii;  vrlii.Is 
mull  be  rtnploycd  ;  which  likcwifc  vaiy  according  to 
circumftances. 

Sometimes  a  kind  of  teoiponny  floicet  are  emplojr* 
ed,  to  raife  boats  over  fidls  or  Ihoals  in  rivers,  by  a  very 
fivplc  Operation.  Two  pillars  of  nufon-work,  wilii 
gtvoret,  are  fixcdf  one  on  each  l»ak  of  the  river,  n 
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fiiBiedIftancef>ctowthciwal.  The  boat  h»Tiiif  paflfcd 
thtk  pilfain,  ftrong  phnkt  are  let  clown  wnoft  the  i iver 

tiy  pulleys  into  the  ^jroovts  ;  by  ■n  ViIch  means  the  wuter 
M  dammed  up  ti_>  j  pruptr  htigiit  lor<ulowiug  tlic  b»*jt  io 
pafs  up  tiic  river  over  tlif  (hojtl. 

Tiie  Dutdi  and  I'lemiuj^s  ut  thi«  day  romctimes> 
when  obftrnftcd  by  Cifcadts,  Torm  an  iiiclinrd  plane  or 
pnlling-bridge  upon  dry  Innd,  alonjj  which  their  vciTcl* 
aicdniwii  from  tlic  river  below  the  l  afcade,  into  thcri* 
above  it.  This  it  i*  laid  wa$  the  only  method  cm- 
ploj-cd  by  the  AttaVfiti,  »nd  ftill  fometinMt  nfcil  by  the 
Chiiiefc.  TKrlc  i-o'lin  ^■lnid;;':«,  roulilt  of  a  DumlnT  of 
cylindrical  rollers  li  turn  caiily  onplvots.  Aad  a 
tnill  iii  commouly  Imik  n  ir  ;  fo  tliat  tin-  lunic  nu  Ji'iu  i  v 
may  fcrvc  the  double  piirpofe  of  wurkinir  tbc  mill  and 
<ir«w-inf^  up  vcflel*. 
^  But  ID  tbeprcfcnt  iinpro«ed  tUtlc  of  inland  navtga> 
ikoif  thcfit  wm  ind  fhoah  are  cummnnly  fuTnwtinted 
hjf  Mcia*«f  what  are  called  hicka  01  iTuices.  A  lock 
»  a  bafon  f heed  lengthwJfc  in  a  tiw  or  Canal,  lined 
vvtth  walls  of  in;ifi)iiry  mi  I'aeli  fulc,  and  tcimJnnUi!  fiy 
gates  fiucctS  .Tfr(i(s  the  Canal,  where  then;  h  a 
cafcadeoi-  untui-il  \.>.]\  nf  ;he  country  ;  and  foc(>Illlrl^•t• 
^'^J,  that  tlic  bjtion  bring  lilled  with  water  by  an  upper 
fltiice  to  the  level  of  the  wtteit  above,  a  veiTel  may 
-afocnd  through  the  upper  gate  |  or  theMrateriii  the 
lock  being  reduced  to  the  level  of  the  water  at  the  bot- 
tom of  the  cafcade*  the  veifcl  may  iferrrnd  thiough  the 
lower  jrate  i  Ibr  wheo  the  waien  are  brought  to  a  1e«rl 
<-n  cither  fidet  the  gate  oe  that  fide  maf  hecidily 

tipnieil. 

JJiit  as  the  lower  gate  w  flnineJ  In  jj^njiort'on  to  tl;e- 
depth  of  water  it  fupporis,  when  the  perpendicular 
height  of  the  water  exceeds  12  or  13  feet,  it  becomes 
neceflary  to  have  more  luclu  than  one.  Thu»,  if  the  fall 
be  16  feet,  two  lock*  are  rcquiredi  each  of  8  feet  fall  ( 
and  if  the  fail  be  2$  feet,  three  hxka  are  neceiTary,  each 
having  8  feet  4  inches  fall. — !t  f«  evident  that  the  fide- 
WBlli  of  liH-k^  iIkiuI  !  l<e  f  ii-ilr-  \cv\'  liioriLT;  and  wlieic 
the  natural  luui.  l.iiion  ;s  h.iu,  tl.ty  ilio.ilij  be  founded 
on  piles  and  pUtfcTms  oi  v.mckI.  i'lit  y  !ji i  vih!  likrwifc 
Hope  outwards,  ill  order  to  rcliil  the  prciiiuc  of  tlic  earth 
Jroni  b^-hind. 

To  ilitiilrate  thia by  reprefcntation* :  Plate  37^  U 
it  a  pcffpcdive  view  of  part  of «  Canal,  with  feveral 

locks  &e  ;  the  vefTcl  I.  being  within  the  lock  AC. — 
FiV.  2  is  ao  elevation  or  npii^jht  fcf^ion  atouj;  the  Ca- 
nal; ihe  ^\;:y.l  !,  about  to  cnrer. — l  i^.  3,  a  like  lec- 
tion of  a  I  H.  k  Hill  of  water  ;  the  veflel  I.  being  railed  to 
a  levtl  with  the  water  in  the  fup'  rior  Cnti;il. — Aiul 
fig.  4  is  the  plan  or  ;;rouiid  feclioa  of  ah  ck  :  «  her  ■  1, 
tea  vrffcliii  the  infirnir  Canal :  C,  the  under  g.itc  ;  .\, 
the  upper  finie;  GH,  a  labterfatKon  palioge  fur  kt- 
thtp  water  fixmi  the  rupcrior  Canal  run  into  the  toi-k; 
•nu  KF,  a  fuhtcrmueaut  paflagt  for  water  from  the 
lock  to  the  inferior  Canal. 

X  tiud  V  (fig.  l)  are  llic  tvn  flood-g.il-.'S,  each  of 
which  coiifills  01  tMo  leavt:s,  f-'lliiig  upon  mic  ;.ntjlhvr, 
I0  ,■>  t  1  f'irin  an  obliiic  angl?,  ttjc  better  tor,  (ill  the 
jireiriire  of  t!ie  «'.iter.  The  tirll  (  \)  prevctit«  the  wa- 
ter, of  the  fiipcrior  Canal  fiom  frtlling  utiothe  U)ck.  ;  and 
the  fccond  (YJ  dam*  Hp  and  (utUitu  the  water  iu  the 
Idek.  Tliefe  lood^gatea  ought  10  be  Vtry  ilruujf .  and 
to  turn  freely  Uf  oa  tlwir  iMgou  Thcv  fliauU  alb  be 
•  Vol.  LI.  - 
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.  made  my  ti|^  and  dote»  that  aa  little  woeen  pollhte 
may  be  loft.  A&di  to  mifte  them  dpaii  aud  ftut  with 
cafe,  e.ich  leaf  ii  ftnntdied  widi  a  Imw  lew  ktf  Mi 

Ci.  a. 

By  the  fubterraneouspafTage  OH  1,  5,  4)  ulrch 
delcends  obliquely,  by  opening  the  fluict  G,  the  water 
it  let  down  [toia  tlic  fuperior  Cannl  D  into  the  lock, 
where  it  it  flopped  and  retained  by  tlic  gate  C  '.vhrn  Hiut, 
tin  the  water  id  the  lock  comet  to  be  on  a  kvel  whl:  the 
water  in  the  fuperior  CaoalD ;  aa  reprefcnted  in  Ag.  $- 
Wtirn,  on  titcother  hand,  the  water  contained  by  the 
Ioe!<^;;  to^r  ti-;  uiit,  tlie  ruffjos  (111  mull  be  flrjt,  by 
letli;:'.'  iluivi.  llif  nuit;c  (t  ;  tli'-  ^.Ue  .'V  iir.jll  a]fj  Le 
Unit,  ai.o  tlie  p  itT.i^je  IvI''  oj:_-ned  by  raifiiig  the  iluicc 
K.  A  ircc  pall'uge  being  thus  given  to  the  Water,  it 
defccnds  thmugh  KF,  into  the  inferior  Canal,  until 
the  water  in  the  lock  be  on  a  level  with  the  water  in  the 
inferior  C.uiul  B  ;  as  reprefcnted  in  fig.  a. 

Now  fuppofe  it  be  roqurad  to  ni&  the  vtflcl  l» 
(fig.  2)  from  the  infenor  Ca««T  B  t'n  the  fuperior  one  D. 
If  llir  ;.iek  be  full  of  w.it^r,  t!u-  Hii-ce  G  muH  be  (h'.lt, 
liU  .ulu  the  ^..U  A,  and  the  lluief  K  opened,  fo  thai 
the  water  in  the  lock  111  iv  tiiM  (uit  till  it  become  to  .1  it  - 
vel  with  the  water  in  the  inferior  C^nal  B.  When  the 
water  in  tile  lock  comea  to  be  on  a  level  with  the  water 
at  fi,  the  leaves  of  the  gateC  arc  opened  by  the  levcra 
C^,  which  ilea  Illy  performed,  the  water  on  each  fide  of 
the  sate  being  iii  equiUbrio  1  the  Vclfel  then  iaiU  intD 
the  loclc.  Alter  thif,  the  gate  C  and  the  flnice  K  are 
opefitd.  In  iirder  to  fill  \h.  to.  k, 
till  tlie  w,i;ev  in  the  lock,  and  ciiniVquenllrilir  M  fHl,  'jc 
upon  a  l'.vi.l  Willi  ihe  waierin  the  fu^ji.-rior  C. if.nl  D;  a» 
IS  reprcfented  in  tig.  3.  The  gate  A  i»  then  opened, 
and  the  vcifel  pafles  into  the  Can.-il  D. 

Again  let  it  be  retjuired  to  make  a  velTel  defcrDd 
from  the  Caaal  D  into  the  inferior  Can:d  B.  If  tlic 
lock  be  empty,  as  in  fig.  z,  the  gate  C  and  fltilce  K 
mull  be  (hut,  and  the  upper  llnice  G  opened,  fu  th«t 
the  water  in  the  tuvL  nir.-.-rlfe  to  a  level  ••  :"li  'he  -'  .  t  r 
in  the  upprr  C.iiiai  D.  i'iien,  opening  the  ^^^te  A,  i;.e 
vcfft-I  w.il  pill  through  intD  the  lo  k.  Thi^  done,  fliut 
the  giitc  and  the  lluiet  G  ;  tiien  open  I'lc  fbiVi  K, 
till  iTie  water  in  the  lock  be  on  a  level  with  the  v,  :i  er  n 
tiK  inferior  Canal ;  this  di)pc,  the  fptt  C  is  opened,  snd 
the  veflel  pafliea  ahmg  into  the  Canal  9,  as  was  n- 
quirid. 

CATi-.SARY.  Line  ±,  for  ACP-  «.  DAC— 
L  h,jvr  A  and  U  rtad  C  and  B.  ^ijitr  wh'uh  a,U,  U 
is  otheiwile  called  the  E^'a  Carve, 

CHALDRON.  T.ine  4, /r  rocc  noi.n.'s,  read 
2t»cwi.  or  }  1)6  pounds.  At  t&t  mtlaiU,  By  tid  uf 
parliament,  a  Newi-«lllr  Chaldron  is  to  weigh  J2^cwtt 
or  3  waggons  of  17^  cwt,  or  6  carta  of  8|  cwt  each* 
making  cwt  to  itie  Chaldron.  The  ftaiute  Lon-^ 
djn  Cha  .  r  n  ii  lo  coiililt  of  36  biilheh  !iL:a|>cd  up, 
each  bufliel  t.)  contain  a  WInchefttr  bolhel  :«!id  <ic 
quait,  and  to  be  u^.Miiehrs  dianutti  cxttin  illy.  Now 
i*.  h.K  been  r<Mjnd  by  re])evcd  trials,  that  Londoa 
Ch»ldri  HH  n.'e  e^iul  tn  8  NeAcatlleChaldfoni,  which, 
reckoning  5:^  cwt  to  the  lattcTf  gives  tg  cwt  to  tlte 
iwrmer,  or  31  ^fi  Iba  to  the  London  Chaldron. 
^  .This  I  lind  nearly  ponlitiiKd  by  experiment.  I 
'    J  B  wetghej 
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mri^lMdonc  peck  of  coals  wliich  •mountctl  to  ^  1^  >b. 
Ttani  4  iWKi  thit  givct  87  lb  far  the  weight  ul  the 
buflieli.and.36iuua  tliebirfbel  gi«et  ^tjijb  for  the 

Chaldron  ;  to  which  if  the  weight  of  the  odd  quart  he 

"  aiided,  or  3  lb  ncaily,  it  giv»  ,  ^iy^  Ih  r..i  il  i  "'  V''* 
uf  the  Chakirtiii,  which  i*  only  one  potmil  icio  thaii  by 
llatute. 

Pa.  2^7,  col.  a,  1.  tOtfir  VX  —  «  —  jTi  Tt*d 

YX  ^  „  -  X. 


unireif  yet  CUrko  eafilj-  mafttrcd  the  new  ijtlem 
Newt<>;i  ;  IiiJ  ill  oiJer  to  hii.  full  de^at  of  arti,  per- 
iormctl  a  pnUic  txculfc  in  ihe  Ithooli  upon  a  qiic«ioi» 
takes  ffm  it.  He  greatly  coii'rib.ilLil  to  tbecftablifh- 
Dtnt  ofthe  N<.wiorii.>n  pf.i'lofopbj  by  ancxccUcBt  Jfanf- 
Lition  of  Ro!i.»<ilt's  Flir  It -b,  wfib  notea,  whick  be  fmilli- 
cil  before  Itc  w:is  ;  i  vc.us  ot'  .ngc  :  a  kiok  which  h»0 
hceu  lor  lociir  time  tiic  fyiiim  ufed  in  tlie  umwfity, 
aud  fouudf d  upon  Cirltfi.iii  principles.  Tli  i  "  is  firlt 
[  u'jlirticd  in  the  year  rig:,  and  it  foon  aticr  wetit, 
Uaoiigli  fevtiul  otlitr  editions,  all  with  improvemcnls, 

Mr.  Whiilaa  reiaK»  th»t,>  that  year,  1697.  while  he 
waschaplaie  to  Dr.  Moore  bifbop  of  Norw  ich,  he  met 
with  youiiK  Clarke,  then  whoUjT  ni»kiMiwn  to  bioi,  atm 
toirce  lujuie  ill  that  city  ;  where  they  entered  ioto* 
conwrif-cioM  .-.b.iut  CV-.t-l'-u)  v-'-^-T'M*'  partico- 
U.ly  Rohault'*  i'iijliwi.  Ll.;kc"h -uU)-,  as  he 

ttlli  us  had  put  hiio  iipou  trun!^"n-.  "  I'hcrnr.it 
of  tht»  converfation  was,  fays  \Vlii»li>n,  tiwt  i  wa» 
greatly  furprifcd  thai  fo  \ouiig  man  a>  Clarke  then  was, 
flimildknow  ib  muchol  thofe  lubliir.e  difco\cric!S  which 
were  then  alinoll  »  fecret  to  all,  but  lo  a  few  priicukr 
mathematicians.  Nor  did  I  remember  (coitunuet  he > 
above  one  or  two  at  the  moll,  wbom  1  had  then  net 
with.  •  f  at  ficmed  to  ksow  lb  moch  of  tint  pliik6pbj 
as  Mr.  Clai^ic."  ... 

He  afterwards  turned  his  ihoujjhts  to  divinity  ;  and 
lierini  ttisxn  holy  order*,  in  tfagB  he  fucceedcd  Mr. 
\Vhi£m  n  chaplain  to  Dr.  Moore  bifbop  of  Norwich^ 
who  wa*  everaher  hi*  canlUnt  frien  I  and  patron.  In 


CiRt  LT"  ^.f  Curvaltrr.  To  what  is  fiij  of  tiii»  at- 
titk  ill  li  t  r.'iirtionry,  ni.iy  be  ath'.til  wli.it  follow*, 

A  circuljtr  arc  is  the  only  curve  line  that  ti  citiially 
curved  in  'cverr  point.    Tii  all  other  cur*e  line*,  fuch  s> 

tlieaic  01  an  tll  jife,  era  paiubcia,  or  no  hvpcrb'-la,  or 
j«  tyil-iiif,  the  ti.rvi'tjre  is  diflVrmt  in  JifliriPt  f:i'i';t:), 
aud  lla"  "it^nt  >A  c  jrvatun;  in  any  point  is  eiliinuti  J  by 
the  ciirvjiuic  of  a  Circ'e  \\!iiv  h  is  f.iid  lo  have  the  f;ime 
Clirvi,l'nc  as  th«  priipafcti  curve  hri  in  that  puiiit  ;  by 
mliilb  is  undcrllood  liic  C"ri!e  vrlr.h,  lutii;);  1 1.e  tan- 
gent «f  tbepro|>ored  cur^,-  in  tin-  i.vA  paint  U  •:  it.s  tan- 
gcitti  appioadic*  fo  ncaily  to  the  prwpofed  curve  that 
no  other  Circle  whatever  can  be  drawn  between  !t  and 
tli.it  cnrvf. 

This  Citt'e  is  alio  fjid  to  rfr^.l.itf  the  curve  in  tin  faid 
point,  and  i.i  therefore  oltt  n  c.iiicd  the  t/'i ;,.'„.' //j^'  Cird; 
ikH  well  Ai  the  Lirde  of  Cjual cur-vjture  vvah  the  curve  in 
tlkc  faid  point.    And  the  radius  ot  this  Ciri:!e  is  Cdlhd 

the  radiutQf  tamatta-*  of  the  propoicd  curte  in  the   .     ,  ,  ,  

faid  point  1  alfo  ita  centre  »  called  the  crMrr  of  tm-vo'  i6y9  he  publiihed  two  treatifc* :  tlie  one  on  Uaptifm, 
lurr.  Contirmation,  and  Repentance;  the  other,  Rcfle&iona 

on  tilut  part  of  a  boiik  called  Amyntor,  or  a  Defence 

t.fMiltuir.  1  'tV,  wIikI.  :;latc-»lo  the_Writir}rs  of  the 
Pritnilive  i-aihers,  di.d  liic  Canon  of  iheMcwTella- 
nicnt.  In  1701  he  publilhed  A  Paraphiafc  upon  the 
Gofpel  of  St.  Matthew  j  which  was  followed  in  1 70* 
by  the  I^iraphmfes  u^Ktn  the  Gof^els  of  St.  Mark  and 


Now  there  are  fome  curve  lines  fo  very  highly  cur%id 
in  fome  particular  pnintj>,  that  every  Cirv'c,  of  liuw 
fmall  a  radius  foever,  bavin;;;  the  tangent  to  tlte  curve  in 
one  ot  thofc  points  for  ilb  tangent,  will  paft  without 
the  airre,  or  between  the  curve  and  it«  lanfrent.  Tliis, 

for  exainple«  itthe  cafe  witli  the  ciirve  of  a  L^cloid  in     ..^    ,  . 

the  two  pointa  eontiguotia  to  in  bale,  aa  alfo  with  the  bu  Uike,  and  loon  after  by  a  thixd  toIusdc  upon  St 
eilToid  at  it»  Tcnex.   And  in  fuch  pointa  the  curTature    '  ' 

of  thefe  cui-res  i»  f^lid  to  be  iryf'.jVc,  bieaofe  it  is  greater 
ih.nn  the  curvutiire  of  any  Circle,  how  fmnll  fctvtr. 
Alio  the  radius  of  the  Cinle  of  curvature  in  fucli  p.  !:,t-. 
is  nothing  ;  the  Uugili  of  that  radiu*  being  alu'ayi  in- 

Tcrfe!y  or  rtciprocdly  aa  the  degree  of  curaiorc  at 
any  point. 

The  theory  of  tbefc  CinJea  «f  equal  ewmtine  with 

curves  in  parlieiilar  point*  was  firft  Cultivated  by  Apol- 
loniuB  iu  his  Conic  ScAioni:  and  it  has  fincc  been 
carried  much  tlrtbci  by  feveral  ^rcat  mathematicians  of 
modern  times ;  particularly  by  Mr.  Huygensin  hisdoc- 
trine  ot  Evclut''  C>;rvti  andCurvei  of  Evolution,  and  by 
the  gr(»t  Sir  {fjac  NevTtou.    Sec  Cukvai  uke. 

jCLAP-KE  JDr.  Samvsl),  a  celebrated  Eogliih 
divine,  pi.   j'  (  tr,  and  fhi-tapii)  fx  ian,  waathefon  of 

£dwjrd  ClarlkC,  Ef<i  sldcuaan  of  Norwich,  and  for 
feveral  yt:ir>  one  of  i'.^  rcpiefciitativeH  in  parliament  ; 
and  was  bom  there  the  1  iti;  of  t)ii'-iber  167J.  f  If  \v,is 
inftrudttd  in  clalTKal  harniii;'  at  t!ic  free-fchool  of  that 
town  ;  and  in  lO'j  1  rt  ttio.nl  llitnee  to  Caius  college  in 
Cambridge  }  where  hh  i;ni.\j>iiinon  abilities  foon  began 
todJfplay  ihemfdve*.    Though  the  philofophy  of  Det 


John.  , .     .      n  c 

Mean  wliHc  1  ii^rji  Moore  gave  bim  the  RCtory  ot 
Dravton  Dfsr  Noi  ich,  with  a  IcdureOiip  in  that  city. 
In  I  V-,i  lie  was  .1)  ,>^.•.^ted  topu:uli  JViylc's  Itfture 
and  the  fwbicct  he  chofc  was.  The  Diin^:  KiulAuii- 
butesof  God.  He  fuccceded  fo  u  cll  in  tli:*,  .mJ  ivc 
fo  much  fatisfac^Ion,  that  lie  was  ap|>ointcd  to  pita«:|» 
the  fame  lecture  the  next  year,  when  he  chofe  for  !»r 
fubjcft.  The  EvidcQcea  of  N»ittialaBd  »e»ealed  Reh- 
fion.  Thefe  fcmonawerc  irft  printed  in  two  ittamOf 
t-;oc  ard  1-06;  and  contaitud  fome  remark* 


in 


fuch  obi  cficnis  heen  made  by  Hobhe*  and 

uoM,  81.  1  other  i-i-pofeis  »t'  r.atural  and  rLvt  ilt  J  roi- 
f  loxt.  In  the  6th  edition  was  added,  A  Difcouiiccon- 
cirning  the  Conueftion  of  the  Prophecies  of  the  OM 
Tcftaocntt  aod  the  application  of  tiicm  to  Cbrift- 

About  thia  time,  Mr.  V\  billon  informs  us,  hcdifa>- 
vcrcd  that  Mr.  Ctarke  (hatriog  read  iHMch  of  the  primi- 
tive writers)  began  to  fufpett  that  the  Athanefian  doo 
trine  of  ih'  Tiiuits-  was  not  thedo&rinc  of  thofe  carij 
ages;  an»i  it  was  1 .1  rticukily  lemarked  ofhiro,  that  he 
never  re  id  the  .Vthmafian  Creed  at  his  parifh  chi  ril.. 

In  1706  he  publiflied  A  Letter  to  Mr.  Dodt.ill; 
anfwetinK  all  ibe  argument*  in  hi*  epiilolnrv  difeourfe 


loojipny  inemiCiives.    luougti  lue  ptniolopliy  of  Ue»     anlwenng  an  tue  arguments  m  nw  epKiumry 
Caitca  wa*  at  that  time  the  *<^^t^Kn.^,j  phikfopby  of  the    if^aft  uc  iaaioitality  of  the  iavL   Bitbof  Hoadley 
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ohfervei,  that  in.lhcj  letter  he  .LrV  rixd  Mr.  Dodwcliia 
fo  excellent  a  manner,  both  witb  ii^  atJ  to  the  pliilofo- 
pbicalpart,  and  to  tlip  opiriinnB  of  U-mc  of  the  primiti«^e 
Writerty  Upon  wht>ni  tln^fc  dodrineiverc  fixed,  that  it 
^vc  onivcrfal  fatisfaition.  But  this  controvcrfy  did 
not  flop  here  ;  for  the  cclebrttcd  Mr.  CoUin«,  coining 
'  in  as  a  fcconJ  to  Doclwcll,  wentmiMh  fiirther  into  the 
pTiilofophy  of  the  dlf|nite,  and  indeed  bemed  to  pro- 
<I\iC(-  all  'int  ct  iiM  !iL  againll  the  immaterialily  <.f 
lilt  h  til,  as  well  as  ti  lt  lilHTty  of  human  adions.  This 
eii'ii;;rd  thi  Tu  nc  <,ftl;c  I'.Jfpute  ;  into  which  our  a«- 
llior  chteixd,  and  wrote  witli  fnch  a  fpirit  of  cJearncf* 
■Md  dcmor.lration,  as  at  once  ftiewed  him  greatly  fupe- 
nar  to  his  adverfaries  in  mrtaphyfical  and  phyfjcal 
ktKwledge  ;  making  every  intelligent  reader  rejaiifie 
tint  fuch  an  inddcnt  bad  Imppcned  to  priavoke  and  ex- 
tort from  tiim  fuch  excdlent  mfoning  and  pei  fpicuity 
of  ex  pre  ill  on. 

In  ihciijidil  (jftlicfc  IsSfn^ra,  Mr.  Clarke  fuuuJ  time 
to  (hew  l,n>  Tci'irJ  {i>  ir.i^l  rtnatical  .ini!  philofophiral 
fttidin,  with  Ins  cxad  knowledge  and  fkill  in  them. 
And  his  natural  afTefiiun  and  opacity  forthefe  iludies 
were  not  a  little  improved  by  the  friendfhip  of  Sir  Ifaac 
Newton ;  at  wbofc  requeft  hetrandated  his  Optics  into 
Latin  in  1706.  With  this  verfion  Sir  I&ac  waa  fo 
lii^'hly  pleafcd,  that  ht  prefented  him  wth  the  fofflof 
JOol.  or  lool.  to  each  <,;"  Kis  I've  chili!rc'r,. 

The  fnmc  year  alio,  biiluip  Moore  procure;',  for  h;ir. 
tliL-  uclary  of  St.  Bennett's,  I'rml^  Wh.irf,  ii.  Lon- 
don ;  aD4  foon  after  carried  him  to  court j  and  reconi- 
mended  him  to  the  favour  of  (jueen  Anne.'  She  nj?- 
pointed  him  one  of  her  chaplains  in  ordinary ;  and  alio 
prefcntcd  him  to  the  rcftorj-  of  St.  Jamea'a.  Weftminfter, 


ral  explanations,  nhicli  fcemed  to  fattdy  (he  UTOC*' 
l.oufi-  ;  at  Itfaft  the  affair  was  not  brought  to  nny  Ijluc, 
tiir  niLMibti-^  appeurirtg  dcftvoiis  to  prtvcnt  {iiflLi; (1011s 
and  cir.  limns. 

In  171^  and  1716  he  had  a  difpute  with  the  cele- 
brated Leibnitr,  concerning  tlvc  principles  of  natunl 
phiUifophy  and  reh'gion  )  and  acotle&ion  of  the  paper* 
which  pa  (fed  between  thenit  was  publifliedin  lyi^. 
'i  l>is  work  WM  addrcflcd  to  qneen  CarolinCi  then 
prinotTs  of  Wales,  who  wa«  pleafed  to  have  tlvr  con- 
troverfy  pafs  through  her  hands.  It  vdMcd  chicfiy  l9 
the  fubjrcts  of  liberty  and  neccflity. 

About  the  year  1718  he  was  prefcnted  by  the  lord 
Lcchniere,  to  the  muHeifhip  of  Wigllon'ii  huipital  in 
liieiceScTlhirc.  In  1724  and  172^  hepubtiflied  l8ler* 
mens,  preached  on  fcvcral  occaiiona*  In  I737«  on  the 
death  of  Sir  Ifaac  Newton,  he  had  the  oflrr  of  fuccecd- 
ing  him  as  Mailer  of  the  Mint,  a  place  worth  from  iz 
to  15  hundred  a  year;  but  tothis  Iccular  nrefei-menl  he 
cotilt!  iK  t  irconcilc  hiii^ult;  a^id  therefore  ahfolutcly 
refnicd  it. — In  1728  was  pubJifhed,  a  Letter  from  Dr. 
Clarke  to  Mr.  Benjamin  Hoadlry,  occafioncd  by  tlic 
Controvcrfy  rtlntinjj  to  the  Propottion  of  Velocity 
and  Force  of  B  idles  in  Motion;  and  printed  in  ihc 
Philofnphical  TiaufacLions,  aitni.  401.— In  the  begin- 
ning of  1729  he  puUiflird  the  firft  12  boola  of  no 


of  gram-- 


iner's  Iliad  :  a  work  v.li'el'  biftrip  H.jmney  cnlh  an 
curate  pcrfurmance  ;  .mJ  nuiis,  a  trtiifury 
niatlcal  and  criticLil  kiidul  uge.  Ami  the  fame  year 
came  out,  his  Expiihtioii  of  the  Church  Catechifin, 
iind  10  volomes  uf  Sermons:  books  fo  well  ka^wo 
and  fo  generally  appnived,  that  they  need  no  recom- 
mendation. But  the  fame  rear,  on  Sunday  the  1  ith  of 
MajTf  gohig  to  pneadi  betone  tbe  jadgca  tit  Serjeant** 


when  it  became  vacant  in  IJpon  thia  oocafion  he  *^J\  s^fg  *«  prsiwii  imvic  krc  jno^n  m  ocrjcam  s 

took  the  decree  of  D.  D.  when  the  poWe  ncercile  lira,  he waa lUisM  trMi  inia  fa  hfs fide,  which  niad«  it 

vliich  he  performed  for  it  tt  Canbri^gC  «a6°hl|ghty  ad-  impofTblc  for  h'm  to  periorm  hh  <  Hiee.  TTi>  was  car- 
inirer! 


t  he  fnmc  yr?r  i  709,  Dr.  Clarke  revifed  and  cor- 
rected Whiieon's  ti.n  (Litton  of  the  Apoftoiicr.l  Conlli- 
tutions  int<»  F.iigli/li,  at  li  s  enriied  requi.l.  In  I7>2 
be  publifiied  a  muft  beautiful  and  pompous  edition  of 
Csiar'a  Commentaries.  And  tbe  Mine  year,  hia  cele- 
brated hook  called.  The  Scripture  Dodrine  of  the 
Trinity.  Whiftftn  (nferma  us,  that  fome  time  before 
tlie  jmblicaiiuii  of  t'li^  tionk,  t^n'rc  ivAsa  mefTage  fent  to 
the  author  by  Gadtilphin,  ;ir.d  others  of  tjiiccn 
Anne's  niiniftcrs,  importing,  "  That  the  affairs  of  the 
public  were  with  difncully  then  kept  in  the  hands  of 
thofe  tliat  v»  tri  c  for  liberty  ;  that  it  was  therefore  an  un- 
feafonabletime  for  the  publication  (rf^abook  thatsvotdd 
make  a  j^rtat  notfe  and  difturbtnee ;  and  that  therefore 
they  deiircd  him  to  foibcar  till  a  fitter  opportunity 
fhould  offer  itfilf:"  which  mcffn-^c,  fays  he,  the  doftor 
p;i(l  ni)  (<  '^.rd  to,  but  Went  on  arcording  to  the  d:^':.i;is 
of  his  own  corfcience  wftli  the  publication  of  his  book. 
The  minillers  however  were  very  right  in  thrir  conjec- 
tures ;  for  the  work  made  nnifi-  nnd  difturbancc  mougliy 
and  occalioned  r  rrcnt  n^nny  book*  ar:d  pnniph]ctl» 
mrritten  by  himfelf  snd  others.  Nor  wcretfacfe  tbe 
whole  that  his  work  ocearHmed ;  tfrendered  theanlbor 
obnoxious  to  the  ccclcfiafiica!  p.rwxi,  ond  hiiibook  v  .i ; 
complained  of  hy  the  lower  huufc  of  convention,    1  lie 

doAor  drew  op  a  prefaioe,  and  afterwards  gave  ja  (cw* 


rietl  home  and  continued  tjnder  his  difoi£!crtiil  the  f7th 
of  the  fame  month,  when  he  died,  in  the  j^tl;  yea:  ot 
his  age,  after  h»ng  cnjoyir'f^  a  v'!  -;croi!S  ft  utc  of  health, 
having  fcarce  ever  known  iiekrxis. 

Three  yeara  after  xbe  dolor's  death,  appetued  the 
other  1 2  boiikaof  the  Iliad,  pubUfbed  in  410  by  hia  Ton, 
Mr.  Samuel  Chirke,  who  Ay*  in  the  preface,  that  his 
father  had  fimlhed  the  annorations  to  the  iirfl  three  of 
lluife  Vitoks,  and  as  far  the  359th  vcrfe  of  the  4th  ; 
and  had  reviled  the  text  and  verfion  as  far  as  verfe  510 
ol  the  fame  bt-i-k. 

Dr.  Clarke  married  Catherine,  the  only  dauchter  of 
the  R'.-v.  Mr  I.ockwnod,  redor  of  Little  MifiRngham 
in  the  conoty  of  NorfbHc,  bj  wbon  he  bad  fevea  cIriW 
dren,  fear  of  whom  fnrvrveo  hitn. 

Queen  CarulHie  toc>k  great  plcafure  in  the  •di;('>or*fi 
converfation  and  friendftiip,  fcidom  roilhng  a  week  in 
>vt.ich  Ihe  did  not  receive  fome  proof  of  the  gjeatne^of 
hisgtnius,  and  the  force  of  his  undciftanding. 

As  to  the  cliaradter  of  Dr.  Clarke,  he  i«  reprcfcnted 
as  pcilelTing  one  of  the  belt  difputicions  in  the  worlds 
remarkably  humane  aud  tender,  free  atid  eafy  in  bit 
Gonvcilatiun,  eheerful  and  even  piat'ful  in  liia  -cnaonef. 
Biihop  Hare  fays  of  hin,  **  He  waa  a  man  Who  l.sd  afl  . 
the  go<)d  qualities  that  could  meet  t";rci],r-T  ii.  ^rcun>- 
niend  him.   He  was  pofilfTcd  of  all  the  p»iM  ot  kaiq* 


111; 


that 


ate  vatuabk  m  >  dagyraan,  t*  a  dcigree  tfa^ 


few 
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ttw  pofTff!  anv  (iDf  It  onf .  H«  hit  }u«icd  to  a  good 
ftil!  ir;  tht  thrir  tt  inud  Lirt:  jagcii,  agrcat  cotnpiiis  of 
the  bcfl  philtjfoplty  and  matiit-tnatics  ai  app«ar»Dv  I.jb 
Latin  works;  and  hit  EngH(h  oam  arr  futh  a  pto<  f  <if 
bit  own  pictyt  and  of  hia  kno^vlidgc  in  diiinity,  and 
kavedoncfo  mach  lervice to  uli(,nuii,  a<>  uouM  muke 
^tber  BaB»  that  w»  not  under  a  ftifpickm  of  bm* 
fft  'frcMre  of  the  fnencHhip  of  all  good  diurchnteD,  cf- 
prcijSy  thr  ckrgy.  And  to  aH  ibi*  pif tir  and  learning 
■»a»  joined,  a  tamper  happy  bcroiid  e«|iT<W?oii ;  a  fwcct, 
e.ilv,  n.ndtll, obliging  Inluviour  aflomcd  all  IiIn  afki*>ns ; 
and  Bt-iilicr  piiiTion,  vanity,  iiif<il<nco,  or  oUcntation 
appealed  cither  in  «hjt  lie  laid  or  wrutr.  Tliis  is  tlip 
learning,  this  the  tfinpcr  of  the  tnan,  whufc  ftudy  of 
thc."^cripluiej.ha»  bclr:iycd  hiir  into  a  lufpicion  of  f'xnc 
hcrrticci  opintont.  Bilhoplload!^  y  iki  having  rtmarkcd 
bow  grwt  the  dofior  «,u  in  all  t^r^nilus  of  lcartii?i}:, 
«dd«»  If  in  anv  one  of  tbefc  he  liad  cxccUcd  only  fo  much 
*•  lie  did  in  all,  he  would  have  Iccii  jtillly  cntith-ii  t»  the 
•bander  of  »  peat  man :  biit  thcK  ia  fiNiwtiuiig  ib 


Tuptiont  of  tT^e  kttert  tbej  reprcTuit*  Tbe  Ugata  of 
ihtfe  DOW  aire  M  fiillaw; 

^  ChanAer  of  the  mbk  CUF. 
jH  TbeauwCkf. 

9i  The  bau  Ck-f. 

The  Clefs  are  altray«  tajieu  fifths  tooiK  MMtier.  .8» 
t\.c  CI<  f  /  bctng  bwdl,  f  i»  •  ifUi  ahovt  k*  md  ^  » 

fittii  dkwve  f. 

not  frcqi.mt  10  luc  mean  Clti,  it  in  with  a  dcltgu 
make  the  fyrtcm  comprehend  a*  many  notes  of  the  fongf^ 
as  polTible,  and  (o  to  have  the  fewer  wjttt  abtivt:  or  be- 
low it.  So  !liat,  !r  there  be  many  lines  abore  the  Clc^ 
at>d  few  below  it,  tbia  purpofc  i»  apfwaicd  by  tdadog 
tlie  aef  in  the  lirft  or  ftcood  line;  but  if  then  be 
Diaay  Botes  below  the  CTcf,  it  is  pbced  lower  in  the 


very  extrfordinary,  tint  the  fame  perfon  ihould  eitcri    fyflom.    In  eflCtct,  according  to  the  rehtioo  of  the 

not  unlv  in  tVou  li^;'..  lJ' '  hdwIc v.S'ch  rctiiiire  the  otlitr 


flrotigtU  judgiiitiit,  Lut  in  thflc  wLiijh  require  the 
Ijreatcll  memory  too.  So  that,  in  a  vci\  hi^^h  t'r-ric, 
divinity  and  mathematict,  experimental  pbiloit<p!))  and 
cL.flical  learnliigt  metaphyfict  and  critical  A:  ill,  were 
Btiited  in  I>r.  Clarke. — Xluch  more  may  be  iiecn,  (aid 
in  hiu  praife  by  biihup  Iluadtey,  Dr.  Sybe*,  and  Mr. 
WbiAooy  ia  tbcir  Mctneiis  of  bia  lilie. 

CLEF,  cT  CLirr,  ia  Mufic,  a  roaik  at  ihc  Lcj^in» 
al;)g  ol  the  lines  of  a  fong,  ivluch  fhewi  the  luut  ur 
key  in  which  the  piece  is  to  begin.  Or,  it  Is  a  ktter 
marked  un  any  line,  M-hich  cxpiaiD*  and  gives  the  name 
to  ait  the  reft. 

Aacicailvt  tttrj  line  had  a  ktter  marked  finr  a  Ckf ; 
but  now  a  letter  on  eae  lior  liifiecBt  fiaoe  by  tbia  all 
the  cefk  art  known ;  reeboaipg  up  and  dowa,  in  the 
order  of  the  letter*. 

It  it  called,  the  Clef,  or  key,  bcr.iurt  tlL;ii  by  it  are 
known  the  namct  ot  all  the  other  linea  and  (paces  ;  atid 
<onfcquently  the  quantity  of  every  degree,  or  interval. 
But  becaafe  every  note  in  the  nfiave  it  called  a  key, 
thoogh  in  attuther  fcnfe,  ihiii  letter  marked  is  called  pe- 
culiar^ ibejgiuei  Cltf  {  bccaufel  beiag  wrrttten  on  any 
line,  it  «ot  only  figiis  and  marlu  that  one,  but  h  alfo 
explains  all  the  reft.  By  Clef,  therefore,  -for  dillinflion 
lake,  is  meant  that  letter,  ligned  on  a  line,  which  cs- 
plaint  the  reft  •,  aad  by  key,  the  piioctpal  note  of  a 
fon|?,  in  which  the  melody  clufet. 

There  are  three  of  ihcfe  ligned  Qeft,  c,  f,  9.  The 
Ckf  of  the  bigbeft  poit  in  a  fong,  called  irM^  or  aS, 
4*  jf,  fi^t  OB  tbe  ftooad  Rne  counting  upward*.  The 

Clef  of  the  bafs,  or  the  lowcft  part,  it  /  on  the  4th 
line  upward*.  For  all  the  other  mean  patts,  the  Clef  is 
*,  fotnettmet  on  one,  ii.ivictimcs  on  aiiMthtr  line.  lu- 
deeil,  fooie  that  ate  iLi.ily  nu-.m  p^rtu,  ;iic  lonietinic* 
(ft  *  tilt  g  clef.  It  ill  liowcvtr  \>c  vhk-i\t<\,  that 
jhe  OTflirary  t'lgimni-t  s  of  Clef*  bear  lillie  rtkiiibldiiee 
to  tbofe  letters.  Mr.  Malcolm  thinks  it  would  be  well 
the  letters  thnnfclvct  were  ufed.  Kepler  takes  great 
faZaetoftevi  that  diecMiioMDli^itttfca  iif  only  egr« 


note*  to  the  CU  f  ni)t(,  the  particuljr  f\  !lem  is- 
taken  differently  in  the  Icaif,  the  Clef  line  ir-ikutg  one 
in  n'l  the  vaiiety- 

B  it  Hill,  in  whaterer  line  of  the  partimlir  fyflcta 
any  Ch!"  is  fmind,  it  muft  be  undcnbioil  to  hilung  to- 
Uie  fame  of  the  general  fyAent^  and  to  be  the  fjme  in- 
dividual  note  or  ioiind  in  the  leak*  By  this  cutilUrt 
relaiioB  of  Cleia,  we  iearo  how  to  compare  the  feverali 

Kieubr  fyflema  of  the  firaal  parti,  and  to  know 
'  they  eowmiaieate  ia  the  mdc^tlMit  Is,  wbicb 
lines  are  iittiibn,  and  wbidi  not  &  for  b  ia  not  to  ba- 
fLitjpori'J,  that  each  part  bat  certain  bounds,  within 
which  aaatber  muft  never  come.  Some  notes  of  the 
treble,  for  cxaroj  lr,  mjv  lie  Inwer  than  '.o:r\c  of  the 
mean  parts,  or  even  of  the  hti».  i  KriL-iure  to  put 
together  into  one  fyftem  all  tlicpartsof  a  Lompoiitiu:i 
written  feparatcly,  the  notes  of  each  pait  mull  be  placed 
at  the  fame  diftanccs  above  and  below  the  proper  Cle^ 
as  tbey  Qand  in  the  feparate  fy&em  z  aad  bocaufe  all  tbe 
notes  that  are  eonfbnant,  or  beard  together,  muft  ftani 
diredly  over  each  other,  that  the  nntcs  belonging  I* 
eadi  part  may  be  diAtndly  known,  tliry  may  be  made 
with  fuch  differences  as  (hall  not  confound,  or  alter  lluir 
fignificatiuiis  with  ref()e^l  to  time,  but  only  Ihtw  th.it 
they  bflur-;:;  to  tlils  tir  I'liit  part.  Tli;j5  wc  fhall  fee 
bow  the  parti  change  and  pal«  through  one  anothtr  ; 
and  which,  in  every  note,  is  highcft,  luweft,  or  unilun. 

It  mutt  here  be  obferved,  that  for  the  performancs 
of  aoy  fioglc  piece,  the  Clef  only  ferves  for  explaining 
the  Intervals  in  the  Unc*  and  fpsicct  i  futbat  it  need  not 
be  regarded  what  part  of  any  greater  fyftcBt  it  Mf  bat 
the  airft  note  any  te  taken  aa.bigb  ar  knr  aa  wa 
plea&.^  For  aatbe  praperufcof  diefcaleisDot  toG» 
mil  the  abfultiie  degree  of  tone  ;  fo  t'lt  proper  ufe  of 
the  figneJ  Ckf  it  not  to  limit  tlie  pilch,  at  which  the 
full  iKite  uf  any  part  is  to  !ie  taken;  but  to  determine 
the  tuiieoi'  t!ie  refl,  u ith  rcific<tt  to  the  full;  and  con- 
£dering  all  the  pai  it.  together,  to  determine  the  relation 
of  tlicir  fcvcral  notes  by  the  relations  of  tbeir  Ck£i  in 
tbefcalc  t  thus,  tbeir  pitch  of  tune  beiag  detarmiaed 
io  Accrtaia  aatc  of  one  part,  the  other  notca  of  that 
fart  «K  datcnatRed  by  the  coalfamt  rdatioaa  of  tbe 

kncn 
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{(ttert  of  tht  /cftie,  and  the  note*  of  the  other  parts  bjr 
(he  relation*  of  their  Ctcf*. 

In  «Srd«  fx  pofonatmi  aof  fii^b  part,  the  Clef 
■oleiiMif 'betaken  in  an  omve,  that  m,  ataor  note  of 
tliefamc  name;  pt  it I'Jci!  wc  do  not  go  too  higlif  or 
low,  for  firitlirt;^  tlir  rfll  of  the  note*  of  a  (ong.  B,it 
in  a  conrert  ol  Ii-»ct-.i]  parts,  al)  llit  Ckf- mulJ  be  t.ikrn, 
nc»t  oniy  in  tbc  rrlationi,  hut  alio  in  the  place*  of  the 
f)  f)rm  abunmcatioiiBd  I  tbat  cwiy  jnit  maj  be  con* 
prehrnded  in  it. 

The  natunl  and  artificial  note  exprefled  by  the  fiuni 
letter,  a*  c  and  <-■,  arc  both  fet  on  the  £aioe  line  «r 
ftwcc.  Wl)cn  there  it  no  charader  of  Sat  Of  ttutf,  at 
tac  be^Biog  witlt  the  Cicf«  all  the  notei  a»iiat«t*l ; 
and  if  la  any  particnbr  place  the  artificial  aole  be  ic> 

quired,  it  isc'cnotn!  by  the  ll^ii  of  a  flat  Orfliarp*  Ut 
on  the  line  a  I'jwce  bciarctlia;  imtc. 

If  a  Ihnrp  or  Sat  be  frt  at  the  hcpinnlog  in  any  line 
OT  f(>ace  with  the  Ckf,  all  ttic  nutcs  on  that  line  or 
ffiace  are  artiticial  oa^-,  ;  tlut  is,  «rc  to  be  taken  a  fe- 
mitone  higher  or  lower  thjn  they  would  be  without 
fuili  I'l'^n.  Ami  the  (ixnt  aifcdiaU  their  o^lavc* above 
and  below,  thongh  (hey  be  not  marked  f<k  Is  the 
jCovrfe  of  the  fon^,  if  the  natural  note  be  famctlTa 
it^uii«4»  it  i*  GgmwA  by  the  chaia^  ^. 

• 

COMPASS.  Pa.  ^14,  col.  I,  afteir  i.  6  from  the 
bottooB,  add.  See  alio  a  acw  one  in  the  Supplement  to  -' 
CaiaUo'tTreatifiroiiliiHpictiAii.  '  • 


Hii  other  ncmoln  eonialaed  is  the  mhiari  of.  tk» 
Academy,  are  the  Mfanriag. 

I.  Trad  OB  the  Integral  Caktilut ;  1 76$. 
».  On  the  problem  ofThree  Bodic*  ;  I  "567. 

3.  Obfcrvati  iio  1(11  the  Integral  Culcul  u  ;  ij'^i-. 

4.  On  the  Niiuic  nf  Infitiite  Bene*;  on  tbc  iixtrnt 
of  the  Solutions  which  th.v  ijivej  and  on  a  new 
method  of  Approximation  for  DificrcntialEqiiatiolUof 
all  Orders;  I'^C^. 

|>  Ou  Eqaatiena  for  Finite  Difference*  ;  1770. 
o.  Oa  Eijaatioiu  for  Partial  Differeoce* ;  1770. 


7.  On  D'-fTcreniial  Lquations 

8.  A 


■Vddition*  to  the  foregoing  Trail'. ;  i  770. 
9.  Ou  the  D?tcn^i:-  itiiKi  of  Arbitrary  Funf^ions 
which  enter  the  luicgriJ*  of  Equation*  to  Partial  Di& 
fcrencc»;  1771. 

I  a  RciknioM  on  the  Methodaof  AppraaiiL- 
hitherto  kna<«ra  (gr  DificfeflCttl  EqnatioDBi  tjft. 
11.  Theoreui  couccminK  Quadrature*  ;  1771. 
la.  Inquiry  coiiccrning  the  Integral  Calculus ;  1772, 

.   15.  OatbeCakiilatiyHofProbabilitieatpart  taadsf 

i-;8i. 

14.  Contimifion  of  the  f?.nj^  part  3)  I^Bs* 

15.  Ditto,  j;art  4  ;  17^3. 
'    I  6.  Ditto,  p^i  t  5  ;  1  7  S  •.. 

CoBdoicct  Iwd  the  chara&er  of  Iieing  a  very  worthf 
hanfk  mant  and  a  icfpcAable  author,  though  perhap* 
not  a  fifft<nte  uoe,  and  produced  an  exccufnt  let  of 
Eloge*  of  the  deceafed  Academician*,  during  the  time 
of  ilis  ficrctaiyllt^p.  A  late  French  politit-al  wntrv 
has  obr<"rT(d  ot  Uita,  lint  he  l»b?>iirfd  tofuCLLtd  totl»e 
liicrjrv  throne  of  d'iVIembfrt,  bur  that  he  rannot  be 
ntrikcd  amun}(  illuftriou*  author!  ;  that  his  work*  hare 
ncitlicr  animation  nor  depth,  and  that  hi*  flylc  i*  dull 


CONDORCET  ( Johs-Awtkonv  NrcnoLA? 
CiiatTAT,  Aimrqmt  of),  member  of  the  IniUtatc  of 
Bologna,  of  tbc  Academic*  of  Turin,  Berlin,  Stock* 
bola*.  Upfal,  Philadelphia,  Pct<^rfliuHr^,  Padua,  5cc, 
aad  (ccretary  of  the  I*aria  Acadtio)  uf  Sciences,  wat 

bo™  at  fLibemont  io  PicanUc.  the  »7tU  of  September  drv  ;  that  forac  bold  attack*  oo  rdi(faa  and  4e^ 
1743.   Hitearif  attachoMntte  thefciencc*,  and  pro-    clamaiion*  aRainft  defpatite  ba«echiefygi«ca  a  degree 

grtfs  in  them,  foonirndcrc.?  him  aconf[Hcuou»  cbarac-  ^  wriliagi. 

On  the  breaking  out  of  the  trouble*  in  France, 
Ci>:i(1iirct  t  look  a  dtciilod  part  011  the  fide  of  the  people, 
add  Utjuitl)'  luauilaitu'J  tlii;  caule  lie  had  clpoulcd  amid 
all  the  IbocLsand  intr'  sJcs  c  f  <:ouitndi(i){  pirtfcs ;  till, 
under  the  tyranny  of  Rob^iuicirr,  he  •Jtit  dnvrn  froa 
the  comrcntiun,  bciujj  one  of  thole  mcfi.bcrs  profcnBed 
on  the  ^itl  of  May  1793,  and  he  died  abuut  April 
1794.    The  manner  of  hi*  death  is  thut  defer  ibed  bf 
the  piiblic.  print*  of  that  lime.   He  waa  obliged  to  coa> 
Kfi'ii  tfyfnalyfr  in  tmnl  part* ;  the  firrf  part  in  176$    Ccillifaifili  with  the  greateft  oare  for  the  purpofe  of 
(.It  21  years  of  a)?e)  ;  the  fccond,  in  1767  ;  and  the     avoiding  the  fate  of  BrilTot  and  the  other  depi;'  h 
third,  in  1768.    Thele  works  are  chiefly  on  the  lute-    where  executed.  He  did  not,  however,  attempt  t>i  quit 

Phrit,  but  C'lTir  t'rtk.i  biinfelf  in  the  houfc  of  a  feoule, 
who,  though  ihc  knew  him  only  by  namf„  did  not 
hcfitate  to  riJk  het  own  life  fort  lie  polr  of  preferring 
that  of  Condorcet.  In  her  houfc  he  icatjiined  till  the 
monthof  April  1794,  when  it  was  rumoured  that  adoBI^ 
ciliary  vifit  was  to  be  made,  which  obliged  hiai 
leave  Pari*.  Ahhough  he  had  neither  poflpjit.  Mr 
cividcardf  heefcaped  through  the  Sarricr,  and  aimed 
«t  the  Pfaihi  of  Mont  nmgr,  where  he  czpeded  to  find 
an  afylum  in  the  country-houfe  of  an  intimate  fncnd. 
Unfortunately  this  friend  had  fct  out  for  Paris,  where 
he  wa»to  rcni.iiii  for  three  days.— I  >uiing  all  this  petsod, 
Coodotcet  wandered  abota  the  SitMk  aodia  the  wood*. 


ter  in  the  cummonwcAith  of  letter*.  He  wa«  receiwl 
ab  a  irmii'n.r  ot  tin.-  Academy  of  Science*  at  ?5  \<.-  :,  f 
age,  riamrlv,  1  a  March  17^9,  a*  Adjiinft.MccJiiicijn  ; 
a.terWrMd*,  he  kecumc  Aflbciate  in  1710,  Adjond- 
Secretary  in  1773,  '""^  '"I*  Secretary  foon  Bir«r,  which 
he  t'fijoycd  till  hi*  death,  or  till  the  dfllblntton  off  the 
Academy  by  thcConveotion. 

Condorcet  foon  became  an  atnhor,  and  that  fn  the 
moll  fublime  brandice  of  fcicnce.    He  piiblifhed  his 


gral  Calculus,  or  the  finding *of  flneatai  and 

ouevolucne  in  4(0. 

He  ptibhllicii  the  Eloge*  of  the  Acadenu'ciatt*  or 
member*  of  the  Academy  of  Science*,  from  the  year 
1666  till  1 700,  in  fcveral  volume*.  He  wrote  alfo  liroi- 
kr  jjJoge*  of  the  Acadctnknne  who  died  dariiK  the 
tine  that  be  difcharged  the  impoitant  office  of  oeere- 
Vuf  M  the  Afiadeny }  aa  veil  aa  the  very  vfeful  hifto- 
r!«s  of  the  dSftrent  bmnc4i«e  of  feSenee  oonmonly  pre- 
£x(d  to  the  vuLincs  >)f  &Icnioirs,  till  the  volume  for 
the  year  lyiij,  when  it  is  to  be  lumeoted  that  {a 
urctul  a  pirt  af  the  phn  oC-lba  Aradeny  waa  di(> 
coalinucd.  '  - 
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CUB 


|Ki(  $arifli||  to«DMr  M  m«  «i  account  of  not  ba*i«ga 
c'rii:  canL  Hilf  dead  wiiii  bung<.  i  ,  Ltigur*  «|id  {eV| 
sitkd  fvarccif  «bU  to  Jk  on  accwMt  «C  «  wiMifld  in  bU 
foot,  he  paflV()  the  Diffht  ondcr  a  tree 

At  Ivfiglh  liiiiri'jtrj  ut  Mi-.tii,  and  iccclvcd  him  with 
great  conliiiiitv  ;  but  a"  it  was  (kinutl  imprudent  that 
hi;  fhouIJ  cmv  tlic  hu:iii-  In  ilx  U.ij--t!ini:,  he  tciurxJ 
t^  th.'  n'C)D(h  till  flight,  la  this  (lion  intcrvil  Lcuvan 
nu  rnin-  «ml  night  hi»  t^AUticni  forfiiok  him,  ar.d  he 
rcfolvcd  to  gQ  to  ap  inn  for  the  purpufc  of  procuring 
food*.  He  w«nt  to  Tua  ion  at  CUnisn,  mnd  ordcfei  tn 
o'ltlcttr.  Hit  torn  cloth«$,  hi<>  dirty  c»p,  his  mcaj^rc 
and  pale  countirnanre.  and  tho  grccdiia-r-!  with  which 
hf  dtvijurcd  the  onik'tte,  fixed  the  aitcntiun  of  the 
pcrfona  in  the  mi'.,  anifnig  \vh'i»j)  wa»  a  rrcmbcr  of  the 
Rcvuhiiioiiary  Cutr.p.iittce  of  CLiinar*.  Tiiis  mancun- 
cciviiig  him  to  be  Condorcct,  who  had  cfTcAcd  his 
cfcapc  from  the  Bicetri-,  aikcd  him  whci  t  he  onmc, 
whither  he  was  going,  anii  whether  he  had  a  paiTpoit  I 
Tbe  eonfufed  nurmer  ra  whkh  lie  replied  totbefe  quef- 
tioui,  induced  the  member  to  order  liitn  to  In:  conveyed 
befojcthe  Cotnmirtee,  who,  after  an  esamrnation,  lent 
him  to  the  diHi  irt  of  Boury  la  Reinc  He  was  there 
irXK-T'yfTHKd  again,  and  tlic  unfatikfiiiflory  aiUwcrt 
t.i.K  h  ir;  jptvc,  dctcrmiried  the  directors  of  llie  dillri6t 
va  kad  him  to  pri£oa  on  the  I'lwceeding  itf^lMuius 


the  night  he  waa  coo^aed  in  a  kind  of  dmgeon.  On 
<he  next  roorAioe,  ytwsi  hit  ke^r^entered  with  6mc 

^tuiind  witho^it  any-fif/n*  oFBfe. 

Oil  infpsfliv.jj  the  body,  the  immt-dii^te  catifr  of  hi* 
death  com!  ]  not  be  difcovcred,  but  it  wat  conjectured 
thai  l_  e  I.ud  puifoaed  hitnfLlf.  Condorcct  indeed  always 
cii  n  lofe  <jf  piifiin  in  hi*  pockc%  -ind  he  faid  to 
III.  frictid  w  li'>  •<>  haTc  wceiwd  him  into  Li«  lioufc, 
that  he  had  been  often  templed  to  make  afie  of  it«  bat 
that  the  idea  of  a  wife  and  daughter,  i^Mi  1m  loved 
Icudcrly,  r-ftriiatd  him.  Dunng  the  time  tkat4ke 
was  concealed  at  Purls,  he  wrote  a  hi&ory  of  the  Pro* 
grcft  of  the  Human  Mindi  in  two  aohiiatfc 

CUBiCS.  The 'method  of  rcfolving  si!  the  cafci 
of  Cubic  equ^^tiotii  hy  the  ublet  of  finek,  ungentaand 
feoants,  aie  thus  giveo  bf  Dr.  JUbflcdjiief  |k  57*  T«f> 
lior**  litogaritLua. 

"  Th«  foDou-ing  Wietbod  hndintel  ta  ^Oibiec^- 
tion,  war.llngthc  f.  cjnd  term  ;  tWefore,  if  the  equa- 
tioii  has  the  fecoiKl  t^nr,  ii  inuft  !u-  firll  taken  away 
ill  tlie  ufual  nianncr.  'I'derc  arc  r<ii;r  fornn  of  Cubic 
cquai!;in»  Wtuitiug  the  fccoiid  term,  'whofc  root*,  ae- 
cutcA:v^  to  known  tdea  eqaialeiit  to  Owdan'ti  «ic 


jft.      -J-/.V  —  g  =:o 


3d.j(S-f/»'(*/so  • 


4tb.4!*  wf^-^-t^O 


^^^Jl+  JiL+£L  -^J.L  +  Jt+£ 


The  roots  of  the  firft  and  fecotld  fbnna  afe  AefMtwi 

cf  eaehu'.hcr}  and  thofe  of  the  third  and  fi  iir-.h  .ire 
jilfo  oi'^j.itivci  of  each  oilier.  The  firft  aiid  Itccr.d 
forma  have  only  one  root  each.  The  third  and  fourth 
£irfl»  have  alfo  only  one  root  each,  when  the  ^uadc«tic 

ford  mj         ^  i»  poflifak)  but  bave  tbiec  root! 

«adk  when  that  fatrd  ia  impoff  hie. 

The  root«  of  alt  the  fowr  fiinn  vtsft  in  all  cafini  be 

caCly  cotnputcd  as  follow* : 

J-arm  ifi  md  td.  Put  —  x  —I   =  Ung.  * ;  and 
■  •  '         *  f\ 

^  1. 
cot.  zu  ;  where  the  upper  fl^n  bclongt  tO  the  iilA  JioHrav 
4&d  the  lower  fign  to  ibc  fctond  form. 

•  '  "  "  \ 

•  Ftmtytmd^,  .Put  -  x  -  if  kfttbm  nntr; 

S      J'  . 


teHeftateciprocat  •^x^  mtuL.9,  Thca* 

Ctffe^/l,  —  X  "I  I  <  unitf .  PntV' 4^°  -  4« 

avtan.  a.  Tben  »  s  ±  X 

the  upper  fign  belongs  tO  ifae  diiid  fenn*  and tbe lower 
§gn  to  the  toattb  fiim. 

Ct^iA  —  x-^l  >iuMt7.  Thcaarbaatbieeimliiet 
in  each  fignn,  vix,  *  ss  *  -i/y  x  ct  f.  —  =  :p 

Xcot«B^— ^  =  q:i/'^xcoC6o(»  +  Yi  where 

the  uj^r  fignt  belong  to  the  third  form,  aud  the  lower 
1^  to  tbc  teath  fan.. 
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By  Lng.iriAM* 

Fermi  \fl  vul  U   Log.  A  +  lo  -  ^  x  lo-.  ^  = 

Jog.  taii.4<*-4«  +  ?o_,  

kg.  tm,  «,  wd— «— — — ■■•  ■   ■    —  tog. tan.*. 

•,4  * 

Then  log.  jr     4  log.      +  l"g.  cot.  2h  -  lo }  and  v 

v  ill  v.;  nllnnttm  in  the  firft  fonn»  udiK^atifc  in  the 

fccond  form, 

Formt  7,dMJ^t.^  X  log.^  +  lO-lof.  ^  b*. 
ing  kb  tbaa  JO  (which  i»  cafe  fiiit)  oi  Lg.  ^  +  to  - 
X         baag  tefii  tbaa  to  (which  itakid)  ss 

Then  log.  *  ss  ilngi  ^  +  »  •"•I 
M  will  be  aiErmative  in  t£«  thiid  fortn»  wd  ncgnive  in 
Ibe  4th  form.  ,  , 

Cafiid.   Hc«*lu»  three  wlnei. 

sd.  Log. *  =  i  log-  ~  +  log-  cof.  6o°  — 


id.  Log.  :|:it8s|log.  ^+bg  cor.6o«+ ^.  lo; 

where  the  upper  figns  bclone  to  tlic  third  &»n«  »nd 
the  lower  fign»  to  the  fourth  fflrni ;  that  U,  trie  firir 
value  of.v  in  the  thiid  'nrni  i>  pofitiv-,  s-M  Us  I",  c.Miil 
and  third  values  negative  j  and  the  firil  value  oi  .v  m 
the  fowth  (am  H  negitite,  nd  ita  feoond  tnd  thud 
nloea  i^rmativ*.*' 

See  alTo  ItRtovciitE  Ca/t. 

CURVE.  P^SSO^  coI.Jh  J»35»      A  +  r. 

D. 

DIPPING  AWA-.  Pa.  383.  col.  I,  after  line  38 
add.  See  anew  Dlppine-necdlc  by  !>»■•  Lonmer,  in  the 
Phtbt  Tran  f.  1 : 7  S.  Suppkmeot  to  CavaDo  » 

Treatife  on  Maj^nctiftn. 

DOME.  Ill  plate  3J  is  re;jrciVr,lcd  ihc  plan  and 
ekvaiion  ofa  Dome  conftruA-.  J  without  centring,  by 
Mr.  S.  Bnace  t  »m.  Fig.  1  the  pbn,  and  Fig.  4  ihc 
elerotiort.  The  firft  cmrteeoniiiU  of  the  (lone*  marked 
,,  1,  I,  Jcr,  of  different  fiaea,  tiie  hrijc  onea  e«a<fily 
twice  the  height  of  the  fmril  oi>e»,  placed  alternattly, 
and  forming  interv.i:  lo  t  .:civc  the  Hones  marked  2,Z,2. 
The  other  cnurfe*  arc  contiiuied  in  he  fame  manntr, 
according  to  the  order  ol  the  tijrure*  to  the  lop. 

It  is  e»idtnt,  from  the  convt  rpir.f,'  or  wcdKelikc  form 
of  the  intertali,  that  tlie  lloocs  they  receive  tan  only 
be  inferted  from  the  outfide,  and  cannot  ihronfili: 
therefore  the  whole  Dome  mCy  he  huilt  without  ccii- 
tiing  or  leri'ipnrary  fupport.  To  bicak  the  i^vnghit 
jttiou,  ihc  lloiie*  may  be  cut  of  the  fcim  PMrksd  in 
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7%.).;  and  thofe  marked  if>,  17,  &«»  RCV  thr  kcf- 
ftonca*  maj  be  enhirgcd  aa  at.Fig.  4. 
Pa.  399^  col.  2,  Itae  10  Iram  the  bottom,  /cr  Dy< 

* 

F. 

EUTOCIUS,  a  refncctable  (ircek  malhcsnaiician* 
lived  at  Afcalen  in  Palcftine  about  the  year  of  Chrill 
J 50.  ^  He  was  one  of  the  m^ft  conndereble  mathe^ 
raa^iciaus  that  flourithed  aboijt  the  de«dine  of  the  fciencca 
niTton<r  iiu-  Oreeka,  and  bud  for  his  preceptoi  Ifidomt 
the  piincipal  arehtteA  of  the  church  of  St.  .Sophia  at 
Condaiitimij  !c.  lie  is  chiefly  known  howe'.\  r  by  !i:s 
con^irVitntarit.  uu  iLt  woit*  of  tlie  rvvf»  ancieir.  ,iiL:l;or^, 
A(chimcde$  and  Apollon-iin.  Tliot'o  n>'i>  rommcni.irirs 
are  both  excelleat  comporitions,  to  which  we  omx  manjr 
ttfefnl  drcumflanen  inthe  hiflory  of  the  matbcmatics. 

Hia  oommentariet  on  ApoUoDioa  are  pnhliflied  ia . 
Hallejr'a  edition  ofthe  works  of  that  antlxor;  and  thofe 
«n  Archtmedciy  firft  in  the  Balle  edition,  in  Greek  and 
Latin,  ni  i;4Jt  and  fioee  io  fomc  other*,  as  the  l.itc 
Oxford  edition.  Of  thefe  comment  ^vi^  p,  thcfi.'  rank 
tlio  hijjiiclk,  which  illudrate  Archimitk*"!!  ik  mi  the 
Sphere  and  Cyliiuhr  5  in  one  of  which  wc  ha«^'  an^ii.it 
of  the  various  methods  pra^tifed  by  the  ancients  in  the 
,fehition  of  the  Delmn  problem,  or'ihat  of  doubling  the 
cube.  The  otben  are  of  left  nliie  i  though  it  oanot  * 
but  be  regretted  (bat  £iitociu«  did  not  purfua  hi*  pHn 
of  commenting  on  all  the  wo[ks  of  Archimedes,  with 
the  fame,  attention  and  diligence  which  he  employed 
in  liis  remarks  on  the  fphi  rc  and  cylinder. 

r.i.  5(J7,  line  5  from  ihc  bottom,  /«r  3  +  "  read 
3+i' 

Ta.  Si  i>  line  12  from  the  botton»  for  -fg  rtkd 
G. 

OHO  IN,  with  Builder*,  l»-the  angle  iWRdehvthe 

inttirLCtiuii  of  two  arches.  It  is  of  tw  o  kiin's,  ii/in?r 
■nd  intgukr;  tiz,  Rfg-il.'r  when  botli  the  an  in-s  lia' ? 
the  fame  diameter,  liut  .m  lirL-;;ulat  (ittjin  «'hin  otje 
arch  is  a  femicircle  aad  tlie  other  a  lentirliiphs.  Groins 
arc  chiefly  ufcd  in  forming  arched  roofs,  where  one 
hollow  ardied  vault  intcrfeda  with  another}  at  in  the 
tsoJaofapft  icburcbeai  tndibmc  cetbnin  laige  hovfet. 

T. 

-  IMPOSSIBLE  JRMMi«/.  SeeBiKOMiAL. 

T  R  R  E  DUC I B  LE  C^tp  in.  Algebn.    Mr.  BonDr> 
caftlc  h<v.  romrounrcatcd  the  following  additional  obfer- 
this  cafe,  Hd»  90  iBpnmd  (bkitioD  hj  • 

table  of  fines.    The  ■ 

lifttDUCitLE  Ca/f,  in  Ji'i^.^ni,  i«,  3  cubic  equation  of 
the  form  x^—ax  =  ±  *>  ha»iog        greater tlian 
or  4fl»  gicattr  than  27i*t  i«  which  cafc,  it  is  \vt!l 

known,  tint  the  folM«on  cannot  be  generally  obtained, 
either  by  Catdan*t  rule,  or  any  other  which  has  yet 

been  devifed. 

One  of  the  mod  convenient  method*  of  dtttnninir.g 
the  roots  of  equations  of  this  kind,  is  by  nit.i::'!  of  a 
Twble  i  f  Natural  Sines,  5:c,  for  whiih  purpoie  tlic 
followinj;  formulc  will  be  found  cxtremelv  rommi- 
diout»  the  arc,  in  each  cafe,  beitig  always  tlinu  a 
qudnutr,  aad  tbcrafbfc  Vteiidtod  «iih  no  imbigiKty. 
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If  tbecgnptloBfce  tfl  -Msfti  lekAbepntai  '  ,t    ,  A    ^    r      .    .  <t 

iKwholecor.  tt-f-^i  to  raa.  t,  Uwa  die  tbee  . 

M     *  FroM  miell  UK  equation,  itappcart  tlUt/  =  Caf< 

1001%  «rnlac««f    wlUbc  wfbno«n<  .    i^    i    -    .    »         r  * 

.    Qo°— A  «r,  if  A  be  p\it  a  wo  «lio&co£i«^4/-^  Jr  it 

And,  if  the  equ«tion  be  O-om  =  -  *  j  Irt  A  be  — '               "j  * 

p;,t  =  arc  wlioff  fine  is  1*^/?-  to  rad.  I ;  then  Uw  Sat  lb*  arc  of  which  ^ v'^U the colinc,k cither 

tliTCe  loou,  or  values  of  x,  wiU  be  jisfuQows.  . 

a     .A  A,  A-Fsfio^or  A+7a<*•|«*alce»stv'-x««^"'- 
*  as     Jv'-X  fine—  S  3 

M  s;    z^^it  -cat,  SSiZf^  $             3      .       .?  j 

3                i  the  tw  o  latter  of  which  being  coinerted  into  line*,  wJl 

a           qcP't'K  8**^  the  fame  formuli  as  in  tbt  n -o. 

*  —  "  ^  ^7  ^            3  like  manner,  if  t  be  the  liuc  uf  any  arc  tO  tad.  i, 

V  3/  —  -ff'  is  well  knoivn  to  be  the  fine  at  *  tmies  tliar 

Ex.  1.  Let  x*—ye  =     to  £nd  the  3  roott  of  the  arc  }  and  cunfoquenthr/  ia  the  fine  of  |-  of  the  iic  whofe 

cqoatloo.  fine  i«  2'  '~         IVheacr*  to  reduce  the  eqaataoa 

Here  Si^?- =  ^v'^- = -L  =  .5  ^cof. 6<r' =  A.  «» -«= to  tfcklbmi,  let  v  =       n  befoit  j 

fxr:   icoL^^    sooCot^^   f|793S5>  ^J^^"               i  =  ^»Vr 

I  oi'j  -      =  /s»,  or  4JiV  -  4; '  =  4-'*'  J  wlieiT,  if 

HciKTc^  x=-tfine^=-aftwj«»»_rjj«,8»  be  put  =  3.  we  lhaU  have  «  ^  f^^^l,  and  aw- 

[«=  -  zfinc  3^  =  - afineio^zr  -  •347«964  fapeally  3,  -  V  « |;  ✓7. 

*lhe^^««iflir*           =  Fiom  which  laft  equation  it  appctn  th^  «  riM 

-               10°  (fine  j^«whafe6neii|- v/-),wbich»tli«liimeaithe 

i                             '  f«1e»  the  other  two  roou  being  limod  u  in  the  far. 

„   .  ,            ,  ISO*        ,    .  mercale, 
Hcoce^xa  acoi.-^B9cof.4al*  as  i'5)io088 

(  r  ^ 

.i  =  — ;rof  — —  zcof.2o*'=  — I'SiOlSca  LOCK,  fur  Cooalt,  in  Inlaud  I^vigaliont.  Set 

T^r^'^'&'lj'^yf  ^                                  '  LOOARITHM,'^.  R  .n  cradle  h«s  comn,.. 

It  tffae  tlu:  w  i,  ,e  ot  anynrelo  »«L  I,  4<'-3f  willbe  f„i       ii-  .  s>      e  c 

tse  coiiuc  of  :  time*  that  aics  and  cot>l« uuetitlv  c  ii  1                    t-   r  ■  1  •  a     r  1  -  • 

the  oObc  of    of, he  arc  Sle  «fi«  iill-L  i  J.'^"*^ '""ri    '  ^  f'-^-^^ ^^^r       -n  tt, 

•  nny  other  equal  quantity.                           4^    y.«r  ™u  ,l,on  ot  J  n;.  ,tln,.s  w.u-  oHjp^^^^^^ 

i«         _     .L     r   ••     .        1          ,             ,  from  the  nvpcrboia,  hy  mcaiie  ot  which,  and  the  io- 

in  order,    therefore,    to   reduce    the    flfloathiB  -u                  -         1  e.i  I-  t 

,          .%»M*B     »w  gittic  curve,  the  nature  aiiU  proprrtii*  of  thew  UtiHiben 

**'-mxsi  10  tbiaform^  Id « s  ^  j  then  '^^^  ekeaotly  expUiRcd. 

*  The  dodriue,  bowcver,  beioR  pordy;  arithmeticali 

I       .       .      ,  .  thJamodeof  denmnlifatioff  it,  by  the  tntervem  tun  uf 

^-«X         or/»  -  M*j  ss  h.*,  or  «p*«4Ma^aa  „rtain  ««rTC%  wM  coafideird.  by  Dr.  tUky,  a»  ot* 

4hU  whe«.  if  4-  be  put  «      i«  fl«a  h««  co«fcn«Wctothe«t««oftbtli.bj.d. 

He 
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Hr  hzi,  »cco\  Ait>^\y ,  invcPiigated  the  fame  ftries 
from  the  abArad  phnciplct  of  numbers  ;  but  hi*  me- 
thod, which  i«  a  kind  of  dirguifcd  fluxiont,  tt,  in  many 

fhee$,  To  extremely  tbilnire  wd  obfcure,  ii>at  few 
•re  bccB  able  to  cooipreheild  htt  nafooing'. 
An  eafy  and  perlpicuoni  demoaftraUoiit  of  this 
kind,  waa  therefore  ftil!  wanting ;  which  aay  be  ob- 
tained frani  the  pure  pn'tu  ijilirs  of  Aljfcbri,  indepeill- 
dentty  ofiheUocliinc  ot  Cui  vi  s,  as  follows: 

Tlie  I-ogarithm  of  .my  lunnliLT,  i  .i!ic  mdux  of  tf  ai 
power  of  iomc  other  number,  which  is  equal  to  tbe 
given  number. 

Tbui,  if  r*  =  tf,  the  logaritlim  of  a  it  x,  which  may 
be  either  poAuTc  or  negativr,  aod  r  any  ntunber  what- 
cvcFi  acoordipg;  to  the  di&rent  fjOeim  of  Logi- 
rithmi. 

When  a  =  I,  it  is  [)l;iin  t!iBt  x  mufl  be  —  v  \dU 
O'cr  bclhr  value  of  r  ;  ar^l  oiiiT-qutnily  the  Lojjaritiiax 
of  I  i<  iKsays  o  iti  f.ery  iyitcrn. 

If  v  =  I,  it  i)  alfo  plain  Utat  «  uuA  be  =  r ;  and 
tliiicroro  r  is  always  the  luraiber  lai  evny  fyllcpi*  wliofc 
loOntithni  in  that  fyilcm  is  i. 

To'  find  the  Logarithm  of  any  anoiber^  ia  ^ny'fyf- 
ten,  iti»«iily  Mcs^ryt  horn  the  eq;iia.tiiHi  r^s  a,  t» 
find  the  value  of    ibterma  of  r  and  a. 

This  may  be  flnYllv  ifficKj,  by  means  of  a  n^-iv 
pioptrty  of  tbe  bint'lii.at  ihLurcni  of  NcuSui:;  *lnili  is 
jjiveii  tinder  its  pmo-r  nitKl:  in  thi>  Aj^pciidix.  'I'lic 
gcoeral  Logarithmic  equation  being  r*  =  Ut 

X  X 

«si  -|-^»aiidl35«nlieiir=s«*=!i^^*=r+J*s 

+  TTTl  o>  -  ^  +  4  -  r  ^'^y*^*^'^  s«  ^ 

atid/THEORCM,  Appendix. 

P*  P*  P* 

And  itp  -  —  +ij —      +  —  Sjc  be  put  =:  j,  wc 

flialthaTe 


wlikh  let  be  put  S3  jr;  then,  by  imiting  th«  knea 
s«r-^  will  be  found 

and  confequenUy  «  :=  ^^^ii;]^*  j^ij^l^^! 
The  Logaiithm  of  o,  or  I  +  /,  ia  therefore 


anJ  q  —  f 
\  Ofc.  il. 


+ :  (>-i)»-f(r-jr+i(r-i)i^^  • 

WlKch  is;t  fcTonrijl  cxjjrefiio!i  fur  the  Logarithm  of  any 
i.irnbcr,  ill  any  fynini  of  Logarithms,  the  radix  r 
bung  taken  of  an,    ilu^,  greater  or lcf«  than  I. 

Biitasr  Iricnrr)'  fyfttm,  is  a  con ftant  quantity, being 
alw.iys  the  number  whofe  LonriUun  lu  (lie  fyli«m 
to  which  it  belonCT  ia  t»  the  aSove  expi>:ffion  may  be 
fimpliSed,  either  nv  affutning  r  =  to  fomc  parti,  iha; 
number,  and  *W»m  thence  finding  the  value  of  the  kncs 
i  o:uHcutiiiir  the  din^  miaator;  or  by  afliiniin^  this  whole 
Itrirs  =  to  iomc  juaicuUr  number,  and  from  thence  - 
fiadinjT  the  value  which  muft  begivcn  to  the  ndix  f. 

By  ilic  kitcr  of  thcfe  methods,  the  denominator  may 
be  made  to  vaniih,  by  afliiming  the  value  of  the  fcrwa 
of  whidi  it  couBilt  =     ia  which  cafe,  the  Lagatitiun 

of  I  4-  /  bccomci  ss  *  ..^4.^  _£!  4.£l  ^ 

the  L<-ig3rithm  of 

a=(j-i)-4(a-»)»  +  i(«-i)'-4(«.iJ*+}(d.i)i&c, 
and  r,  by  refcrfioo  offimca  »  feund^s  a.7182818  ftc« 

T!ic  fv  (Icm  atifiii^'  fi  om  thii  inj^!-.-  of  J^.it  rn  iu  ng  the 
vnluc  ot  tiiL-  lajix  r,  u  llidt  f  jin; ihe»  whatlia vc 

been  iilually  c-ilU'J  hvpi-  bjlic  Loy,ii itUms  ;  and  ap- 
pears to  be  the  fitnpicu  lurm  the  general  exprcilion  ad- 
mits of. 

If,  on  the  contrary,  the  radix  r  be  alFuracd  a  to 
fome  particular  number,  as  fur  in/lar.ce  io«  tbe  value 
of  theferie*y  — i        J       iy*  +  '     &e,  or  its  equal 

will  bccoaie  =  1.30250509  dec,  aod  the  . 

or  the  Log.  of  d 

&c,  which  givea  the  fyftcm  that  furaiflie»  Briggs't  or 
the  coouBQB  La^garithoiib 
And,  In  like  maimer,  by  aflbning  any  paitieilar  ft- 

<  hie  fur  I*,  and  theneedetermSninf^the  valtte  of  tlie  fcriei 
?-i7*+ J  3*  ^c,  oritseqnd 

(r.  1 )  -4  (r  - 1 )'  +  J  (r  1 {(»■-  X)*4-  ii/- •  »/ ,  *c  » 
or  by  ati'umiDg  the  fame  fcriee  of  fame  particular  va< 

'.niJ  ill:  ice  dete  rmining  the  value  of'i  any  fyftem 
of  Logariil.ms  m^y  be  iicrived. 

Thefcricsj-i;'  +  +  !  ?*        ""^  ^^l*^** 

whteh  forms  the  denominator  of  the  above  eompoand 

cxjircfTion,  cx!uLi;i;ig  i!u  Lug-.irithms.  of  u  I'ulitrs 
cottling  (u  ix'.tf  Iviicu'i,   ik  what  wa>  hut  by 
Cotes,  tbe  Mi>dufiis  of  tlic  fyllem,   being  always,  a 
coallant  quantity,  depeiulii.g  ouly  on  the  uQuinetl 
value  of  r. 

Aad,  at  the  form  of  this  feriet  is  eia^y  the  (ami 
a»  that  which  conftitutrs  the  nttmerator,  and  whidi  hta 

been  Ihewn  to  be  the  hypcibolic  Logaiilhro  of  a,  it  M- 
low«  that  the  MlhIuIus  ot  any  fyllem  of  Logarithms  is 
C141MI  to  the  hyperbolic  Logafithm  of  the  nidts  of  that 
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fyftcm,  or  of  tbe  number  whofo  propir  Logan^tbfc  in  win  be  s=  >  +  { ^»  4-  f  ^  +  1'/^  +            «r  Ac 

tie  fyftcra  to  v,lxk\i  it  bdoflgtis  I.  .     -  feypcrboUc  Logarithm  of  a 

The  r^rm  of  the  fcrie*  bene  obtained  for  the  l»7pcp»  y^.,^                   /«  i\ .  . 

bolic  Logarithm  of  n,  is  the  fame  as  ihat  wliicli  T  +  H  T  )*+ nT/'  +  HTJ  '•'H  -  J   **  * 

f.,ft<!;fcovt.caby  Mc-rcalurj  anU  ifthcfeiitiofWall  .  *       ^                      .„^^*'   .           o  «.  « 

b«  required,  it  OMT  bc iawOigUcj to  m  finaaraaaRcr  and  r,'.  ,  t^^nOon  of  fei ics      be  f..und  =  2.71*?.'?:!:, 

a* follows  i  befurc-    .  »nil  if,  on  the  cuiitrary,  tll«  tftdtx  r  bt  ai- 

TIk  g«oer>!  LoguiHume  cqmtiQa  1mh«  i*=  %  =       ''"^  ^^luc  6f  the  fenti 

«l,efo,..  let.- =       theory/'-  .{:ii>+4{l^>  + +^^^>te, 

I         '         .1    —a*     /^,/*  ^\^*i.e\  iriU become »».3i6258$oo,«« before i«nd the cornmoB 


ur  Uic  conuijui.  L<;gaiift)m  of  «  =■ 


And  if  /  +  ^  +  ^  +  ^  +  ^  ate  be  put  =#,  we  the  Ulter  fonnuk,  fortbe  LopritluD  o^J^f 

™^  jj^j         a?  .4  »■      a»  follows: 

The  Lj)j;iirithm  of  1  +  /  has  bcvn  ftem  ts  bea 


.*Wd»kthep«t-,»  then,  by  c«i«Kio.  of  fe-  ^  .Jjjjjf 4,„,h„  ,f  ^j^, 

Tiee,  .«rZ.winbefi»i.id  „ l/^-j/*-!/^'  Lo. 

*"  1  1/'+ gari-.'m  of  -j—^  =  Log.  1  -  Lo^;.  ( i o - 

and  co.rfi<iueatly  *  lllllC^iT^-  r-^-^^'-  -^•'^->'tl/:^»/Mig:ii£L^S\ 

"The  Logarithm  of  «  or  -j— ^  i«,  therefore,  lli^  L^lli  iei 

-t-37  -rvr-TTy  ^j^^  doMwiiDator  it  the  laiae  as  iatbe  firftfommh* 

. '  — ''"'raodjxti  -.  — g^^-r^,  9  being  here 

''^*~  '  «       '         r  •     r  ifthedeBomiDBtorttneitherofiheiegenerdlfotTDiiIc^ 

theLogamhnof^iaB  be  p«l  =  •»  the  Logwithm  of  1  +  /  wiU  be  de- 

 —  '/r  i\  /r  i\     '  /r  i\   Logarithrp  of  a  by 

Wluch  t*  another  general  exprellion  for  tlic  Logarithm  _'l 

of  my  number  a,  in  any  fyllem  of  Logarithms,  that  And  the.Loganthni  of  —  wDl  be  dCDOtCd  by 

jnay  be  £inpllfic«l  in  the  iame  manner  us  the  formcTt  _ 

the  denominator  being  ftill  equal  to  the  hypti  bohc  Lo.  i/*  +  j^*  +  4/*  +  r/*  **, 

Sarithth  of  ihe  radix  r »  or,  whkh  i«  the  fame  thing,  lo  » 

icModuluaofthefyftcm.  or  the  Logantbm  of  «  by 

r-1    ./'■- .,/»•.  n,    , .  ./'■-•N,    .  And  fmcc  the  fuin  of  the  Logarithms  of  any  two 

— +^-7- j  ■•"H'TA       '  number*    equal  to  the  Logariibm  of  their  praduft» 

be  iSiined  ss  i,  tfae  byjieilMric  Lofarithni  of  the  Logarithm  of         will  bccone  ^ 
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or  the  Lo^vithm  of  a 

Whitli  is  a  thir.l  penertl  fimnttl*,  th»  cMvwgw  faftet" 
than  citlicr  of  tlic  f  ariiier. 

The  Lotjarithm  of  any  mtmbcr  may,  therefore,  be 
olltbttcd  uuivtrfally,  or  .nxDnilng  to  any  fyftetll  of  Lo. 
garitbnu,  ia  LhctltrcefoUuwing  wrmcj  , 


Log< 


Or 

Log.  *  =»  i.  X  :{*■  I )  - 1  C«-  •)*+ i  *«• 

!       /r-i  ./"-'^^     ^''•'V  . 


And  tf  +1  be  pat  XT  ^,  >nd  «  oa  ^  =  ttt  tbcTe  genml 
fdnnubB  may  be  etfUj  eonTcrted  into  the  following : 


Loa.  —  =  —  X  :— — 


./J        ,/4        //5  . 


•  i    R    «    a*»  ^       4«*  5«* 


79 


'—^•4-   -1  -  4. 


From  w^ich  lafl  cxprffiions,  if  r/  or  it*  equal  av-i 
be  put  —  I,  wc  lhalt  have,  by  j>topcr  fubllitution,  aud 
ihe  Bature  olXrfigairithtni  t 


Log.  fl«Log.  (—  I)       X  +  &c. 

Log.;.-Log.(*i)+^Xii-.-J-^.^-^,.  - ' 


Ar<i  from  tfit  idiTition  nrd  fiihtraftiGti  of  tl»cf?  fe- 
fiea,  ffwtal  others  may  Ik  d'  rived  ;  but  in  the  adual 
computation  of  Logainthms  tliry  uiil  l-e  foniid  to  rn>f- 
ftft  K'.tk  or  no  advatkiage  above  thofe  here  given.  ^  The 
l.-ri.e  jrcner*!  fonnvla  iway  be  deriffd  fvomthe  miginal 
Loj^sri^l.taift  equation  r*  s  4  in' a  diffeitni  w«]r, 
tUu« :  .  .      .  , 


Let  r  =  I  +  7,  then  r»  =  iH-r     H-^'?- ir  +  '  7':  ,7 ''S^  t ;  e 

^  ..^(f.j«*H-}fi- V&c}Vftc'ss  «$or  ifrbeput 


And  by  dciioiiMj; 


7*  fee 


the 


firft  cafe,  or  its  C4U4I  y  + 1     +  i5f^  +  i?*»  mthclai- 
caici  by  «»•  thefe  et  prelSons  wilf  beoovte 


aiifl  I  -  wv  +   5-m'.v3  -I  ^  tn*x*  &c  =  —  1^ 

h!ucL  are  the  two  anti-I.ogaricTiiuic  feriea  of  HaUet : 


+  arte*     &C  ss;  c  ^ 

I      ...  I 


from  witcncc,  by  tx^votfioa  of  fcriej,  maj  bc&Ulld  ttif. 
LoigarUhiBof  any  Quuii>':r  <ii  bu'ore. 

M.    •  •  ' 

MTCR08COPS.    The  followtn^  diradiow  are 

clv;r.  foi  urtiip  ihi-  Nvw  1  In ivcrfal  Pocket  Microfcape, 
iiiaJc  anJ  Wd  by  W-  .ind  S.  jonct,  optician*.  No.  135, 
Holborn,  London.    Sec       4,  pl.Ji. 

"  This  Microfcope  ia  adapted  to  the  vicwuig  ol  idi. 
forts  of  objeds,  whether  iranj parent,  or  opitke ;  and  for 
iafeOt,  Jleweri ,  atiimjlculi ,  .iiid  the  iiifiKite  vaiicty  of 
tbeaHMnriw  of  Nature  and  Art,  will  be  fi>und  the  tnoft 
complete  nid  portahie  for  the  jN-icct  of  aoy  kithetto 
contnved. 

Pl.u  ^  tl  I fqii.irc  piikr  of  the  Microfcope  in  the  fquare 
focket  at  ilic  tuot  L),  and  fallen  it  by  the  j>ia,  as  Ihewn 
in  the  lignre.  Place  alfo  in  the  kx-.i,  tlic  i  tlrrti'mr 
mirror  C.  There  .ire  three  knfes  at  the  top  linrwii  ac 
A,  which  fervc  to  nwgnify  theobjcfts.  By  ulin^  thcfc 
llnfas  fejjaratcly  or  combined,  you  make  fcvcn  diJi'crcnt 
power*.  When  tnnfpaivnt  ubjedh*  ftieh  as  arc  in  the 
i«ory  flider((  aumbcr  4,  p.rc  to  be  viewed*  you  place 
the  fltdejra  ovir  the  fnrini;,  at  the  underlide  oi  the  ftage 
B  ;  then  Ux>king  ibrunfiih  the  leiii  or  majjnificr,  at  A, 
at  the  fame  time  teflctl  up  the  light,  by  movjii^r  the 
rainnur  C  below,  and  move  ^'eiitly  upwai  Jj  or  dow  :i- 
wardf  ar.  mav  be  necefiiry,  the.  ftagc  B,  Upon  its  Iquiic 
pillar,  ^ilu  !<  e  the  ohjct!  i'lunvimtcd  and  cliiliualf 
macni^ed  ;  and  in  this  manner  for  tbcothci  <)!>j  ft?;. 

For  atiimalculcs,  you  unftivir  t!ii:  Lr^fs  Lux  Ui-^t  if 
fitted  at  the  ftage.  B,  contain  ri<  t\v>>  glaflen,  and  len»e 
the  unJennoft  gbfenpon  the  ii.i^c,  to  receive  the  I -Jidf. 
If  vou  with  to  view  thereon  any  mo.in*  infec\,  ^ic,  it 
may  be  confined  by  fcrewinp  on  tlit-  cover:  ol  the  twti 
j;laffe«,  the  concave  is  bf^l  I  »•  .!  ids.  Should  the  obji- "is 
be  opakc,  fnch  as  feeds,  txc  ;  thev  arc  to  be  placed 
upon  the  black  and  white  ivory  loi  ii  ;  ■    :e,  number 
which  is  htted  alfn  to  the  tb^e  B     If  the  objects  are  . 
of  a  dark  cr>1our,  you  place  them  cuntraftedly  on  the  .■ 
white  fide  of  the  ivorf>    If  (h«y  ntc  of  «  white,  or  a. 
licht  cokiui ,  uu,>u  th*  tdacikctted  &le*  -Some  objeda 
*   5C»  wiU 


I 
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win  be  more  tonwiieiitlf  vtnned.  hf  fticklng  them  oa 

the  l^oilit  cf  n-.imbfr  2  ;  or  Ketu-ccn  the  nipper*  at  the 
other  fiiJ,  wi.icii  o[>cn  by  pfi:lli;ig  the  twu  little  biaCi 
pins.  This  apparuiiii  it  ailo  I'iUlJ.  t<;a  iuiall  lioleiBtllC 
fiage,  made  to  receive  the  iuppiHi  of  liis  wire. 

The  brafi  forceps,  number  1,  fcrvc  to  take  up  any 
fmat'i  otj -ft  by,  !n  order  to  place  them  on  the  iltfc  for 
view,  'l  iie  inllrument  may  be  readily  converwo  into 
an  hand  Microfcope,  to  view  objcda  againft  the  OMlinui 
light :  and  which,  for  fame  tranfparrat  ooct,  ii better 
fry.  It  i  !  uc  by  cnly  taking  oui  the  pillar  from  itt 
foot  iu  D,  lurning  it  halt  rouna,  and  fixiog  it  m  again i 
the  loot  thc-n  bcooBiBi ■  ubfiil fandlei  taAtfae  icflefior 
C  in  laid  alidc. 

T!he  whole  apparatus  packs  into  a  irlh-flcio  cafe,  4} 
incbe*  longt  3|  inches  broad,  and  i|  inches  deep. 

For  penbot  more  curious  and  nice  in  thefe  furt  of 
jpllniiiieDts,  there  «  contrived  «  vicful  adiuAing  Senw 
to  iht  ftage,  reprelcBted  M  e.  It  w  firft  iBO«ed  up  and 
down  like  the  other,  to  the  focus  nearly,  and  made  faft 
by  the  fniall  fcrew.  The  utmuA  diftindnefs  of  the  ob- 
jeft  is  then  obtained,  by  ecntly  turning  the  long  fine 
threaded  fcrL-w,  at  the  umc  time  you  arc  looking 
through  the  m^i^niht-rs  A.  In  this  caff,  there  may  he 
alfo  added  an  extraordinary  deep  magottier,  and  a  con- 
MTt  film  fueculum,  with  a  magnifier  to  fcrcw  nn  at  A, 
which  wiU  um  for  newing  tbe  lety  Coaall,  aad  opakic 
dtijt&at » kbccottpktcft  nmmcr,  MMNidcrtlw  niro* 
ntcnC  as  compreheufire  in  !tt  nfis  and  powcn,  as  thofc 
formerly  fold  under  tlu  name  of  H^iffii^t  Micrefc^," 
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NUTATION,  io  Aftronomy,  a  kind  of  ]tbrator|r 
muuarn  of  the  eanh'a  «n»  >  bf  «^idi  ita  inclination  to 
the  plane  of  the  e^ptic  is  OMtbndir  varriag,  by  a 
certain  number  of  leconds,  bockwaraaand  forwatda. 
The  whole  extent  uf  this  change  in  the  inclination  of 
the  earth's  axis,  or,  which  is  the  fame  ihin^f,  in  the 
apparent  declination  of  the  ftars,  i»  ahout  19",  and  ilie 
period  of  that  cliaa^e  is  little  more  than  9  years,  or  the 
^pacc  nf  time  from  ita  fctttug  out  from  any  point  and 
feturoing  to  the  fame  point  again,  about  iS  rears  and 
7  moatu,  being  the  iiime  as  the  period  of  the  roooa'a 
HMtMOik  VMB  wbtd)  It  chiefly  depends ;  being  iotked 
.the  joint  cfii^  of  the  inequalities  of  the  adion  of  the 
fun  and  moon  upon  the  fpncroidoil  figure  of  the  earth, 
by  wliich  itt  axis  is  made  to  revolve  with  a  conical 
motion,  fo  that  the  extremity  of  it  dcfcribti  a  fmall 
circle,  or  rather  an  tUipft,  of  ig'i  IcconUii  diameter, 
iuid  i4"-2  conjugate,  each  rcTolation  being  made  io 
the  fpace  uf  18  years  7  month%  iGeardiag  to  the  revo* 
iiitioD  of  the  auwn'i  nodes. 

Thia  ia  a  natural  coofeqoeoce  of  the  NnrtDoum 
fyllem  o(  nniKibl  attiafiion  {  the  firft  princinfe  of 
vrhich  u,  that  all  bodies  mntually  attrad  each  other  in 

the  dired  ralloof  their  rcatTts,  and  in  the  invcrfc  ratio 
of  the  fquaret  of  their  diKaiiccs.  I'rom  this  mutual 
attra^ion,  combined  with  motion  in  a  right  line,  New- 
ton deduces  the  ligure  01  the  orbits  of  the  |>lanets,  and 
particuljity  that  of  the  earth.  If  this  orbit  were  a 
circle,  and  if  the  carth'a  form  were  tbu  of  a  perfect 
ilphn^  the  HttmaioB  of  the  fin  wouGl  hiTe  m  other 


tSe&  dua  to  keep  the  earth 

caufing  any  inr^jularity  In  the  pofition  of  its  rixis  B.f 
neither  is  the  earth's  orbit  a  circle,  nur  it»  body  n  fpherc ; 
fir  tiic  earih  fcnlihly  protuberant  towards ihc equator, 
and  u«  otbit  is  an  eliipbn,  vrhich  has  tho  fun  in  its  ibcus. 
Now  when  the  pofition  of  the  earth  ia  fndi,  that  tbe 
plane  of  the  c(}uatur  pafles  through  the  centre  of  tbe 
fun,  the  Bitradlive  power  of  the  lun  a^S  onlj  fo  as  to 
dnw  the  earth  towards  it,  AiU  parailel  to  iiici^  aad. 
without  changing  the  pofitton  of  iiaaxiai  aeiiCBOW 
Annce  which  happens  only  at  the  time  of  the  equijioxea. 
In  pto;)f>«tion  as  the  earth  recedes  from  thok  points, 
t':ie  lu^<  iil-.yi  j^oes  out  ot  ;he  plane  of  the  equator,  apt! 
appruachct  tluit  of  the  one  or  oiltcrof  the  tropics  ;  the 
femidiameter  of  the  earth,  then  expofed  to  the  fun, 
being  unequal  to  what  it  was  io  tbe  former  cafe,  the 
equator  is  more  powerfuUy  attraded  than  the  reft  of  the 
glob^  which  canka  fooM  okaratio*  im  'm  pofi(io«i 
and  ka  inclination  to  the  plane  of  the  ediptic:  nd  aa 
thiiftpart  of  the  orbit,  which  h  comprtfcd  bctiraen  tbe 
autumnal  aitd  *ental  equinox,  is  Wis  than  tltat  which  ia 
compriled  hetwerti  the  vernal  snd  autumnal,  it  fellows, 
tii;it  the  ineguliirity  caufed  by  the  fun,  daring  hit  paf- 
f^gc  through  the  northern  iigns,  i»  not  cntirtly  cum- 
pcnt^trd  by  that  which  he  caufes  during  ht»  pallaga 
tlirough  the  fouihern  iigns ;  and  ihu  the  JlcLfiu 
qf  the  terreflrial  a«ia»  and  ita  incliiwtion  to  the  cdigckt 
iatheAoea  little  ahered. 

The  like  tS<&  which  the  fun  prpducet  upon  the^ 
earth,  by  his  attra^bon,  is  alfo  produced  hj  tbe  moon,, 
which  acls  with  greater  force,  in  proportion  as  (hv  is' 
more  dillant  from  the  equRtor.  Now,  at  the  time 
when  her  nodes  agree  with  the  cqiiinuxial  points,  htv 
grcated  latitude  is  added  tothc  greaicft obliquity  of  ihc 
ecliptic.  At  this  time  therefore,  the  power  which 
canfca  the  invgnUritf  in  the  pofition  of  the  tcneftrial 
ikiiir  «ftt  with  tbe  great^  loroe}  and  the  rudmian 
of  tbe  node*  of  the  noon  being  performed  in  18  yeaia: 
7  months,  hence  it  happem  th;it  tn  this  time  the  nodea 
will  tv^iec  agree  with  the  equitioiial  points  ;  and  coo- 
fequcntly,  twice  in  that  period,  or  once  every  9  7caiH- 
the  eMth's  aaia  wjll  be  mK  infliifiirrH  ihMi  acaof. 
other  time. 

That  the  moon  has  alfo  a  like  motion,  is  flicwn  by 
Newton,  in  the  firft  book  of  the  Frinoipin  1  but  he 
obfervea  indeed  that  thia  BMtio» omlbbe  wry  fiwril^ 
and  icaicdy  fimfible. 

As  to  the  hifltny  of  the  Nutation,  it  feems  there  have 
been  h:iU8  aed  iurpicioiij  of  the  exilic  ncc  ot  fucli  a  cir- 
cumliarce,  ever  iiiite  New  ton's  difeovery  e>f  the  fyftenw 
of  the  univerfal  and  mutual  a(t:.tCtiori  of  matter  ;  fonte 
tracer  of  which  are  found  in  his  Principia,  a:>  above 
aientioued. 

We  find  toOt  that  FlamAeed  had  hoped*  aboat  the 
ycnr  1690^  bjr  aacana  of  the  Aan  nenr  hia  saith,  %» 
detcfnine  the  qnaatitj  nf  the  Nutatinn  which  ought  to 
follow  from  the  theory  of  Nrwton  ;  but  he  prave  up  that 
projc^  bccaufe,  fays  he,  if  thib  cfTeift  exilU,  it  mu!l 
remain  iufen4ible  till  we  h^vc  inllrument*  much  looeer 
than  7  fcr.t,  ■f-'d  more  Uilid  a iid  hMtCr  filed  thlB  mUMk 
Hiil.  CiElell.  vol.  3,  pa.  113. 

And  Horrebow  gives  the  following  paifage,  extract- 
ed ftuB  the  maaotmpt*  of  hi*  maSer  KMaaier,  w  ho  died 
is  1710*  nhoft  «UnvatioM  bcpuUiflicdIn  ija, 

der 
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&r  the  title  of  Bajir  AfirommA*.    By  tM»  pawprraph  it  the  earth  might  ctHfe  ■  v«riati'oa  Or  Ubntion  in  the 

appears  that  Rocmcr  fufpedled  sl;i>  n  Xu;r-,t:r>r.  m  earth's  axis:  his  fcilor  luv:ng  been  left  fixed  at  Wair- 

earth'*  %x\%,  and  hid  Tome  hopes  to  g^ve  the  theory  of  iied,  he  often  went  thereto  make obfcrrationt for manj 

i. .  .•  L..-.      o.i  j_         j!^..  J.  ^^.jj^^  tiU  the  year  1747,  wliMi  lie  was  fully  bitisfiird  of 


it :  it  runt  thui  \  **  Sed  de  aititndtmbM  WMi  pennde 
«er«)«  reddehar,  ttm  ob  refrad^ionum  tnrictRtcm  qukm 
•b  Alliim  ooidttM  ttquido  perfpe^m  ctu&Oi  {  rctlicet 

Eir  boa  duM  anaoa,  quetnadmodum  &  alms,  expcmii 
m  die  qaandam  in  'dedmationibui  varictatem,  quae 
nt-c  rLTrn^lionibiis  nec  paralUxibus  tribui  potrll,  line 
dubtu  ad  vacilUtion<.m  aliquam  poli  terrcltrij  icreitii- 
dam,  cujus  rae  verifimilem  dare  pcfll-  thcori.im,  ubl'er- 
vationibui  munilam,  fperu."  Balis  All lononu,!:,  i  .<5, 
pa.  66. 

Thcfc  ideat  of  a  NutJtion  would  naturally  preiVnt 
themfelves  to  thofe  who  might  perceitne certain  citaiipea 
aa  the  dcdtniMiom  «f  tbe  Oars ;  and  me.  kftfc  feea  tbtt 
Ifie  firftfufeitioMAf  tradhfy  in  ]737,  were  tW  tbere 

was  fnmc  N'.itatioii  of  the  '-.irtlrs  .ixlj  wliiLti  caiifed  the 
liar  7  Drdcoiiis  t«  apprar  ai  times  more  or  lefi  nrsr 
the  pole  ;  but  farther  ohi'ervat  ions  obliged  him  to  fciirch 
another  caufc  fur  the  aonaal  variations  (art.  ABE*aA> 
tioh)  :  it  wai  iMH  till  fome  years  after  that  he  dif- 
coveml  ilie  fecund  motion  which  we  nowtreat  of, prtv 
perly  cdikd  the  Nutation.  See  the  art.  SrAa,  pa.  coo 
<K,  where  fifudkyV  difiw*enr  «fit  n  gives  atlenfibl 
to  which  toMy  he  fitrther  added  the  fellowfn^  fiimmarf. 

For  the  fx-'tcr  cxpTaiijing  the  difcovery  f  t'li-  Nuta> 
tion  by  Bradk'v,  wc  ill'lll  recur  to  the  tar. t  wticn^he 
obft.i'ved  the  flars  in  difcovcrin^  tlic  aberr^ition.  He 
perceived  in  1 728,  that  the  annual  change  ot  declination 
m  the  ftara  near  the  equinoxial  colure,  «vas  greater  than 
what  ought  to  refolt  from  the  annual  precefTion  of  the 
MuiooKca  being  fuppofed  ^o",  and  calcnlatrd  in  the 


the  caufe  Md  effedi,  u  aMonnt  -of  which  be  then 
cootoMiiiettcd  to  the  wqiU.  FbibJl  Tiwf.  vol.  45, 
m.  1748. 

*'  On  account  of  the  inclination  of  the  moon's  orbit 
to  the  crliptic,  fays  Dr.  Mufkclyne  {  Artronomical  Ob- 
ierv^t.'.ijs  1776,  pa.  2),  and  ili!.-  rtvoiution  ot  thi;  ,iode« 
ill  jr-lLxc(le«tia,  whicli  is  pcrforuird  in  years  and  f 
months,  the  part  of  the  precrlFtiin  o(  tlic  equuioxev 
owinj^  to  her  a^lion,  ia  not  unifi>rm  :  but  Aibject  to  an 

SuatKMii  wbofe  muimuni  ia  i8'i  and  the  oUiquitjr 
the  ecliptic  it  dTo  fntjeA  to  c  periodicd  eqintton  of 
9"'S5i  hcili|(gnMerfav  l^^i'^whco  tfaeBKMm'aareeod. 
ing  node  \%  in  Art'et,  Iran  when  U  is  in  Libra.  Both 

thtfe  cfTiftH  ajf  ri-preffiile:!  :oH;clher,  bv  Uippofingthe 
pole  (i(  the  ratth  Xo  dcfctiiie  the  periphery  of  :iii  clSipfi*, 
III  u  retrograde  manner,  during  each  period  ui  the 
moan's  nudes,  the  giealer  axis,  lying  iu  tiie  f.iliiitial 
colure,  being  i<)'\'*,  and  the  le/fcraxis,  lying  in  the* 
equinoctial  colure,  14*2";  being  to  the  greater,  aa  the 
cofiue  of  double  the  obliquity  of  the  ecliptic  to  tlw 
cofine  of  the  ohltmitT  itCelf.  Thit  motioD  of  the  pole 
of  the  earth  ii  called  the  Nutattoa  of  the  earth's  axis*, 
and  wasdtfcovert  !  bv  Di  I'r  Jltv,  by  a  fen'es  of  ohfcl" 
vat  ions  of  feverai  il.nii  madi;  ui  liie  coiirfe  uf  20  years, 
from  17^7  to  17+7,  being  a  continuation  of  thule  by 
whicii  he  had  dUcovcred  the  aberration  oi  light.  But 
the  exaA  law  of  the  motion  of  the  earth's  axis  has  beeit 
fettled  by  the  leemcd  mathematicians  d'Alembers; 
Kulcr,  aud  Siapfbn,  from  the  priociples  of  gravity. 


ufual  way  \  the  liar  a  Urf«  Maiorii  im  in  the  Bontb    The  equation  hence  arifing  in  the  place  hf «  filed  Har*. 


of  September  1728,  20"  more  Ihmh  ttrnn  the  pr^ 

ceding  year,  which  rmght  to  hav  !  ■  l-:  only  18" } 
from  whence  it  would  fullaw  thnt  tL;  |  r  j.-  Ilion  of  the 
equinoxes fhould  be  5<; initr ad  of  r-  '  ,  a  irmt  ifcrlb- 
ing  the  difference  between  the  18  arni  20''  to  the  in- 
flrument,  bccaufe  the  Ihin  about  the  foMitial  coturedid 
not givea  like  difference.  Fhilof.  rranf.wol.35, pa. 659. 

In  general,  the  fiars  fnuatcd  near  the  equinoaial 
eolnre  had  changed  their  decUntlioo  about  %*>  aiort 
than  they  ought  by  the  mean  pfeceflion  of  the  rqtti- 

rnxes,  the  q Mritity  of  which  is  very  wcUkno  ',  ,1  d 
the  (liirs  near  the  (olftitial  colure  ihe  fame  qiiaiiaiy  IlU 
than  ttiev  ou^ht  ;  but,  Bradley  adds,  whether  thefe 
fmall  variations  arifc  from  fome  regular  caofe,  or  are 
occaConed  by  fome  change  in  the  fKtor,  1  am  not  yet 
able  to  determine.  hradW  therrforc  ardtnthr  con- 
tinued his  obfenrationi  for  determining  the  pciiad  and 
the  law  of  thdc  wriations  1  for  which  pnrpofe  he  refided 
shnoft  eontinuaUy  it  Wnflicd  till  1732,  when  he  wie 
obliged  to  repair  to  C)xford  to  fuccced  Dr.  Halley  { 
be  ftill  continued  to  obferve  with  the  fame  exa^tiefs 
all  the  circuTiltnnci  s  c  f  ;he  changes  of  dccliration  in  a 
great  number  lA  lUn:.  fsach  year  Ite  (aw  tlic  periods 
of  the  aberration  confirmed  according  to  the  niles  he 
had  lately  difcovcred  ;  but  from  year  to  year  he  found 
•IHb  other  differences ;  the  ftars  fituatcd  between  the 
icmd  cqitiiiox  aedtbewifltectblftice  approMhcdacwcr 
to  the  iHftth  pote,  while  the  oppolite  ones  receded 
'ftrther  from  it  :  he  !)c;:a«  then  fure  to  fuTpei^  that  the 
■ftioQ  of  the  moon  upou  titc  elevated  equatorial  parts  of 


whcthmr  In  longitude,  right -a^eenfion,  or  dedimrion 

(for  the  latitudes  are  not  aflc^ed  by  it)  has  h.  fjnii:- 
tirncs  caUed  Natation, and  fomctimes  l)eviaiio;>." 
agpio  (fays  the  Doctor,  pa.  H),  the  above  "  quantity 

19*1 ',  of'  the  preateti  Nutation  uf  the  earth's  axis  in 
the  folllitial  colure,  is  what  I  found  from  a  fcrupulou*.' 
calculation  uf  all  Dr.  Bradley's  obfetv^tions  uf  y  Dra* 
conis,  which  he  was  pieafrd  to  commuoicate  to  me  for- 
that porpolie.   From  a  like  cxaoiinatioo  of  hiaobfiRVik 
tion  of  «  Ur(c  najoris,  I  fbtnld  the  Icfleraxia  of  th»- 
ellipfis  of  Nutation  to  be  14*  t",  or  only  .|'nlb  of  a 
iecond  lefs  than  what  it  fliould  be  from  the  obfervatioaa 
of  y  Draconis.     But  the  refult  froiTi  the  obfenatiOM'- 
of-,  Dracoi.i*  is  mod  to  be  depended  upon." 

Mr.  Mnchin,  fecretary  of  the  Royal  Society,  tO' 
whom  firadley  communicated  bis  conje^ures,  foon  pcr< 
ceived  that  it  would  be  fufficient  to  explain,  both  the 
Nutatkm  and  the  change  of  the  pceceffioo,  to  (iqppoiie 
thatthepoleofthecaithddienbedalmllcirde.  He 
dated  the  diameter  of  this  ciide  at  18",  and  he  fup- 
pofed that  it  vras  defcribed  by  the  pole  in  the  fpacc  of 
one  revolution  of  the  muoii'a  nodes.  But  later  t.tlr  i- 
latifMU  and  theory,  have  fhewn  that  the  pole  dcicribes 
a  fmall  e)h[>fjs,  whofc  axes  are  19*1."  aad  1^1%  aa 
above  mentiuned. 

To  (hew  the  agreement  between  the  tlieary  and  ob> 
CersMiom^  findley  givea  a  great  multitude  of  obim*- 
tiont  of  a  iraniber  oinara,  taken  in  different  pefitiooa  % 
and  out  of  more  than  300  obfcrvattons  which  he  made, 
be  foutid  but  11  which  wens  difiicrcat  from  the  mcaA  ^ 
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fo  much  as  2".  And  by  the  fnppofitlen  of  vhe  elliptic 
rl^tation,  the  agrccrocBt «f  ^  lOeoVy  with  obfenttiM 

comes  rut  llill  ntarer.  t 

Ijy  the  obfcmlions  of  1740  ami  1741,  the  ftar  « 
lUria:  majoria  appeared  to  \jc  i"  lajther  from  the  jjoIi- 
thm  it  ought  to  be  nccordir^  to  the  ohicrvaiionii  uf 
other  yean.  Bradley  thought  ihia  differeoce  aroi'c 
from  fome  particular  catife ;  whtdt  hoM'cwr  was  clikfl  y 
the  fault  <:f  ■he  circular  hyiiothefis.  He  fufpccSccl  alfo 
thai  the  lUBJiUoa  of  the  apoj^ce  of  the  moon  might  liave 
lome  iiiHueitcc  011  the  Nutation.  He  invited  thcicfore 
the  miitherraticiapa  to  calciil.ite  all  thefe  ciTrcts  of  al- 
traction,  whith  lias  been  ably  done  by  d'Alcmlicrt, 
£ulcr,  WfiLniUcy,  Sini;)fiin,  and  others;  andihcartro- 
Foincis  to  tontimie  to  ohieive  the  pufilion*  of  the 
fmalkii  ftan,  aa well aa  the  largett,  todifcovertUe  phjr* 
fical  d«rangcmenta  which  tliey  niny  fiifier,  and  wnich 
had  hctn  i;l)rM"vetl  in  fome  of  them. 

Several  eftiits  arifc  from  the  Nutation.  The  fiift 
oftlicfe,  and  that  which  U  the  moft  taltly  ferccivod, 
is  the  change  in  the  obliquity  of  the  tclifitic  ;  tlic  qu.iii- 
tity  of  whicl)  «ught  to  be  varinl  fr<ini  that  eaufe  by  ib" 
in  about  9  year*.  Accordir^'ly,  the  obliquity  ot  the 
cdtptk  was  obfcnrfd  in  I7r);t<>be  3)°  28'  1  arnl 
in  1755  only  33"  a8'  j":  not  only  therefore  bad  it 
not  diminifflml  by  8",  at  it  ou|;lit  to  h»«e  dow  accord* 
in^  to  the  rtj^ular  mtan  din.inuiion  of  that  oblii]'!  tv; 
hut  it  had  r\in  aui^mcntcd  by  10";  makiiij;  together 
18",.  for  the  et.'cCt  ot  tbc  Kutitlion  iu  the  9  )cais. 

The  Nutation  chsnpes  cq-.K^ily  the  longitutLs,  the 
rig^ht-afcenjtont,  and  the  dtclinationn  of  tlie  H.iv,  a> 
bdbie  ohfervrd  ;  it  is  tbc  laiilude*  oaly  wliirli  it  <loe< 
not  affec>,  bcr-nife'thc  ecliptic  *ia  immoiwable  ia  the 
tbcoiry  «f  the  Nutation. 

Dr.  Biwiky  ilhittrate*  the  feregoinp  theor\-  of  Nut** 
tion  in  the  fuilowing  manner.    Ixt       rrprtfcnt  ibc 
inca:i  j)lact  of  the  pole  of  liie  equator,  about  which 
point,  as  a  centre,  loppofe  the 
true  pole  to  niofc  in  the  (mall 
circle  A  BCD,  v^liolc  I'.ianittcr 
h  1  i".    Let  ]i  hr  U\f  pi.k-ol  the 
e«Jipttc,  and  V.]'  be  rijii.il  i.>  the 
mean  dtilancc  tctwccn  the  poles 
of  tb«  equator  and  ecliptict  and 
fuppofc  the  true  pole  nf  the  e~ 
*}UJitor  to  be  r.t  A,  wlirn  the 
t!io<in')i  alfrndinj;  innic  is  in  tl:e 
tii;;iiiiifrig  of  .Arits  ;  and  at  li, 

wl.i  n  the  node  ptts  l:::ck  loC,'[  licorn  ;  ?iul  "t  C,  when 
fix  iair><  ii>i»!e  is  in  l.ihr.::  al  wl.uh  t'lm  t.  *  i 
pole  of  till  eqiiiitor  I'cii.rr  nr.nrtr  the  t:oi;li  poU-  ol  :hc 
eel:ptic,  by  the  whuie  diameter  of  tbc  little  ciirle  AC, 
<<qual  (o  18";  the  obliquity  of  the  ecliptic  will  then 
be  fo  much  Ir fa  than  it  wa»»  when  the  moon  V  »feendin<T 
node  %ra«  1"  Ariea.  Thr  poiat  V  it  foppolVd  to  trove 
vi>nnd  L,  wi'.ji  Kn:al  rctmj^r.Kie  rroticn,  anfM  rrablc 
to  tlic  mean  p  ret  Hit  n  arifirg  tiom  the  joint  cttions  of 
llie  fun  sitid  jnuon  :  vili;lt-  'he  luic  pole  of  ihf  eqnalt.r 
n.iivcs  loimd  P,  in  the  circiimftrc-nce  A  BCD,  with  a 
relii  ^jr^di  nujT  on  hkeu'ile,  111  :\  period  ofthcDOOn't 
node*,  or  of  18  yvAit  and  7  mordhti.  Jly  ihia  tneaoii, 
wi<cn  the  -r  afcending  rtode  ta  in  Ariet«  and  the 
true  pcik  of  the  t<,<MN,r,  at  A*  ia  moving  fnm  A 
touBfct  B  t  it  «iiJ  ihr  Aara  tint  come  to  the 
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meridian  with  the  fun  about  the  vernal  equlaot,  wti 

recede  from  thofc  that  come  vMtii  ;lic  Inn  near  the 
autumnal  eqninox,  faftcr  than  tiic  irtun  f  i  Ic  P  doea. 
So  that,  while  the  moon's  node  j;o<  -  b:iLk  ironi  And 
to  Capricorn,  the  apparent  ptcceflion  wiii  item  lo  muck 
greater  than  the  mean,  aa  to  caufe  the  flats  that  lie  ia 
the  cquinudiat  culuic  to  have  altered  their  declinatioa 
()'',  in  about  4  year*  and  8  mottih*,  more  than  the 
mean  piecclhon  w(  uld  <ln  i  and  ia  the  fane  time,  the 
north  pi>'.e  of  the  equator  will  feem  tb  have  approached 
the  iUrs  thaLconieto  the  nicri('"  in  v  iti:  t:  i  iuii  of  our 
winter  fi^liiice  about  9'',  aiid  to  have  receded  as  raucli 
from  thofe  that  come  with  the  fttn  at  th*  furnnwr  iai- 
fticc. 

'I'hns  the  phenomena  hefare  recited  arc.  in  KCIIcnl 
coiiformabk  to  this  ityfiothilitu  But  to  be  more  par- 
ticular t  let  S  hetht  place  of  a  ftar,  PS  the  circle  «f 
dec1iii.it  ii  n  p^iTin?  through  it,  reprefenting  itadiftaace 
from  iher-.c.ut  jKrte,  and  vPSjtamean  rijjht-afiwnSon. 
Thuj  if  0  ai  d  K  be  t!ie  points  wliere  the  circle  v(  I'c- 
cliiiatioii  ciiu  ttic  little  circle  iVliCD,  the  t  pnlc 
will  be  neirelt  that  ftsrat  O,  and  fartheft  from  it  at  il; 
the  whole  diffencnce  :itiioutitin)j  to  iS  ',  or  lo  tii« 
diameter  of  the  Ifttle  eircle.  the  true  pole  of  the 
cquattHT  it  iuppoicd  to  be  at  A,  when  the  mooo't 
awendiajf  node-  i*  ia  Aiicfe  t  and  at  B,  when  that  node 
gel*  back  to  Capriceim  :  and  the  angular  molioa  of  the 
true  pole  about  P,  U  li ki. wife  fnp|K: fid  equal  to  that 
of  tlic  moon's  no<1e  ab»>iit  or  tlicpoii.  ol  the  ecliptic; 
finct  in  ihefe  cafes  tile  true  pule  ui  the  equator  ii,  ^ 
deurers  tieftire  the  isooii**  afcuidiitg  node,  it  muft  b« 
f  >  in  all  otheia.  , 

Whet)  tlie  true  pole  ij  at  A,  it  wll  be  st  the  fame 
diflaace  from  the  llar»  iliat  he  in  Uie  equinoAtal  colurct 
ai  the  mean  pok  P  i<;  and  as  thctrtie  poiie  recedei 
back  from  A  towards  B%  it  will  apprsaoi  the  flan 
which  lie  in  that  part  of  the  colore  repfcfentcd  by  I't  > 
and  recede  from  thofe  that  lie  in  Pti;  not  indeed  with 
ail  t  qudhle  motion,  but  in  tiie  r«iio  ot  the  fine  of  the 
diliaiieeoflhe  mooi.'s  nod;:  fnin  thelt^innirg  of  Arief. 
l"or  ii  the  node  be  fii|;potcd  1<j  have  i-^  iie  backwards 
front  Atii-6  30',  or  to  the  l^eginiiiiifj  of  i'lices  ti.e 
point  which  repefents  tite  place  of  the  true  pole  wtU^ 
in  the  nean  t  imc.  have  tpovcdin  the  little  cttde  ihroiigh 
an  are*  at  AO,  of  $0^  iikewifr  {  and  vodd  tberefim 
in  cfRrfl  have  approached  the  flaui  that  lie  ia  the  cqtii* 
ni  ftiiil  cohire  i'  i",  ..ndha'f  u.  ikd  fiom  tliofc  that 
lie  in  I'  A  by  4^  fecond*,  which  1$  the  i'w.c  ot  30°  lo 
llie  radiL's  Al'.  for  if  u  pctpeT>dict;l-ir  f<il!  Irom  O 
i:  iim  .-jP,  it  may  he  a  nceivcd  v.f  y.m  of  a  great  cir- 
lit  ,  i  .  iiing  throiiffh  the  true  pi  le  and  a»y  nwr  lyinR 
in  tbc  equinodial  cdine.  biow  the  lame  proprrtiou 
that  holds  in  thefe  llara,  irill obtain  lil^t  wife  in  all  utln  r.^ ; 
and  from  htnce  we  nay  colh  ci  «  >jr<neral  rule  fur  ftndint; 
how  much  nearer,  o^^aTthe^,  any  ilay  ia  to,  or  froni^ 
the  mean  pole,  in  any  given  pofitioa  of  the  moon'a 
node. 

I'or,  li  /mm  tie  ri^hi-afrinjlun  '  f tht  f.,ir,  Ttv  /ii.';  ..-.7 
ihe  dt^aini  <>!  ^hc  tiiocr.  j  aj^nuiut^  node Jrcm  ^^'i-.u  ;  ttem 
rvtSvt  Vf  /«  />v  JiKc  i  f  iht  nwumUr,  i:s  9 "  u  r* 
ttf  Kumlier  0/ /tcomli  tbmt  ti<t  Jiiit  h  tttiim  lo,  pirs'ir 
from,  ttf  inie,  thtm  the  mean  filr. 

This  motion  of  the  true  ^ole,  about  the  mean  at  P, 
will  alfo  produce  a  change  ui  the  rigbt-afcenfiod  of  the 

fiar({, 


Digitized  by  Gopgle 


Isr  tr  f 


H'ar*,  and  in  the  places  of  the  equinof^!a1  point*,  as 
well  as  in  thd  obliquity  of  the  ecliptic  ;  and  lite  quau- 
tity  of  the  cqiiatiout,  in  either  of  thefe  eafca,  nay  be 
eafilf  emitted  for  anj  gi«cB  (lofiKon  of  the  moon*! 
■odea. 

Dr.  Bnd!cr  thenproocedtto  fihi  klie  esad  qutiuity 
of  the  mean  pivccwon  of  the  cquinodial  points,  by 
comparing  h's  own  obfervations  made  at  Greenwich, 
tvith  theft  of  Tycha  Brahc  aitd  othtrn  ;  the  rnt  iiii  of  all 
which  he  (tatci  at  i  di-fjrcc  in  71!  years,  or  joj  per 
year  ;  in  oidcr  to  lliew  ihe  agreement  of  the  foi  cqoing 
hypothcfis  with  the  phenomena  themfelvcs,  of  the  al> 
teratioat  in  the  polar  diOnnrp  of  tiw  ftars;  the  coil>. 
clufioot  from  which  approacl^  at  Dear  to  a  coincidence  as 
Gonldbe  cxpeQed  on  iheforej^in^  circular  liypothrtis, 
tlie  diameter  of  which  is  i8"t  inftcad  of  the  more 
.accttnite  quantity  ig'i",  as  deduced  by  Dr.  MaCtclync, 
and  the  elliptic  ilieory  as  dcienii'ni- J  by  llio  m:i;hc- 
mactciaii!,  in  which  the  jjie-.itcr  axis  (l^'l")  i»  to  the 
Icfs  axiii  ( 14*2"),  as  iht  coUnc  of  thegrcitelldeclinatioil 
is  to  the  cuftne  of  double  ttic  fame. 

To  give  an  idea  now  of  the  Nutation  of  the  flars,  in 
loDgitudct  right-atceiifiont  and  declination}  fuppofi; 
the  pole  of  the  equator  to  be  at  mj  tiaie  in  tlie|>oiot 
O,  alfo  S  the  pUice  of  any  (lar>  aiM  OH  pcrpcndictilar 
to  A£  :  then,  like  as  A E  it  the  folftitial  colore  when 
tlic  pult  of  the  equator  wai  at  A,  and  iIjl  Int.  m'.iaIc  of 
tile  il.'i  S  equal  to  the  an<f1e  A£S ;  In  Oil  is  the  fol- 
ftitial iruliin-  v.  Iki:  tli.it  polo  is  at  C),  aiui  the  lon^jiiade 
is  then  only  the  an^lc  OE^i  ;  lef?  ttim  befori:  by  the 
aodt  A£0>  whicli  tlierefi>r(:  13  liic  Nutation  in  longi. 
tude :  counting  the  longitudes  from  the  ibiflitial  iulfcad 
of  the  cquinadiai  co1urv»  frooi  vhfch  they  diflTer equally 
by  QO  dceree^  and  therefore  hare  the  fame  difFcrrnce 
AEO.  Nowr  the  angle  AKO  will  be  as  the  Une 
HO  =  (in.  AO  to  radiui  I'D  =  fin,  AO  x  PB  = 
fin.  AO  X  9";  therefore  uh  EO  :  llO  :  :  radius  1  : 

HO  fri.  .\t>  X  0"  fin.  node  v  <)"  ,.  ,  _ 
rr-  ■-  —  — - — — -  —  — ■  — ,-T-,  hncc  AO 
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it  equal  to  longitude  of  the  oioouV  n'^dc.  This  ex- 
prelUon  therefore  j^ivisiltc  Nutation  in  !oi:gitude,  fup- 
polittg  the  maximum  uf  Nuutton,  with  Bnidiey*  to  be 
ii"  J  and  h  it  negatne,  or  moll  be  fubtradcd  from  the 
mean  loueitudc  of  the  liars,  when  the  moon's  node  is 
in  the  firll  6  Itgns  of  its  longitude,  but  acdilive  in  the 
latter  6,  to  give  the  true  apparent  longitude. 

This  cq'i.ition  of  ih'.  N'lit.ition  iu  longitude  is  the 
fame  for  all  the  flars  ;  bui  that  fur  the  declination  and 
fight  afcenfiou  is  vaiioL:^  for  the  different  Hard.  In  the 
fotegDin}(  figure,  PS  i»  the  mean  pui.ir  dillance,  or 
mean  codcclii>atioo»  of  the  ilar  S,  when  the  true  phwe 
of  the  pott  M  O ;  and  SO  the  apparent  Codedinatibn  1 
alfo,  the  angle  SPE  is  the  nicn.n  lij^ht-afcenHon,  and 
SOE  the  appaient  one,  couii'e  1  from  the  follliiial  co- 
lure  ;  conlequcittly  OPS  or  OPFthe  difference  between 
the  rijilit-afccnfion  of  the  (l.-.r  aiul  that  of  the  pole, 
\vl,icii  s  equ.tl  to  the  longitude  <T  the  node  incrcafed 
by  3  ri;;iis  or  qo  degrees;  fupjiKiiiig  OF  to  be  a 
1  11  li  :iic  perpendicular  t»  the  circle  of  declination 
t¥Si  then  is  St'  =  SO,  and  1*1'  the  Nutation  in 
decHnatioB,  or  the  qtuntity  the  declination  of  the  ftar 
hi*  incteafcd  }  but  tnditis  I  :  :  :  c.ifin.  OPF  : 
PF  —  9"  X  cof.  Ol'F  i  fu  that  tijc  equation  of  dedi* 


nation  will  be  found  by  muTtiplyiojf  9''  by  the  fine  of 
the  ilar's  ri^^lit-afccnfion  diininifhed  by  the  longitude 
of  the  node;  for  th.n  .Tng!e-  i*  the  compiemcr-t  cf  the 
•angleSPO.  Th's  Nutation  in  dec'iiifanonistoheaddtd 
to  the  mean  declination  to  give  the  apparent,  when  its 
argument  docs  not  exceed  6  figns }'  andto  be  fobtiafieil 
in  the  l^iitcr  6  Ct^n^  But  the  ooatiary  for  ike  flat* 
having  fouth  declination. 

To  cnlculate  the  Nutation  in  right  afcenfion,  we 
mud  find  the  difference  between  the  anjjlc  SOE  the 
apparent,  and  SPE  the  mean  tight-arccnfion,  counted 
from  the  fo'iiitial  colure  EO.  Now  the  true  lijrht- 
alMltfion  SOE  is  equal  to  the  difference  hrtween  the 
two  variable  angles  GOE  and  GOS }  the  fonner  of 
whieh  anTea  fmm  ihe  elmnge  of  one  of  tlic  variaMe- 
tirclc*  KO,  am!  depends  oidy  on  the  litintion  of  the 
node  or  of  tint  of  the  pole  O  ;  the  latter  GOS  depends 
on  the  aii^'Ic  GPS  which  is  t!ic  dilTerence  between  the 
ri^^ht  afcenfion  of  the  Ibr  ain\  xitc  t>l:u-e  of  the  pole  O. 
Now  in  the  fphericjl  triangle  t>l'l.,  v  hich  changes 
into  GOE,  the  iidL'  GE  and  the  anjijlc  (»  remain  con- 
flant,  and  thf  o»hcr  pnrt^  arf  v.iriabic  ;  hence  thcrc'ore 
the  final)  variation  PO  of  the  fide  next  the  conllant 
angle  G,  ia  to  the  f»m11  variation  of  the  angle  oppofite ' 
to  the  conflant  llde  GE,  »»  the  tangent  of  the  ude  Pfi 
oppofite  to  the  conflant  angle,  is  to  the  line  of  the 
ai^le  GPB  oppofite  to  the  coaftant  tide  ;  ih.^t  is 

tang.  » i»      !  fia.OPE  :  t  a*  s  x  ss   r— sr*' 

•    '  "  tang.  i3'»  2»» 

the  difference  between  the  angles  GOE  and  GPE» 
This  is  the  change  which  the  Nutation  PO  produces  in 
the  angle  GPH,  being  the  hrll  part  of  the  Nutation 
fought,  and  is  common  tft  all  the  ftars  and  pkneta*  It 
Is  t*  be  fubtraAcd  from  tlie  mean  ri^t-arcenGoa  n  tbe 
full  C  fi^m  of  the  longitude  of  tlie  Dodct  and  added  ia 

the  other  fix. 

In  1  'sc  manner  i;  foiinj  tl.c  change  which  the  Nuta-- 
tiori  pruiluees  in  the  oiiicr  part  of  the  right-afc<jn(iou 
SPE,  tlut  is,  in  the  angle  SPG,  which  becomes  SOG 
by  the  efleft  of  the  Nutation.    This  fniall  variation  will 
be  calculated  from  the  fame  analogy,  by  means  of  the- 
triangle  SOG*  in  which  the  angk  G  is  conftaot,  a* 
well  as  the  fide  8G.  whilft  SP  changes  into  SO.  Hence 
thtTLTore,  tan;'.  SP  :  fin.  SPG  :  :  9'' :  xanation  of  SPG,, 
til, It  is,  the  cotangent  of  the  declination  is  to  the  Cofine 
ot' the  dilLiucc  !;ctvvien  the  liar  and  the  node,  as  9" 
arc  to  the  qiiantiiy  the  angle  SPG  varies  in  becoming 
the  angle  SOG,  being  thefecond  part  of  the  Nutation 
in  rii;!it-:ifi:ci  t  ,  t! .  and  if  there  be  taken  for  the  argn- 
nunt,  tiiL  light  aicenfion  of  the  ftar  minus  the  lon^tude. 
of  the  nodct  the  cqiution  will  be  fubtiadive  in  the' 
firft  and  kft  quadrant  of  the  argument,  and  additive 
in  the  2d  and  ^d,  i  r  from  X  to  9  figni*    But  the  caa« 
trar\'  for  dais  havirg  iiiuth  iletlinalion. 

This  fecond  ]■  rt  ■  (  v-.^  Xi.i.iLon  iu  r'j-'it-r.fcenfion 
affefts  the  return  ot  the  lun  to  the  meiiuiaa,  and  there 
fore  it  mull  he  taken  intt)  the  account  in  cumputicg 
the  equation  of  time.  But  the  former  paitof  the  Nuta-. 
tion  does  not  enter  into  tliat  computatiou  ;  bccaufek. 
only  changes  the  place  of  the  equinoXf  without  change 
iog  the  point  of  the  equator  tO  wbkhaftarcorrefpondt, 
and  confcquently  without  akciii^.  tbc  dUfStioaof  the 
icturoa  to  the  ucrldi<uu. 
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AH  dwfc  aleubtioM  of  tlie  1fatil«Mt»  tbcwe  «• 

plained,  are  upon  ^fachiil*•  hypotheiSs,  that  the  pole 
tlctcribf*  a  tirclc  ;  liow^ew  Bndlry  himfelf  rcmaiKed 
that  (  irr.c  i  f  li  cj'il i.iyatioiis  di(Tca-d  too  mtit'i  tuni 
that  ihcui) ,  iiid  lli.it  fuch  ubfcrrati'.nit.  wtje  (ourA  ;a 
agree  better  wiili  ilicoty,  by  fuppofin;;  thai  tlif  p''>lf, 
iii!leiiJ  of  the  circle,  Utfctibci  an  tllipfe,  bav:nt^  iti 
Ufs  axi»  DB  =  l6''  in  the  equinoctial  culiiro.  an<l  the 
jrreater  axis  AC  =  ib'',  lyiug  in  the  folf^itia!  colutc. 
But  as  even  this  correction  was  iiut  fulRcit.-nt  to  canfc 
all  the  incqualiucs  to  difappcar  eotircljr,  Dr.  Bradley 
rererred  the  determination  of  the  point  to  tbroreticu 


toAjfh'jSaA  iateftintira.  Accordingly  fevcral  mathe- 
matictags  undertook  the  taf^ ,  and  particularly  d'AIetii- 
Lcrt,  in  llij  Rcchcrclies  fm  1j  pn-ccirioii  dts  cq*  inottts, 
where  he  ilctcrmincs  that  the  pole  really  defcribn  an 
eUipfe,  and  that  narrower  (liaii  the  one  afl.itiicJ  alwre 
by  Bradley,  the  gnraicr  axi»  being  to  the  kd,  ai>  tbc 


cofineef  to  the  e«fine  of  ioMe  the  Ume. 

Ar.d  as  Dr.  Nfafkclyne  found,  from  a  more  atcuratc 
reduflion  of  Bradley'«  obfervationa,  that  the  m.iximui* 
of  the  Nutation  j;ivc»  19*  i"  for  the  greater  there- 
fore the  *boTe  prriportion  givet  I4"i"  for  tltc  lei*  axil 
of  it  ;  and  acc  r  bnjj  in  thcfe  data,  the  theory  andub> 
fcrvation*  are  now  found  to  n^rrc  very  rear  together. 

See  La  Ljode'i  Aftron.  art.  2S74.  &c,  who* 

he  makca  ilte  currcdioni  for  the  cilipfc.  iie  obfeno 
hoiretcrthat  by  the  circular  hypothcljsa]one»  tbecoB- 
putatirai  may  be  pcrfiwaMd  aa  aocoratefy  ai  tlie  ab- 
fenrat  iona  can  b«  mad«i  lod  he  tmdudet  wttkSamt 
corrcdior.t  and  rulct  for  computing  the  Nitalioa  is  (he 
elliptic  theory. 

The  f  jl'  >  ..  fet  of  gener4l  tabled  very  readily  rire 
the  cJT.a  jt  N  uuition  (III  the  iJipticai  hyputliells;  tLey 
were  ciiculateJ  bv  the  late  M.  Lambert,  and  arc  take* 
from  the  CuJiuoiflaace  des  Tujip*  for  die  year  IjSI. 
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Thetight-arcetiiknioFtfbrnitnu*  tfct  moon'jmean 
liuifitudCi  flt«e«  the  arffnmetit  of  the  firft  of  thcfc  three 
^Mn.  Hk  fimaf  toe  fimr  two  quamkie*  give*  the 
argunrat  of  Ibc  id  table.  Then  the  (im  or  the  dif- 
ference of  tlw  «itiantflte«  foo»d  widt  thefc  two  mga- 
mt■||'^,«^l  g^vrtliL-  c<irrrrtiontobe«p(J«edlotlieinean 
dctliiiaiiun  ui  the  Uar,  li  it  ii-noith  dccUnaiion  i  but 
if  it  i>  rumhcm.  the  Sgu  +  or  —  ire  to  bechufcd 
into  —  and  +. 

From  each  of  thofe  two  argument!  I'lr  thi-  Ji-^  linatlrn 
flibtra^iiK  3  fi|{n»,  or  90",  give*  the  argament*  fur 
COncAtllg  thi:  right-afcciilion ;  the  funi  or  diflR  ncncc 
•Tth^qmniilic*  found,  with  thcfc  twu  arguments  in 
tittet  t  and  z,  it  to  be  multiplied  by  the  Undent  of 
the  ihr'ii  dr(  linitkm»  aad  to  the  praduft  u  to  be  added 
the  qi  iiiitity  taken  oot  of  tabic  3,  the  aigumeui  of 
vKi.  Ii  is  (!r  mean  lotigittide  of  the  moon's  afceuding 
nuJr  :  vklitn  ilie  vicclinaUon  of  tbc  lUr  i»  fouth,  the 
tanpciit  imU  tic  nctjative. 

k.x,i«'pi:.  To  6od  ibe  NuUlion  in  right-afccnfion 
md  det^Mlioii  for  the  ftar  •  Aquil^  the  ift  af  Jiilj 
»78«. 


Rigbt>afcesfion  of  the  ftar  Q*  is*  7' 
LMg.  of  the  noon'*  node  B 


Diff.  bong  argomeot  it  I 
Sum,  argument  i»  -  -  6 

Coj'rKCtion  of  the  declination 


9 
10 


«7  +  4W 
47  —  o*«x 


+  4-77 


The  above  two  arpmieii*  being  each  diminiihed  by  j 

tflffiuient  t. to  917-  6>^ 
*     AtguBcnt  t   J  10  47  +  t»i} 


Dcclio-  of  liar  notth,  its  tangent  - 


TheproduA  it--*-.-    —  o-',i 
X«ng*«f  the  ^*t  node,  aipun.  ^  -   •¥  M'lff 

Concdion  of  right'dccnfioii  •  •  *   +  i4*ts 

Iti  general,  Irt  8  denote  the  hagt'tode  of  the  nioon'& 
afcenflin^;  node ;  r  the  right-aTcenAon  of  a  ftarot'  planet ; 
«/!ts  dcchiiaiion  ;  ihc  Nictation  in  ^linafKin  aod/ight- 
afceiifion  wiJJ  In'  l-.-H'  I' •■il  t'.r-  tuu  following  filN 
mulafi  vir,  the  Nutation  in  declination 

ew?"-*;  X  Bn.  (r-  Q  )  +       (  X  fin.  (r  +  O); 

aud  the  Nutation  in  right-afccnfion 

=  i7"-8j  X  fin.  (r  -  a  -  90°)  +  «"  «5  >f 
fr+  8-9^)}  X  tang.  J- If '-43  X  fia.  fi. 

For  the  mnthcmaiical  inveftigation  of  the  iffi  'l  i  uf 
tinivtrlal  attraction,  in  producing  the  Nutation,  &.c, 
feed'Alombert't  Reiherclirs  fur  la  Prccenioii  dcs  Equi- 
noxes ;  Silvabi-lle'8  Trratifr  on  the  Prcccdioii  of  the 


Hquiooxet  &c,  in  the  i' 


.f. 


Walmefley't  trraiife  l)e  FrxceiGoue  EqoinottioruiB  et 
Ax  it  Tcrrx  Nutatlooe^  ia  the  Philol^  TtuL  u.  1756^ 
Vot.  II. 


pa.  700 )  SimplmV 
other  author*. 


STEAM.  The  ohferratioiw  on  tfie  dUTerent  degrees 
of  temperatnn:  acouired  by  water  in  botling,  under 
diflcvent  preSinetor  the  atmofphere,«  and  tbc  formation 
of  the  vapour  iinim  iiraltv  under  theYeoeivcr  of  an  aiiv 
puntp,  wbett,  with  the  oommon  tempemwclf  the  pnC 
lure  la  diniaiflicd  to  a  crrtaio  degree,  ba«e  lain^  ■$ 
drnt  the  cxpanfifv  fore*  of  vaponr  or  Steam  it  dinerent 
in  the  diff- rent  1  t  rivK  '  i' i; :  l^,  f'li  [}ua  in  general 
it  incrcafcs  in  a  v,i:i.,i-'ic  r;itij  .ii  iJic  le.uperjturc  is 

But  there  was  wsitiiiiig,  on  thil  important  fubje^t^  ' 
a  fcriea  of  exac^  ai;d  direct  experiments,  by  mean*  of 
which,  hartng  givtru  the  de;jrce  t;f  tempciature  ii» 
boding  water,  wc  may  know  the  expanfivc  force  of  tho 
ikcam  rifing  from  it  t  and  rice  rerfa.  There  was  want* 
ing  aHb  an  anilfttcal  theorem,  cxprtfliag  the  rclatioo 
betwee*  tbc  tcmpentore of  bdiiog  water,  and  the  prc(> 
fore  with  which  the  force  of  its  Steam  is  in  equilibnom. 
Thcfe  cirojmdances  then  have  lately  been  accompl-ffied 
by  M.  Bctancourt,  an  ingenious  Spanilh  ph:lotuplicry 
th<'  pjrticuljt:-  of  wliich  art  ut!cr  li  fi  in  a  memoir  com- 
nnniii-ated  to  the  French  Academy  of  Sciences  ia  I  :$o^ 
atid  ordered  tn  be  printed  m  their  ooUeAioo  of  the 
V^orkaof  Stranger*. 

The  apparatus  which  M.  Bctaocottrt  ouket  ufe  of, 
is  a  copper  vcflel  or  boiler,  with  it*  ODTcr  firmly  folv 
dered  on.  The  cover  has  three  b«]ea,  which  clofe  up 
with  fcrc«t :  the  firft  is  to  pot  the  water  lo  aod  out  i 
thmugh  the  fccond  pafles  the  Aem  of  a  thennometer« 
w  hich  hai  the  whole  of  its  Icale  or  gr.id  jatioas  above 
tho  vrflel,  and  !t»  ball  witliiu,  where  it  is  immerfrd 
cltliiT  111  till-  water  or  the  Steam  according  to  thi-  dif. 
fiu  iit  ciftfumilautrs ;  through  the  third  hole  paffcs  a 
tube  making  3  communication  between  the  cavity  of 
the  boiicr  and  one  branch  of  an  iorcrtcd  fynhun,  wliich^ 
containing  mercoiy,  actaa*  a  harotnetrr  for  mcafurinir 
the  preffurc  of  the  eladic  vspovr  withiri  tlu'  bi.ilcr. 
1'hcrc  ii  a  fourth  hole,  in  the  fide  of  the  vclTel,  into 
which  is  iniiiEalcd  a  tube,  with  a  tarn'ooch,  making  o 
eoomfinicattan  with  the  receiver  of  an  air-pnmp,  fur 
extracting  theair  fioio  the  i»itert  and  to  preveot  ita 

return. 

'I'iic  .'('jj.iKi'.i;:.  VvJti,;  prepared  in  good  order,  and 
diU.lud  w.t!tr  intrixiuted  into  the  boiicr  by  the  f^rft 
hole,  and  then  ftcppeJ,  as  wcli  as  tiie  end  of  the  in. 
verted  fvphuit  orbaromeicr,  Bctancouri  iurrouudcd 
the  boiler  with  icc,  to  lower  the  temperature  of  the 
water  to  the  frfeiing  point,  atul  then  cxtr.iirliiig  all  the 
air  from  the  boilt  1  h)  means  ot  the  air-pump,  thedif* 
fcicocc  between  the  columns  of  mcicurjr  ia  the  two 
branches  of  the  barometer  i«  the  mcafure  of  the  fpring 
of  lite  vjpour  arifing  froip  the  water  in  that  temperature. 
Then,  ligiitiiig  the  (ire  below  the  boiicr,  he  raifcd 
graduJIy  tlu-  ii  ii;  eratiire  ol  the  water  from  o  to  no 
dcgret.it  of  Keaunnir's  thcrmonicitr ;  beiiii;  the  fame 
as  fnim  31  to  il2  degree?  of  rahrculieit's ;  ami  fur 
each  degree  ofelevarioii  in  the  teoipcralure,  hcobfcnrcd 
the  height  of  the  column  of  mercury  which  Bcafiircd 
the  elalUcitT  or  preffiire  of  the  vapour. 

The  trcftutt  of  M.  BetttMOUft'i  ctpenmaiit  m  coo-, 
SD 
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t^Ir^'.i  HI  n  t:iMe  of  fourcolumnt,  which  are  bnt  little 
a.iTifitit,  .iccurdintr  to  the  diflTerrnt  q'untjtie*  rf  Wlttt" 
in  the  vcflil.  It  •»  here  ohkrvahlc,  iliat  the  increare 
ill  the  cxi)anfivc  foifi  of  the  is  si  firft  very 

floiv;  btrt  gradually  inafa{in«  fatter  an.l  fader,  tiU  at 
iccoinc*  ▼«rv'  nipiJ.     I'huf,  the  iUcn};ili  of  the 


Uft  it  become*  ▼«!)'  nip 

Hr,  at  80  degrets,  ib  only  equal  to  j 


3Fr 


I'hci 


np  the  fcalt  ;  fo  that 
tii  .li  tally  rfpiefctitcd 


S  T  E 

as-  3'93';^ 


OMncrrury  5  btrt  at  1 1  o  Jctrrecu  ii  it  cqusl  to  no  Itu  iban 
9S  inchc*.'  that  is  3  linus  aisd  a  half  mofe  for  the  in- 
crcafc  uf  only  30  dtgric-i  .»f  heat.  ^ 

To  t  xprefs  aiialytit»Uy  the  MMioB  between  the  de- 
precs  of  tcmpeMturc  of  ihe  Mpour.  Bwl  iU  expanfive 
t>rc-e,  this  author  employs  a  metbod  de»ifed  by  M. 
Prony.  This  method  coi  fifli  in  conceiving  the  htightt 
of  the  culumiis  of  mercury,  mcafurinK  ilie  expanfive 
force,  to  rrprtfent  the  or.linato  <>■  n  t  iiv  ,  .uid  the 
degrees  of  heat  as  the  abfciires  of  the  liuit  ;  making 
the oriliiiatcH  equal  to  the  futti  of  levtinl  h);;«rithmic 
ones,  which  cont.iiii  two  iiiJttiiminatcB,  and  dtietmin- 
iog  llufi-  quantHit*  fo  thai  the  cuivc  may  a;;ric  with  a 
fKiod  number  of  obfctvation»  taken  throughout  the 
whole  eiftent  of  ihem.  Then  conlliuaing  the  corve 
which  rtfults  immediateW  from  the  ex|ieviraent»,  and 
that  ijivcn  by  the  foMTMim,  tliefe  twocurviK  aic  found 
to«  i  >U  ibioft  perfeaiy  together »  the  fmail  diffic* 
retic.  d  being  doubtief*  owinR  10  the  llttfc  Irwgtilarhie* 
in  il.e  cxpcrimtnt*  and  in  dt 
the  plienomeiia  may  be  toisrn', 
by  the  formula. 

,M.  Bctancourt  made  alio  cxpciiments  with  the  ya- 
pOUr  fimn  fpirit  of  wine,  limilar  to  tlioic  mailr  «»th 
water ;  conflruaiiig  the  cuttc,  and  giving  the  tiirmula 
proper  to  the  fame.  From  which  U  derived  thi»  ic- 
narkabk  refult,  that,  for  any  one  and  the  fame  decree 
of  heat,  the  ttrength  of  the  vapour  of  fpirit  of  wtDe» 
is  to  thatof  ».iu  r,  lUvayi  in  the  Cimc  cooHaot  ratJO, 
viz,  that  of  J  t  i  i  ^  i.  -y  nearly  >  the  flrencth  of  the 
former  being  aiw.i  , .  :  (  times  the  flrencth  of  tbcHtter, 
with  the  fame  J  ^jr  c  ot  heat  m  the  liquid. 

Of  iht  Formula,  or  fljnalion  to  tht  Cnrve. 

The  equation  tothccuiveof  temperature  and  pref- 
(bre,  denoting  the  relation  between  the  ablcide.^  and 
etdiaatet,  or  between  the  t«np«rat«ie  of  the  vapour 
mod  it*  ftrcngthi  n»  for  wmtcr. 

Where  #  denotes  the  abfcifl'ts  of  the  cutvc,  or  t!ie  de- 
grees of  Kcaurout'ithcrmomrtcr  ;  and^  the  comfpond- 
fng  oidinatw,  or  the  heights  of  the  ct>lun.ii  of  mvr- 
eury  in  Patl»  inches,  repretcnting  the  ftreanth«j<  tljfti- 
city  of  the  vap-jur  anfwering  to  the  nttoiber  *  ot  de- 
ar, nf  tlx  il  iroiomticr.  Then,  by  comparing  thi» 
fonuuU  with  a  piopcr  number  of  the  experiment^ 
the  valuea  el  the  cinflant  quantlUei  came  WX  ■*  be- 
low i 

h     =  10- 

«  B=  0-068S3I 
t     M  0-01943^ 


'  lull 
(.quat.un 


HciUL  It  i;  evident  by  infpeclton,  that  the  tfrni  ef 
the  tqiiatioiT  are  very  eafy  to  calculate.    Fo-,  i- b.;;!*; 
the  r.i'lin  or  root  of  the  commoi^  Is  llfm  i  f  1 
ai  d  all  file  teinis  on  the  f?:« mi  lu"c  o:  t;.i 
bci;>j;  tl<c  powers  ot  /,  tlufc  tomi  ;nf  e  infiquently 
the  tabular  natural  nunitH.'r»  having  tiic  variable 
n«:n(i  for  their  logarithms.    Now  a»  x  tifci  only  t  j  the 
firft  power,  and -f.  muUiphcd  by  a  conlVaiu  number,  and 
knother  con{>ant  nunilwrllrii^  ad  Jed  to  the  produa, 

S'vca  the  variable  cracwciit,  or  logarithm  ;  to  which 
en  ii  immediately  found  die  cortefpondiog  natmal 
number  in  the  tabic  of  logarithm*. 

In  the  iibove  formula,  the  two  laft  lerms  may  be  en- 
tirely oinittc<l,  as  very  fmall,  as  far  as  to  the  90th  de- 
gree of  the  thermometer ;  and  even  abote  that  tempe- 
rature thofc  two  terms  make  hut  a  rnuU  pnit  of  the 
whole  forinch. 

And  lor  ihc  tpirit  of  wine  the  formula  is 


f=ih  +  If 

Wh^tc  v  and  ji  ai  before,  denote  the  aUcil*  and  onS- 
i)  111  111  ilu-  cutvc,  iir  ilu  temperature  and  expaniivc 
force  of  the  v.ipour  from  the  fpirit  of  wine  ;  alio  the 
valnei  of  the  conftant  queiiltties  IM  a»  bcbwt 

*    «      10-  ' 

«    -m—  ©•048  5  J 

e    =  o-ozi9j 

a'  0^3414 

e'  la—  oiOQejjx 

OXS4647J 
1-790192 

0-  -  2  1H  t3 

1-  ii047 

This  formida  is  of  the  fame  nature  ai  the  former, 
Laving  alfo  the  like  eafe  and  comeaience  of  calcnla- 
tiuu ;  and  perhape  Dore  lb ;  w  the  feeond  tcitt 

'^''"t  hamg  it*  exponent  whoDf  ncfative^'  ban 

diminifhc*  to  v?.lu-,  fn  3S  to  be  omitted  from  the 
loth  dci'ree  of  temperature ;  alfu  the  differcr.cc  be* 

tween  the  laft  two  tenai  —  t         +  *  may 

be  omitted  till  the  -ot  h  dc^ri  c,  for  the  f.i-mc  ro-iCon. 
So  that,  to  the  lothdegrce  of  tcmpciature  t^ic  ;1k  inm 


only  y  —  b""^     +  i 


—  A :  a::d  fri 


the 


lOth  to  the  70th  degree  it  i«  barci  .  v 
after  which,  for  the  kll  15  «r  20  da^ttft  for  grcii^ 
aceiamqr,  the  bft  two  Kmtmty  be  taken  in. 

A  compendium  of  thetabl*  of  the  esperimenti  here 
fa  llows,  tor  the  vapour  of  hflth  water  and  fpirtt  «S 
wine,  tlic  temperature  by  Reauanr**  llmilwaKter,  wd 
the  baroneicr  an  Ffcncb  iocbei. 


7«Ur 


Digitized  by  Google 


S  T  E 


[ 


755 


1 


S  T  E 


TJilc  of  the  Temptralurt  and  Stren^h  ef  the  fajxtur  of  Water  and  Sfint  of  Ifine,  ty  RtaamurU  TUrmamHir^ 

mud  Frtmei  htha* 


Hcif^hl  of  the  Baromctci  for 

Vapour  of 
Water* 

Vapour  of 

Spirit  of  IVine 

I 

0*01 7w 

0*0043 

0-0346 

0-02cS 

• 

0-0478 

+ 

00747 

0-0837 

J 

0-12-9 

o 

01 1 1 1 

0*1794 

I 

o*»377 

s 

0*3014 

9 

o'375J 

lO 

o'268i 

0*5130 

11 

0-3039 

0*6058 

»3 

o-}4«9 

0*7040 

0-8077 

'4 

0-3877 

'5 

042^8 

0-9172 

1  u 

0-4778 

I  0330 

0*5108 

'•'553 

ss 

-  I*4tt2 

■  w 

1-56C5 

•  r 

mA 

1-71S0 

«9 

O-Hi  59 

i-«79c 

*3 

o*8do3 

2-0494 

C-9610 

2-2293 

I  '0401 

2*4194 

JO 

1-1239 

:*6202 

*7 

l*iI37 

2-R32? 

so 

1*3060 

3*0568 

»9 

I  '4065 

3*2937 

30 

r;oig 

3-<;44> 

3' 

i''?3  3 

32 

'•74'3 

4-0883 

33 

I  8671 

4-3837 

34 

I  •9900 

4*6958 

3> 

2->374 

5*0256 

•  K 
30 

S-374' 

37 

a-44oi 

5-64J3 

38 
39 

1*7780 

6*5426 

40 

7-971 1 

6-9770 

4' 

3»>44 

7  4360 

42  • 

3-3583 

7-9211 

43 

3-575> 

8-4336 

44 

3'8ooj 

8-Q7e  t 

% 

4-0399 

9'J4^6 

4-J92  2 

io*i;i6 

47 
48 

4*8386 

ta*7M6 
11*4006 

49 

S"'346 

li-iS'oo 

50 

S'4453 

12-9340 

i« 

i3--;3oo 

5» 

I  6*1194 

14*5720 
15-4610 

53 

64834 

54 

16*4000 

!  5« 

1  »7*39S» 

Deg.  of 
Reau.  Ther. 


56 
57 
58 

S9 

(>o 

61 

62 

63 
64 

65 

66 

67 
68 


7* 

7J 
74 

75 
/6 
77 
78 

79 
80 
81 
82 

86 

87 

«8 
89 
90 

9" 

9i 

<'3 

y+ 
95 
96 

97 
98 

99 

iOO 

101 

102 

'O3 
10+ 

105 

uj5 
107 
108 
109 
110 


Height  ot  (he  Barometer  tor 


Vipoar 
of  Water. 


7.6948 
h-1412 
b  6:21 

9*:o7i 
96280 
10-1767 
10'7098 
tl*36o2 
11*9976 
l*'6687 

',r37  tj 

{4-1161 

14-8958 

ir7i>3 

165;,; 

17-48* 

««*4JJ 

»9-433 
20*485 

21*587 

22*746 

23*965 

25*260 

26-588 

28006 

'9*455 
30-980 

3»-S75 

34-251 

37*830 

39'^97 
41*642 

43-7  30 
45-870 
48-092 
50-408 
52*785 

S5-'53 
57801 

60*4 -'3" 
63-108 
65-877 
6B'69t 

71-55* 
74-4-H 
77-3J9 

80-268 

85  992 
8S-735 
91*367 

93-815 
96*039 
98-356 


Vapour  of 
Spirit  of  Wtoe. 


18  4420 

20-6  36 

2  1-607  1 
230544 

»4'34S> 
25*6107 

»7'«444 

28*6485 
30-2262 

33-6114. 
55-4»s8 

37  3^3* 
39-3076 
41*3807 

43-54*5 

45*8042 
48*1589 
50-6096 

5}-'S93 
55*8095 

58-3968 

61-3057 

64-J5H 
67*4095 

70-4967 

73-7647 
77-0764 

80*4708 

83-9^5  J 
87*4625 

91*1366 

94*6'^  80 
98*2764 
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M<  Betancourt  (!cducci  feveral  ufeful  and  ing;  niout 
Confequencn  atd  application!  from  th's  cuurfc  of 
rxprrimcnts.  Hcfliewi,  for  inftcirce,  that  the  effect  uf 
Steam  rneinesnilftt  n  gcaeni,  be  greater  in  winter 
thao  in  fiinmier }  owing  to  the  different  degrees  »f 
tcmperatnre  in  the  wtter  of  nijeftion.  And  from  the 
Ten  fuperior  ftrengih  of  the  vapour  of  fpirit  of  wiite, 
over  that  of  water,  he  arguca  that,  by  trying  other 
fluids,  fomc  may  be  foimd,  not  very  expcnlivc,  whnfe 
vapour  may  be  fo  luurh  ilron^'tr  than  tliat  of  w  jtcr, 
with  t!ic  fame  degree  uf  lieat,  that  it  may  be  fubilituted 
inltcad  of  water  in  the  boilers  of  Stcam-enginrs,  to  tttc 
•rent  laving  in  the  very  heavy  eepcncc  uf  fuel ;  nay, 
ne  even  declAreSj  that  f^irit  of  wine  ttfclf  might  thui 
be  employed  in  n  machine  of  a  ptttlcular  eonSruAion» 
whichf  with  the  fame  quantity  of  fuel,  and  with- 
ont  any  met  cafe  of  cxpence  in  other  thing*,  (Tiall  pro- 
duce :'.n  i-fTi-i-^  t;rcatly  uiperinr  to  '.v  ii.it  i:-  <  Ijtiinfd  from 
the  lUain  of  water.  He  raakct  levcral  other  obfcrva- 
tinni  oa  the  working  and  iapfovement  of  Steam- 
engines. 

Another  ure  of  thefe  experiments^  deduced  by 
M.  Bctanconrt,  is  to  mcafiire  the  height  inoiia- 
tains,  by  means  of  a  thermometer,  immerfcd  in  boiling 
water,  which  he  thinks  m^y  bit  done  with  a  prttifion 
equal,  if  not  fiipcriur,  to  that  of  the  barometer.  As 
foon  as  I  had  obtained  tXiii  refults  of  my  expcrtmeHts, 
iaysi  he,  and  » as  convinced  that  the  degree  of  heat 
fccrfved  by  water  depends  abfolutcl/  oa  the  prefldre 
vpoji  its  fnrface,  I  endeavoated  to  compaie  wf  oUem- 
twna  wiA  ftub  m  have  been  made  od  mountahu  of 
jdiflerent  heights,  to  know  what  is  the  degree  of  heat 
wbtch  water  can  receive  when  the  barometer  Hands  at 
a  determinate  height  ;  but  from  fo  few  (ihf^rvaiioni 
havmn;  been  made  of  thi*  kind,  and  tlie  difl'ereoi  wajs 
emplov^'tl  in  g^r.i(!iiating  it.ttruii'.ent!,  it  is  difficult  tO 
draw  aoy  ceriaia  contc^ucnccsfrom  them. 

Ihe  firft  obfervatibn  which  M .  Bctancourt  compared 

with  hiscxpi-'rimcnts,  is  one  mentioned  in  tlic  Memoirs  of 
the  Aciidc'.iiy  of  Scicncis,  anno  i';40,  page  91.  It  is 
there  faid,  that  M.  Monnier  having  made  watcrboil  upon 
the  mountain  of  Canigou,  where  the  !>aromctcr  ilood 
at  20" 1 8  inches,  the  thermometer  immcrfed  in  this 
vaterftood  at  a  point  anfwering  to  7  1  degrees  of  Reau- 
trnut  whcresi  in  M,  Bctancuuit's  table  of  experiments, 
•t  an  equal  preiTure  upon  the  fuiface  of  the  water,  the 
thennometer  ftnod  at  737  degreca.  Thi*  dilierenee 
be  dtinks  is  owing  partly  to  the  wnnt  of  precifion  in 
the  obfervation,  and  partly  to  the  different  method  of 
graduating  the  thcrtnumetcr,  and  the  BCgieft  of  pwf* 
uig  the  barometer  tube  uf  air. 

*  M.  Bctancourt  next  compared  his  experimento  with 
fimv  obfcmtiooomade  b]|r     Oc  Lm  on  th^topa  of 

feveral  mountains  t  in  wliich,  afVer  redtKing  the  fcales 

of  til!-:  i;LMi'.li.iiirin  to  ihc  Tinie  mcarncs  .is  hi',  .  wn,  Ik- 
find!  a  very  near  dtgrte  of  coiiiciJcr.te  iuJccJ.  The 
following  table  contains  a  fptctmcn  ot  tlicfe  compLri- 
funs,  the  inlianccs  being  taiten  at  random  trom  Dc 
Luc's  tieatife  00  the  alodilicRtiona  «f  tlie  AtmiO> 


De^rffs  of  H.'at  in  B'JIh^  tV.itcr  upon  lhe\ 
Topi  6 f  iMuuntnin^,  6hftr--<td     De  J.ut.  V 


riacc»  tit 
Obl'civativn. 


Bcaucaue  - 
Geneva  -  - 
Grange  Town 
I^nsle  Bouig 
Grange  Ic  F. 

1  G'cnairuii 

j  Giacitrc  de  B.j 


1  Uii  ot 
the  lir. 

llcighiot 
the  Kar 

iltii  ot  iht ; 

38-148 

80-37 

"A 

a7'056 

79'33 

14-510 

77*11 

24- '45 

77->8 

24*089 

76-76 

111 

20-427 

73-a-s 

19-677 

Htjii  of  th' 
W»t«f  .a  M, 
BctwKOvrt't 
Expcrin. 

79*33 
97  4* 

•;7*»4 
7709 
75-89 

73*4 


Where  it  is  remarkable,  that  the  differeoce  betwcflt'  • 
the  two  is  of  no  confeqoence  in  fuch  mutten.  '  ' 

liulf  other  adwitagea  mtgbt  be  deduced  fom  thi^  \ 
exnift  knowledge  of  die  eSsft  iHifeh  the  prefliR  of  thr; ; 

atmofphere  lus  upon  the  heat  which  water  can  recene;. 
one  ot  which,  M.  Bctancourt  obfervcs,  is  of  too  great 
importance  in  phyfics  not  to  hr  nik-ntioncd.  AtfoooC,. 
a*  the  thermometer  became  known  to  philofopberij^ 
almoO  every  one  mJeavourcd  to  find  out  two  fixed S] 
points  to  direct  them  in  dividing  tlic  fcalc  of  theinftni-  ' 
meat ;  having  fonod  that  thou  of  the  freexiar  _ 
boiling  of  water  wcte  aenty  conflant  •^'ipiMit|j 

ftlaces,  they  gave  thefe  the  prefiaawce  o«er  iWMferie^ 
nit  having  difoovered  that  tvater  is  capab?r  of  r<-^- 
criving  a  greater  or  lefj  quantity  of  heat,  accordiag^V 
to  thi  piclhirc  of  the  afmofphire  upon  it«  furfiKe, the|^  '; 
felt  the  nrccfiity  of  fixing  a  certain  conftant  vahae  tO  'il 
tliat  prtiii.irf,  vvhicli  it   was  altni)ll  generally  agreed 
ftioiUd  be  equal  to  a  column  of  28  French  raches  a(> 
mercury.    This  agreement  however  did  not  remove  aft  ^ . 
the  dificokies.    for  inftance,  if  ,it  wcic  n^rircd 
conftruA  at  Madrid  a  theitHoowler  ifiat  mfgbt  beeoa- 

Crabk  wkh  another  made  at  Pan's,  the  thing  woutt  ' 
found  impoflible  by  the  mcan<>  hitherto  known,  be>  ' 
caufe  the  barometer  nc  vrr  r:!,  s  f .  high  a*  27  inches  at 
Madrid  ;  and  it  was  not  ctitol:i]y  known  how  mtidk 
the  fciilt  c't  tilt  tlicrit'.iiiiK'.cr  oj^ht  to  be  iiicreafed  tA 
have  the  point  of  boiling  water  la  a  place  whctc  tbo'** 
barooMter  is  at  28  ioclies.   13  u  by  nakiqg  afe  of  ths-  * 
foregoing  obfervations,  the  thing  appeua  very  ea^ 
atid  it     to  be  hoped  that  by  the  general  kaowle^g* 
of  them,  tbennometcrs  nay  be  brought  to  great  fer^ 
IcAion,  the  aeeunite  nfe  oif  which  is  of  the  gieatc& 
importance  hi  phi  ll 

ficfides,  witliojL  h^'-.v.^  confined  to  the  height  of  »• 
the  barometer  in  tiu:  uv.i:n  air,  m  a  given  place,  we- 
may  regulate  a  thermometer  according  to  any  meat  • 
Jigued  heat  of  watcr^  by  means  of  fuch  an  apperatn* 
as  M.  Betancourt's.     For,  in  order  to  graAiale 
thermometer^  having  a  barometer  ready  diradedi  ittbi 
evident  that  by  knowing,,  from  the  foregoing  table  of  ~ 
experiments,  the  degree  of  heat  anfweriDg  to  any  one 
r\[  .j  jhvc  forcr,  we  c.ii;  t lunc-L- uHi,;!!  the  ilf,;n.e  <jf  the 
tliti  !i!Liiuctcr  corr.-fiiunJi.ig  to  a  icriaiii  htii;ht  of  the 
I  ;iri):::c:er.     A  dclcrmitiatian  admiltini'  of  giv.il  ptcci- 
fi'^in,  ilpccially  in  the  higher  tempcraiurcs,  where  the- 
motion  of  the  barometer  is  fo eonfidsnble  in fd^eft  Ik 

that  of  the  tbcrmpmeter. 
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